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Verapamil induces osteocpenia in the rat
Giran Sjodén

Department of Onthopedics, Huddinge University Hospital,
§-141 86 Huddinge, Sweden

Inrroducrion: Animal siudies have shown that verapamil in-
hibits the intestinal absorption of calcium (1. 2). When the ef-
fect of veraparnil on human calcium balance was studied {3},
no decrease in the intestinal absorption of calcium was evi-
dent. However, serum alkaline phosphatase (ALP} was in-
creased afier verapamil treatment. This suggests that verapa-
mil increases bone turnover.

Material and methods: Male Sprague-Dawley rats weigh-
ing 400 g were given verapamil (125, 0.75, or 2.5 mg/m}
{Isoptin®, Knoll AG) in the drinking water and 1 low calcium
diet (0.1 percent Ca, 0.5 percent P) or a medium Ca diet (0.3
percent Ca, 0.5 percent P) or a high Ca diet (1.2 percent Ca,
(1.5 percent P). There were 7 animals in each oeatment group.
After 11 weeks the rats were killed. Blood was collected; and
the left tibiae were dissected free of soft tissue, weighed, and
ashed.

Resulrs: Four out of the 7 rats receiving 2.5 mp/ml of ve-
rapamil died within 2 weeks. The remaining rats increased in
bady weight and seemed to thrive. Rats on a low calcium diet
and verapamil had increased levels of ALP; and their tibial
bone ash, wet weight, and dry weight were significantly low-
erthan controls. Inrats on a medium orhigh calcium diet, the
bone mineral content did not change.

Discussion: The use of calcium channel blockers is com-
mon. About 3 percent of persons aver 70 years of age receive
these drugs in Sweden. It was previously found that verapa-
mil in humans increased ALP. A study on the incidence of
fractures in persons receiving calcium channel blockers
seems warranted.
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Conclusion: Verapamil can induce osteopeniainratsona
low calcium diet.

Keferences
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The effect of salmeon calcitonin on immabili-
zation osteapenia

A. Baktir, E. 5. Karakas, T. E. Patirgglu, M., Karatoy and M,
Ustdal

Department of Orthopedics, Erciyes University, Kayseri,
Turkey

Introduction: Calcitonin has the capability in vitro and in vi-
vo of inhibiting osteoclastic bone resorption. This hormone
therefore becomes a possible agent in the treatment of disor-
ders of bone in which resorption is increased. This study was
conglucted to see if this increase in bone resarption due to im-
mobilization could be prevented by calcitonin,

Materials and methods: In each of 12 female rabbits, dis-
use psteopenia was produced in the right hind limb by immo-
bilization with a plaster of Panis spicacast. The left hind limbs
served as controls. Six rabbits received subcutaneous injec-
tions of synthetic salmon calcitonin, diluted in physiologic
saline (SF) twice daily at 12-hour intervals for 24 days, The
dose of calcitonin was 1 MRC wkg of body weight per injec-
tion, Equivalent amounis of SF without calcitonin were ad-
ministered to the 6 control animals. Blood samples were col-
lected from each animai after the first and the last injections of
calcitonin and SF. The blood was analyzed for calcium, phos-
phate, and alkaline phosphatase. The animals were killed on
the 24th day, and fermnurs of each animal were used for com-
parison of the percentage of dry bone weight loss. The tibiae
of each animal were used for radiographic measurements,
and determination of the ratio of cortical and medullary thick-
ness (c/mratio) was carried out forhistologic sections (Figure
1.

Results and discussion: Studies of the last blood samples
showed a significant fall of serum calcium levels and arise of
serurn alkaline phosphatase levels in the calcitonin-treated
animals as compared with the controls (for calkciumt = 5.31,
P <0.01 and for alkaline phosphatase t = 4.4, P<(.01). There
was significant weight loss in the immobilized bones of cal-
citonin-treated and control animals. Percentage of dry weight
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Figure 1. A histologic micrographic section used for calcula-
tion of ¢/m ratios.
a+b+c+d
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loss in the immaobilized bones of calcitonin-weated animals
was less than that of contro! animals (t = 2.64, P <0.05).
There was no difference between radiographic measure-
mentsof cortical thickness of tibiae in each animal group. The
ratios of cortical and medullary thicknesses measured from
micrographic histologic sections (¢/m ratio) significantly de-
creased in the immobilized tibiae of the two groups of rabbits
compared with nonimmobilized 1ibiae. The decrease in ¢/m
ratio in the bones of calcitonin-treated animals was less than
in control animals (t = 2.56, £ < 0.05),

Effect of growth hormone on the regenera-
tion of atrophied diaphyseal bane

0. 5. Nilsson, P. LAftman, T. Holmstrom!, A.-L. Kariento ! F.
Sigurdsson and L., Sturomberg

Departments of Orthopedics and General and Experimental
Surgery, Karolinska Hospital, Stockholm, Sweden, and De-
partment of Pathology', Central Hospital, Helsinki, Finland

Introduction: The present investigation was designed to
study the morphotegic and mechanical events during regen-
eration of experimentally atrophied diaphyseal bone n the
rabbiu after rigid internal fixation, and specifically, wanalyze
whether growth hormone can influence this process,

Merhods: Fifty-six adult rabbits weighing 3,250-4,750
grams were used. Rigid internal fixation plates were attached
to the medial aspect of the mid-diaphysis of both tibiae using
four screws. The plate on one tibia was removed, and the
screws were reinserted into their holes. After 12 weeks, the
plates were removed at a second operation, and the screws
were reinserted into their holes. On the control tibia the
screws were loosened and then retightened. Human growth
hormone (hGH) treatment : Starting on the day of plate re-
moval {second operation), half of the rabbits were given 0.03
IE/kg BW hGH (Crescormone, KABI Vitrum AB, Stock-
holm, Sweden) as a daily i.m. injection. The animals were
killed at 0, 1.5, 3, and 6 weeks after plate removal.

Results: The maximal torque capacity of the plated tibiae
was reduced by 40 percent at the time of plate remaoval. Three
weeks later, the bones had regained their strength. The rate of
recovery was not affected by ireatment with hGH. The area of
periosteally formed new bone was 2-5 times greater in hGH-
treated groups, in plated as well as in sham-operated bones, at
3 and 6 weeks. The bone mineral densily and mineral content
was slightly decreased in plated bones at the time of plate re-
moval; this reduction was normalized 1.5 weeks after plaie
removal.

Conclusions: hGH did not affect the rate of recovery of
torsional strength in the previously atrephied tibiae. Howev-
er, there was an enlargement of cortical bone area, in plated as
well as in sham-operated bones, due to increased bone forma-
tion in h{iH-treated groups. Because the new bone formation
tock place subperiosteally at the site of the plate or screws, it
was considered to be a result of the surgical procedure, Thus,
h(GH appears to have an enhancing effect on the periosteal re-
action to trauma.

The influence of growth hormone on fracture
healing in the rat: A dose-respaonse curve

Bue Bak, Peter H. Jorgensen and Troels T. Andreassen

Institute of Connective Tissue Biology, University of Arhus,
Arhus, Denmark

Introduction:  Biosynthetic human growth hormone (b-
hGH) stimulates the proliferation of chondrocytes. Experi-
mental fractures of long bones heal through a stage of carti-
laginous callus, The effect of different doses of b-hGH onthe
mechanical properties of healing fractures was studied,

Materials and methods: In90-day-old female Wistar rats,
a standardized fracture was produced by three-paint bending
in the tibia. Medullary nailing was performed. The rats were
randomized into 6 groups: no injections, 0.9 percent NaCl, b-
hGH0.08,0.4, 2.0, or 10mg/kg/day given subcutansously in
1wo daily doses from 1 week prior 10 fracture and until me-
chanical westing, which was performed by a three-pointbend-
ing procedure in a materials testing machine after 40 days of
heahing.

Results and conclusion: After 40 days of healing, frac-
tures treated with b-hGH in doses of 2 mg/kg/day and 10
mg/kg/day had increased maximum load and stiffness com-
pared with the saline-treated controls, but there was no signif-
icant difference between the two treatment groups.

Treatment N Maximum load Stiftness
N Nmm

1) no injections. 13 372+ 65 17100
2) 0.9% NaCi 14 302+ 49 1380z 242
3) b-hGH 0.08 mykgiday 10 3568+ 82 1660t 383
4) b-hGH 0.4 mykgicay 15 349+ 58 178.7 = 305
5) b-hGH 2.0 mgrkgiday 10 553z 10.2° 2199 = 318
&) b-hGH 10 mg/kg/day 13 693 847 3230300

Mean values * SEM, ‘2P <0.05, *"2P <0.01
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Diet and the calcium ion
Simon Henderson, Kerr Graham and Raymond Mollan

Department of Orthopedics, Queen’s University Belfast,
Musgrave Park Hospital, Belfast BTY 7JB, Northern Ire-
land

Introduction: A satisfactory calcium intake is felt to be im-
portant in the maintenance of a positive calcium balance. Nu-
merous dictary factors have been associated with impaired
calcium absorption and are thought to have a major effect on
calcium homeostasis. The effect of the alimentary state on the
measurement of serum ionized calcium has not been clearly
defined. To further investigate this area, a study was setupto
examine the effects of a large meal on serum ionized cal-
cium,

Paiients, methods, and result: Twenty-twohealthy males
were studied in the fasting state and 1 hour after a large meal.
Serum was analyzed for ionized calcium, total calcium, and
albumin. There was a highly significant fall in serum jonized
calcium 1 hour after a large meal. There was a smaller fall in
total caleium and no significant change in serum albumin,

Discussion: Itis suggested that there is a sufficient combi-
ned effect from the postprandial fall inparathyroid hormone
and rise in caleitonin to cause the observed fall in serum ion-
ized calcium after food ingestion. This inlerpretation is dis-
cussed in association with the known effects of the different
components of a mixed diet and variations in intestinal cal-
cium absorption on caleium balance.

In conclusion, it is clear that an appreciation of the alimen-
tary state is essential when any studies involving jonized cal-
cium are being undentaken.

Bone density, strength, and exercise
M. C. Beverly, T, Rider, and M. I, Evans

Department of Orthopedics, Northampton General Hospital,
Northampton NN 5BD, England

Introduction: Wrist bone density and grip strength are relat-
ed {1). Does an improvement in grip strength increase bone
densiry?

Method. Female volunteers (mean age 60 years) had a
grip-strength test and photon absorption scans of both wrists,
Irrespective of age, grip strength and bone mineral density
wereclosely correlated (P<(.001). There was adifference in
strength and bone mineral content between dominant and
nondominant wrists (P < 0.005). One wrist had forced iso-
metric exercise for 20 seconds 4 day for 6 weeks.

Resuits: Fifty-seven subjects reattended. They had a rela-
tive increase in strength on the exercised side of 7.2 percent
P <0.001), associated with a relative increase of 2,3 percent
P < 0.05) in bone mineral content. Sixteen good subjects de-
veloped a mean increase in strength of 21.5 percent (£ <
0.0001) on the exercised side with a relative increase in bone
of 4.2 percent (£ < 0.008) compared with their control unex-
ercised wrist. A recall was arranged 6 months after the experi-

ment ended. The 21 patients who attended had lost strength
and bone mineral density from both forearms, but less on the
exercised side.

Conclusion: Innormal women, grip strength isclosely as-
sociated with forearm bone mineral density, with differences
between dominant and nondominant forearms, Strength and
bone mincral density are increased by brief periods of stress-
ful isometric exercise: this control is of importance in osteo-
porosis.

Reference
Smith, R. Reguiar Review. Osteoporosis: Cause and manage-
ment. Br Med J 1987;294:329-32,

BMC measurements in the proximal tibia:
Influence of sex and knee flexion in young,
normal subjects

I.E. Varmarken, C, Olsen and B. Lund

Department of Orthopedics, Rigshespitalet, University Hos-
pital of Copenhagen, Denmark

Subjects and methods: BMC (bone mineral content) in the
proximal part of the tibia was determined using dual photon
absorptiometry. The measurements were performed just be-
low the subchondra] plates of the tibial condyles.

The precision of the scanning device was high, with SDs of
0.03-0.05 gfcm on 20 repeated measurements on stan-
dards.

The study comprised 10 young male and 10 young female
human subjects, and was designed to evaluate the sex differ-
ences and the infleence of flexion of the knee joint on
BMC.

Results: Significantly higher values were found in the
males than in the females. No significant influence of flexion
from 02-20° was found.

Conclusion: BMC/BMD investigations in the proximal
tibia are precise and important measurements. Flexion be-
tween 0° and 20° does not influence measurements signifi-
cantly.

Serial barriers to mineral transport in
cortical bone

S.P. F. Hughes, R. H. Fleming and I. D. McCarthy

Department of Orthopedics, University of Edinburgh, Edin-
burgh, UK.

Introduciion: The diffusion properties of capillaries in bone
have been reporied previously (1). However, the importance
of capillanies in the overall exchange of molecules between
blood and bone has yet to be resolved. The direct measure-
ment of rate constants in bone is very difficult, and in this
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Table 1.

PSc V) PSp Vg
14C-sucrosa 0.053 + 0.006 1.08 + 0.47 - -
#mTe-MDP 0.022 + 0.012 216 £ 0.26 0.011 * 0.002 1409+ 839
22Ng 0.063 % 0.002 071 £ 018 0.041 £ D017 511+ 337
855¢ 0.056 + 0.00 283+ 204 0.041 + 0,022 13.80 *+ 12.47

paper we have used multiple tracer outflow dilution tech-
niques in an attemp! to provide more direct measurements of
mineral movement in bone.

Marerials and methods: Mature dogs, approximately 25
kg inweight, wereused in all the experiments. Under anesthe-
s1a the tibial nutrient artery and the ipsilateral femoral vein
were cannulated. Fifty milliliters of blood was collected from
the amimals, and the tibia was infused with blood through the
nutrient artery at a rate of 3.8 ml/min. Two groups of animals
were studied in which a bolus of three tracers was injected in-
1o the nutrient artery,; and their concentrations in the femorai
veinwere measured for 3 minutes.'25T-albumin was used as a
reference tracer in both groups. In one group of animals, #3Sr
and 22Na were used as capillary permeable tracers; and in the
ather group ®¥Tc-MDP and '#C-sucrose were used. To ana-
lyze the data, we used a mathematical model forexchange be-
tween blood, bone fluid, and bone using finite difference
technigues to calculate transport functions for the permeable
Tracers (2).

Results and discussion: The model gave estimates for four
parameters: the permeability -surface area product for capil-
lary (P5.),and bane (PSg), and the volumes of distribution in
fluid({Vp and in bone {Vp) (Table 1}, ktis assumed that B
sucrose is not taken up by bone. The values of PSgfor **8r
and ¥ T¢-MDP are considerably greaterthan PS5, indicating
that capillary permeability is very large for both the bone-
seeking tracers. PS¢ is greater for #58r and 2%Na, reflecting
their smaller molecular weight and higher diffusion coeffi-
cient,

References
Hughes et al. Am J. Physiof 1977;232:H341.
Willans and McCarthy f 8iomed Eng 1986:8:235.

Intracsseous hydrostatic pressure and pO,
in early nontraumatic necrosis of the femoral
head

N. W. Pedersen, T. Kier, K, D. Kristensen and H. Starklint

Departmenis of Orthopedics and Pathology, Odense Univer-
sity Hospital, Odense, Denmark

Introduction:  The development of severe degenerative
changes in hips with npontraumatic necrosis is probably pre-

ceded by episodes of localized infarction. In earlier stages the
bane 1s without radiographic changes, but scintimetry or re-
cording of intraosseous hydrostatic pressure has been shown
10 be more sensitive.

The aim of this study was to measure hydrostatic pressure
and p(); in patients with pain in the hip and no or only slight
radiographic changes and 1o correlate the measurements with
the histologic findings in a core biopsy.

Material and methods: Eighteen hips were examined. Hy-
drostatic pressure was measured by a pressure transducer.
The pO,was measured in the subchondral cancellous bone by
amass spectrometer viaacatheterinsenedthroughacannula.
Osteonecrosis was graded according to Durroux,

Resulrs and discussion: Eleven of the 18 hips showed his-
tofogic signs of necrosis. The hydrostatic pressure in the fg-
moral head was 44 16 torr in the hips with histologic necrosis
and 29 16 torr in the hips with normal histology (P >0.05,
Mann- Whitney test). The pQ,was 357 torrand 69 8 torrin
the hips with and without necrosis, respectively (£ <
0.005).

Onur study confirms acorrelation between histologic necro-
sis and decreased intransseous pQO;, in patients with hip pain.
Alsothe study supports the pathogenetic hypothesis that oste-
onecrosis is caused by anoxia due to intramedullary stasis.

A comparative study of bone healing
of stable and unstable fractures of
the rabbit tibia

P. H. Worlock, R. R. Mawhinney and L. Harvey

University Hospital. Queens Medical Centre, Nottingham,
UK

Introduction: The controlled study of fracture healing, and
of the factors that influence such healing, requires reproduci-
ble and standardized experimental conditions, with ease of
radiographic and histologic assessment. An animal model is
therefore necessary. An ideal experimental model would use
areadily available, relatively inexpensive, small animal with
bone morphology similar to that in man. The aim of this study
was to evaluate healing of an experimental fracture of the ti-
bia in rabbits under conditions of bath stable (AO/ASIF dy-
namic compression plate) and unstable (loose-fitting intra-
medullary rod) fixation.
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Muterials and methods: Totally, 23 male New Zealand
white rabbits were used. Under general anesthesia, an experi-
mental midshaft fracture of the tibia was produced using the
method of Ashhurst et al. {1}, Animals were randomly allo-
cated to either stable or unstable fixation. Bone healing was
evaluated by serial radiographs, taken at 2-week intervals,
and by histologic assessment after killing (at 12 weeks post-
operatively).

Results:  There were three technical failures, leaving 10
animals in each group for assessment. Animals in the stable
group showed radiographic healing without external calius
formation, and primary bone union was confirmed on histo-
logic assessment. Rabbits in the unstable group showed typi-
cal radiographic and histologic appearances of healing by ex-
ternal callus formation. Contact cortical necrosis was seen
where hoth plates and rods were in contact with bone. It never
affected more than 50 percent of the cortical width, and was
seen in less than half of the sections cut. No histologic or radi-
ographic signs of infection were seen in any of the animals
studied.

Discussion: This study confirms that under conditions of
anatomic reduction and stable fixation, primary bone healing
of fractures occurred reliably in rabbits. Unstabie fixation led
to uneventful healing by external callus forrnation.

Qur preliminary studies suggest that this animal model is
ideal for comparative studies of fracture healing. A standard
fracture that will heal in a reproducible manner can be reliably
created. Both primary bone union and external callus forma-
tion can be induced by varying the techniques of fixation sim-
ilar to those used in man.

References
Ashhurst et al. fnjury 1982;14:236.

The occurrence of different bone- and cartil-
age-specific proteins and proteoglycans in
experimental fracture healing

O. Johnell, A. Hulth, D. Heineglrd and A. Franzén

Lund University Departmenis of Orthopedics, Malmd, Medi-
cine, Physiology, and Chemistry, Lund, Sweden

Introduction: Callus in experimental rat fractures originates
from two different sources: viz., the one from committed os-
teoblastic cells in periosteum (the primary response), the oth-
er from mesenchymal cells migrating from the surroundings
(theexternal arinductive callus). A hypothesis thatcan be put
forward is that the pluripotent mesenchymal cells become in-
duced by proteins released from the damaged bone and the
primary response. It is also likely that differentiation of cartil-
age that then undergoes enchondral bone formation occurs
during production of different macromalecules. Polyclonal
antibodies against different proteins and proteoglycan from
bone and cartilage, and against laminin in the vessel walls,
have been used in order to localize them on a well-known
fracture model (tibia fractures in rats).

Material and methods: The right tibia was manually brok-

en after insertion of a thin steel thread in bone marrow in rats
weiphing 100 g. Rats were killed after 3, 5, 8, and 11 days, At
the S5th day, the periosteal callus was fully developed, and car-
tilage had begun 1o be formed on the periost-denuded ends of
the fracture. The granulation tissue (PL) with mesenchymal
pluripotentcells under differentiation tochondrocytes is easy
to study.

Results and discussion: The bone-specific proteins were
osteopontin (OPN), sialoprotein (BSP), and 62 kDa. All of
these occurred among the newly formed periosteal trabeculae
(TR} and also inthe zone immediately outside the osteoblast
layer (OBL). BSPF is also present as thin extensions from the
trabeculae into the osteoblast layer, QPN stains the osteoblast
layer completely. All three proteins are diffusely spread in the
granulation tissue (PL). On the 11th day, the proteins ap-
peared in the new bone trabeculae formed by enchondral
bone formation.

The cartilage proteins and proreoglycans were 38, 59,
100, and 148 kDA, S1and S 2 {small PG)and LA (large PG).
52 did not stain anything. Bone trabeculae were stained by
only 59 kDa. Both 148 kDa and [LA stained the osteoblast
layer (OBL). Present in the zone immediately outside the os-
teoblast layer (F) were 58, 59 kDa and 100 kDa and S1. The
granulation tissue was stained weakly by 58 kDa; but 59 kDa
and 100 kDa stained very strongly, patticularly collagen-like
structures. They did not stain the fracture exudate between the
muscle fibers. The cartilage (CA) was stained by 58, 59, 100
kDa, and LA,

Laminin aniibodies and basal membrane antibodies
stained vessels in the musculature, in the granulation tissue,
and in bone. Even cartilage on Days 5 to 11 had stained struc-
tures, residua of vessels or cells.

The experiments have shown different proteins and PGs
during direct bone formation in the periost and among the
cells differentiating into chondroblasts. The vessel structures
left behind in cartilage speak against the belief that cartilage
occurs in avascular sites.

The figure shows the distribution of the different proteins
and PGson Day 5. B = bone, TR = periosteal trabeculae, OBL
= proliferating osteoblasts, F= fibrous layer of periost, CA=
cartilage, PL = pluripotent cells in granulation tissue.
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Mechanical effects of intramedullary
reaming on the healing of nailed
femoeral fractures in rats

Q. Reikerds, S. Skjeldahl and B, Grpgaard

Department of Surgery. Ullevai University Hospital, Oslo,
Norway

frrraduction: Implantation of medullary nails without ream-
ing causes minor damage to the blood circulation. whereas
reaming is associated with destruction of all the vessels in the
medullary canal. The present study was undertaken to inves-
tigate the influence of iniramedullary reaming on the healing
of fractures in rat femora.

Methods: Bilateral transverse fractures were performed
at the midshaft of the femora inrats. On the left side, butnoton
the right side, the medullary canal was successively reamed.
The fractures were then stabilized with intramedullary nails
of 1.0 mm. At 15, 30, 60, and 90 days postoperatively, the
bending moment and rigidity atthe fracture site were evaluat-
ed.

Results: During the experimental pericd, there were no
significant differences between the left and right sides in
bending moment, bending rigidity, and in callus produc-
tion.

Discussion: We found that intramedullary reaming did
not affect the mechanical properties of healing fractures in rat
femora. The fractures were nailed, but not rigidly fixated, so
they healed by periosteal catlus production. This study indi-
cates that the periosteal system has the capacity of compen-
sating for damages ta the endosteal system, so that healing of
fractures is not delayed by reaming. Gn the other hand, ream-
ing dust with possible bone induction potential was nat found
to be of significant importance for fracture healing.

Effect of dynamization by removal of
interlocking screws after intramedullary
fixation with interlock: An experimental study
incats

H. Rgnninngen and L. F. Solheim

Institute of Surgical Research, University of Oslo, Rikshospi-
talet, Oslo, Norway

Introduction: Intramedullary fixation rod systems with in-
terlocking were developed in order to make the fixation meth-
od available also in cases with multiple fragments orcrushing
of fracture ends. Removal of interlocking screws, as soon as
the bone ends can carry a load, has been recommended as a
means of speeding up complete mechanical restitution of the
bane. The rationale for this procedure is to enhance bone re-
modeling in the callus by subjecting the new bone to axial and
torsional loads before the device canbe removed entirely. We
have developed an animal model for investigation of inter-
locking and dynamization.

Methods: Intramedullary rods with an open slot and holes
for insertion of interlocking screws were manufactured from
stainless steel tubes (length =95 mm, 0.D. =5.5 mm), Eight-
een adult cats were used. The right femoral diaphysis was cut
ansversely and reamed before the rod was inserted from the
proximal end. A diastasis of 3 mm was created at the osteoto-
my site, and the fragments were fixed by interlocking screws.
All the animals were killed at 12 weeks.

Resulrs; Bony union was achieved in seven out of nine of
the bones where dynamization had been performed compared
with four out of nine of the bones with static fixation, Al-
though not significant the results may indicate that bony un-
ion occurs more readily after dynamization. There was nosig-
nificant difference in strengths that could favor dynamization
as a means to enhance mechanical restitution of bones afier
fixation with intramedullary rods with interlocking.

Stimulation of bone formation in segmented
bone defects

K. G. Thomngren!, P. Aspenberg' and I. Wittbjer

Lund University Hospital Department of Orthopedics!,
Lund, and Maxillofacial Center, Matmd, Sweden

Introduction: Injectable bone transplants would be useful in
avariety of conditions requiring Jocal stimulation of bone for-
mation, The present study compares pulverized bone matrix
and autologous hone marrow with conventionally implanted
whole-bone matrix and marrow or cancellous bone.

Methods: Asegmentof the rabbit radius diaphysis was ex-
cised, demineralized, and pulverized. The demineralized ma-
trix particles were mixed with autologous bone marrow from
the fernoral canal and injected into the defect from which it
had been excised. On the contralateral side the demineralized
bone was reimplanted without pulverization, but with bone
marrow, The bone yield was measured afier 2 and 4 weeks by
radiographic planimetry and Tc-$9m-MDP scintimetry. The
forearms of the rabbits were sectioned into standardized
transverse segments. The ash weight and Ca-45 count were
measured.

In another series, cancellous bone from the tuber ischii of
the rabbit was transplanted to the redius defect and compared
witha mixture of autogenous bone marrow and allogenous or
autogenous bone matrix particles,

Results: At 2 weeks the ash weight was greater on the pul-
verized than on the nonpulverized matrix side. By four
weeks, the measurements showed no difference. The other
parameters determined showed no significant difference.
When comparing the injeciable matrix-marrow bone graft
with cancellous bone, no side differences were found with
Ca-45, whereas the callus ash weight of the matrix-trans-
planted side was around 60 percent of the cancellous bone
side {due 10 the original mineral content of a cancellous bone
transplant). Nontransplanted defects had very low ash weight
and Ca-45 values.

Summary: An injectable bone transplant consisting of pul-
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verized demineralized bone matrix and bone marrow is quan-
titatively sirnilar in bone yield both to whole matrix and mar-
row and to cancellous bone transplants.

Osteotomy counteracts atrophy of
diaphyseal bone after rigid internal fixation

0. §. Nilsson, P. LAftman, O. Brosjo and L. Stromberg

Department of Orthopedics, Karolinska Institute and Hospi-
tal, Stockholm, Sweden

fntroduction; Rigid internal fixation of diaphyseal bone
causes atrophy and reduced strength due ta protection of the
bone from loading and deformation. We studied the effect of
osteotomy on the strength and metabolism of bone after rigid
internal fixation.

Material and methods. Fifty adult rabbits were random-
ized into six groups. Four experimental groups were used to
compare a rigid plate fixation combined with tibial osteoto-
my (o acontralateral plate without osteotomy at 3,6,9,and 12
weeks. Two contro! groups were used 1o compare tibial oste-
otomy and plate fixation to a contralateral sham operation, or
arigid plate 10 a sham operation, at 12 weeks. Two days prior
to death, the animals were injected with 43Ca and *H-proline,
[sotope incorporation and maximum torque capacity of the
bone undetlying the plates was analyzed.

Results: In the experimental groups the strength of the os-
teotomized bone was increased hy 30 percent at 6 weeks com-
pared with the contralateral {plated) side, but this effect grad-
ually decreased at9 and 12 weeks. Inthe control groups, both
the plated and the osteotomized/plated tibiae showed a 30
percent decrease in strength compared with sham-operated
bones. The incorporation rate of both *3Caand 3H-proline of
the ostcotomized bones was increased 3—4-fold at 3 and 6
weeks, but was normalized at 9 and 12 weeks.

Conclusion: Osteotomy of diaphyseal bone in adult rab-
bits caused increased matnix formation and mineral accre-
uon, and increased bone strength, during the healing process,
thus counteracting the atrophy caused by the rigid plate. The
bone formation levels returned to normal values within 12
weeks, and the bone became subject to atrophy due 1o stress
protection by the fixation plate.

Calcitonin and fracture healing

Pekka Paavolainen, Tomi Taivainen, Jan-Erik Michelsson,
Martti Lalla and Risto Penttinen

Division of Qrthopedics and Traumatology, Surgical Hospi-
tal, Helsinki University Central Hospital. Helsinki, Finland

An experimenial study was made with randomized series of
fractures in rats with and without calcitonin {CT) therapy.

The healing of the fractures was monitored biochemically
and histologically, and by measuring the tensile strength of
the callus tissue. The heating of a fracture was followed from
3 days up to 9 weeks postoperatively, Half of the rats in each
age group were given daily CT 10 MCR-p/kg body weight
subcutanecusly. Mechanical properties of the healing tibial
fractures, as well as various connective tissue components of
the callus tissue. were analyzed.

No differences in the radiographic or microscopic appear-
ance of the fraciures were detectable between the animals re-
ceiving CT and the controls, [n the biochemical analysis, ma-
trix production as assessed from the concentrations of nitre-
gen, hexosamines, and hydroxyproline within the callus fol-
lowed the usual lines of undisturbed fracture uuon without
any differences between the groups with and without CT, No
differences could be detected in the mineralization of the cal-
lus, and the tensile strength values of the fractures increased
almost linearly up to & weeks. At ] week the tensile strength
values for fracture union in the animals without CT were
about 50 percent higher, but later on no differences could be
detected between the groups.

The results indicate that, although in the early phases of
long-term CT therapy collagen synthesis may be impaired,
there will be no effect on the net content of collagen or calci-
fying tissue in callus or on the mechanical strength of healing
fractures.

Clinical use of phase shift vibrational analy-
sis in tibial fracture healing

S. W. Parsons, M. Saleh and T. Duckworth

Department of Orthopedics, Sheffield University, Sheffield,
UK

Introduction: In routine practice the healing of fractures is
usually assessed by clinical examination and radiographic
features, Quantitative methods of measurement are desirable
not only for the assessment of the strength of fracture union,
but for the prediction of delayed and nonunions. Expense and
size and complexity of equipment have limited the use of
many techniques in routine clinics, and difficultics have also
been encountered in some vibrational techniques with soft-
tissue thickness, muscle tension, and volume of callus (1), We
report the preliminary results for phase shift vibrational anal-
ysis in a portable inexpensive form on 100 patients with frac-
tures of the tibia.

Patients and methods: Patients were evaluated at routine
fracture clinics, but independent of clinical management. A
2-point system was used with the vibrational source, and the
accelerometer was placed at a set distance either side of the
fracture.“In—phase™ frequency recordings were repeated
three times on fractured and normal tibias. The results were
expressed as a percentage ratio of affected to normal sides.
The evaluation was repeated at each clinic attendance, the
same sites of recording being used on each occasion. If the
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limb was encased in plaster,"small windows™ were fash-
ioned. Recordings were also taken of limbs stabilized by ex-
ternal fixators.

Results and discussion: Totally, 1,388 readings were re-
corded on 100 patients with fractures of the tibia. Results in
|5 patients with clinically and radiographically united frac-
tures indicated the range of ‘end points™ from 110 percent in
an undisplaced fracture 10 80 percent ina segmental displaced
fracture with amean of 96 percent. In 70 patients with healing
fractures less than 26 weeks old, pattemns of fracture healing
dependent on fracture configuration and displacement were
revealed. In 9 patients with union delayed to beyond 26
weeks, results were lower and increases prolonged. In 6 pa-
tients with hypertrophic nonunion, an initial decline inresults
could be demonstrated following fibular osteotomy and low
results were seen at many months after plating or external fix-
ation.

Despite minor variations due to technique, methods of
management, and adiposity, the initial resulis are encourag-
ing. Patterns of fracture healing are emerging, and potenial
early identification of delayed and nonunion is suggested. If
further studies confirm these results, then, this method of
analysis will prove to be a useful clinical tool in the asscss-
ment of healing in tibial shaft fractures.
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Biodegradation and biocompatibility
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Iniroduction: Vihtonen et al. {1) showed in an experimental
study of rabbits that fixation of osteotomies of the distal fe-
mur with biodegradable polyglycaolic acid (PGA) thread re-
sulted innormal healing in 79 percent of the cases, Vainiopaa
etal.(2)usedin their study in rabbits biodegradable PG A rods
and threads in fixation of similar osteotomies. In that study all
the osteotomies healed in 6 weeks.

On the basis of these studies, we started to investigate the
possibility to use polylactic acid {PLA) as the fixation materi-
al of osteotomies in bone. Polylactic acid (PLLA and
PDLLA) is a synthetic, biodegradable material. In vivo PLA
undergoes hydrolytic de-esterification into lactic acid, which
becomes incorporated into the tricarboxylic acid cycle (3).
The self-reinforced (SR) absorbable materials, SR-PLLA
and SR-PDLLA/PLLA rods consist of an absorbable poly-
metric matrix reinforced with fibers of the same material. The
biodegradation, biccompatibility, and fixation properties of

SR-PLLA and SR-PDLLA/PLLA rods were investigated in
the present study, .

Materials and methods: The biodegradation 1 vitro was
investigated in a hydrolysis test. The SR-PLA rods were sub-
merged in distilled water at 37°C for a period of 48 weeks.
Changes in the bending strength were measured. The effects
of gamma-irradiation in the bending strength was also clari-
fied. The molecutar weights were measured. The biodegrada-
tion and biocompatibility of SR-PLA rods in vivo were inves-
tigated in cancellous bone of 56 rats. Osteotomies of the distal
femur were fixed by SR-PLA implants. After operation no
extemal support was used, and the rats were aliowed to walk
freely. The fallow-up times were 1, 3, 6,12, 24, 36, and 48
weeks. Radiagraphic, histologic, microradiographic, and
OTC-fluarescence studies were done.

Results and discusston: The initial bending strength of
SR-PLLA was 185 MPa and SR-PDLLA/PLLA 170 MPa.
After 48 weeks hydrolysis in vitro, the bending strength of
both materials were about 50 percent of the initial value.
Gamma-irradiation decreased the bending strength of both
materials (Figure 1). The initial molecular weight of both ma-
terials were 100,000, The viscosimetric measurements after
hydrolysis in vitro and in vivo revealed that the decreasing
rate of molecular weights was faster in vivo than in vitro. The
macroscopic, radiographic, microradiographic, and OTC-
fleorescence examinations showed that 95 percent of the os-
teotomies were consolidated. In histologic studies, there was
no evidence of inflammation or foreign-body reaction in the
bone, The biodegradation started peripherally in the area of
SR-PLA implants and continued with subsequent replace-
ment of new bone. SR-PLLA/SR-PLLA implants were seen
in all the specimens during the 48-week follow-up period.

1. SA-PLLA
2. SA-PLLA (y-sterll)

3. SA-POLLAPLLA

4. SA-PDLLAPLLA {y-sleri )
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Figure 1.
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Totally bicdegradable self-reinforced rods
and screws for internal fixation of bone
fractures
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Introduction: ldeal osteosynthesis material must have high
strength and stiffness and ductile mechanical behavior. Addi-
tionally, it must be biocompatible and dissolve after fracture
healing tosmall molecules that are digested by living tissues.
This eliminates the need of a removal operation. We have de-
veloped self-reinforced (SR), coated polyglycolide {PGA)
and polyactide (PLA) composites that fulfill the above de-
mands,

Muaterials and methods: Medical grade biodegradable
PGA, poly-L-lactide (PLLA)and poly-DL-lactide (PDLLA)
powders or fibers were used as raw materials. SR-coated rods
with diameters of 3.2 mm or 2.0 mm and lengths of 30 mm or
40 mm, respectively, and 4.5 mm SR-screws (AO-profile)
with a length of 50 mm were manufactured of PGA, PLLA,
and PDLLA by the recently developed sintering method at an
elevated temperature and pressure (1-2).

Results and discussion:

Table. Initial mechanicat strengih properties of bicdegradable
SR compusite rods and scraws

Sampls  Mainx Rein- Coating Bending Benging Shear
forcament strength modulus  strenght
(MPa) (GPa) |MPa)
Rod PGA PGA PGA 350 + 50 14 x1 200+ 40
Rod PLLA PLLA PLLA 260 ] 150
Aod POLLA  PLLA POLLA 220 4 100
Screw PGA PGA PGA 300 150

SR-PGA rods retained their strength 7-8 weeks in vivo
(subcutaneouws implantation in rabbits). SR-PGA screws re-
tained their strength up to 5 weeks in vivo, It was shown that
SR-PGA rods and screws are suitable for internal fixation of
cancellous bone fractures in combination with plaster cast
(3). More than 500 operations have been performed in Helsin-
ki University Central Hospital during a 3-year period with
SR-PGA rods and screws (Biofix®). SR-PLA rods retain their
strength at least |5 weeks in vivo. They are potential materi-
als for cortical bone fracture fixation.
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Biodegradable implants in the fixation
of physeal fractures in cats
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Introduction: In an experimental study of surgical travmas in
the physeal piate, it was shown that the degree of the retarda-
tion of growth was roughly proportional to the cell number
destroyed, to the firmness of the rigid bridge between the ep-
iphysis and the metaphysis (bone or metal), and to the growth
potential left in the physeal plate at the time of the injury
(Campbell et al, 1959).

Bindegradable implants made of self-reinforced polygly-
colic acid (PGC) were successfully used in the fixation of
cancellous bone fractures of cats and dogs (Axelson et al.
1948).

The effect of a penetrating biodegradabie implant on the
physeal plate was studied by Makeld et al. (1987}, The pres-
sure of the growth broke the implant of 3.2 mm in diameter at
the level of the growth plate as early as 3 weeks after the oper-
ation, which allowed the growth catilage to regenerate (Mii-
keli et al. 1987).

Materials and metheds: In a preclinical and a clinical
study, physeal fractures of 10 cats and 8 dogs were fixated
with biodegradable implanis made of self-reinforced PGA.
Fractures of the distal femoral growth plate were most com-
mon (10/18), The surgery was performed accerding 1o mod-
ern manuals of orthopedics. The patients were allowed to use
their operated on limb immediately after the operation with-
out any external support. The final retardation of growth was
measured in the physeal fractures of the distal femurs,

Resuits: All the patients started to used their operated on
limb during the first posioperative week and 16/18 patients
could walk without lameness in 3 weeks and the other 2 in 6
weeks, No malformation or pathologic reactions of the frag-
ments were seen radiographically inany patient. The physeal
fractures of the distal femur of the cats fixated with 2-mm
thick implants caused 1.3 percent retardation of the growth,
and those fixated with 3.2-mmthick implants caused 6, § per-
cent. No bone shortening could be found when a similar frac-
ture of amedium large {15 kg) dog was fixated witha 3.2-mm
implant.

Discussion; This biodegradable implant was strong
enoughto keepthe fragments in place for the 3 weeks needed.
The minimal growth-retarding effect was due to whether the
growth potential of the physeal plate was strong enough to
break the implant and to the percentage of the cell numberde-
stroyed in the physeal plate.
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Changes of articular cartilage and subchan-
dral bone after experimental intraarticular
osteotomies of the distal femur

K. Yihtonen and P. Rokkanen

Department of Onhopedics and Traumatology, Helsinki
University Central Hospital, Helsinki, Finland

Standardized areas of the medial and lateral condyles of the
right femurin 117 aduli rabbits were investigated after osteot-
omies of the distal femur and of the medial condyle of femur
fixed with two differcnt metheds, Fhe left femur served as a
control, Follow-up times were 1, 3, 6,12, 24, and 48 weeks.
The distal part of each fernur was removed, fixed in alcohol,
embedded in methylmethacrylate, and sectioned 5-pumthick.
Quantitative histomorphometric analysis of the articular car-
tilage and subchondral bone adjacent to it was performed us-
ing a semiautomatic computer linked via a television camera
to a light microscope. The numerical measurements were an-
alyzed with the Student’s rtest. The influence of the opera-
tion in general, of the quality of osteotomy, of the fixation
method, of the success of bone heating, and of the time of ex-
amination were evaluated. The comparison of the results of
the operated on knees 1o those of the controls showed signifi-
cantincrease { P <0.001) inthe area of the articular cartilage
of the medial condyle and less increase (P < (.2) of the lateral
condyle. Atthe same time the number and area of living chon-
drocytes remained unchanged. Inadjacent subchondral bone,
a significant decrease (P<(.002} in the volume of matrix was
observed in the medial condyle. In the lateral condyle the de-
crease was less prominent (F < 0.1}. On the basis of the pre-
sent study. it is obvious that the diminished use of the operat-
ed on limb caused by pain is the reason for the changes no-
ticed in the articular cartilage and subchondral bone. This hy-
pothesis was confirmed with the finding that if the healing of
the osteotomies was disturbed. the increase of the area of the
cartilage was larger than after normal bone healing.

The treatment of cancellous bone fractures
with biodegradable screws

L. K. Partio, O. Béstman, S. Vainionpas, H. Patiild, E. Hir-
vensalo, K. Vihtonen, P. Tormaéld, and P, Rokkanen

Depanment of Orthopedics and Traumatology, Helsinki
University Hospital, Helsinki, and Biomaterials Laboratory,
University of Technology, Tampere, Finland

Introduction: We present early results of a clinical study n
the treatrnent of fractures with biodegradable screws. Bend-
ing strength of this screw 1s 320 MPa, shear strength 200 MPa,
and elastic modulus 10-15 GPa. This means that the screw
can take 160 kg weight bearing when the diameter of the core
is 3.2 mm, The decrease in the bending strength of the screw 1s
gradual, sothat the screw loses its strength after 5-7 weeks in
viva.

Material and methods: Since May 1987, we have mreated

22 ankle fractures, 2 olecranon fractures, and 1 patella frac-
wre with biodegradable screws., The criteria forentry into the
study were age between | 6and 70 years, trustworthy cooper-
ation of the patient, and displacement of the fracture of at least
2 mm. After reduction of the fracture, the self-reinforced
screws of synthetic biodegradable pelyglycolide were insert-
edintothe drill hole. The ankle fractures were immobilized in
a plastercast for 6 weeks — without weight bearing in the first
3 weeks, then 2 weeks with partial weight bearing, and in the
last week full weight bearing. The patella fracture was immo-
bilized in plaster for 8 weeks and the olecranon fractures for 3
weeks.

Results and discussion: The follow-up is more than 3
months in 17 ankle fractures, and in | patella and | olecranon
fracture. In treating ankle fractures the mean duration of the
operation was 52 minutes including the plaster application,
and the mean disability time was 51 days. Early results were
good. There was only one insignificant secondary displace-
ment in the first olecranon fracture. Sinus formation was ob-
served in 3 patients, but it did not have any effect on haone
healing. The fluid of the biodegradable material should be re-
moved from the sinus with neede aspiration. There was bac-
terial growth after cpening the sinus in one of these 3 patients,
but no osteitis. All the fractures had united clinically in &
weeks. All the patients followed over 3 inonths have returned
1o their work and are asymptomatic.

Three years audit of biodegradable
osteofixation in orthopedic surgery

P. Rokkanen, Q. Béstman, E. Hirvensalo, S. Vainionpii and
P. Tormild

Department of Orthopedics and Traumatology. University
Central Hospital, Helsinki, and Biomaterials Laboratory,
University of Technology, Tampere, Finland

Introduction: The utihization of biodegradable implants in-
stead of metals in orthopedic surgery abolishes the need 1o re-
move the fixation material. For 15 years, biodegradable syn-
thetic polymers have been in worldwide use as resorbable su-
tures. However, the development of implants suitable for os-
teofixation of these polymers has proved laborious.

Materials and merhods: For this study, cylinder-shaped
biodegradable rmplants of self-reinforced polyglycolide and
lactide-glycolide copolymer were developed and manufac-
tured. The clinical introduction of these implants was preced-
ed by thorough experimental studies, The assonment of the
clinically utilized biodegradable rods were 2.0, 3.2, and 4.5
mm in diameter and 20 to 70 mm long. The main principle of
the surgical technique was to place the rods in channels of the
same diameter drilled into the cancellous bone across the
fracture surfaces or ostectomies.

From November 1984 to January 1988, the biodegradable
method of osteofixation was used in 534 operations. These in-
cluded 388 with displaced malleolar fractures (1, 2), 75 with
chevron-osteotomy for hallux valgus, 20 with scaphoid non-
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Table 1 Patents operated on using biodegradable implants

19

No. of patients Na. of patients
Upper extremity Lower extremity
Fresh fracture of Frash fracture of
capitallum humeri [ patelia 5
alecranon 18 distal femur or proximal tibia 8
radial head 19 ankle (Weber type A or B} 285
distal radius 3 ankle (Weber type C) 43
carpal bones and hand 13 talus 1
Coracoid ostectomy 13 Osteochondritis dissecans 2
Scaphoidnonunion 20 Hauser's operation "
Trapezio-metacarpal fusion 2 Chevron ostectomy 75
Total 94 440

union, 19 with displaced fracture of the radial head, 18 with
displaced fracture of the olecranon, and 64 patients with other
fresh fractures or elective orthopedic conditions requiring
surgery (Table),

Reswlrs and discussion, The postoperative course was un-
eventful in 473 patients (89 percent). A reoperation was ne-
cessary because of failure of the fixation in 6 patients. A clini-
cally insignificant redisplacemnent was noticed in 19 patients.
In 9 cases there was a superficial wound infectionand m 27 a
sinus formation without demonstrable bacterial growth, This
sinus complication probably has some analogy with the well-
known stitch sinuses, It has also been observed in abdominal
surgery when using resorbable sutures of the same biodeg-
radable synthetic polymers as the implants of the present
study. A sinus formation did not influence the functional or
radiographic end result. The costs caused by implant removal
procedures associated with use of metallic inplants in ortho-
pedic surgery are undoubtedly enormous (3). Besides these
econamic points of view, the psychologic advantages of bio-
degradable fixation implants must be emphasized as well.
The overall results of this study were considered favorable
and have encouraged us to continued experimental and clini-
cal research on the theme.
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The development of chevron ostectomy
5. Andersen, K. Jacobsen and K. Baadsgaurd Sprensen

Department of Orthopedics, Frederiksberg Hospital, Den-
mark

Introduction: Chevron osteotomy is a modification of the
Mitchell osteotomy, and can be used in young adults with hal-
lux valgus and metatarsus primus varus, The osteotomy is
made in a ¥-shape to provide greater stability and to make the
procedure easier. We descnbe the development until now,

and introduce a new procedure with internal fixation with a
biodegradable implam and postoperative trealment.

Methods: Six feet in 6 patients had a chevron osteotomy,
stabilized with a biodegradable implant. No plaster cast was
used; during the first 2 postoperative weeks, the patients wore
a bulky bandage.

Because of the solid osteotomy, combined with the biodeg-
radabile fixation, the operation was performed as an outpa-
tient procedure under local anesthesia. Our preliminary ex-
perience revealed the patients to be very satisfied with this
procedure, which so far has no complications.

Repair of the meniscus

R.P.H. Veth, H. K. L. Niels¢n, . W. B, Jansen, A, J, Nijen-
huis and A. J. Pennings

Department of Orthopedics, Department of Oral Biology,
Department of Polymer Chemistry, State Liniversity Gron-
ingen, The Netherlands*

Introduction: Previous studics (1. 2, 4) in rabbits have shown
that the repair tissue in fongitudinal substance lesions of the
meniscus consisted mainly of fibrous avascular tissue, wher-
eas the repair tissue in wedge-shaped lesions was of a fibro-
cartilaginous type. In cases where a T-shaped lesion was su-
tured with the aid of a synoviul flap on a pedicle, repair tissue
consisted predominantly of fibrous vascularized tissue.

Materials and methods. This study concerns the use of 4
biodegradable implant for use in reconstructions of artificial-
ly made meniscus lesions in dogs. Fourteen T-shaped lesions
were repaired with an organic polymer implant containing
segmented polyurethanes, poly(L-lactide) and carbon fibers
(3). In 34 dogs T-shaped meniscal lesions were repaired with
the aid of an implant containing polyurethanes, poly(L-lac-
tide), and poly(L-lactide} fibers (6, 7). A synovial flapon a
pedicle was sutured to the implant.

Resulrs: In the first series, complete fibrous tissue repair
(5) was observed in | O cases, [n 2 dogs adislocation of the im-
plant was observed, combined with a synovitis. In the second
series, complete fibrocattilaginous repair was found in 25
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cases, 7 showed partial repair, and 2 implants had been dislo-
cated. Synovitis was not observed. Preliminary compression
experiments showed an elastic modulus of healed fibrocarti-
Iaginous sections that resembled original meniscus tissue.

Discussion: From these studies it can be concluded that in
animals fibrocantilaginous repair in longitudinal substance
lesions will occur only if a connection to the synovial lintng
has been made.

PU-PLLA implants appear to enhance this process consid-
erably. Qur compression tests seem 1o match those done by
Newman {8), who also found that the force compression dis-
placement curves in fthrous tissue repair cases did not resem-
ble the curves of the normal meniscus tissue. Therafore, mere
suturing procedures in longitudinal meniscus lesions will
probably not yield amsiologically and biomechanically opti-
mal result.
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Experimental orthopedics

Bone graft revascularization and mineral
accretion in T-cell-deficient rats

Ole Jgrgen Kirkeby

[nstitute for Surgical Research, Rikshospitalet, and Sophies
Minde Orthopedic Hospital, Oslo Norway

Imtroduction: Bone allografis are inferior to their autogenic
counterparts with regard to bone induction properties and re-
vascularization. Analogous 1o cell-mediated mechanisms in
skin graft rejection, T-lymphocyte immune response might
be important for the incorporation of allogenic bone grafts.
The influence of the T-lymphocyte system on the acceptance
of allogenic bone grafts can be studied in congenitally athym-
ic rats, These animals have no T-lymphocyte function. A dif-
ference in the revascularization and bone induction proper-
ties of allogenic bone prafts between athymic and normal rats
may therefore be ascribed to the T-lymphocyte immune sys-
tem.

Muaterials and methods: Recipients were normal or
athymuic rats of the Lews strain. Fresh syngenic or allogenic
corticocancellous bone from donor os ileum were grafted into
intramuscular pouches in the back of the recipient. The ani-
mals were killed 2 or 3 weeks postoperatively, *Srincorpo-
ration was used as a measure of the osieogenic activity. In-
growth of new vessels in the graft was measured by intraarte-
rial injection of '#1Ce-labeled microspheres.

Results and discussion: The 338r radioactivity showed

that the osteogenetic activity was similar in the syngenic
groups and the athymic allogenic recipients. Allogenic grafts
m normal recipients had significantly lower mineral accre-
tion rate than the other groups. The ingrowth of new vessels
showed the same pattern with relatively similar 14! Ce activity
in the syngenic grafts and in the athymic recipients, whereas
allogenic grafts in normal animals had relatively less graft
blood flow. The results confirm that the osteogenetic activity
and the revascularization of allogenic bone grafts are less
than in syngenic grafts. The results further suggest that the T-
lymphocyte system of the recipientis at least partially respon-
sible for this difference. Thymus-dependent graft rejection
mechanisms are prebably important for the biological func-
tion of allogenic bone grafis.

Behavior of normal, avascular, and
revascularizing cancellous bone in
the femoral head

J. Gardeniers, J. Favenesi, R. Huiskes, T. Slooff and K. Ku-
hat

Laboratory for Experimental Orthopedics, Department of
Orthopedics, University of Nijmegen, and Department of Pa-
thology!, University of Nijmegen, The Netherlands

{ntroduction: ldiopathic avascular necrosis of the femoral
head (JANF) has become an increasingly frequent problem.
There is apparently areal increase inincidence, and treatment
is often inadequate. The treatment of LANF must be based on
%o principles: revascularization and prevention of collapse.
This can only be conducted successfully when enough is
known about the remodeling process and the development of
the bone strength. In particular, little is known about the ve-
locity of remodeling and the relationship between remodei-
ing and bone strength. The present study was conducted to in-
vestigate these relations,

Materials and methods: An animal model was created to
study vascular and revascularizing cancellous bone in the fe-
moral head in vivo under norma!l loading conditions. Using a
sterile surgical procedure, the anterosuperior segment of the
left fermoral heads of 52 African pygmy goats was devascu-
larized and isolated in situ using PMMA cement. Fifteen
goals werekilled 6 (n 5), 12 (n 5), and 24 (n 5) weeks postop-
cratively, and cylindric test specimens 3 mm in diameter and
4-mm thick were cored from the segments. They were sub-
jected to unconfined compression on a Zwick materials test-
ing machine. Yield strength, elastic modulus, and apparent
density were determined. Test samples from the unoperated
on right-sided femoral heads served as controls. In a second
groupof 21 goats, revascularization was introduced by perfo-
rating the cement barrier. Histomorphology and mechanical
studies were performed 7{n8)and 12 (n 1 3) weeks postopera-
tively. Inthe last group of 16 goats, revascularization was in-
troduced by means of an aneriovencus bundle ransplanta-
tion (AVBT). The segments were loaded in vivo and the goats
were killed 12 (n 11) and 24 (n 5) weeks postoperatively. His-
tomerphologic studies were performed. To evaluate the test-
ing methods, 45 specimens from 3 human femoral heads were
tested.
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Results: The tests on the controls supplied us with the me-
chanical propenties for normal goat cancellous bone (appar-
ent density: 0.59-1.48 gfem?; yield strength: 4.7-54.6 MPa
elastic modulus; 84—1.434 MPa). The mechanical properties
of avascular cancellous bone did not change significantly up
to the 24th postoperative week (apparent density: 0.38-1.44
glem3; yield strength: 22.8-45.2 MPa;  elastic modulus:
167-821 MPa), Histomorphology showed that the segment
remained avascular up to the 24ih postoperative week, and
the percentage of bone did not change compared with normal
bone (normal = 62 percent, avascular = 64.7 percent), Test
specimens taken from the passively revascularized segments
showed a significant decrease in strength (20.8 MPa) and
stiffness (294 MPa). The apparent density did not change sig-
nificantly (1.13 gfem3), but histomorphology showed ahigh-
ly significant decrease of the percentage bone {bone volume
31.6 percent). Inthe AVBT group the decrease in the percent-
age bone was also seen, but this decrease was significantly
lessthan inthe previous group (53.0 vs. 31.6 percent) Histol-
ogy showed a positive influence of the AVBT on the repair
process, but osteolysis occurred nevertheless.

Conclusions: The relationships between apparent density
and yvield strength, and the apparent density and elastic modu-
lus of cancellous bone were quadratic exponential functions.
Ths study supporis the usefulness of the exponential model
over anexpanded apparent density range. from very porous o
very dense cancellous bone. Avascular bone, isolated in situ
under normal loading conditions, does not change up to the
24th postoperative week. Tt remains as strong and stiff as nor-
mal cancellous bone. Fracture, collapse, and fragmentation
are the result of the revascularization process. The AVBT
does not always prevent a fracture and collapse of the seg-
ment, but the loss of bone is significantly less than in the pas-
sively revascularized segments.

Effects of different degrees of rotational
stability of intramedullary fixation on
experimental bone healing

B. Brdten, T. Terjesen and S. Svenningsen

Department of Orthopedics, Trondheim University Hospital,
Trondheim, Norway

Irtroduction: Experimental studies indicate that rotational
instability isdetrimental to healing of fractures, whereas clin-
ical experience may indicate that some rotational instability
hardly has any negative eifect. The aim of the present study
was 10 investigate the effect of different degrees of rotational
instability on fracture healing.

Material and metheds: Twenty-fouradolescent Chinchil-
lamale rabbits were used. An open, transverse, midshaft tibi-
al osteotomy was performed on one leg, while the other
served as a control. After reaming the medullary canal, intra-
medullary nailing was performed. The animals were divided
intathree groups according 1o different nail types: A triangu-
lar steel nail with a cross-seciion of 3.3 x 3.3 mm (standard

nail}. the same nail with proximal and distal interlocking (in-
terlocking nail), and a Kirschner pin with a diameter of 2.8
mun (K-pin}. The first group was regarded as slightly rotation-
al unstable, the second involved beiter rotattonal stability,
and the third was highly unstable. Each group comprised 8
animals, They were killed after 6 weeks, and bone healing
was evaluated by radiography, measurement of periosteal
callus formation, and mechanical testing in 4-point bend-
ing.

Results:  All the osteotomies were radiographically
healed, except for one in the K-pin group. The periosteal cal-
lus formation was abundant in all the ostectomies, except for
two inthe interlocking group, which showed moderate callus
formation. There were, however, no significant differences in
the amount of periosteal callus between the groups. Com-
pared with strength of control bones, the median strength of
the healing bones was 62 percent inthe interlocking group, 94
percent in the standard nail group, and 69 percentin the K-pin
group. The differences between the three groups were not sig-
nificant. The stiffness was significantly greater in the stan-
dard nail group than in the 1wo other groups.

Conclusions: |, There was a rend towards more rapid
bone healing when the nail with the medium rotational stabil-
ity was used. 2. Even with gross rotational instability, the
speed of bone healing was nonmal in most osteotomies.

Torsional stability of interlocking
intrameduliary nails in experimental
femoral shaft fractures

Flemming Maller-Larsen, Jens Ole Sgjbjerg and Troels Torp
Andreassen

Department of Orthopedic Surgery, Municipal Hospital, and
Institute of Anatomy, The University of Arhus, Arhus, Den-
mark

Introduction: We have measured the torsional strength and
stiffness of an intcrlocking intramedullary nail (Grosse-
Kempf) for treatment of femoral shaft fractures.

Material and methods; Ten fresh cadaver femora, ob-
tained at autopsy and stored in plastic bags at —20 C were
used. The testing was performed on an Instron type 1272 with
atorsional device added. Intact bone and bone with a standard
fracture, fixed with a 12-mm and a {4-mm nail, were tested
successively.

Results and conclusions.; The torsional strength and stiff-
ness were about 3 percent of that of the intact bone with no dif-
ference between the 12-mm and 14-mm nail. Removal of the
distal or proximal bolts made the system even weaker, and the
deformation was permanent in contrast to the intact system
with bolts in place.

The inerfocking intramedullary nail is a very weak sys-
tem, but acts as a springback, returning to the original position
upon release of the applied force. Increasing the diameter of
the nail did not increase the fixation rigidity, so extensive
reaming should be avoided.
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The influence of growth hormone on fracture
healing in rat: A dose-response study

Bue Bak, Peter H. Jgrgensen and Troels T. Andreassen

Institute of Connective Tissue Biology, University of Arhus,
Arhus, Denmark

Introduction:  Biosynthetic human growth hormone (b-
HGH) stimulates the proliferation of chondrocytes. Experi-
mental fractures of long bones heal through a stage of cani-
laginous callus. The effect of different doses of b-HGH onthe
mechanical properties of healing fractures was studied.

Materials and methods: In 9-day old female Wistar rats, a
standardized fracture was produced by three-point bending in
the tibia. Medullary nailing was performed. The rais were
randomized into 6 groups: no injections, 0.9 percent NaCl, b-
HGH 0.08,0.4,2.0, or 10 mg/kg/day given subcutaneously in
two daily doses from 1 week prior to fracture and until me-
chanical testing, which was performed by a three-point bend-
ing procedure in a matenials testing machine after 40 days of
healing.

Results and conclusions: After 40 days of healing, frac-
tures treated with b-HGH in doses of 2 and 10 mg/kg/day had
increased maximum load and stiffness compared with the sa-
line-treated controls, but there was not a significant differ-
ence between the 1wo treatment groups.

Treatrment N Maxirmum load Swiinass
N N.mm

1) pa injections. 13 372+ 65 Moeg+rno
2) 0.8% NaCi 14 302: 49 138.0 + 242
3) b-hGH 0.08 mg/kg/day 10 356+ B2 166.0 + 39.3
4) b-hGH D.4 my/kg/day 15 349+ 58 1797 £ 305
5) b-hGH 2.0 mgikg/day 10 553 % 102" 2199+ 3§
6) b—hGH 10 mg/kpiday 13 69.3=x 847 323023007

Mean valuas = SEM, '2P <0.05; 2P <0.01.

IGF-1 effects on fracture healing in rat
P, Prisell' G. Norstedt 2 and T. Wredmark'

Department of Orthopedics’ and Center for Biotechnology?,
Huddinge Hospital, Stockholm, Sweden

Introduction: The somatomedins or insulinlike growth fac-
tors (IGF) are peptide growth factors, Many cell types, in-
cluding osteoblasts, synthesize these peptides. In this study
we have analyzed IGF-1 mRNA during fracture healing in
rat, Further experiments have been performed in local admin-
istration of human IGF-1 (KABIgen AB) in a rat fracture
model.

Materials and methods
{GF-1 mRNA analysis . The lefi tibia of 12 rats was fractured
by mechanical force, The rats were killed after 4,6, 8,and 14
days, and tissues surrounding the fraciure — bone callus and
muscle — were analyzed for IGF-1 mRNA. The contralateral
leg served as a control.

Local fGF-1 administration. Sixty-seven Sprague-Daw-
ley rats were randomized into four groups. A standardized
midshaft drill hole was performed on both femurs. The left
drill-hole region was perfused with the content of an osmotic
minipump. The four differcnt groups were a) a"nondritled”™
group, minipumps delivering sterile water; b) contrals, mini-
pumps cantaining sterile water; ¢ IGF-1 group, minipumps
delivering 0.1 pug/h of IGF-1; and d) an IGF-1 group with min-
ipumnps delivering 1 pg/h of IGF-1.

The rats were killed after | and 2 weeks, respectively, and
ultimate torsional strength and other variables were deter-
mined in both fermnurs.

Result ard discussion: In the present study an experimen-
tal model was developed with regard to growth-facror influ-
ence on fracture healing. In our initial experiments, we found
that IGF-1 mRNA was greatly increased during the course of
fracture healing inthisexperimental model. Ina second series
of experiments the effects of exogenously added IGF-1 on
fracture healing was tested. No significant increase in frac-
ture healing rate in the IGF-1 treated rats was found when
compared with the controls.

Influence of indomethacin on bone
remodeling after tibial osteotomy:
An experimental study in rabbits

1. Keller, P. Kjesgaard-Andersen, B. Bak, C. Biinger, U.
Lucht, I. Bayer-Kristensen and F. Melsen

Institute of Experimental Clinical Research and Institute of
Pathology, Athus Amtssygehus, University of Arhus, Arhus,
Denmark.

Introduction: In experimental studies, indomethacin and
other nonsteroid anti-inflammatory drugs inhibit bone heal-
ing. The influence on the remodeling processes in bone is,
however, almost unknown, The aim of the present histomor-
phometric study was to evaluate the effect of indomethacin
on the remodeling processes in cortical bone close toa plated
tibial osteotomy in rabbits.

Material and methods: A tibial midshaft osteotomy was
performed in the right tibia of 32 rabbits and fixed with a
small AQ DCP plate®. The animals were divided into two
groups, one group served as controls and the rabbits in the
ather group were treated with indomethacin 10 mg/kg/day.
Animals in the two groups were killed 2 and 6 weeks after the
operation, and the remodeling processes histomorphometri-
cally were quantitated in both legs.

Results: Inthe osteotomized leg (control group) compared
with the control leg, the number of both resorptive foci and
porosity were increased after 2 and 6 weeks, whereas the
number of formative foci and bone formation rate were un-
chanped after 2 weeks, but significantly increased after 6
weeks,

In the osteotomized leg of the indomethacin group com-
pared with the placebe group, the number of dilated haversian
canals and formative foci were significanily reduced after
both 2 and 6 weeks, indicating a reduced number of resorptive
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and formative foci after indomethacin treatment. The parosi-
1y did not differ after 2 weeks, but was significantly reduced
after 6 weeks of indomethacin treatment, There was nodiffer-
ence in the bone formation rate hetween the indomethacin
and the control group.

Discussion and conclusion: The change in cortical bone
following plated osteotomy demonsirates a rapid internal re-
organization in bone neighboring a plate vsieatomy — the re-
gional acceleratory phenomenon, Increased porasity in the
traumatized leg after 2 weeks followed by an increased num-
ber of formative foci after 6 weeks confirm that osteoblastic
hone resorption precedes osteoblastic bone formation.

The study demonstrates that indomethacin inhibits this re-
gional acceleratory phenomenon by reducing both bone re-
sorption and formation. The homeostasis between osteo-
clasts and osteoblasts seems unchanged.

Application of lasers in the joining
of bane fractures

B. 8. Yilbas and E. Karakas

Erciyes University, Kayseri, Turkey

Lasers can be used as efficient surgical tools. There are signs
of even more rapid progress, and the general acceptance of
laser techniques in more fields of surgery are being demon-
strated.

We have studied the application of lascr beams in ortho-
pedic surgery. In our experiment, CO;and Nd YAG lasers
were used. We used calcium stones, which have a spongy
structure, and lamb bone as the objects for our laser treat-
ment. The calcium stones were selected because of theirsimi-
larity to spongy bone. The temperature rise in the heated and
melted region was predicted theoretically, whereas the actual
temperature rise inside the studied objects was measured.
Photographs of the laser-damaged sites were taken to exam-
ing the effects of the laser beam on the structure of the two
studied abjects.

Laser-object interactions involve very complicated phe-
nomena, such as transient heating, melting, and evaporation.
Laser heating depends onthe Laser parameters and the proper-
ties of the object under treatment. Keeping the laser parame-
ters constant, the thermal properties of the treated object,
then, play a significant role on the transient heating mechan-
ism, Materials having a low thermal diffusivity and absorp-
tive depth prevent heat conduction and cause the temperature
ofthe the heated spot torise, Le., high temperature gradientin
the heated region occurred. On the other hand, the cooling
rate also depends on the thermal properties of the material in
the cooling cycle of the interaction,

Vaporization only occurs if the power intensity becomes
sufficiently high, i.e., of the order of 10'2 W/m®. The mechan-
ism governing laser-study object interaction becomes very
complicated, and there is mass transfer accompanying the
heat transfer. In this case, resolidification occurred, as well as
cavity formation.

Figure 1. Laser-traated lamb bones. X 20.

In Figure 1, a photograph of a laser-melted bone is shown.
Melting occurred on the surface and the debris appeared on
the surface. There is also a small cavity that appeared inside
the bone. This indicated that the mass removal occurred dur-
ing the interaction. However, no burning accurred inside the
cavity, i.e., there was no carbonization. This was due to the
shielding gas used in the experiment. The depth of the heat-
affected zone is on the order of 15 pm.

Bone formation induced by PGE,
in humans

Hans Ri Jgrgensen and Hans Svanhoim

Departments of Orthopedics O and Pathology, Odense Uni-
versity Hospital, Odense, Denmark

Introduction: Prostaglandins interferc with bone metabo-

lism and may lead to imbalance between resorption and for-
mation. This is demaonstrated in several studies where bone
repair was inhibited by using NSAIDs (1, 2). The influence of
PGE, is believed to be mediated by the inflammatory reac-

tion, but there are few repons on the direct influence on bone
remodeling inanimals (3), and none are known to the authors
inhumans. To illustrate the influence of PGE,; in human bone
modeling, we present the following case.

Case history: A 2-day-old girl with cyanotic heart disease
was treated with PGE,, given continuously through a central
intravenous catheter, to keep the ductus arteriosus open. The
treatment resulted in stable circulation, disappearance of the
cyanosis, and a rise in pO,. Onday 50, tendemess and circum-
ferential increase of the lower limbs were observed, and corti-
cal hyperostosis was demonstrated. The girl was followed by
senial radiography. On day 75, an aortopuimonary shunt op-
eration was successfully performed; and on day 82, PGE,
treatment was tapered off. On day 144, the girl was readmit-
ted because of sepsis and died. Radiography of the whole
skeleton and histologic examination of the bones were per-
formed. The histologic findings showed a fibrous thickening
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of the periosteal membrane under which large amounts of hy-
perosteotic woven bone were present. Radiography showed
regression of the periosteal hyperostosis observed earlier.

Discussion.: The histologic findings were most striking,
showing a fibrous thickening of periosteal membrane under
which large amounts of primitive woven bone were present.
The structure of the bone was not indicative of an accelerated
normal appositional growth, but rather of rapid formation of
reactive bone. The latter feature is supported by a high rate of
bane formation according to serial radiography. If the hyper-
ostosis, then, was in progression, the outer surface should be
bone-forming. But on the contrary, this surface was undergo-
ing pronounced resorption, and the inner surface almost only
formation. This observation indicated that the previously en-
hanced new bone formation was reversible and that the hy-
perostosis was being remodeled towards normality.

Summarizing, prostaglandin treatment with PGE; seems
1o initiate bone formation on the outer surface of corex lead-
ing to hyperostosis. The formed bone exhibits an abnormal
woven structure simlar 1o that observed afier local applica-
tion of prostaglandin in rats (4)
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Bane mass distribution in the femur;
A cadaver study on the relations of femoral
density, mass, and strength

A. Alho, A. Heiseth and T. Husby

Ulievaal Hospital, University of Oslo, Oslo, Norway

Introduction: Given the specific shape of a bone, its mineral
content is correlated with its strength (1). In a previous study
(2}, we found a correlution between the density of cancellous
bone in the femoral condylar area and the strength of the bone
inaxial loading, where the fracture usually occurred in the fe-
maoral neck. In a further quantitative computed tomographic
{QCT) analysis, we found such correlations in various femo-
ral cortical and cancellous regions (3). In the present study,
we analyzed the distribution of cancellous and cortical bone
masses in the fernur by QCT and compared the density and

mass with the maximal forces at fracture in axial loading.

Material and methods: We collected femora from 16 male
and 10 female cadavers, median age 76 (56-—88) years. The
left femora were used for the study. The QCT was made ona
GE 8804 equipment (General Electric, Milwaukee, W) us-
ing standard scanming parameters, 120kV and 100 mAs. Ten
millimeter-thick slices were made from the center of the fe-
moral head, cervicotrochanteric region, mid-diaphysis, and
condyles. The densities of cancellous bone varied from 50 to
S00 Hounsfield units (HU); those of cortex were above 500
HU. The relative bone masses were calculated as the product
mean density x total volume of the slice. After the QCT the
bones were mounted on an Lnstron machine (Instron Ltd,
High Wycombe, Bucks, England). An axial load, 5 mm/min,
was applied by placing the condyles on the platform and the
cross head on the femoral head. The maximal force at fracture
was used as the strength parameter in the correlation analyses.
Inafl, 25 fractures occurred in the femoral neck and only one
in the femoral shaft,

Results and discussion: The bone masses, calculated as
the product bone density times volume, increased steadily
from the femoral neck down to the condyles, totally by 26 per-
cent. Nosignificant differences were found between the bone
densities of male and female, whereas the bone volumes dif-
fered significantly, Several correlations were found between
the shearing strength of the cervical trabecular/cortical bone
and cortical and cancellous bone densities in different loca-
tions of the femur. The correlations between the cervical bone
strength and bone mass were significant in all the loca-
tions.

We conclude that the strength and effective mass of an
idealized long bone is equally divided along its long axis as
demonstrated by the fact that highly significant correlations
were found between the bune mass values in all the femoral
locarions as determined by QCT and the strength of the femur
at fracture. The geometry of the femur may determine that a
fracture in“supramaximal normal loading™ as represented by
low-energy fractures in the elderly occurs in the femoral
neck.
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The consequences of compression strain
level on energy absorption in trabecular
bone specimens

Frank Madsen, Anders Odgaard and Frank Linde

Biomechanics Laboratory, The Orthopedic Hospital, Uni-
versity of Arhus, Arhus, Denmark

Introduction: A nondestructive test procedure is mandatory
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when determining energy absorptions. The energy absorp-
tions (hysteresis energy and unloading energy) are, like stiff-
ness, dependent on strain. However, the relation between
strain and mechanical parameters is, on the whole, un-
known.

The purpose of this study was to analyze the influence of
strain level on the mechanical properties of trabecular bone
specimens and to compare those results with the properties
derived from destructive testing.

Material and methods: Forty-four cylindric trabecular
bone specimens were used. The specimens were taken from
the condylar areas of the proximal tibia with their axis parallel
to the long axis of the tibia. Compression testing was per-
formed with an Instron®universal test machine. The strain
rate was 0.002% sec™'. All the specimens were after initial
conditioning tested by nondestructive cyclic compressions to
0.1,0.2,0.3,0.4,0.5,0.6,0.7 and 0.8 percent strain. The spec-
imenis were retested at 0.1, 0.2 and 0.8 percent strain. After-
wards, a destructive test was perfonmed. Finally, the bone
specimens were defatted for determination of apparent densi-
1y.

Results and discussion: The value of the unloading and
the hysteresis energy is dependent on strain level at any rate
between(. | and (.8 percent, whereas the stiffness is strain de-
pendent only up to about 0.7 percent, where strain approxi-
mates Xmax (.82 percent), It is interesting that the loss tan-
gentisincreasing at the strainlevel.7-0.8 percent compared
with the other levels, where it is nearly constant. An increas-
ing loss tangent signifies arelative increase in energy dissipa-
tion, and perhaps this is the first sign of trabecular damage.
The strong correlation between the results from the destruc-
tive test and from the nondesiructive test with high strain lev-
el, compared with the nsk of trabecular damage at high strain
levels, makes it appealing 1o use a strain level between 0.6
and (.7 percent.

Strain distributions in trabecular
bone specimens

Anders Odgaard, [van Hvid and Frank Linde

Biomechanics Laboratory. The Orthopedic Hospital, Uni-
versity of Arhus, Arhus, Denmark

Inroduction. Liule attention has been paid 1o strain distribu-
tions in mechanical testing of trabecular bone, In this study,
compressive strain distributions were examined in trabecular
bone specimens from the praximal tibia,

Methods: Compressions of the test cylinders was per-
formed on an Instron® materials testing machine. During
compressions, images of the specimens were grabbed with
w9 video cameras. Load-deformation curves were recorded
simultaneously using an extensometer attached close to the
specimen. When examining the images, failures were classi-
fied as transverse or oblique. Landmarks on the surface of the
test specimens were followed through compression, and lo-

cal strains were calculated in the transversely failing speci-
mens.

Results: Transversely failing specimens never failed in
the intermediate third. At | and 2 percent specimen strain, the
local strain in the failing third and the nonfailing disial third
was significantly higher than the strain in the intermediate
third. Above 2 percent specimen strain, the locat strain in the
intermediate third and the nonfailing distal third was signifi-
cantly lowerthan in the failing third. Allthe local strains were
significantly different from overall specimen strain, excepl
for the failing third at 1 percent specimen strain and the non-
failing distal third at 1, 2, and 3 percent specimen strair.,

Conctusions: The strain distribution in the direction of
compression was very uneven in both the prefailure and the
postfailure phase. An isotropic material 15 expected to be
strained maximally in the central part of the specimen awing
to end forces deviating from pure axial compression. The op-
positedistribution was found in thisstudy. Values of Young's
modulus for trabecular bone reported in the literature seem
underestimated.

Effect of life-to-death transition and
storage mode on mechanical properties
of trabecular bone

Frank Linde and Hans Christian Florian Sarensen

Biomechanics Laboratory, The Onthopedic Hospital, Uni-
versity of Arhus, Arhus, Denmark

Introducrion: Alterations of mechanical properties of tra-
becular bone have been demonstrated to occur within 3 hours
postmortem. Storage by freezing has demonstrated either a
small increase of strength and stiffness or no changes. The
purpose of the present study was to analyze the effect of life-
to-death transition and different storage modes on mechani-
cal properties of human trabecular bone.

Muaterial and methods: Trabecular bone specimens were
obtained from the upper tibial epiphysis of two amputees op-
erated on because of osteosarcoma locaiized 1o the distai third
of the femur. Cylindric specimens were machined and tested
within 2.5 hours after removal from the body and retested afi-
er 24 hours. Specimens were stored in physiologic saline at
room temperature. After 24 hours, they were randomly allo-
cated into four groups: One group (n 64) stored in 70 percent
ethanol at 10 9 and tested after 1, 10, and 100 days. Three
groups {n 112) stored frozen at -20 °C and tested after ) day,
10,and 100days, respectively. Specimens stored frozen were
after testing refrozen for | day and retested. This procedure
was repeated five times with 1 day interval. Testing was per-
formed by unconfined nondestructive compression testing to
0.45 percent strain, and stiffness, recoverable energy, anden-
ergy dissiparion was computed.

Results: There was a 10 percent decrease in stiffness and
recoverable energy from 2_510 24 hours posimortem. Neither
freezing nor preservation in ethanol caused alieration of the
stiffness or recoverable energy, but both caused a 25 percent
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increase (P< 0.001) in energy dissipation at [00 days of stor-
age. Thawing, testing, and refreezing five times did not affect
mechanical properties.

Bone: A flexible sponge? — physiclogy,
anatomy, and pathology

M. C. Beverly, I. I. Pflug and R. T. Mathic

Department of Surgery, Hammersmith Hospital, London,
England

Physivlogy. Intraosseous pressure (10P) was studied experi-
mentally and in man, with and withous proximal vascular oc-
clusion and weight bearing. IOP was raised by increased sys-
temic blood pressure, venous occlusion, dependent lowering
of the limb. and weight bearing: IOP was reduced by the op-
posite effects and fluctuated during walking. Intransseous sa-
line injection raised IOP throughout a bone, but this pressure
was not transmitted across adjacent synovial joints orepiphy-
ses. Bone behaved as a compressible perfused sponge within
arelatively tight outer membrane, JOP reflecting asimple hy-
drodynamic relationship between bone perfusion, drainage.
and physical load.

Anatomy. A previously undescribed subchondral vascu-
lar piexus was demonstrated. The existence of a subchondral
cancellous bone blood pump was proposed and supported by
a reassessment of some macroscopic and microscopic fea-
tures of bone.

Pathology: Funher evidence from caisson disease pat-
ierns indivers and tunnellers was advanced, together with the
results of barometric microbubble induction experiments.

Increased levels of proteoglycan fragments
in joint fluid after knee injury

L. Stefan Lohmander, Leif Ryd, Leif Dahlberg and Dick
Heinegérd

Departments of Orthopedics and Physiological Chemistry,
University of Lund, 5-221 85 Lund, Sweden

Inrroduction; During normal and pathologic tumover of
joint cartilage matrix, degradation products are released in
the synovial fluid. Newly developed assays of cartilage prote-
oglycan fragments allow the sensilive and specific detection
of these fragments in joint fluid (1). Recent data suggest that
such assays may have diagnostic and predictive value in in-
flammatory joint disedse (2-4). We present the results of a
case-control study on the levels of proteoglycan fragments in
knee joint fluid at different times afier cruciate ligament or
meniscus injury.

Patients and methods: Joint fluid was aspirated at routine
arthroscopy. Samples were analyzed by immunoassay (1) for
cartilage proteoglycan fragments. Patienis werg aged 161050
years, Samples were collected consecutively and included in
the study if either of the three following diagnoses was made
by arthroscopy: A} Cruciate ligament 1ear isolated or in com-
bination with injuries to menisci (100 patients); B) Meniscus
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tear without other injuries (98 patients); C) Completely nor-
mal arthroscopy in the absence of hemarthrosis (14 pa-
tients).

Results anddiscussion: The control group with normal ar-
throscopic findings contained patients with persistem knee
Jjoint pain for variable lengths of time leading 10 arthroscopy.
The average proteoglycan fragment concentration in this
group was 55 ug/ml joint fluid, which is in the same range as
in healthy knee joints. Cruciate ligament tear, alone or com-
bined with other injuries, led to a dramatic increase (about
tenfold) in the levels of joint fluid proteoglycan fragmenis in
the immediate period after injury. With increasing time after
trauma, the levels gradually decreased, but remained high
even after more than 1 year, about three times that of the con-
trol group. Meniscus tear gave a fivefold increase in protecg-
lycan concentration in the acute phase with a decrease with
time. The data suggest that in the acute phase the levels of
joint fluid cartilage proteoghycan fragmenis are related to the
severity of the trauma. At later times, the levels may reflect
the degree of chronic joint instability. [t is notable that more
than § year afier cruciate ligament or meniscus injury, prote-
oglycan levels were significantly elevated, perhaps evenris-
ing. Funher, the essentially normal concentrations in the con-
trol group show that knee joint pain in the absence of patho-
logic arthroscopic finding is not associated with increased
protecglycan levels in joint fluid. Longitudinal studies may
with time demonstrate whether ornot the patients with persis-
tently elevated levels after trauma are more prone to develop
early arthrosis in the knee joint.
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99mTc-DPD three-phase scintimetry
of the immature knee during simulated
joint effusion

E. Stender Hansen, 1, Noer, T. Brink Henriksen and C.
Biinger

The Orthopedic Hospital and [nsttute of Experimental Clini-
cal Research, University of Aarhus, and Department of Clini-
cal Physiology, Randers Central Hospital, Randers, Den-
mark

Experimental studies on growth disturbances in juvenile
chronic arthritis of the knee have revealed depressed growth
plate metabolism as judged by uptake of ®™T¢-DPD. The im-
pact of joint effusion on metaphyseal hemodynamics still is
unsettled. We studied the juxtaarticular uptake of ®™Tc-DPD
in the immature knee during simulated joint effusion.

In 7 mongrel dogs, ¥mT¢-DPD three-phase scintimetry
was performed initially and during unilateral joint tamponade
of 10.0 KPa, Uptake in the distal femoral growth plate (FGP),
the distal femoral epiphysis (FE), and the proximal tibial
growth plate (TGP) was quantitated in an angiographic phase
{1: 0-20 s}, a"blood pool™” phase ([I: 20-25& s), and a bong up-
take phase (11I: 2 h). A static study was done after joint evacu-
ation. Count ratios [CR) betweenright and left were similar in
all phases. CR was reduced by 20 percent in FE (significant in
phases IT and I1I), and by 8 percent in TGP (significant in
phase I11). A minor fraction of changes in FE and FGP could
be ascribed to anenuation of gamma emission by the presence
of joint fluid.

The findings suggest that increased joint pressure may
lead to hypoperfusion of growth plates and juxtaarticular ep-
iphyses and contribute to the growth disturbances associated
with chronic synovial inflammation.

Hip arthroplasty

The Anaform femoral endoprosthesis:
A multicenter study in the Netherlands

J. G. M. Keet and W. C. Runne

Ziekenhuis de Weezenlanden, Zwolle, and Grootziekengas-
thuis “s Hertogenbosch, The Netherlands

fntroduction:  The Anaform femoral endoprosthesis is a
straight stem prosthesis coated with a soft porous layer of Pro-
plast®. a composite of polytetrafluoroethylene polymer and
aluminum oxide. Proplast®was developed by Homsy from

Houston in the late 1960s and is approved by the U.S. Food
and Drug Administration,

Material and patients. In September 1984, six hospitals
and 15 orthopedic surgeons started a prospective study. The
clinical results were evaluated according to the Harris Hip
rating system, and the radiographic results according to a rat-
ing system that was especially made for this prosthesis.

Results; Until September 1987, 438 patients were operat-
ed on. One year postoperatively. 87 percentof the patients rat-
ed more than 80 points {maximum 100) on the Harris Hip
Score (HHS). This percentage 2 years postoperatively was 92
percent,

Totally, 38/50 patients with intraoperative complications
rated more than 80 points 12 months postoperatively; and
10/14 patients with postoperative complications rated more
than 80 points 12 months postoperatively. In 34 patients the
prosthesis was 100 small. The HHS in 30 of these patients 12
months postoperatively was more than 80 points. In 38 pa-
tients the abduction angle of the cup was more than 50° The
HHS in 34 of these patients 12 months postoperatively ex-
ceeded 80,

The prosthesis was used in revisions of cemented prosthe-
ses in 30 patients. The HHS 1n 28 of these patients |2 months
postoperatively exceeded 80.

During this period, seven prostheses were revised because
of pain and a loose prosthesis and were replaced by a cement-
ed prosthesis. Calear atrophy was seen in 5 percent of the pa-
tients 12 months postoperatively and in none of the patients
36 manths postoperatively.

Conclusions: The fixation by ingrowth of fibrous tissue in
a 2-mm thick coating around the femoral stem can provide
painless, clinical siabilization and normal gait also in revi-
sions of cemented prostheses.

Bulk homologous bone grafting in total hip
replacement

S. Badtker, N. H. Rasmussen, S. Johansen and J. Steen Jen-
sen

Department of Orthopedics U, Rigshospitalet, University of
Copenhagen

fntraduction: Loosening of total hip arthroplasties 1s often
connected with bone lgss, which has been replaced by ce-
ment, metal, or autologous bone prafts. Because the latter is
difficult to obtain in adequate amounts, we have introduced
deep-frozen, bulk homologous bone grafting for reconstruc-
tion of acetabular defects, as well as proximal femoral de-
fecs,

Muterial and methods: During the period March 1984 to
Angust 1987, we have operated on 43 patients, aged 32
{19-84) years, with bulk grafting in 45 hips, including 32 ace-
tabular, 8 combined acetabuiar and femoral, and 5 femoral
grafts. All the patients were followed radiographically for 16
(1-3%)months. In 34 cases the grafis were used in aseptic loa-
sening, 6 for defects in septic loosening, 3 in arthrosis, 1 in a
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congenitally dislocated hip, and ! following femoral fracture
around a prosthesis.

Results: Postoperative complications included three pero-
neal palsies, two hematomata, and 11 dislocations. Deep in-
fection occurred in one previously noninfected hip and recur-
rent infection in three hips. In 1 case the graft loosened in con-
nection with a dislocation, and a further three grafis were re-
moved at reoperation for deep infection. Two of these four
erafts were replaced with new bulk grafts.

The radiographic follow-up revealed slight graft absarp-
tion in 3cases, medium in 1, and severe in | without affecting
the mechanical support of the graft. None of the remaining 49
grafts showed signs of loosening of grafts or screws used for
acetabular reconstruction or subsidence of femoral compo-
nents.

Bloud-type matching was not performed, but this did not
affect the destiny of the graft.

Corrosion of multicomponent total
hip prostheses

Ernk B. Mathiesen, G. Blomgren and U. Lindgren

From the Department of Orthapedic Surgery, Karolinska In-
stitute, S-141 86 Huddinge University Hospital, Stockholm,
Sweden,

The use of multicomponent prosthetic designs diminishes the
necessary inventory and cost for hip prostheses. They also
give afreedom of choice at the operation—and adamaged fe-
moral head can easily be replaced. No specific disadvantage
with this type of design has previously been reporied.

Material and methods: We have revised 10 Lord prosthe-
ses{of 1 10 inserted from December 1979 through December
1983). Eight of these cast Co-Cr prostheses were of the uni-
versal type, i.¢.. four had separate 32-mm heads and four were
bipolar prostheses with a separate 28-mm head. The two re-
maining prostheses had welded heads. The latter two and the
four biarticular devices were macroscopically unchanged at
revision, whereas three of the four 32-mm heads showed
macroscopic signs of corrosion at the head/neck junction,
seen as a black deposit.

A metallographic investigation was performed on the gight
separate heads and for comparison on one new 32-mm head
from the same manufacturer. The heads were cut in half and
the intertor wall of the channel was examined using scanning
electron microscopy (SEM). The cut surface was polished
andetched to reveal cast structures and eventual defects inthe
metal. In addition, microprobe analysis (SEMQ) was used to
determine the composition and distribution of alloying ele-
ments.

Results: Microprobe analysis of the black deposit re-
vealed a composition of Cr, Co, Mo, Ca, and P.

The structure of the material was one of coarse dendrites
withimerdendritic regions of carbides and shrinkage pores in
allthe examined prostheses. Inthe four 32-mm heads, we alse
found larger voids and a more marked porosity than in the
smaller heads.

A composition of 2-3 percent Ni, 7 percent Mo, 29 percent
Cr, the remainder being Co, was established with the micro-
probe analysis also showing an uneven distribution of the al-
foying elements with high concentration of Mo in the inter-
dendritic arcas.

Scanning electron microscopy {SEM) of the inner surface
of the heads proved the interior surface of four 28-mm heads
to be without pores and corrosion. Three of the four 32-mm
heads demanstrated the interdendritic phase to be dissolved
producing deep holes in the metal. The corrosive attack had
penetrated to a depth ranging from 100 pm to 4 mm.

Discussion: The crevice introduced between head and
neck with multicomponent systems puts them at increased
risk of corrosion, Chemical inhomogeneity and structural im-
perfections in the metal might also be of etiologic importance
for crevice corrosion.

This points out the necessity for superior material proper-
ties. Co, Cr, and Mo can be toxic and carcinogenic. Serious
side effects from the use of metal-to-metal components were
considered important for some of them. It is possible that we
again are facing similar problems with some of our currently
used multicomponent hip prostheses.

Uncemented total hip replacements in
young adults — A Scandinavian multicenter
PCA study

Peter Herberts, Henrik Malchau and Bertil Romanus

Department of Onthopedics, University of Gothenburg, Go-
thenburg, Sweden

fniroduciion: Cementless hip replacement is now used wide-
ly and thought to be a significant advance in orthopedics. The
proper indications are not clear, and a cementless implant
should probably not replace the cemented prosthesis. In
1984, we started a prospective multicenter study of a porous
coated implant (PCA) in young patients. The purpose of the
study is to assess patient function, implant fixation, and bone
modeling by careful clinical and radiographic evaluation.

Material and merthods: Atotal of 420 arthroplasties in 387
patients were followed. There were 45 percent men and 55
percent women. The age at surgery was 49 (20-70) years,
Cne hip was replaced in 354 patients and both hips in 33. The
preoperative diagnosis was arthrosis (A) 55 percent, secon-
dary A to pediatric disease in 16 percent, arthritis 11 percent,
and secondary A 10 trauma in § percent. All the patients have
been followed prospectively, longitudinally with yearly clin-
ical and radiographic examinations. Clinical results have
been evaluated according to the Harris hip score system, as
well as the Charnley-d Aubigné system. The radiographic
examination revealed a high percentage of bone-ingrowth
fixated acetabular components, and only 2 percent of the pa-
tients showed radiolucent lines. On the femoral side, we esti-
mated 48 percent bone ingrowth fixation of which 3.4 percent
showed subsidence between 2 and 5 mm.

Complications: Very few peroperative complications
werenoted. At | year of follow-up, 14 percent of the patients
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were complaining of thigh pain; and at 2 years, 3 percent. Two
acetabular components and two femoral stems were revised
owing to aseptic loosening. No deep infection was recorded
in the series.

Conclusions: Cementless porous-coated prostheses are
not as effective in relieving pain during the first 1-2 years as
cemented devices are. We found 4 high patient satisfaction
and goad clinical outcome with this short follow-up. This
type of surgery in young patients musi still be regarded as ex-
perimental and istechnically demanding, The multicenter ap-
proach has been proven a success and will enable us toanswer
further questions within a pertod of 2-3 years.

Parhofer uncemented total hip replacement
— A 2-4-year follow-up

L. Persen, V. Berg, P. Benum and H. Johnsen

Departments of Orthopedics and Clinical Chemistry, Divi-
sion of Nuclear Medicine, University Hospital, Trondheim,
Norway

farroduction: The purpose of the study was to evaluate the
medium term results of Parhofer uncemented hip replace-
ments, and the value of Te-sointimetry in detecting loosening
of the two components.

Material and methods: Sixty hips {50 patients) were oper-
ated on between August 1983 and January 1986. Four pa-
tients with six involved hips could not participare in the study.
Nine patients had been reoperated on because of symptomat-
ic loosening (nine femaoral and two acetabular components
were reptaced) after a mean of 24 (11-34) months. These pa-
tients were in¢luded inthe radiographic part of the study. The
remaining 45 hips (37 patients) were evaluated by clinical ex-
amination, radiographs, and scintimetry at follow-up after a
mean of 39 (25-51) months. In evaluating the radiographs,
the bone-10-metal interface in the AP and lateral projections
of the femur were each divided into six equal lengths, and the
width of any radiolucent zone in the center of each of these ar-
cas was measured by aid of a magnifying glass. In the perop-
erative radiographs, we noted an absence of medial proximal
cortical bone contact and measured the percentage of the con-
tact between the prosthesis and cartical bone. At scintimetry
the uptake ratio around the acetabulum, proximal femoral and
distal femoral components were compared with the distal fe-
moral diaphysis.

Results qnd discussion: Ten acetabular components had
radiolucent lines of 0.5-1 mm width in one or two zones.
Three hips had acetabular protrusion measuring 1.2 mm.
With the exception of the acetabular components, which had
been revised, none of the patients had symptoms indicating
acetabular loosening. The nine revisions of the femoral com-
ponents were performed in patients with severe thigh pain.
Progressive radiolucency was seen in these patients; the
mean value for the width of the radiolucency of the 12 zones
was 1.0 (0.8-1.5) mm. Six unrevised hips with clinical signs
of loosening had a mean radiolucency width of 0.7 {0.3-1.0)
mm; the differences were significamt (P < 0.0005 and P <
0.05, respectively}. Absence of primary proximal medial

cortical contact in the AP view was definitely more pro-
nounced 1n the revised hips than in the symptomless hips. In
the unrevised clinically loose hips, intermediaie values were
seen. By scintimetry, we found an increased uptake around
the distal part of the femoral component innearly all the hips.
There was no correlation of uptake between the width of the
radiclucent zones, the initial cortical bone contact or between
the absence of primary proximal medial cortical contact.
However, a correlation was seen with the presence of thigh
pain {13 hips). Scintimetry seems so farto have no value inthe
evaluation of the loosening in this type of cementless hip re-
placement. The finding of increased uptake around the distal
part of the femoral component 2—4 year after the operation
probably indicates remodeling of the bone due to concentrat-
ed stress transfer in this region.

Uncemented hemisphetrical threaded
acetabular cup (MEC-ring)

F. P. Bernoski and R, M. Feenstra

Westeinde Hospital, The Hague

Since 1984, we have used the uncemented hemispherical
threaded acetabular cup (MEC-ring) primarily and when pos-
sible in revision arthroplasties.

Totally, 109 arthroplasties in 98 patients were included in
the study— 92 primary arthroplasties and 17 revision opera-
tions, There were 60 women and 38 men. Central spongious
plasty was donc in 9 patients and a primary plasty on the roof
in 1 patient. The follow-up period ranged from 8 to 40
months. Four complications required reoperation: one Gir-
dlestone procedure because of deep infection and three revi-
sions because of subluxation (1) and luxation (2) due to mal-
position of the ring. In the last 2 cases, repositioning of the
ring was performed.

The Harris hip score increased from an average of 50 pre-
operatively to 90, 18 months postoperatively

Primary stability of a threaded cementless
acetabular prosthesis

Finnur Snorrason and Johan Karrholm

Depantment of Orthopedics, University Hospital, 5-901 85
Umed, Sweden

Introduction: To ensure osseointegration of a cementless
prosthesis, stlable primary fixation isessential (1) We investi-
gated micromovements of a threaded cementless acetabular
cup during the postoperative period using roentgen stereo-
photogrammetric analysis.

Patients und methods. Twenty-fourhips were operatedon
using the Link V-type cementless cup. Peroperatively, 0.8-
mm tantalum balls were implanted into the polyethylene
component and into the pelvis. Roentgen stereophotogram-
metric investigations were performed 1 week, 6 months, and
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12 months postoperatively. Fifteen acetabular componenty
were made of chrome -cobalt alloy and nine prostheses of Ti-
lastan™®,

Resuits. Two acetabular components (both made of Tila-
stan™ showed no significant migration. Twenty-two cups mi-
grated mainly in the cranial and medial directions. The mean
proximal displacement was 0.7 (0.3-2.3) mm.

Conclusions: The primary stability of the threaded Link
V-type acetabular component is inferior 10 cemented acetab-
ular prostheses {2}, Osseointegration is probably not to be ex-
pected in the majority of the cases. Progressive migration
over along 1ime period may indicate increasedrisk of clinical
symptoms and loosening.
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The Endler cementless acetabular
prosthesis in hip revision arthroplasty

Kjell Bye and Astor Relgstad

Kronprinsesse Miirthas Institute, Oslo, Norway

Introduction: The Endler cementless acetabular prosthesis 1s
a screw cup with continuous threads and conical shape. It is
all made of high-density polyethylene, and has been in <lini-
cal use since 1978. We have used the prosthesis since Januvary
1985 and found it suitable, especially inrevision, Cementless
acetabularrevision has several advantages compared with ce-
menting, where adequate interlock is difficult in a smooth
bony cavity. The concept polyethylene against bone is con-
traversial. Morscher, in his latest follow-up, reported insuffi-
cient stability of his spherical polyethylene socket without
threads.

Materials and methods: At the end of 1987, 51 hips had
been revised using the Endler cup in 33 women and 18 men,
aged 65 (32-87) years. Time from primary operation to revi-
sion was 10 years for Miiller's prosthesis, 6 years for Chris-
tiansen’s prosthesis, and 4-5 years for different double
cups.

At the revision, 30 patients received a cemented Landos
stem prosthesis, 15 received acementless Zweymiiller stem,
and in 6 patients only the acetabular prosthesis had to be ex-
changed. Bone grafting was necessary in 41 hips. Inonly 26
hips: it was possible to make threads in the bone. In 25 hips the
prosthesis was screwed home on the bone grafts. All the pa-
tients used crutches for 3 months before full weight bearing
was permitted. Allthe patients have been seen at follow-up at
4 months, | year, and yearly since the revision.

Results and discussion: Merle d”Aubigné-Postel s index
for pain improved from 2.4 preoperatively to 5.5 at 4 months
(46 hips), 5.6 at 1 year (31 hips), and 5.8 at 2 years (1! hips).

Guaitimproved from 2.9 preoperatively to, 4.0 a14 months, 4.9
at 1 year, and 5.5 a1 2 years. The mobility improved from 3.9
preoperatively 1o4.3at 4 months and 4.5 at 1 and 2 years. Ra-
diography confirmed unchanged position of the acetabular
prosthesis throughout the period of observation. The bone
had condensed around the presthesis, and new bone forma-
tion was noted in 44 of 46 hips at4 months, and inall (11 hips})
at 2 years” follow-up. All the patients felt their hip function
improved by therevision, However, 3 patients were not satis-
fied with the result at 4 months. At | year, 2 paticnis were not
satisfied, but at 2 years, all the patients were satisfied with the
result of the revision,

Conelusion: Hip revision using the Endler cementless ac-
ctabular prosthesis provides good stability, new bone forma-
tion around the prosthesis, and a good functional result at fol-
low-up.

Influence of acetabular component position
in nongcemented total hip arthroplasty:
A radiographic and clinical study

Anders Wykman, Bhupendra K. 8. Sanjay and lan Goldie

Department of Orthopedics, Karolinska Hospital, Stock-
holm, S$weden

Introduction: It has been frequently observed thar nonce-
mented threaded acetabular components appear radiographi-
cally to be partially uncovered by acetabular bone. The ques-
tion has arisen whether this carrelates with the clinical out-
come. A new radiographic grading for the position of thread-
ed noncemented acetabular components has allowed us 10
evaluate the relationship between a lack of superolateral cov-
er of the acetabular component and clinical outcome.

Patients and methods: Sixty-three patients operated on
with noncemented HP Garches total hip arthroplasties with a
follow-up time of 3-3 years were available for radiographic
and clinical follow-up. Standard AP and lateral views of post-
operative radiographs of each patient were examined and the
rumber of threads of the acetabular component that were not
covered with bone was recorded. The patients were categor-
ized in five grades according to the number of uncovered
threads. For the clinical assessment, we used Harris™ hip
score.

Results and discussion: The clinical outcome according
1o Harris“hip score was excellent in 50 patients, good in 7 pa-
tients, and fair in 6 patients. Twenty-eight hips were Grade 0,
i.e., all the threads were covered with bone. Thirty-five hips
were of Grade 1-4. i.e., one or several threads were not cov-
ered with bone. One hip that was Grade 0 required revision
owing to mechanical leosening of the acetabular component.
There were no significant differences in the hip scores of
Grades 3 and 4 in comparison with those of Grades 0, |, and 2.
In no patient, not even in the patient with a Ioose cup, did we
find radiolucent zones exceeding 1 mm in width.

Out of 63 hips, 62 had no evidence of migration or loosen-
ing in spite of the fact that several components lacked com-
plete bony coverage.
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Conclusion: Although the follow-up time in the present
study is short, we conclude that the clinical outcome is not af-
fected if noncemented threaded acetabular components are
not completely covered by acetabular bone.

Results of a prospective comparison
between a cemented and an uncemented
hip prosthesis

Aslor Reigstad, Merete Brandt and Kjell Bye

Kronprinsesse Marthas Institute, Oslo, Norway

tnroducrion. Mechanical loosening of cemented hip pros-
theses has led to the development of different concepts of ce-
mentless implantations. However, any new type of hip pros-
thesis has to stand the comparisen with the conventional hip
replacement, and the present study was initiated to answer
1his question.

Material and methods: Patients in the age-group 60-72
years with coxarthrosis treated with the cementless
Zweymiiller/Endler prosthesis (n 60} and the cementad Land-
os Titan prosthesis (n 60) entered into this prospective com-
parative study in the period January 1985 to April 1986. The
seX ratio, mean age. and body weight of the two groups were
statistically similar. All the prostheses were inserted via the
direct lateral approach by the same 9 surgeons.

Results and discussion: The mean operative blood loss
was (.61 and 0.69 liters, respectively (NS). No deep infection
occurred. One cemented hip dislocated. All the hips were
graded according to the Merle d”Aubigné/Poste]l numerical
rating system. Preoperatively, no difference in the ratings for
pain, walking ability. and hip motion was seen, Four months
after surgery, the ratings in the uncemented groups were 5.7,
4.6, and 4.2, respectively. The corresponding figures in the
cemented group were 5.8,4.9. and 4.6 (P <0.05). The signifi-
cantly better functional results in the cemented group became
more evident after | year and the difference was the same aft-
er 2 years. The tvpical thigh pain reporied in patients with
uncemented hips was seen in 13 percent of the uncemented
cases and in none of the cemented ones 1 vear postoperative-
ly. Two years postoperatively, 10 patients in the uncemented
group reported thigh pain, while still none in the cemented
group reported thigh pain. One uncemented hip had to be re-
vised a few days after the operation because a wo small femo-
ral prosthesis had been inserted. No other revision operations
were carried out. Radiographically, na signs of prosthetic
loosening were seen in either group 2 years afier surgery.

We conclude that the clinical results of an uncemented hip
prosthesis are inferior to the results of acemented prosthesis 2
years after implantation.

Total hip replacement (THR) in congenitally
dislocated hips

C.E. Nwss, 1. Gabor, [ Bjerkreim, P. Lereim, G. Follerds and
G, Haartveit

Sophies Minde Orthopedic Hospital, Oslo, Norway

Introduction: The treatment of persisting dislocation of the

hip in adults represents a challenge to orthopedic surgeons.
The surgical treatment was formerly restricted to different
kinds of osteotomies, cup arthroplasties, or arthrodesis.
These procedures may stillbe of interest. Arthrodesisis, how-
ever, frequently refused as an alternative by the patient. Toral
hip replacement of the dislocated hip is technically difficult
due to considerable anatomic alterations. The acetabulum is
shallow, and there are varying degrees of shortening and fe-
moral anteversion. The reconstruction of the joint level with
the anatomic acetabulum may place stress on nerves and
blood vessels. Often it is necessary to perform a shortening
osteotomy of the femur and an acetabular plasty with autoge-
nous bone grafiing. Extensive tenotomies are required.

Materials and method: From 1974, 49 hips in 3% patients
were operated on: 3 males and 36 females. Ten patientshad a
THR of both hips, 12 of the nght hip, and 17 of the left hip.
The mean age at surgery was 52 (20-73) years. The mean ob-
servation period was 60 (7—140) months. Information was
collected by studying clinical and radiographic data, and all
the patients recently answered a questionnaire. Indication for
surgery was severe pain from the dislecated hip, and the cni-
terion for inclusion in the study was a lack of contact between
the anatomic acetabulum and the femoral head. All the pa-
tients were operated on in a sterile environment, Prophylactic
antibiotics were used in all the noncemented and revision ar-
throplasties. Antithrombotic prophylactics were adminis-
tered 10 all the patients. The anterolateral approach was used
in 39 hips, and the posterolateral approach in 10. Acetabular
plasty and femoral shortening osieotomy were performed in
23 hips; femoral shortening in 7, and acetabular piasty in
IR

Results: Twenty-nine patients had no hip pain. Eight pa-
tients still had slight pain on weight bearing. One patient had
severe pain from the hip due to loosening of the prosthesis and
is pending revision arthroplasty. Revision arthroplasties have
been performed in 11 hips; once in 7, twice in 3, and five times
in 1. The last patient had a deep infection. Tworevisions were
necessitated by luxations due to malposition of the implant.
The other revisions were dueta loosening. Two patients were
revised for eclopic bone formation. Nerve lesions occurred in
5 cases; 3 persisted for more than 21 year after surgery (one
femoral and two sciatic nerve lesions). Peroperative femoral
fracture occurred in |1 hips; all of them were immediately
stabilized with cerclage or the Pariridge device. No deep ve-
nous thrombosis was recorded.

Conclusion: Twenty-nine out of 39 patienis with persist-
ing hip dislocation were relieved from pain after THR. Eight
patients still had slight pain on weight bearing. Even il the
surgery is technically difficult and the rate of complications is
considerable, THR may be indicated in selected cases.

Total hip arthroplasty in congenital
dislocation of the hip: A minimum
follow-up of 5 years

Hans Q. Fredin, Lennart Sanzén and Lars Unander-Scharin

Department of Orthopedics, Malmé General Hospital, 5-214
01 Malmé, Sweden

Iniroduction: Reconstruction with total hip arthroplasty in
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adults with a congenital and complete dislecation of the hip
offers special considerations due to leg shortening, dysplasia
of the acetabulum, and a narrow femaoral shaft, as well as mus-
cle weakness or pelvic imbalance. Acetabular bone grafting
and speciul prostheses arc ofien required. Long-term results
are sparsely reported.

Favients: Twenty-one hipsin 17 patients, all women, were
subjected to THA due to sequelae after complete hip disloca-
tronof 21 00 percent, according to Crowe, —The patients were
examined after 7.5 (5—11) years atan age of 54 (29-83) years,
by one of the authors not involved in the primary opera-
tions.

Results: At follow-up the classification of function ac-
cording to Chamiey-Merle d"Aubigné-Postel was pain 6,
walking capacity 4, movement 5, and according to Harris 82.
Totally, 10/17 patients younger than 65 were employed in
professions, 7 had a positive Trendelenburg, and all but 2 had
a leg difterence of less than 3 cm. Revisions had been carried
out in 7 patients with looseming of five sockets and three
stems, of whom all but 1 with a Christiansen prosthesis had
their primary operation in the 1970s. Fourteen patients had
acetabular bone grafis. Nineteen patients declared them-
selves prepared to undergo the operation and the postopera-
tive 1ime period once more in order to achieve their present
status of function. The median value of the patients” subjec-
tive classification {visual analogue scale)} was 93 out of a
maximum of 100 (range 0~100).

Summary: Late results of total hip arthroplasties in com-
plete CDH are inferior to those in arthrosis in older patients.
However, so far the majority of the patients are satisfied with
the functional results. Some of the revisions reflect deficien-
cies ofthe early cementing technique and hopefully future re-
sults will improve.

Total hip replacement of severely dysplastic
or dislocated hips

T.Paavilainen, V. Hoikka , A. Eskola, T. §. Lindholm, 8, Su-
ominen and K. A. Solonen

The Orthopedic Hospital of the Invalid Foundation, Helsinki,
Finland

[n the total hip replacement of 100 hips (85 patients) with sec-
ondary arthrosis, cementless endoprosthesis (Lord) was
used, Ostevtomy of the femur was necessary in 46 hips (40
paticnts, mean age 50 (22-78) years. Thirty-six out of these
46 hips were totally dislocated, and the others were severely
deformed. Because of the hypoplastic cotyloid part of the pel-
vic bone, the acetabular ring was placed lower than the nor-
mai acetabulum in 20 hips (Figure 3). In 15 hips the deficient
roof was reinforced with a bone graft (Figure 2). Corrective
osteotomies of the femur were performed according 10 Fig-
ures 1-3 {Figure 1, 26 hips: Figure 2, 15 hips; Figure 3, 5
hips). Inaddition, because of a small diameter of the proximal
femur, the diaphysis was split longitudinally in 7 cases (Fig-
ure 4). Leg length inequality was corrected 1-4 cm, and in

Figute 1

Figure 2

Figure 3

Figure 4
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cases with adduction contraciure even more, One traumatic
fracture-dislocation of the acetabular rim, two aseptic loosen-
ings ofthe acetabular component, one nonunion of the osteot-
omy line, and one dislocation because of malalignment of the
components required reoperation. The ostectomy consolidat-
edinallbut 1 case. The ability to walk and to perform daily ac-
tivities was improved. The preoperative disabling pain was
abolished or essentially relieved. The Trendelenburg sign
was preoperatively negative in 6 cases, whercas postopera-
tively i1 was positive in only 5 cases. All the patients without
the above-mentioned complications were satisfied with the
result, In all but 3 cases. active foot care was possible, Pros-
thetic reconstruction of dysplastic and dislocated hips can be
pertormed provided that the quality of bone is satisfactory.
Due to technical advantages, certain new prosthetic models
have replaced Lord prosthesis in our hospital.

Total hip replacement following
intertrochanteric ostectomy

Kent Boll, Kjeld Seballe, Steen Kofod and Brian Scverin-
sen

Departments of Crthopedics. Kolding and Holstebro Hospi-
tals, Kolding and Holstebro, Denmark

Intrecduction: The aim of this study was 10 assess the signifi-
cance of intertrochanteric displacement osteotomy on the
outcome of subsequent total hip replacement.

Material and methods: Totally, 108 consecutive total hip
replacements performed for the failures of previous inter-
trochanteric osteatomy were clinically and radiographically
evaluated on an average 5 years after surgery. The mean time
between osteotomy and THR was 6 years. The hip prostheses
used were Miiller (n 551 and Lubinus (n 53). The patients
were categorized into two groups according to the amount of
displacement at osteotomy, Each group included 54 patients.
The mean displacement index (the amount of displacement
divided by the diameter of the diaphysis) was 6 {(—9) percent
in Group [ and 21 (10-53) percent in Group II.

Resulis:Postoperative hip mobility and pain ratings were
significantly more favorable in Group I than in Group 11, A
positive correlation between the displacement index and radi-
ographic loosening was found. Five out of six THRs compli-
cated by peroperative fractures belonged 1o Group 11. One re-
vision anthroplasty was performed, but no infection was en-
countered.

Conclusions: Qur results indicate that the amount of oste-
otomy displacement is correlated with peroperative compli-
cations, radiographic loosening, and unsatisfactory outcome
of subsequent total hip replacement. Conseqguently. simple
intertrochanteric osteotemy without displacement should be
preferred.

Revision hip arthroplasty with Mathy's
cementless total endoprosthesis

Time Niinimdki and Jaakko Puranen

Department of Surgery, Oulu University Central Hospital,
Qulu, Finland

In revision arthroplasty the main problem is the lack of bone
in both the femur and 1he acetabulum. Qur revision arthro-
plasty material consists of 72 rearthroplasties with Mathy’s
prosthesis. The longest follow-up time was 4 years.

With the femoral stem, further problems after revision ar-
throplasty have been rare, even in cases where the femur has
been broken. Peroperative fractures occurred incidentally;
they were easily repaired with cerclages and wransplantations
of bone. In fractures at the level of the tip of an ordinary pros-
thesis, the long revision prosthesis serves as amedullary fixa-
tion device. Also, because the prosthesis is soft, fixation with
aplate and screws is possible, Only rarely have we performed
a two-stage operation with 2 medullary nail and a later pros-
thesis insertion. On the acetabular side, we have used a titani-
um or steel ring or an original Mathy ‘s polyethylene cup. Au-
tologous bone transplantation has been performed regular-
ly.

Mathy s revision prosthesis is one option in this demand-
ing ficld of THR surgery. Technically. it is proper in cases
where the architecture of the femur is preserved and the ace-
tabular ring is intact. [ts benefits are gentleness to the bone,
versatility in different situations, and regenerating effect on
the bone due to its elasticity.

Total hip replacement of fused hips

C. E. Nass, L Gabor, 1. Bjerkreim, G. Haartveit, K. Ramm
and G. Follerds

Sophies Minde Orthopedic Hospital, Oslo, Norway

Introduction: Arthrodesis was formerly a common treat-
ment for arthrosis of the hip. [n most cases the result was good
with reference to pain and function. Some patients, however,
may develop serivus low back pain, a few also complain of
persisting hip and knee pain, and some have problems in daity
life activities due to the fused hip. For these reasons, total hip
replacement (THR) of the fused hip in some cases may be in-
dicated.

Patients and methads - Forty-one patients, 8 males and 33
femnales, have been operated on. The mean age at arthrodesis
was 44 years, and the mean time span from arthrodesis to rear-
ticulation was 16 (7-46) years.

The primary diagnosis was congenital dislocation of the
hip in 27 of the cases, primary arthrosis in 9, and fracture of
the femoral neck in 3, Three patients were dead, and 2 were
excluded from the study because of cerebrovascular disease,
Thiny-seven patients were reviewed retraspectively by stud-
ying clinical and radiographic data. These patients have re-
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cemly answered a questionnaire. Low back pan was the sole
indication for rearticulation in 17 cases, and hip pain was an
additional indication in 8. Five were operated on because of
hippainonly. 5 due to intolerable problems in daily life actvi-
ties and 2 because of fractures of the fused hip, In 35 hipsthe
fusion was sound, and in 2 there was pseudarnthrosis. All were
operated on in a sterile environment. Prophylactic antibiotics
were not used in the primary THR. Antithrombotic agents
were used in all the operations.

Results: In 30 patients the results were excellent or good
with reference to the preoperative complaints, in 8 patients
fair, while 3 patients still had severe, persisting symptoms, ei-
ther from the lower back or the hip. Two patients underwent
revision arthroplasty because of loosening of the implant and
I is pending revision arthroplasty. Gne patient has been oper-
ated on for a femoral fracture below the prosthesis. Three
have beenrevised forectopic bone formation. Luxation of the
prosthesis occurred in 4 cases, | was reduced by surgery, and
in 1 the luxation necessitated a revision arthroplasty due to
malposition of the implant. One patient has paresis due to per-
operative damage to the sciatic nerve. There has been one
deep venous thrombosis, No deep infections were record-
ed

Conclusions: Thirty out of 37 patients with fused hips
converted to THR had an exceilent or good resuit with refee-
ence ta low back pain, hip pain, and disability in daily life ac-
tivities. Conversion of fused hips may be indicared in selected
cases.

Total hip replacement with Miiller acetabular
support rings

G. Karlstrom and L. G. Brobick

Departments of Orthopedics, University Hospital, Uppsala.
and Ceniral Hospital. Eskilstuna, Sweden

Bone deficiency in the acetabulum often implies difficulties
at revision total hip arthroplasty. Considerable acetabular
protrusion or dysplasia can also render primary hip arthro-
plasty more difficult. Wire meshes, Eichler rings, and screw-
fixated bone grafts have been used to reinforce the acetabu-
lum. These techniques, however, have sometimes been insuf-
ficient for optimal position and fixation of the acetabular
component. Miiller rings, which are screw-fixated, give are-
inforcement of the roof of the acetabulum, as well as of the
medial wall.

Fifty-five Miiller rings have been used in 52 patients — 23
males and 29 females. Their mean age was 54 (22-88) years.
Seventeen of the arthroplasties were primary operations and
38 were revisions. The main indications for a Miiller ring
were protrusion of the acetabulum at primary operations and
a very large acetabular cavity or defect in the medial wall at
revisions. At 33 operations the Miiller ring was combined
with a bone graft.

There were no complications relaied to the support rings.
The mean time for follow-up was 30 (24-60) months. Noloo-
sening of acetabular components has been noted. Most pa-
tients have become totally or almost free of pain and their

walking ability has improved considerably. Thus, the results
are equivalent to what nowadays can be achieved after con-
ventional total hip replacements.

The Miiller support rings facilitate an optimal position of
the acetabular components in cases of protrusion and dyspla-
sia of the acetabulum. The rings also yield an excellent rein-
forcement in cases of bone defects in the acetabulum. The
rings seem o provide firm anchorage for cementandtobe a
form of metal backing, and may reduce the risks of late loo-
sening.

Aseptic failure in revision hip replacement
H. M. Schiiller, R. K. Marti and P. P. Besselaar

Departments of Orthopedics, Academic Medical Center,
Amsterdam, The MNetherlands

The incidence of aseptic failure in revision total hip replace-
ment was studied, Because operative technique is considered
very important. we reviewed only the operations performed
by senior orthopedic surgeons, all of whom were using the
same technique. A minimum follow-up of 5 years was cho-
sen.

Operation: Infection was ruled out by preoperative aspi-
ration and deepcultures taken at operation. The operation was
performed by the anterolateral appreach and a trochanteric
osteotomy. The bone stock was judged; and any deficiency
was grafted, both on the acetabular and the femoral sides,
making use of autagenous iliac crest grafis. On the acetabular
side the sclerotic bone, if present, was left intact. Cancellous
bone impacted with a punch in 8—10-mm drill holes, and ace-
tabular roof plasty whenever acetabular coverage is insuffi-
cientare two important technical points. 1f necessary, an ace-
tabular reinforcement ring was used. Cementing techniques
were standardized; for the acetabulum this technique has
been the same for the last 12 years; on the femoral side, pres-
surization was improved in 1980 by the use ofa polyethylene
femoral plug. Refixation of the wochanter was obtained by
one or two lag screws with or without cerclage wires.

Results

Clinicaifoliow-up. Ninety-three patients with 103 operated
on hips tulfilled the above-mentioned criteria; 15 had died
and 5 were lost to follow-up. A complete clinical and radio-
graphic follow-up was possible in 73 patients with 80 hips,
Follow-up averaged 9 years. At follow-up there had been
three infections (one early, two late) and six hips had been re-
revised, The Harrjs Hip Score averaged 78 points in the total
material, and 80 when the infected and re-revised hips were
excluded.

Complications: There was only one dislocation, which
occurred in the first postoperative week, and it was treated by
closed reduction. There were four trochanteric nonunions,
two of which were reoperated on. There were no stem frac-
Tures,

Radiographic follow-up: On the femoral side |1 percent
radiolucent lines of 50-99 percent of the prosthetic circum-
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ference were seen: L0 percent had 10 percent radiclucent
lincs and 12 percent had subsided ortilted. Progressive radio-
lucent lines were seen in 7 percent only. The acetabular side
was divided into three zones as described by Delee and
Chamiley. Twenty-six percent had radiolucent lines in zone 1,
22 percent in zong I, and 16 percent in zone 11. There were
complete radiolucencies (all three zones) in 10 percent, wher-
cas migration of the cup was seen in only one hip. None of the
acetabular radiolucencies was progressive. Brooker grade 3
or 4 ectopic bone formation was seen in only two hips.

The following items were shown to be correlated with the
clinical and/or radiographic results: weight of the patient,
length/weight ratio, number of previous operations, use of a
femoral plug, ceramic versus metal head, the surgeon, No re-
lationship was found as regards sex or age.

We concluded that revision anthroplasty can lead to results
comparable to primary total hip replacement when performed
by experienced surgeons using standardized techmiques.

Revision arthroplasty of the hip:
A follow-up of 100 consecutive cases

G. Blomgren, E. B. Mathiesen and U. Lindgren

Department of Orthopedics, Karolinska [nstitute, Huddinge
University Hospital, S-141 86 Huddinge, Sweden

Inferior prosthetic design and cementing technique during
the 1970s caused a number of prosthetic failures necessitat-
ing revision arthroplasty. This is a repert on 100 consecutive
total hip revision arthroplastics.

Material and methods: Atotal of 100 consecutive hip re-
vision arthroplasties in 98 patients were followed for 59 =28
(8D) months. Age at the primary hip replacement ranged be-
tween 19and 80 years, mean 62 +| years, the diagnoses were
mainly degenerative arthrosis (71 percent) and fracture of the
femoral neck (19 percent). The most common prostheses re-
vised were Chamnley-Miiller {53 percent) and Wagner surface
replacement (15 percent). The mean survival time of the first
prosthesis was 36 135 months. The prostheses used in the re-
vision procedure were Harmis calcar replacement (33 percenr)
and HD2 (31 percent), Gentamicincement andi.v, antibiotics
were used. Cultures were obtained before antibiotics were
given. Thirteen patients died of causes unrelated to the hip
surgery 12-94 months after the revision.

Radiographically, lonsening of the primary femoral com-
ponent was mainly between bone and cement in 38 percent,
scalloping was seen in 7 percent, and cement fracture was the
mast important factor in 28 percent, Four cases had fractured
stems, The primary acetabular compunent had a significant
radiolucent zone in 45 percent, in 15 percent it had migrated,
and in 5 percent the component had tilted.

Results

Bacterinlngic findings: Two or more separate cultures ob-
tained at revision surgery grew identical erganisms in 27 per-
cent of the operations. Staphylucoccus epidermidis was cul-
turedin 13, Propionibacteriumacnes in 9, Staphylococcus
aurexs in4, and «- Streprococcus in 1 case. One S.aure-

us and the - Streptocaccus case persisted and ended in a
Girdlestone procedure 6 and 35 months after the revision. One
case with Staphylococcus epidermidis growth was revised a
second time after 80 months.

Clinical findings: At follow-up 74 percent of the hips re-
ported no or only slight pain (Chamley-d "Aubigné score 6
and 5); 93 percent had atotal ROM exceeding 100 (Charnley-
d’Aubigné score 46}, two thirds of the patients depended on
acane or crutch when walking.

Radiographic findings: Toally, 5 cases were revised a
second time. Two were treated with a Girdlestone procedure,
both because of infection. Loosening of one femoral and one
acetabular component resulted in a second revision in each
case (80 and 76 months postoperatively). One case of revision
where a Wagner prosthesis had been used was converted to an
uncemented PCA prosthesis 60 months after revision.

Conclusions: Although the results are not as good as with
current primary hip replacement, revision total hip surgery is
a safe and generally satisfactory altemmative. Infection with
Staphylococcus epidermidis and Propionibacterium acnes
does not seem to alter the outcome.

Revision total hip arthroplasty in patients
between the ages of 55 and 70 years:
A minimum 5-year follow-up

Christer Stromberg, Peter Herberts and Bo Paimertz

Departments of Orthopedics and Radiology, East Hospital
and Sahlgren Hospital, Gothenburg, Sweden

Introduction: The incidence of both primary and revision hip
arthroplasty has incrcased dramatically. Mechanical failure
has emerged as the most significant long-term problem. The
results of revision ip surgery in young patients have been
poor, with high failure rates, because of aseptic loosening.
The purpose of this study was to analyze the results of first-
time revision arthroplasties in patients between the ages of 55
and 70 years.

Materials and methods. Since 1979, all recperations per-
formed in Sweden after total hip arthroplasty have beenregis-
tered in a prospective multicenter study. All the 73 orthopedic
and surgical departments performing total hip arthroplasties
have joined the study. Between 1979 and 1981, 254 nonrheu-
matoid patients between the ages of 55 and 70 years (average
64 years) required revision arthroplasty because of aseptic
loosening. At the time of follow-up, 42 patients had died and 2
patients were excluded for other reasons. Thus, 210 patients
with 212 revised hips were available for analysis of the results
a minimum of 5 years after revision. Clinical follow-up data
were obtained from a questionnaire sent to the patients. The
radiographic results of the revisions were evaluated by com-
paring the postoperative radiographs with those taken at |
year and at the time of the follow-up evaluation,

Results; Fourteen percent (30 hips) of the hips included in
the study (n 212) had required a second revision or more. To
date, 144 hips have been analyzed radiographically. Nineteen
hips had required at least a second revision. Twenty-one fe-
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moral and four acetabular components in 25 patients had
signs of gross loosening. Thirty hips were characterized to
be“at risk,” with radiographic signs indicating a rnisk of loo-
sening in the future. Failure, defined as gross looseming or a
second revision, was identified in 31 percent (44/144).

Conclusions - Tnhis preliminary report, only about three
fourths of the material has been reviewed. However, there are
good reasons for us 1o expect the trend, with a high failure
rate, to be the same in the remaining hips to be analyzed, With
the increased use of modern cementing techniques and alter-
native methods, such as cementless and hybrid techniques.
the results of revision hip surgery may show improvement. In
the future the effect of new solutions for this problem has1o be
evaluated further.

Survivorship analysis of revision total
hip replacement

I. B. Retpen, J. E. Varmarken and 1. S, Jensen

Depanment of Orthopedics U, Rigshospitalet, University of
Copenhagen, Copenhagen, Denmark

The failure pattern of 306 first-tune, cemented revision total
hip replacements (Re-THR), performed from January 1977
to January 1987, was analyzed and described using survivor-
ship analysis. Failure was defined as removal/exchange of
one or both components. By January 1987, the fate of all the
prostheses were known. Inall, 55 had failed. Discrete fajlure-
time model {logistic type) was used in the analysis of failure.
Backward variable selection strategies combined with exact
evaluation of P -values were applied for determining factors
of importance for failure. Additional survival curves were
constructed using standard Kaplan-Meier techniques and
tests illustrating the effect of risk factors determined by the
procedures described above.

Overall survivorship (i.e., any cause of failure) was com-
pared to existing survivorship analyses of primary total hip
replacement (Pr-THR). Survival of the revised acetabular
compenent and femoral component with regard to aseptic
loosening was analyzed separately, Overall survival of dif-
ferent types of revision prostheses used were compared. In
the overall series, sex, age, time from primary operation tore-
vision, type of primary prosthesis, type of revision and com-
plications were tested as risk factors, Intraoperative fracture
of the femoral shaft was tested separately as a risk factor for
aseptic ivosening of the fermoral component.

Results

1. Overall survival of prostheses after Re-THR is inferior to
overall survival after Pr-THR.

2. Survival curves, with regard to aseptic loosening, con-
structed separately for the acetabular and the femoral compo-
nent both showed late and almost simultaneous decline; how-
ever, with a tendency towards a higher rate of failure for the
femoral compenent.

3. There was no difference in overall survival between Stan-
more, Lubinus Standard (short stem), and Lubinus Special
(long stem) prostheses, but there was a significantly higher

rate of failure in the remaining group. where miscellaneous
types of revision prostheses were used.

4. Inthe overall series, only intraoperative and postoperative
complications could be identified as risk factors.

S. Intraoperative fracture of the femoral shaft could not be
identified as a sk factor for aseptic Inosening of the femoral
stem.

Results of Girdlestone arthroplasty
after failed total hip replacement

J. ). ). van der List, J. R. van Hom and T. J. J. H. Slooff

Department of Onthopedics, Urnuversity Hospital St. Rad-
boud, Nijmegen, The Netheriands

Introducrion: The Girdlestione situation is nowadays created
when the insertion of 2 new hip prosthesis, after deep infec-
tion or aseplic loosening, is not possitle. Because revision
surgery ts becoming more demanding and the results in the li-
terature are cxtremely variable, we did a clinicat follow-up
study of our own patients.

Parients and merhods:  Forty patients with a unilateral
Girdlestone situation after excision of atotal hip replacement
were evaluated. There were 12 males and 28 females, with an
age of 61 (26—-R0) years; the follow-up was at least 1 year.

The indication for removal of the prosthesis was infection
in 23 and aseptic loosening in 17 cases. The patients had their
hip operated on 3-15 (mean $) times.

Results and discussion: The results were judged on the
two criteria used by Hamblen (1984): the elimination of in-
fection and the quality of the residual function im the hip. The
pain, mobility, and walking support scored good in 15 pa-
tients, moderate in 18, and poor in 7 patients. The reason for
not implanting a new prosthesis was in 7 cases poor general
condition, in 20 cases severe loss of bone stock or other tech-
nical reasons, and in 13 cases the risk of recurrent infection.
All the patients had a Trendelenburg gait and needed their
shoeraised 4.5 (1,5-9) cm. Although most of the patients felt
disabled, 25/40 were satisfied with the Girdlestone anhro-

plasty.

The radiographic results of ravision of total
hip replacement for aseptic loosening

1. Joukainen, A. Mikeld and A. Harju

Department of Orthopedics, Kuopio University Central Hos-
pital, Kuopio, Finland

Aseptic loosening of total hip arthroplasty (THA) may result
from biomechanical failure or formation of foreign body gra-
nulomas. Although the majority of patients that have under-
gone arevision arthroplasty do well, the high incidence of ra-
diographic loosening is of serious concern. The purpose of
this study was to examine the radiographic condition after re-
vision arthroplasty of the hip joint.

Of 653 initial total hip arthroplasties performed at our hos-
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pital berween 1972 and 1986, 22 had been revised since 1975
for aseptic loosening. The mean interval hetween the initial
operation and the revision arthroplasty was 5.7 years, and the
fallow-up after revision operation was 2.3 (0.8-5.3) years.
The primary THA was performed for arthrosis in 14 hips.
rheumatoid arthritis in4, congenital dislocation in 2, and frac-
ture in 2.

The radiographic assessment was accomplished by the
Mayo hip score. The mean radiographic score was 8,3 points
before revision and 14,7 points after revision, Seventeen hips
received more than 14 points.

Although other investigators have reported disappointing
results after revisionarthroplasty, we found only twohips that
were assessed as poor. We conclude that revision arthroplasty
usually gives goad results.

Quality of revision total hip replacement
versus primary total hip replacement

1. B. Retpenand . §. Jensen

Depariment of Orthopedics U, Rigshospitalet, University of
Copenhagen, Copenhagen, Denmark

Recent follow-up studies after revision total hip replacement
{Re-THR) concluded that the initial results are poientially as
good as those afier primary total hip replacement (Pr-THR),
but a higher incidence of complications and of late mecham-
cal loosening reduce the final results. This suggests the hy-
pothesis that the quality of results after uncomplicated, non-
foasened Re-THR is equal 1o that after Pr-THR, To validate
this hypothesis, we compared, in a prospective study, the re-
sults regarding pain and function of a series of Re-THRs with
results of a comparable series of Pr-THRs at a time postopera-
tively when maximum clinical improvement is supposed Lo
beachieved, but where a significant difference in incidence of
mechanical loosening has not developed yet.

Inthe Pr-THR series there were 100 patients, 74 females
and 26 males, aged 64 (26--87) years; and inthe Re-THR ser-
ies.there were 50 patients, 37 females and 13 males, aged 64
(20-86) years. The two series were evaluated and compared
regarding pain (actual pain and pain relief) and function
(walking ability, personal function, and soctal function) pre-
operatively and 1 year after the operation. Relations between
variables were analyzed.

Results: A higher incidence of intraoperative and postop-
erative complications and of coexisting disabling conditions
were found in the Re-THR scries, but because the statistical
analysis showed that neither pain nor functional outcome
were influenced by these factors, the two series were consi-
dered comparable. Analyses of relations between variables
were used to determine which items alone woutd describe the
clinical putcome most precisely. Pain was found to be only
shightly related to function, and walking distance was found
to be the central function variable. Based on these analyses.
pain and walking distance were chosen for comparing the
¢linical results in the two series.

For both variables the results were significantly better for Pr-
THR than for Re-THR (pain, £ = 0.015; walking distance, P
=0.005)

Conclusions: Substantial improvement can be achieved
after revision arthroplasty of the hip, but even if the major
problems of intraoperative and postoperative complications
and the higher rate of mechanical failure are climinated, re-
sultsequal o those after primary 1otal hip replacement cannot
be expected after revision total hip replacement.

Clinical results after revision total hip
replacement and primary total hip
replacement

1. B. Retpen, J. E, Varmarken, J, Stiirup, C. Olsen, K. Sglund
and ], S. Jensen

Department of Orthopedics U, Rigshospitalet, University of
Copenhagen, Copenhagen, Denmark

In this follow-up study, we compared clinical resulis after re-
vision total hip replacement {Re-THR) with those after pri-
mary (olal hip replacement (Pr-THR),

Pr-THR series: Totally,184 operations were performed.
At follow-up 22 patients had died, 11 had been reoperated on,
and 6 were ost 10 follow-up, leaving 145 patients for evalua-
tion, The mean age was 67 (25-86) years, and there were 101
females and 44 males. The follow-up time was 4 (3-5)
years.

Re-THR series: Totally, 233 operations were performed.
At follow-up 38 patients had died and 54 had been reoperated
on, leaving 141 patients for evaluation, The mean age was §7
(22-¥6) years, and were 97 females and 44 males. The fol-
low-up time was 4 (2-10) years.

Pain was measured on a semiqualitative graded scale, and
for evaluation of function a Functional Qutcome Scale was
constructed. Relations between variables were analyzed in
both series, and risk factors influencing clinical outcome
were identified, This procedure makes it possible to eliminate
the potential bias caused by differences between the two ser-
ies in variables influencing outcome when comparing results.
Validity testing of the Functional Quicome Scale was done
through analysis based on the so-called Rasch Model.

Results
Complications: The incidence of intraoperative and postop-
erative complications {fraciure of the femoral shaft and post-
operative dislocation) was higher in the Re-THR series, but
did not influence the clinical outcome.

Pain: There was no difference between the two series.

Function: The Functional Qutcome Scale was found to be
auseful and valid scoring system. For patients without coex-
isting disabling conditions, there was no difference in func-
tional outcome between the two senes; but for patients with
such conditions, functional outcome was significanty inferi-
or in the Re-THR series (chi square, P=0.002; gamma test, P
<(.0003).
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Conclusion: Except for functional outcome for paticnts
with coexisting disabling condittons, the quality of Re-THR
is potentially as good as that of Pr-THR, but overall results are
worse due to a high incidence of complications and a high rate
of failure (i.e., reoperation).

Banking bone in reconstructive surgary
of the hip

C. Biinger, K. Sgballe, G. Juhl and E. Siender Hansen
The Onhopedic Hospital, Arhus, Denmark

Introduction. Severe bone deficiency associated with failed
total hip arthroplasty is an increasing clinical problem. The
deficiencies created by loose implants and wear particles pro-
vide a surgical challenge. since neglecting deficient bone
stock in hip revision surgery may further compromise the re-
maining bone. Additionally, resection arthroplasty in con-
junction with severe bone loss may produce excessive insta-
bility and poor functional results. Banking bore provides a
valuable tool in this context (1), although long—term results
remain to be settled. The aim of this study was 1o assess the
chinical and radiegraphic results of prospectively registered
allografis used as an adjunct in total hip arthroplasty.

Materials and methods.: From 1981 through 1987, 29 pa-
tients, mean age 62 years. required total hip arthroplasty sup-
plemented by 33 allografts for severe acetabular and femoral
deficiencies. The most frequent primary diagnoses were A
(15 patiems} and RA (6 patients). Average follow-up from
primary anthroplasty in revision (25 patients ) was 7 years.
Mechanical loosening was the main cause for revision (21 of
25 patients). In 5 patients, bone grafting was used in the sec-
ond total hip revision. Donor selection conformed 1o the
guidelines recommended by the American Association of
Tissue Banks (2). Femoral heads or pizces of cancellons bone
from patients having primary total hip or knee replacements
were stored in glass jars with screw—on tops and frozen at -20
<. Prior 10 use, the specimens were thawed in penicillin—sa-
line solution. The allografts were used for central acetabular
defects (17 patients), acetabular shelves (2 patients), calcar
deficiency (3 patients), trochanteric osteotomies (8 patients),
and in the subtrochanteric region (4 patients) with cemented
Thackray revision components, The recipient bone bed was
freed from fibrous tissue and fenestrated at muitiple sites to
promote vascular ingrowth in the graft. Only partial weight
bearing was allowed 3 months postoperatively.

Resulrs: At follow-up, average 1.7 years postmansplanta-
tion, the pain score according to Merle D”Aubigné averaged
4.8. Two acetabular components had migrated necessitating
reoperation in 1 case after 1 year. Graft incorporation was
then noticed beneath the cement. In another case, resorption
of the bone graftat a trochanteric osteotomy was found. Inthe
remaining 26 cases, no radiclucency or signs of graft resorp-
tion were seen. No septic complications were noted,

Conciusion: On the basis of this short—term follow-up,
the results have demonstrated adeguate initial mechanical
stability by cancellous bone allografts in cemented recon-
structions. The vitality of grafted areas is yet to be determined
by 3-D bone scintimetry.
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Total hip replacement combined with
bone grafting for acetabular protrusion

T. 1. Slooff, R. I. van Hom and R. Laschet

Department of Orthopedics, St. Radboud Hospital, Univer-
sity of Nijmegen, Nijmegen, The Netherlands

Introduction: A variety of surgical techniques have been de-
scribed to restore the lack of bone support in acetabular pro-
trusion secondary te disease or a failed arthroplasty. The acet-
abuloplasty encompassed reinforcement of the medial wall
withbone grafis, vitallium mesh, bone cement, and a polyeth-
ylene cup.

Matevial and methods: From 1979 through 1985, 155 hips
{145 patients) had a total hip replacement and bone grafiing
for acetabular protrusion secondary 10 arthrosis (108 hips),
rheumatoid arthritis {38 hips), and trauma (9 hips). Seven-
ty—four of these arthroplasties were primary procedures and
81 were secondary to failure of previous arthroplasties {64 to-
tal hip replacements, 14 surface replacements, and 3 hemiar-
throplasties). There were 34 males and 111 femates. Ten pa-
tients had bilateral operations. The age range was 22-89
years. The indications for surgery were pain, progressive
functional disability, and radiographic evidence of progres-
sive destruction of bone stock. The presence of infection was
excluded. Allthe patients were followed up by routine exami-
nation and with serial radiographs in three views in order to
evaluate the incorporation of the graft and the fixation of the
acetabular component. Additionally, 14 patients were exam-
ined scintigraphically to establish the viability of the graft,

Result and discussion; Three years” follow—up study of
145 patients with a cemented total hip replacement combined
with a bone graft showed radiographically 2 patients with
symptoms of progressive Grade 3 demarcation, Nonprogres-
sive radiolucent lines were assessed in 11 patients, Clinical
evaluation showed no signs of loosening. Inall but 2 patients,
the graft seemed to be incorporated securely scintigraphical-
ly; the scans showed a uniformly elevated uptake of the iso-
topes.
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Homologous bone grafting in revision
hip arthroplasty for acetabular protrusion

D. Dareg, J. Huy, E. J. Schaap and A. ). Tonino

Depanment of Orthopedics and Traumatology, De Wever
Hospital, Heerlen, The Netherlands

Introduction. In pnmary hip arthroplasties the autclogous
femoral head can be used for reconstruction procedures;
however, mn revision arthroplasties the femoral head is not
available for bone grafting. To get avtologous bone grafts in
these cases, the operation has to be extended by taking grafis
from the iliac bones. However, this has many disadvantages,
such as longer operation time, more bleeding, and longer
postoperative rehabilitation time. But the greatest disadvan-
tage of the iliac bone grafts in these elderly patients is their
poor quality. Therefore, in cur haspital, we have chosen
deep-frozen homologous bone from our bone bank.

Patients and methods: [n23 revision hiparthroplasties, in
which acetabular protrusion was encountered. homologous
bone grafting was used 10 reconstruct or reinforce the medial
wall of the acetabulum, L.oosening of the acetabular compo-
nent was the cause of the protrusion in all the cases. In some
patients, also the lateral wall of the acetabulum was resorbed,
and the same deep—frozen homologous bone was used to re-
buildthe lateral ridge of the acetabulum. In 19 patients a metal
ring was placed not only to keep the bone grafts in place, but
also 1o improve local stress conditions {1 ).

Results: Postoperative follow-up at a mean of 4.5 (3-6)
years showedasalid bone socket around the acetabularcupin
altthe cases und no signs of clinical loosening. Mo infections
or immunorcactions were seen, The Harris hip score at fol-
low—up was significantly better than preoperatively.

Conclusion: Deeply frozen homologous bone grafting of-
fers great opportunities in the reconstruction of the acetabu-
lurm wall in revision arthroplasty.
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Indomethacin as a prophyiactic and a thera-
peutic agent against heterotopic ossifica-
tions following total hip replacement

T. I. Slooff, A. V. Steenmeijer and W. Kuijpers

Department of Orthopedics, $t. Radboud Hospital, Universi-
ty of Nijmegen, Nijmegen, The Netherlands

Introduction: The formation of heterowopic ossification
(HO) following total tip replacement rmay compromise the
result of even the most well-performed surgical procedures
by causing increased pain, decreased mobility, and in severe
cases eventually complete ankylosis (1)

To date, several prophylactic and therapeutic agents and
methods have been described: EHDP, radiotherapy, fat—tis-

sue transplantation, and Indomethacin are the most impor-
tant.

Material and methods: A group of 24 patients with resec-
tion of HO following 25 total hip replacements were treated
with Indomethacin. HO on preoperative and postoperative
serial radiographs was classified according to Brooker e1 al.
(1). Subsequently, 1 group of 100 patients were studied with
high risk features following 110 1otal hip replacemenis and
Indomethacin prophylaxis.

Results and discussion: Inthe group of 24 patients, 17 hips
did not show any recurrence of resected bone at 1 year postop-
eratively, In eight hips a moderate, incomplete recurrence
could be observed.

[n the second group of 100 patients, only one HO, which
was class Iradiographically at | year postoperatively, was ob-
served. Subsequently, the effect of Indomethacin and EHDP
was studies on trauma—-induced HO using the experimental
model according 10 Michelsson et al. {2), presumably simu-
lating clinical conditions 10 a greater exient than the bone-in-
duction model according 10 Urist.

Control animals showed occurrence of HO connstcmly,
whereas [ndomethacin completely inhibited HQ at radio-
graphic anaiysis. EHDP inhibited formation of HO, but after
discontinuation a delayed cccurrence of HO was noted. The
effect of Indomethacin may be explained by its anti-inflam-
matory properties, interfering with the reaction to trauma and
sequential stages of bone differentiation as outlined by Reddi
(3.
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Heterotopic bone formation following
noncemented porous-coated total hip
replacement

J. Sletgard, P. Kjersgaard-Andersen, C. Gjerlgff and F.
Lund

Departments of Orthopedics, Roskilde County Hospital,
Roskilde. and The Orthopedic Hospital, Athus, Denmark

The aim of the presemt investigation was to study the inci-
dence of HBF following noncemented, porous-coated THR
in patients with and without postaperative treatment with an-
ti-inflammatory drugs.

Patients and methods: Totally, 64 noncemented porous-
coated THR:s in 58 patients aged 50 (18-76) years were evalu-
ated 1 year after surgery. HBF and radiolucency were cvalu-
ated on AP radiographs of the hips.
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Results and discussion: Thirty-one hips in patients with-
out anti-inflammatory treatment developed ossifications. In
four hips a severe ossification was recorded. Patients treated
with anti-inflammatory drugs during the first postoperative
weeks developed significantly fewer ossifications {two
thirds), and only one hip had a severe ossification. Eleven
hips, three in patients treated with anti-inflammatory drugs,
had a radiolucency at the implant-bone interface ot 1 mm or
more in width in ene or more of the acetabular and/or femoral
zones. Two patients had a clinicallly and radiographically
loose femoral component, None of them were treated with an-
ti-inflammatory drugs.

HBF is as frequent after noncemented porous-coated THR
as after cemented THR. Bone cement does not play any role
as an inductive substance of HBF after THR. Anti-inflamma-
tory treatment during the first postoperative weeks signifi-
cantly reduced the incidence of HBF after noncemented, por-
ous-coated THR, but was without influence on the develop-
ment of early radiolucencies and early loosening.

The incidence of heterotopic bone formation
aftertotal hip replacement in patients without
postoperative treatment with a nonsteroidal
anti-inflammatory drug

P. Kjersgaard-Andersen, 8. A. Schmidt, N. W. Pedersen, S.
5. Kristensen, P. Pedersen and J. Boss Nielsen

Department of Ornthopedics. Kolding Hospital, Kolding,
Denmark

{ntroduction: The incidence of heterotopic bone formation
(HBF) afiertotal hip replacement (THR) varies considerably.
The methods used to evaluate hip radiographs may account
for pan of this. However, because nonsteroidal anti-inflam-
matory drugs (NSAIDs) are known as potent inhibitors of
HBF. postoperative treatment with these drugs may be ama-
jor reason for the farge variation in the incidence.

Patients and methods. In 99 patients undergoing cement-
ed Lubinus THR, no anti-inflammatory treatment was given
during the first 6 postoperative weeks. A control group of 102
cemented Lubinus THRs had 25-mg indomethacin three
times daily for the first 6 postoperative weeks, One year after
the replacement, radiographs of the hips were evaluated o de-
termine the degree of HBF.

Results and discussion. The distribution of the different
degrees of HBF in patients with and without NSAID treat-
ment is shown in Table 1. Indomethacin significantly inhibit-
ed the postoperative development of HBF after THR (P<

Table 1. Degree of HBF In patients with and without NSAID
prophylaxis

Degrea of HBF
NSAID 4] | 1l 11l L Total
Wwith B89 13 o} 0 13 102
Without 27 24 0 18 72 a8

D.0005). The present observation may explain why reports of
HBF following THR demonstrate a large variation inthe inci-
dence of HBF. Presentations of HBF following THR should
include information on the extent of treatment with NSAIDs
in the immediate postoperative period.

Muscle strength and maobility of the hip:
Effects of heterotopic bone formation
after joint replacement

L. Ahrengart, U. Lindgren and A.-K. Thalme

Departments of Orthopedics and Physiotherapy. Huddinge
University Hospital, 5-£4] 86 Stockholm, Sweden

tnrroducrion: Heterutopic bone (HB) after total hip replace-
ment (THR)} appears to be preventable by measures, such as
administration of NSAIDs or low-dose radiation. To justify
general prophylaxis, it is important 1o identify the effects of
HB on hip function afier THR and espectally on hip mobility
and muscle strength.

Muaterials and patienrs: Totally, 145 consecutive cases of
THRs were studigd prospectively. Hip range of motion and
degree of pain were recorded preoperatively, 6and 12 months
postoperatively. Muscle strength was determined [.8-2.9
years after joint replacement using a Cybex [[ dynamometer.
Flexion and extension torque was recorded at 45%s, and ab-
duction strength was tested isometrically at 1 5°of abductron.
The amount of HB seen on radiographs at 2 and 12 months
was estitnated according to Brooker et al. (1) and in addition
measured by planimetry,

Resuits: Seventy-five percent of the operations led to HB
and in 21 percent significant amounts developed {(Brooker
classes [II-IV). Large amounts of HB decreased hipmobility
significantly in comparison with the preoperative state (Table
1). whereas hips with smaller amounts (Brooker classes [-1I)
gained mobility, although not as much as hips with no HB
(NS). [n men, flexion strength was greater in patients with
heterotopic bone, while the strength in abduction 15%eemed
to be smaller {Table 2). Similar, but less pronounced, differ-
ences were found in women. [n men with unilaieral hip dis-

Table 1. Pre- and postoperative range cf hip motion (mean + -
SEM]) in relation to HB.

Flexion- Abduction- Rotation
extension adductron
Preop 67 + 4 20+ 3 12+2
No HB
1ysar postop 95+ 2 45 + 39=+3
Preop 72+3 23+ 2 10+
Brooker 111
1 year postop 590 % 2 40 £ 1 *
Precp 767 17 +£3 6+2
Brooker Il
1 yaar postop 79 x 4°° 34 3 21 £ 1%

** Significartly (P < 0.01} smatier than the postopeative
tindings in the other groups. Cne-way analysis of variance.
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Tuble 2. Muscle strength {(mean + SEM, Nm) of the operated
hip in men with and without HB

Flaxion Extension Abduction 157
No HB 583+73 105.7 + 14.9 275+ 3.2
HB 748 + 35" 1194 + 50 21815

P < 0.05 Student’s t-tast.

Table 3. Muscle strength {mean = SEM, Nm} of the non-
operated hip n relation to HB aftar THR among men with
unilateral hip disease

Flaxion Extension Abduction 15°
No HB 59.56 + 13.0 99.6 + 241 297+ 7.0
HB 44+ 51° 1423+ 98 249+ 133

ease, we found the nonoperated on hip to be stronger among
patients who developed HB compared with the rest (Table 3).
Jointpain at6and 12 months posteperatively did notcorrelate
with HB. [nstead, patients with noor little pain over the lateral
aspect of the hip {trochanteric pain) had more heterotopic
bone than patients with pain or discomfort in this region.

Conclustons: A large amount of heterotopic bone seems
10 be associated with decreased hip momiity. We alsonoted a
correlation between small amounts of HB and a lesser gain in
mobility compared with hips without HB. The greater muscle
strength in flexion-extension among patients with HB appar-
ently related w the patient s constitution and is not 4 conse-
quence of HB. Heterotopic bone formarion does not seem to
give increased pain postoperatively.
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Relevancy of radiologic criteria in loosening
of total hip arthroplasty (THA)

A. Nollen and P. Kamstra

Department of Orthopedics, St. Joseph Hospital, Eindhoven,
The Netherlands

Introduction. A retrospective study was carried out te inves-
tigate the diagnosttic value of radiologic loosening intotal hip
arthroplasty (THA). Radiologic criteria were based on stan-
dard radiographs; scoring the radiolucency by using the
Charnley scoring system for cups and stem. Scintigraphy and
subtraction arthrography were used as well, The studied
group of patients served as its own control group inrelation o
loosening of either cup or stem, which could be checked dur-
ing operation. Twelve verified infections were excluded
from the study.

Materials and methods: Revisions were carried out on
combined clinical and radiclogic criteria. The following were
regarded as signs of climical loosening: the combination of

pain on weight beaning and traction and rotation of the hip. If
there was in addition Grade 3 or 4 loosening of the cup and
signs of loosening of the stem on standard radiography, the
patient was operated on. Scintigraphy was done in 80 percent
and subtraction arthrography in 25 percent of the cases.
Results and discussion: Preoperatively, 12 casesofisolat-
ed cup loosening and 28 of isolated stem loosening were
found. In 20 cases, both cup and stern were found to be loose
using the Charnley scoring system. In 13 cases, revisions
were carried out for other reasons (infections, etc.). During
aperation, we found [0cup loosenings, 29 lovse stems, and in
21 cases both the cup and stem were loose. Perfusion techne-
tium scintigraphy was found to be false positive in 20 percent,
false negative in 40 percent, and correctly positive in 40 per-
cent. Subtraction arthrography was correctly positive in 80
percent for cups and in 45 percent for stems. The Charnley
criteria proved to be the most conclusive, with a correct posi-
tive rate of 95 percent for cups and %) percent for stems.
Stgns of loosening in standard radiographs proved useful
indeciding onrevision arthroplasty. Scintigraphy had little or
no value in our opinion except in diagnosing infections, Sub-
traction arthrography was useful in cup loosening. but gave
no extra information, We therefore conglude that an indica-
tion for total hip revision is present when there are signs of
clinical loosening and loosening on standard radiographs.

Results of treatment of infected hip replace-
ment with gentamicin-PMMA beads

E. M. J. Koeweider, J. R. van Hom and T ). J. H. Slooft

Department of Orthopedics, St. Radboud Hospital, Universi-
1y of Nijmegen, The Netherlands

In a retrospective study the resulis of local antibiotic therapy
with gentamicin-polymethylmethacrylate beads (PMMA
beads) in infected hip replacements were analyzed with spe-
cial reference to eradication of the infection. Between 1981
and 1986, 57 patients (58 hips) with a total hip arthroplasty,
hemiarthroplasty, or cup arthroplasty were operated on for
suspected septic loosening of the tmplant. In 42 cases the di-
agnosis was confirmed by positive culture of peroperative bi-
opsies, eight of which yielded anaerobic bacteria. In the re-
maining 14 cases, the diagnosis infection was based on the
following data: pain, unexplained elevated ESR, progressive
osteolysis in combination with purulent aspectof tissues by
macroscopic and frozen sectionobservation intraoperatively,

The treatment comprised two or three operations:

1. Removal of prosthesis, cement, and all necrotic tissues; im-
plantation of PMMA beads: 150-360 for 14 (9—24) days.

2. Exchange of beads (19 hips).

3.Removal of the beads and either revision arthroplasty when
technically feasible, including bone grafting and gentamicin-
Palacos®(28 hips, 18 of which had been inthe group with con-
firmed infection) or a Girdlestone procedure (30 hips). Fol-
lowing each operation, sysiemic prophylaxis was given for
48 hours with either cefalotin or methicillin and flucloxacil-
lin.
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The fallow-up averaged 30 (5-74) months and was fo-
cussed on signs of infection (pain, elevated ESR, progressive
osteolysis). There had been no side effects from the PMMA
beads. Four patients were lost to follow-up.

Resulty: 43 patients (44 hips) were satisfied and showed no
signs of infection, Three patients had mild pain and no signs
of infection. Four patients had pain related o the Girdlestone
situation or para-articular ossifications, but no infection. In-
fection wasdiagnosed in 2 patients, one clinical recurrence in
the group “probable infection™ and one definite recurrence in
the group “confinned infeciion.”

Conclusions: Out of 42 cases operated on for definitely in-
fected hip arthroplasty, only one recurrence was found aftera
mean follow-up of 30 months. Gentamicin PMMA beads are
very effective in treating septic looseming of hip arthroplas-
y.

Postoperative fracture of the ipsilateral
femur in patients with hip arthroplasty

J. M. Feron, F. Signoret and A. Patel

Depaniment of Orthopedics, R. Poincare Hospital, University
of Paris V, Garches, France

Thirty-two femoral fractures following hip arthroplasty ex-
cluding peroperative fractures were studied. This type of in-
Jjury seemed to occur with either high-velocity trauma (7 cas-
es) or weakening of bone stock (25 cases; loosening, osteope-
nia, previcus technical errors). Our guidelines for treatment
were the physiologic age of the patient, fracture location,
prosthetic loosening or marked coriical thinning, and the pre-
operative function of the hip (pain, stiffness). Since 1976, 32
fractures were treated in one orthopedic center on 28 patients,
11 malesand 17 females | 2bilateral cases, 2 refractures), The
age of the patients was 68 (23-89) years. The average delay
from hiparthroplasty to fracture was 6 years. Twenty prosthe-
ses were cemented, 12 were uncemented; in 18 cases there
was a stem loosening. The location of the fracture was in 14
cases at the stem tip, in 15 around the stem, and in 3 below the
stern. The treatment was internal fixations with plate (14),
plates with supplementary cementing (2), revision of the
prosthesis without plate (5). revision of the prosthesis with
plate ¢4}, Girdlestone procedures (3}, orthatic ireatment (3),
asteosynthesis by screw and cast (11). All the patients were
followed until healing occurred.

Deep vein thrombosis after total hip
replacement

H. E. Hegevold, O. Reikerds and A. Hgiseth

Departments of Surgery and Radiology, Ulleval University
Hospital, Oslo, Narway

Introduction: The present study was undertaken to investi-

gate 1) the time-related development of deep vein thrombosis
(DVT) and 2) the incidence and location of DVT after total
hip replacement (THR).

Methods: A lateral approach to the hip was used with the
patient in the lateral position. The patients received 500 ml of
dextran during the operation and on Days | and 3 postopera-
tively; they were mobilized on Day 2. Priortothe study, it was
decided that DVT distal to the popliteal veins should not be
treated (approved by the ethical committee).

Series 1; Patients were examined by bilateral venography
performed on Days 2 and @ after THR. Series 1I: the incidence
and location of DVT after THR were investigated by bilateral
venography performed on Day 2 (based on the results in ser-
ies [) in 37 patients.

Results: Senes I: The formation of thrombi occurred
mainly within 2 days after THR. The resolution of thrombi
between Days 2 and 9 was greater than the development of
thrombi during this period. Series I DVT was seen in 13/37
cases, bilaterally in 5 patients, on the operated on side in 3 pa-
tients, and on the nonoperated on side in 5 patients, The
thrombi were always found distal to the popliteal vein,

Diseussion: The thrombi were found to be equally distrib-
uted between the operated and nenoperated on sides. This in-
dicated that the surgical traumato the femoral vesselsis of mi-
nor importance, and that the occurrence of DVT is caused by a
general tendency to increased thrombus formation afier
THR. None of the patients had clinical signs of DVT, and the
postoperative course was uneventful inall the patients up to 3
manths after the operation.

Oral anticeagulation in total hip
replacement

Bart A. Swierstra

Department of Orthopedics, University Hospital Dijkzigt,
Rotterdam, The Metherlands

Introduction: The purpose of the present study was to inves-
tigate whether the well-known high incidence of thromboem-
bolic complications after elective total hip replacement
(TRH) could be reduced by preoperative anticoagulation.

Patients and methods: Consecutive patients admitted for
anelective, primary THR were divided into two prophyiactic
groups. In Group A, oral anticoagulation was started on the
eve of the operation. In Greup B, oral anticoagulation was
started 4 days before the operation, aiming at a Thrombotest
of INR 1.5-1.6 on the day of operation. In both groups the
postoperative Thromboiest level was setat INR 2.1. The pres-
ence or absence of deep venous thrombuosis was checked by
radionuclide venography on the 10th day.

Results: A total of 101 patients completed the study. There
was no significant difference between both groups in the inci-
dence of proximal - popliteal and/or femoral and/for iliacal -
deep venous thrombasis, In Group B, there was atendency to-
wards further reduction of the incidence of proximal throm-
bosis (14 percent vs. 24 percent in Group A ; however, only
when a peroperative Thrombotest of INR 1.5 or more was
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combined with a satisfactory level of pastoperative anticoag-
ulation. There were no hemorrhagic complications. Na fatal
pulmonary embolism occurred during the study. After dis-
continuation of the oral anticoagulants because of a negative
venogram, nonfatal pulmonary embiolism oceurred in 3 out of
55 patients.

Conclusions: Prophylactic anticoagulation aiming at an
INR of |.5-1.6dunng operationand an INR of 2.1 after apera-
tion does not result in complete prevention of deep venous
thrombosis, In THR the absence of deep venous thrombaosis
onobjective diagnosis on the 10th postoperative day does not
exclude later thrombogenesis and pulmonary embolism.
Therefore, oral anticoagulation during 4 3-month posiopera-
tive period is advised during which the Thrombaotest level has
to be maintained at INR 2.1.

Thromboplastin activity and complement
activation following total hip replacement

surgery

Q. Reikeris, @. Nygaard, K. Unncberg, B. @sterud, H. E.
Hegevold and T. E. Mollnes

Departmenis of Surgery, Tromsg University Hospital, and
Lilteval Umversity Hospetal, Oslo, Norway

Introduction: We have examined thromboplastin activity in
nonstimulated and endotoxin-stimulated monocytes and
complement activation in patients undergoing total hip re-
placement {THR) surgery.

Methods: In 8 patients thal underwent uncomplicated
THR, blood was callecied and moncenuclear cells were 1solat-
ed or endotoxin-stimulated. Measurements of thrombonlas-
tin activity were then performed. In another 6 patients, plas-
ma concentrations of Cl-activated products were meas-
ured.

Resufts: We found that thromboplastin activity was in-
creased in nonstimulated monocytes 2 days after surgery. In
the endotoxin-stimulated monocytes, the thromboplastin ac-
tivity was increased after 1 day. Complement activation was
not found to occur during total hip replacement surgery.

Discussion: The present study shows that THR surgery is
associated with elevated levels of thromboplastin activity in
circulating monocytes. The stimulation of human monocytes
to produce thromboplastin was not found to be complement-
dependent. Anexplanation forour results could be that newly
mabilized ¢cells from the bone marrow during THR surgery
are more readily stimulated to thromboplastin synthesis than
the older monocytes. The increased thromboplastin activity
in monocytes following THR surgery may play a role in the
induction of postoperative thrombosis.

Hip fractures

Rotational stability of femoral neck
fractures

Torstein Husby, Antti Alho and Helge Regnningen

Department of Orthopedics, Ullevaal Hospital, Oslo, Nor-
way

Introduction: Earlier studies (1) have shown that two 5-mm
screws give as strong fixation as sliding screw devices in fe-
moral neck fractures when tested for vertical bending. The
aim of the present study was to evaluate rotaticnal stability of
different implants in femoral neck fractures.

Material and methods: Fifty pairs of cadaveric femora
were used. One femur from each pair had a vertical neck oste-
otomy fixed with the following implants: two von Bahr
screws {(one cranially/one caudally), three von Bahr screws
(one cranially/two caudally). two von Bahr screws (one cra-
nially/one perforating calcar medially}, and Richards Hip
Compression Screw with or without a lag screw cranially,
The contralateral femora were used as controls. All the femo-
ral heads were cemented 1o fit into the testing device (In-
stron). With the shaft fixed, the femoral heads were rotated,
and the load-deformation data recorded on an X-Y writer,
ANQOVA was used in the statistical analyses.

Resuits: At 37 of rotation the torsional moment indices
test/control indicated that three von Bahrscrews were signifi-
cantly stronger than all the other devices (F <0.05}. The tor-
sional moment indices at maximal load demonstrated that
three von Bahr screws were stronger than all the other osteo-
syntheses (P < 0.05), and that either configuration of two von
Bahr screws were stronger than sliding screw with or without
an additional lag screw, Torsional stiffness indices did not
vary significantly, Allthe control femora fractured vertically
in the collum at the ultimate load of 75 +28 Nm.

Conclusions: Sliding hip screw provides less torsional
stability in femoral neck fractures than simple S—mm screws.
Three instead of two screws improves the torsional stability
in femoral neck fractures significantly.
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Revascularization of the femoral head
after femoral neck fracture in rat

[.. Hernefalk and J, Gillquist
Department of Orthopedics, University Hospital, Linkdping.
Sweden

Introduction: A major question in femoral neck fractures is
whether the circulation to the femoral head is irreversibly in-
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Jured at the moment of fracture or if it is possible to influence
1t by surgical fixation of the fracture. Clinically, it has been
shown by Strémgvist that cenain fixation devices may in-
crease the vasculardamage to the femoral head (1). In erder ta
study factors of importance for revascularization of the femo-
ral head after fracture, the following rat study was per-
formed.,

Marerial and methods: Rats of both sexes, weighing 300
¢ramsat the beginning of the experiment were used, The right
hip was operated on under anesthesia and the left was used as
the control. The femoral neck was cut insitu, Inone group (A}
ot unimals (n 33), the femoral head was left without fixation.
1 1he other group (B, n 49), the femoral head was reattached
1o the femur by means of a single wire pin. Studies of the fe-
maral heads were done after 4 {n 38) and 8 weeks (i 44). Al
this time, 20 MBq %™Tc methylene diphosphonate (¥ Tc
MDP)was given intravenously. The radionuclide uptake was
recorded for the control and the experimental head. A ratio
was created between the operated on head and the intact fe-
mural head.

Resuits: At 8 weeks, there was a significantly higher up-
tuke in group B than in group A (£ = 0.01). A18 weeks this
differcnce remained (P = 0.001). In group B (fixation) the
uptake increased significantly with time (7 = 0.001) and be-
camenormal in 8 weeks. Nochange was observedin group A.
At 4 week, there was one necrosis of the head in group A At &
wueks, there were eight necroses in both groups (NS)

Conclusions: Revascularization of the femoral head after
Tracture occurs in rat and is improved by fixation of the frac-
ture.
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Hip joint pressure in undisplaced
cervical fractures

Lars T. Nilsson, Bjom Strémqvist, Niels Egund, K.-G.
Thomgren and Hans Wingstrand

Departments of Orthopedics and Diagnostic Radiology, Uni-
versity Hospital, $-221 85 Lund, Sweden

Introduction: Woodhouse { 1) has demonstrated that an intra-
capsular hip joint pressure of 5¢ mmHg in puppies for 12
hours results in avascular femoral head necrosis. This me-
chanism could contribute to avascular necrosis incervical hip
fractures in man by means of compromised venous or artenial
circulation.

Parients:  Fifty patients aged 34-95 years with undis-
placed cervical hip fractures (Garden I and II).

Merthod: The fractures were diagnosed by routine radio-
graphic examination. In 25 cases, 99-m Te-MDP scintimetry
was performed preoperatively. Prior to surpery the capsule
was punctured under fluorescopy with an epidural needle-
connected 10 4 piezoelectric crystal via a saline-filled closed
system, The intracapsular pressure was recorded in extension
and neutral rotation, as well as inward and outward rotation,
and insome cases in flexion. The hipjoint washen evacuated
and the volume recorded. The day after surgery a repeat scin-
timetry was performed when possihle.

Resules: The intracapsular pressure ranged from O 1o 320
mmHg with the hipinexiensionand neutral rotation. Twenty-
one patients had a pressure of 50 mmHg or mere. The pres-
sure increased in imemal rotation and decreased in external
rotation and flexion. Totally, 0—36 ml of blood was aspirated,
usually with free fat droplets. There was no correlation be-
wween volume and pressure. Of 13 patients with a reduced
scintimetric uptake over the femoral head preoperatively, 9
were normalized on the day after surgery, 2 were unchanged,
and 2 had a lower ratio. The 13 patients with reduced uptake
had an intracapsular pressure of 144 (20-320)mmHg as com-
pared with 39 (0-160) mmHg for the 12 patients with in-
creased uptake.

Conctusion: Intracapsular hematoma in connection with
undisplaced cervical hip fractures may cause increased intra-
capsular pressure, which in turn may affect the viability of the
femoral head.
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Factors responsible for failure after femoral
neck fracture fixation: A stepwise logistical
regression analysis

K. A. Alberts and ). Jaerveus

Depariment of Onhopedics, Karolinska Hospital, Stock-
holm, Sweden

Introduction, Material and methods: A prospective series of
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101 patients with femoral neck fractures were treated by
closed reduction and intemal fixatton at Sgdersyukhuset,
Stockholm. Patients were reviewed radiographically at 2
years, Different factors thought to influence the complication
rate were analyzed with respect to their relative prognostic
importance using compulerized stepwise logistical regres-
sion.

Resulrs: The single most important factor was fracture re-
duction (Garden alignment index) followed by the type of
fracture (Garden Grade [-1V) and the position of the fixation
devices (either three Nystrom nails or three Scand screws).
The predicted probability of a complication arising was cal-
culated for different combinations of these three important
factors. The probability ranged from 0.05 (i.c., sansfactory
reduction with a Garden alignment index between 155%and
185 fracture type Garden Grade 1[I, and satisfactory posi-
tion of the fixation devices) t0 (.99 (i.e., unaceeplable redue-
tion, fracture type Garden Grade 1V, and unacceptable posi-
tion of the fixation devices).

Canclusions: The results show that greatest possible ef-
fart must be made in achieving an acceptable reduction of the
fracture before fracture fixation; otherwise, a primary pros-
thetic replacemnent should be considered. Accesstoahighres-
olution image intensifier is a prerequisite in making this deci-
sion,

The stability of cervical hip fractures
and its influence on healing

Lars Rehnberg and Claes Olerud

Department of Orthopedics, University Hospital, Uppsala,
Sweden

Introduction. Disturbances of healing of displaced cervical
hip fractures can be correlated with several factors. The sta-
hility of the fracture is one. The stability can be influenced by
reduction and by method and technique of the internal fixa-
tion. Impaction of the fracture peroperatively can, according
to Deyerle, reduce the rate of healing disturbances by improv-
ing the stability. The aim of this study was 10 measure perop-
erative stability and 1o investigate whether the stability could
be increased by impaction, and to correlate the peroperative
stability with the ¢linical results,

Muterials: The material consisted of 41 consecutive pa-
tients with cervical hip fractures. Thirty-two fractures were
dislocated. The mean age for the whote maierial was 78 28
years. All the 41 fractures were operated on according 1o the
von Bahr method by the same surgeon. For measurement of
stability an instrument consisting of a 1 50-mm long metal rod
of 3.5 mm diameter, fitted with strain gauges, was used.
When the fracture had been reduced and fixed, the rod was in-
serted into a channel between and parallel to the von Bahr
screws. The rod had its tip anchored in the subchondral bone
of the femoral head and the lateral end in the lateral femoral
cortex. A compression force was applied to the foot of the op-
eraled on leg. The sheanng force resulted in deformation on
the measuring rod, which could be registered on a recorder.

The compression force from the dynamometer at the foot was
registered on the same recorder,

Thiny fractures healed. In this group the stability before
impaction was on an average 0.28 mm/100 N, After impac-
tion the mean stability was 0.19 mm/100 N, In the group with
early redislocation or pseudarthrosis the mean stability
changed from }.36 mm/100 N before impaction to 1.2}
mm/100 N after impaction.

Conctusions: This study shows an unequivocal connec-
tion between poor peroperative stability and early redisloca-
tion or pseudarthrosis. The fractures showing early redisloca-
tion or pseudanlirosis all had significantly poorer stability
than those that healed. The fracrures with late segmental col-
lapse showed a similar stability to those that healed.

Dynamic or rigid fixation in unstable
trochanteric fractures: An experimental
study comparing three difterent devices

Sune Larsson, Martin Elloy and Lars-Ingvar Hansson

Department of Orthopedics, University Hospital of Ume4, §$-
901 85 Umed, Sweden, and the Biomechanical Laboratory,
Wrightington Hospital, Wigan, England

Introduction: In vitro testing of implant and bone-implant
preparations is usually performed as an assessment of the ulti-
mate static loading causing failure. We have compared the
stability in experimentally produced four-fragmentary troch-
anteric fractures when stabilized by either a Jewett 135°nail

plate, 2 NoLok™ 135°sliding screw/plate without key, or a

Hansson 140°sliding pin/plate with additional trochanteric

plate, and subjected (o a repetitive physiological loading.

Material and methods. Twelve pairs of femora (donors’
mean age 73 years) were fractured and stabilized, i.e., eight
femora for each type of implant. Each specimen was subject-
ed to 20,000 cycles of a simulated physiological loading. The
elastic and permanent fracture displacement was continuous-
ly measured along (linear) and around (angular) three orthog-
onal axés, by an accuracy of 10.05 mm linear and #0.05%n-
gular, Out of these six components of fracture displacement,
the four fracture movements impaction, shear, rotation, and
tilt were calculated.

Resuits: Five failures occurred, three Jewett and one each
fromthe NoLok ™and Hansson groups. For the Jewett group
a continuous increase in elastic and permanent displacement
was seen throughout the test. For the NoLok™ group a
marked increase in elastic displacement occurred after
1-2000 cycles as the compression screw lost its effect. The
lag screw of the failed specimen was bent 4°at the end of the
barrel, The Hansson group had a marked elastic and perma-
nent displacement during the first 300- 1000 cycles, The pin
of the failed device was bent 16° at the end of the barrel,
Another two pins were also bent after completing the entire
test.

Discussion: A ngid device depends on the fracture being
totally immobilized. Once fracture displacement occurs, the
implant is unable to adjust to 2 new fracture position and thus
fatigue of the bone-implant interface will cause failure, Dy-



namic devices allow permanent secondary impaction, which
will improve fracture stability and the resistance to fatigue,
important when deaiing with unstable trochanteric frac-
tures.

Stittness of proximal femora under static and
dynamic loading

Sune Larsson, Martin Elloy’ and Lars-Ingvar Hansson”

Department of Orthopedics, University Hospital, 5-901 85
Umed, Sweden, and the Biomechanical Laboratoryl.Wright—
ington Hospital, Wigan, England

tntrodyuction: We have compared the effects of static and dy-
namic loads when applied to cadaver femora, unfractured or
with a trochanteric fracture stabilived by either a rigid Jewett
1 35°nail-plate, 4 135°NoLok ™ sliding screw-plate without
kev, or a 140°Hansson pin-plate.

Muaterials and methods: Twelve pairs of femara from eld-
erly donors were subjected 1o an increased static and uniaxial
dvnamic loading applied to the femoral head by a simulator,
while measuring the elastic deformation in the trochanteric
region. The load causing an elastic deformation of 1 mm in
the trochanteric region was assessed. The different mode of
loadings were first applied on the unfractured femora, after
which astandardized trochanteric fracture was produced and
randomly stabilized by one of the three fixation devices, and
then the test was repeated.

Resulrs: For unfractuzed femora as for each bone-implant
preparation, the stiffness under dynamic loading was signifi-
cantly greater than under static loading {£ < 0.001). The Je-
wett nau-plate produced a more rigid fixation than the No-
Lok™ (P £0.01), and the Hansson (P < 0.001) system when
subjected 10 dynamic loadings, whereas under static loading
these differences were less pronounced. Still, the Jewett nail-
plite as being the most rigid of the three devices showed only
21 and 35 percen of the rigidity seen in the unfractured femo-
ria when subjected to static and dynamic loading, respective-
ly.

Iiscussion.: According to Frankel et al. (1) as much as 75
pereent of the load applied to an experimental hip fracture,
and possibly also to a fracture in vivo, might be absorbed by
the bone itself, Itis for this reason important that the load ap-
plied is dynamic. Otherwise, the imporant viscoglastic pro-
perties of the bone are not considered and the ability 10 with-
stand a load in vivo might be underestimated.

Conctusion: Because of the viscoelastic properties of
hone, the load applied in a hip simulator should be dynamic;
otherwise, the ability of the device to withstand in vive load-
ing might be underestimated.
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A prospective randomized trial of
unstable trochanteric hip fractures

Ingemar Sembao, Qlof Johnell, Carl-Fredrik Gentz and Jan-
Ake Nilsson

Depariments of Orthopedics, Diagnostic Radiology, and Sta-
tistics. Malmo General Hospital, Malmé, Sweden

fniroduction:  One fourth of all hip fractures are unstable
trochanteric hip fractures. There are few prospective random-
ized studies that compare Ender pins with compression hip
screws (CHS ).

Patients and methods: All unstable wrochanteric hip frac-
tures were randomized between two different types of osteo-
synthesis: Ender pins and the compression hip screw type
Richard, with 100 patients in gach group. No significant dif-
ferences were noted in the patients” background factors. To-
tally, 172 patients were evaluated with radiographic and
clinical examination.

Results and discussion: Inall, 24 men and §0 women were
treated with Ender pins, and 24 men and 78 women were
treated with the CHS. The mean time of operation and the
mean peroperative hleeding were significantly less in the
Ender group as compared with the CHS group, but the time of
fluoroscopy was shorterin the CHS group. Clinical and social
rehabilitation was similar in the two groups, but the external
malrotation was higher in the Ender group, as well as the leg-
length shortening. In the CHS group, only three minor secon-
dary operations were performed, all extractions due 1o local
pain. This is significantly less than the 30 minor secondary
aperations and four major reoperations that were performed
in the Ender group. The indications for secondary operations
in the Ender group was in 22 cases pain and discomfort
around the knee and in § cases changed position of the pins in
the head of the femur. Varisation of the fracture of at leas1 11°
occurred in 1 3 casesin the Ender group, significantly fewerin
the CHS group (4 cases). There were no patients with nonun-
ion. and only 2 patients with superficial infection in the CHS
group — no patients with deep infection. The outcome of a
stepwise logistic regression analysis in the Ender group was
that too long Ender pins and previous fracture were signifi-
cant predictors of reoperation.

Fromthis study, we can conclude that in cur hands patients
with unstable trochanteric hip fractures should be treated
with CHS. The advantages of Enderpins —i.e., shorter oper-
ation time and Jess bleeding — do not compensate for the dis-
advantages of the Jonger time of fluoroscopy, the higher risk
of varisation and leg shortening, external malrotation, and
above all, an unacceptably high risk of a secondary opera-
tion.

Ipsilateral fracture of the femoral neck and
shaft treated with intramedullary locked
nailing and multiple cannulated screws

S. Eiskjzr, J. O. Sg)bjerg and F. Meller-Larsen

Department of Orthopedic Surgery E. Arhus Municipal Hos-
pital, Arhus. Denmark
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Introduction: Ipsilateral fractures of the femoral neck and
shaft are a problemalic combination. The fernoral neck frac-
ture js often missed mitially; and when both fractures are di-
agnosed cotrectly, the surgeon is faced with complex and dif-
ficult treatment choices.

Casereports

Case! A 50-year-old woman sustained a fracture ot the fe-
moral neck (Garden type [1) and & very comminuted fracture
of the ipsilateral distal femoral shaft. The femoral neck and
1he shaft fracture were treated with respectively imramedul-
lary clased reaming and locked nailing and four cannulated
screws. One year afier the operation, both fractures were unit-
ed without defarmity or radiographic signs of avascular nec-
rosis. Hip and knee motion were acceptable.

Case 2. A 48-year-old man sustained a fracture of the fe-
moral neck {Garden type 1) and a spiral fracture of the ipsi-
lateral femoral midshaft. The treatment was the same as in
Case |. Two years after the operation, both fractures were
united without deformity or radiographic signs of avascular
necrosis, Hip and knee motion were acceptable.

Conclusions, Intwo cases of ipsilaieral fraciure of the fe-
moral neck and shaft, a combination of intramedullary locked
nailing and multiple cannulated screws altowed early mobili-
zation and gave good end results.

Decentralized follow-up of hip fractures

Karl-Géran Thomngren., Lars Borggvist', Ame Jacobsson!,
Gun-Britt Jarmlo, Lars T. Nilsson, Eva Nordell, Bjomn
Strémgvist and Bengt Scherstén’

Departments of Orthopedics and Community Health Scien-
ce', Lund University Hospital, 5-221 85 Lund, Sweden

Introduction: Hip fractures constitute an increasing chal-
lenge to the health care system due to their increasing inci-
dence and their high consumption of bed resources. Of all the
arthopedic patients, this group consumes most resources. Im-
pravements in the overall treatment will be necessary to cope
with the large number of hip fractures expected by year 2000.
At the orthopedic department in Lund, a long tradition exists
with interest focused on follow-up and control of 1echnolog-
ic, economic, and organizational changes for hip fractures in
the elderly. These elderly patients are usually well known and
cared for through the primary care system owing wa other dis-
eases exisung before their fracture. Thus, to optimize the
overall ireatment and 10 reduce routine check-ups, the post-
operative follow-up of the hip fracture patients were trans-
ferred 1o the primary health care organization.

Merhods : All the hip fractures occurning from November
1, 1985, in the Lund University Hospital catchment area are
followed prospectively conceming their functional parame-
ters. This report concemns ail the fractures from November 1,
1985 through October 31, 1986, and fallowed for a minimum
of 1 year. All the patients were operated on with hook-pins
(cervical fractures) or compression hip screw-plate {trochan-
teric fractures), and immediate weight bearing was encour-
aged. Radiographs were obtained directly postoperatively on

the operating table and then after some days of weight bear-
ing, usually within | week. Further radiographic controls
were omitted unless symptoms with pain from the hip ap-
peared. A follow-up scheme for each patient was sent from
the orthopedic depariment 10 the primary health care center.
The primary care personnel (mainly the district physiothera-
pists) contacted the patient at 1, 2, and 4 months postopera-
tively for all the hip fractures and additionally at | and 2 years
only for the cervical fractures. The patient s walking ability,
guality of life, and resource consumption were determined.

Resutts: The study included 266 patients. The ratio of
women 10 men was 3:1 and the ratio cervicaltrochanteric
fractures was 1:1. The mean hospitalization was 16 days (14
for cervical and 18 days for trochanteric fractures). Prior to
the fracture, 63 percent lived in their own homes, 20 percent
in old peoples” homes, and 14 percent in long-term care hos-
pitals. The test were staying in temporary living facilities,
such as convalescence homes or acute hospital clinics. At 4
months afier the tracture, 52 percent were living at home, 13
percent in old peoples” homes, and 24 percent in long-term
care hospitals, Home aid was needed by 17 percent of the pa-
tients before their fracture and by 18 percent 4 months after
their fracture. Compared with our previous rehabilitation
schemes with regular follow-up, including radiographic ex-
amination at the orthopedic department at 4 months after the
fracture, the walking ability and consumption of home help
did not differ.

Discussion: There are few studies relating resource con-
sumption to health quality. In the present shrinking economic
situation, it 1s important o look over the routines for follow-
up. The present study has shown that decentralized follow-up
without radiography or orthopedic expertise gives good fune-
tional results provided that cases with pain and walking pro-
blems from the hip are guaranteed rapid specialist treatment.
This is possible due to released resources in the outpatient
ward by this system. Unnecessary check-ups are omitted.
This system has been the basis for evolution of a patient fol-
low-up system that is has now been introduced as a multicen-
ter investigation including all of Sweden.

Aluminum-induced hip fractures:
A hypothesis on bone fragility

Bengt Micberg

Department of Orthopedics, Lund University Hospital,
Lund, Sweden

Introduction: The age-specific incidence of hip fractures has
increased epidemically during the last four decades, The fra-
gility of bone in the elderly has been associated with de-
creased bone mineral content, the cause of which has not been
clarified despite comprehensive investigations. Fatigue frac-
tures due 10 aluminum intoxication osteomalacia are well
known in patients on chronic dialysis therapy.

The aluminum content in trochanteric bone biopsies was
measured in patients with hip fracture.
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Patients and merhods: At operation in 20 patients, 7 men
and 13 women, with hip fractures, 14 cervical and six troch-
anteric biopsies were taken from the trabecular bone in the
trochanter major. The aluminum and the calcium content in
the bone ash were measured by atomic absorption spectro-
photometry.

Results: All the specimens contained aluminum: the
A)/Ca ratio varied between 0.9 and 12 x 10°%. There were no
correlations between the aluminum content and sex or type of
fracture, but there was a tendency (P <0.05) forahigher alu-
minum content in the younger patients.

Discussion; The accelerated pollution acidification in the
industrialized world since World War II has led to one of the
greatest ecologic changes during historical rimes, The most
obvious cxpression is the extensive forest dechine in Central
Europe. Inthe acid environment, aluminum dissolves and he-
comes poisonous: Pied flycatchers breeding close to acidified
lakes, and thus feeding on aluminum-containing insects, pro-
duced. for example, defective mineralization of eggshell be-
cause of reduced calcium stores (Nyholm 1981).

The toxic effect of aluminum to man became obvious dur-
ing the [97(0s when some patients on chronic dialysis therapy
were either dialyzed with city tap water purified with alumi-
num sulfate or consumed large quantities of aluminium hy-
droxide to control hyperphosphatwria, Some of these patients
developed fatigue fractures owing to renal osteodystrophy
{aluminum intoxication osteomalacia), for aluminum was in-
corporated in the mineralization front and caused inhibition
of the bone mineralization.

The increased incidence of fragility fractures in patients
with previous gastnc surgery, in alcoholics, and in smokers
may thus be explained by an above average consumption of
antacids. Other possible sources are pots and pans made of
aluminum.

It is possible that the increased age-specific incidence of
hip fractures, as well as other fragility fractures, may be
caused by a chronic low-grade aluminum intoxication, The
larger the aluminum exposure, the larger is the risk of an early
fracture.

Nutritional intake and nutritional status of
patients with a fracture of the femoral neck:
Value of oral supplements

Bjarne Meller-Madsen, Anders Tattrup, [b Hessov and Igm
Jensen

Departments of Surgery 1and I1, Arhus County Hospital,
Arhus, Denmark

Introduction: Patients with a fractured femoral neck are of-
ten malnourished on admission, and have a low nutritional in-
1ake during their stay in the hospital. Inarecent study, supple-
mental tube feeding was shown to increase nutritional intake,
improve nutritional status and postoperative mobilization in
a group of patients with this fracture. The aims of the present
study was 1) to determine the spontaneous nutritional intake,
2)todetermine the nutritional status, and 3)toevaluvate the ef -
fect of oral supplements of patients with a fractured femoral
neck.

Patients and methods: Twenty-five patients were includ-
ed (all women > aged 60 years ). On admission, they were ran-
domized to two groups. Anthropometric measurements, in-
cluding weight, triceps skinfold (TSF), biceps skinfold
{BSF), subscapular skinfold {(SSF), and upper arm circumfer-
ence (AC), were made as soon as possible postaperatively
and at the end of the study period. Both groups received the
normal hospital diet, and in addition patients in group 2 were
offered a newly developed liquid supplement containing 5 g
protein/1 00 ml and 420 kJA00 ml. This supplernent was of-
fered thrice daily between meals. The nutritional intake was
recorded daily.

Resulis and discussion: Six of the patients had a low TSF
on admission and 3 had a low arm muscle circumference
{AC). The two groups were comparable according to nutri-
tional status on admission, and no detectable difference was
observed during the study period. The energy intake was sig-
nificantly higher in the supplemental group than inthe control
group {5,500 vs. 4,595 kifday). Further, the protein intake
was significantly higher in the supplemental group (52 vs. 37
g/day). The supplements were well 1olerated.

This study shows that using a simple, inexpensive, and un-
complicated method the nutritional intake can be increased
significantly in a selected group of patients with a femoral
neck fracture. The spontaneous intake was low in the control
group, but the two groups were similarin their altered anthro-
pometric measurements, However, these measurements
were connected with considerable difficulties, and thus a pos-
sible effect on nutritional status may not have been detect-
ed
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Colles’ fracture as an indicator of later
hip fracture: Hvidovre osteoporosis study

Jes Bruun Lauritzen, Peter Schwarz, Peter McNair and [b
Transbal

The Mineral Metabolic Rescarch Group, Departments of Or-
thopedics, Clinical Chemistry, and Endocrinology, Hvidovre
Hospital, Hvidovre, and Department of Orthopedics, Rig-
shospitalel, University of Copenhagen, Copenhagen, Den-
mark
Introduction: One of the main topics in osteoporosis is to

pinpaint women at high risk for hip fracture. Alffram (1964)
found that 16 percent of a hip fracture population had had an
earlier Cotles” fracture; hence, an increased nisk of a later hip
fracture in women with a Colles” fracture was suspected. Oth-
erstudies have been presented both with and without this cor-
relation. We did a prospective study in women witha Colles -
fracture to study the incidence of later hip fracture.

Subjects and methods: In the L0-year period from 1976
through 1985, all women older than 19 years with a Colles’
fracture admitted 10 Hvidovre Hospital were registered. A to-
1al of 1,199 women were followed from O to 10 years with a
mean follow-up of 3.8 years. The ohservation time was 4,596
years. According to incidence data on cervical and trochan-
teric hip fractures in women (Hvidovre Osteoporosis Study
1987), we calculated the relative risk of hip fracture. Confi-
dence limits (CL) of 95 percent were calculated {Table L)

Results

Tabie ' Colles tracture and later nsk ol hup fracture

Age N Ralative risk 95% CL
40-49 86 402 52-1416
5059 223 BO 1.8-23.1
60-69 351 4.2 1.9-8.2
70-79 309 4.4 2570

Conclusions: Women with a Colles” fracture do have a
higher risk of later hip fracture than expected from epidemio-
logic background data. The relative increase is greatest in
women near and after the menapausal period before senes-
cence. Therefore, preventive measures against OSIeOpoTOsis
should be considered in women aged 40-70 years sustaining
a Colles” fracture.
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Rising incidence of hip fracture
in Arhus 1970-1986

Henrik M. Schrgder, Michael Andressen, Ivan Villadsen,
Jens G. Sgrensen and Morten Mikkelsen

Departments of Orthopedics, Arbus Amissygehus and Arhus
Kommunehoespital, Arbus, Denmark

firoduction.  Based on the periods 1971-77 (1) and
1973-79 (2}, respectively, a twofold increase over 17 years
and a threefold increase over 20 years in the number of hip
fractures has been predicted in Denmark.

Patients and methods: During 1970-86, a 1otal of 4,697
hip fractures in persons aged 50 years and older occurred in
the municipality of Arhus. Age- and sex-specific incidence
rates were calculated, and a forecast for the future number
was computed,

Results; Female:male ratio was 3.1, and the number in-
creased almost threefold (Figure). The overall incidence rose
from 2.1 per LOOO (F =29, M=1.2)in 1970105.8 (F =76,
M = 3.2)in 1986. In both sexes the incidence increased expo-
nentially with age, and 63 percent of the fractures occurred in
patients aged 80 years and above. As repards the increase in
age-specific incidence rates during the survey period, and ap-
plying these to an official population forecast for the year
2002, a threefold increase in the number of hip fractures can
be expected within the next 22 years according to regression
analysis.
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Fractures of the proximal femur in Finland
in 1985 and a forecast for the year 2000

Peter Liithje

Depaniment of Surgery, Regional Hospital, SF-42120 Jdmsa
2, Finland

The number of hip fractures is increasing n all the Nordic
countries. | have studied the incidence of hip fractures in Fin-
tand in 1985 and have made a prognosis for the year 2000, All
the patients admitted to Finnish acute hospitals for primary
treatment of a hip fracture were selected from the National
Bouard of Health statistics. The material was analyzed accord-
ing 10 age, sex, Lype of fracture, and duration of the treatment
in the hospital. The increase in fractures since 1970 and the
number of hip fractures in 1970 were counted from an earlier
study. in the forecast the age-specific incidence per 100,000
inhabitants was projected on the population forecast for the
yeaur 2000. ’

During the year 1985, 3,212 patients with cervical hip frac-
tures and 1,278 with trochanteric fractures were treated. The
total number of hospitalization days was 153,348, The mean
hospitalization time was 34 days for both fracture types. The
cervical hip fracture was three times as common and the
trochanteric fracture twice s comrmon in women as in men.
The age-specific incidence for cervical hip fractures rose for
wamen and men over aged 45 years of age. For trochanteric
fractures the age-specific incidence rose for men over 45
years and women over 35 years of age. From 1970 (o 1985,
cervical hip fractures in both sexes increased by 102 percent.
For women the increase was 100 percent for trochanteric
fractures and only |9 for men, The increase of both fracture
types for both sexes was 82 percent. The total number of hip
fructures in the year 2000 will be about 5,800 if the expected
incidence is the same as in 1985, The 1otal number will be
sbout 7,000 if the expecied increase/decrease of the age-spe-
cific incidences remain constant in the period 1970 to 2000,
The forecast means that the increase of hip fractures in Fin-
land from 1985 to 2000 will be slower {29 percent or 56 per-
cent) than 1§ years earlier.

Autopsy-verified major pulmonary embalism
in 1954 hip fracture patients not
prophylactically anticoagulated

Hennk M. Schrgder and Michael Andreassen

Department of Orthopedics, Arhus  Kommunehospital,
Arhus, Denmark

tutroduction: Fatal pulmonary embolism (PE} is a feared
complication in elderly patients with a hip fracture, and the
frequency of PE inpatients not prophylactically anticoagulat-
ed is usually considered to be 4-10 percent.

Patients and methods: Inour depanment no prophylactic
anticoagulation was used umil the end of 1983. In the period
1969-83, 1,954 hip fractures in patients aged 40 years and

Table

Major PE

% astimated
No of Nool  Autopsy No al 100%
Days patients deaths No % autopsy
0-30 1954 182 132 73 18 1.3
31-60 177 55 31 58 B ¢.6
61-80 1717 37 18 49 k) 0.4
D90 1954 274 181 66 27 21

above were registered. Ninety-two percent were operated on.
in all, 274 patients died within 90 days after the fracture.
Based on autopsy repotts, the frequency of major PE, defined
asocclusion of at leastone lobar or several segmental arteries,
wis studied.

Resufts: The mostimportant points are given in the Table.
The 27 patients dying of/with major PE inctuded 7 males and
20 femnales with a median age of 8] {66-95) years. Two pa-
tients not operated on died 3 and 6 days after the fracture. The
others (11 alloplasties, 14 osteosyntheses) died a median of
13 (0-81) days afier surgery.

Knee

CT scan study of intercondylar notch in
acute tears of the anterior cruciate
ligament

1. Y. Lazenneck, X. Loniewski, J. M. Ferron, P. Gauthier and
H. Guerin-Surville

Department of Orthopedics, R, Poincave Hospital University
Paris V Garches, France

Narrowed intercondylar notches have frequently been ob-
served during arthrotomy for acute ACL tears in previously
uninjured knees. The most important fact is that conflict
points do not concemn the total area of the imercondylar notch,
but particularly the edge of the lateral condyle.

Notch view radiographs, which are mostly used in those
cases, are not adequate for such an evaluation.

In this study we describe an original technique using CT
scannting. We studied the obliguity of the external condyle
with the AOCE, which is a very simple angle calculated with
CT scanning. First, 1 50 cadavers were studied and then 25 pa-
tients with acute ACL tears.

Two different populations can be described from this
study: in the largest one, the obliquity of the external condyle
is important, but a particular population has a very small
AQCE. This result suggests that this anatomic point is very
important for the predisposition of knees 1o undergo ACL
tears. The cases of isolated ACL tears are usually found in this
population.
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Repartition of intercondylar notch for AOGE
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Figure 1. Repartition of intercondylar notch for AQCE.

This study is based on a frontal analysis of ACL conflicts.
IRM slides have been carrelated with a CT scan study.

IRM shows that the most frequent conflict points to the
ACL are against the external condyle. But this parasaggital
study also suggests that a narrow and sharp posterior arch of
the intercondylar noich may predispose to ACL tears, The in-
cidence of such an anomaly was very low, and this has been
confirmed by a retrospective analysis of IRM slides from 50
knees.

Five-year follow-up after extraarticular
lateral stabilization of the knee

Clement 5. Trovik, Torbjém Strand and Anders Malster

Kysthospitalet in Hagevik and Department of Orthopedics
and Traumatology, Haukeland Hospital, Haukeland, Nor-
way

See Abstract in Proceedings of the Norwegian Orthopedic
Society, Acta Orthop Scand 1988,59:110,

Ultrasonographic detection and
postoperative control of the mediopatellar
and lateropatellar plica in the knee

Willem H. J. Derks and Pieter de Hooge

Departments of Orthopedics and Nuclear Medicine, Diako-
nessenhuis, Bosboomstraat 1, 3582 KE Utrecht, The Nether-
lands

In a population of 163 patients complaining of*'ill-defined”
retropatellar and infrapatellar problems, an ulirasonographic

investigation of the patellofemoral space was performed to
detect a medial or lateral plica synovialis in the knee. All the
patients were controlled by arthroscopy. We found a sensitiv-
ity for the ultrasonographic method of 83 percent and a speci-
ficity of 79 percent. The ultrasonographic examination of the
knee 1o detect the presence of a plica synovialis was per-
formed with a mechanical sector scanner with a 7.5 MHz
transducer (Technicare Autosector IIE). During the ultrasono-
graphic investigation, ameasurement of the ultrasonographic
length of the plica in millimeters was performed.

At arthroscopy, we classified the plicas into four types ac-
cording to lino and Sakakibara, The types A and B, as found
by arthroscopy, correlated significantly with the length of the
plica as measured by ultrasonography. A logistic regression
analysis of all plica types A and B, i.e., 95 cases, with the
measured length at ultrasonography, gave the probability of a
plica type B at 6 mm or more,

An arthrotomy was performed to completely remove 27
type- A medial plicas, 3type-A lateral plicas, 35 type-B medi-
al plicas, and 7 type-C medial plicas. In 3 i cases the plica was
not removed: viz., in 23 medial plica type A, 7 medial plica
type B, and 1 medial plica type C.

Ultrasonographic control of the operated on knees showed
a positive image in 27 cases of the original 72, Eighteen of
these still classified the ocperative result as good to excellent.
Thirteen patients in the nonoperative group classified the re-
sult after only an arthroscopy as good to excellent.

Sagittal instability of the standing knee joint
after injury to the anterior cruciate ligament

Niels Egund and Thomas Fridén

Departments of Diagnostic Radiology and Orthopedics, Uni-
versity Hospital, Lund, Sweden

Iniroduction: Clinically and radiographically, a number of
methods for measurements of sagittal instability of the knee
joint are available. These methods are performed with the
knee immobilized, and little attention has been paid to assess-
ing sagittal instability during weight bearing.

Patients and methods: Two senes of patients with lesions
of the anterior cruciate ligament (ACL) were examined with
lateral radiographs in the standing position. The number of
patients were 29 and 21, respectively, and the time of follow-
up was 10and 8 years. Additional examinations were scintig-
raphy and MRI.

Results: 1) All the knees had a normal femorotibial align-
ment in the nonweight-bearing position. 2) During weight
bearing and < 10°0of flexion, displacements between 3 and 7
mm were measured in more than half of the knees. 3) During
weight bearing and 25-30°0f flexion, displacements of 5-24
mm were recorded, and only two were found to be normal. 4)
In some patiemts there was a discrepancy between the clinical
and radiographic assessments of instability. 5) Almost half of
the patients with a sagittal instability exceeding 10 mm had
degenerative abnormalities according to MRI and/or scintig-
raphy. &) All the subchondral abnormalities (scintigraphy
and MRI) were confined to the femoral condyles.
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Conclusion: The saginal displacement in the standing po-
sition represents mechanical instability, provoked by weight
bearing. Arthrosis may appear in knees with large sagittal dis-
placements. In view of the results, postoperative and post-
traumatic mobilization routines should be reviewed.

Density changes at the proximal tibia
after medial meniscectomy

Anders Odgaard, Claus Mdger Pedersen, Spren Mpller Bent-
zen, Jergen Jorgensen and Ivan Hvid

Biomechanics Laboratory, Orthopedics Hospital, Arhus and
Arhus Municipa! Hospital, University of Arhus, Arhus, Den-
mark

Introduction: Meniscectomy changes the biomechanical
conditions in the knee joint and increases the incidence of go-
narthrosis. The aim of this study was to examine the CT densi-
ties in the proximal tibial epiphysis as a function of the medial
meniscal condition.

Patients and methods: Seventeen partially and 20 totally
meniscectomized male patients (5- and 10-year follow-up)
and 10 controls were examined. The subchondral 12 mm of
the proximal tibia was scanned with 2-mm-thick slices. A
paired design was used.

Resulrs: The point of maximal density in the medial tibial
condyie in meniscectomized knees is located approximately
4 mm posteromedial to the location of the point in the contra-
lateral nonoperated on knees. In both partially and totally me-
niscectomized knses, the density in the region of tibiofemoral
contact in the medial tibial condyle was higher compared
with the cantralateral intact knees, The density difference be-
tween the meniscectomized and the normal knee in the region
of tubiofemoral contact in the medial condyle was higher in
totally than in partially meniscectomized patients. No differ-
ence was found in the lateral tibial condyle, and no difference
was found between patients operated on S and 10 years before
the examination,

Conclusion: The higher density in the medial tibial con-
dyle is in accardance with the aliered biomechanical condi-
tions after meniscectomy. Inconsequence of the theory of pri-
mary changes in the subchondral bone in arthrosis, the utmost
censervatism should be employed in surgery on the menis-
cus.

Treatment of acute ruptures of the anterior
cruciate ligament: A prospective, random-
ized study of three surgical techniques

Lars Engebretsen’ Ove Fasting?, Anders Melster®, Torbjgmn
Strand® and PAl Benum'

Departments of Orthopedics. University Hospital!, Trond-
heim. Aker University Hospital®, Oslo, and Haukeland Uni-
versity Hospital®, Bergen, Norway

Imtroduction: Treatment of acute ruptures of the anterior cru-

ciate ligament (ACL) is controversial. Recent reports on con-
servative treatment have shown poor results in long-term fol-
low-ups. Results after primary suture with the Palmer tech-
nique, although good primarily, seem to deteriorate with
time. This has led to augmentation methods, which seem 10
have improved the results. There have, however, been ng
prospective, randomized studies in this field. We are present-
ing the first report on a prospective, randomized study from
Norway.

Method Tovally, 1 50 patients aged 16-50 years with acute
ruptures of the ACL without injuries to the posterior cruciate
ligament have been randomized 1o one of three surgical meth-
ods. Fifty patients have been treated with the Palmer reinser-
tion technigue alone, 50 patients with a bone-patellar-bone
augmerntation as proposed by Clancy, and 50 patients with the
Kennedy Ligamentum Augmentation Device (LAD) as aug-
mentation for the torn ACL., All the patients were operated on
within 7 days. The postoperative regimen has been identical.
The patients are followed prospectively with the Lysholm
functional score and the Tegner activity score. Stability is
evaluated clinically and instrumentally with the KT- 1000 ar-
thrometer. We are now reporting on the first 31 patients fol-
lowed for | year. In this group, 10 patients were operated on
with the reinsertion technique, 10 with the Clancy method,
and 11 with the LAD method.

Resufts: There was no age difference within the groups.
Sports were responsible for 80 percent of the injuries, with
European handball being responsible for more than one third
of the injuries. There were no complications. The Tegner
score showed a minor decrease in each group, but generally a
high level of activity was kept at the 1-year control. The Lys-
holm score showed an excellent result (95 points) in the Clan-
cy group, whereas the LAD group (31 points) and the Palmer
group (20 points) both had a good functional result. In the
Clancy and LAD groups, half the patients had an extension
deficitof 10° while only 1 patient in each group had a flexion
deficit of > 30° Three patients in the Palmer group had a 2+
Lachman, 4 in the Clancy group, and 1 inthe LAD group. Five
Palmer patients had a 1+ pivot shift_ In the KT-1000 arthrom-
eter, 4 patients in each group had a side difference of 3mmor
more at the 20-pound anterior drawer test.

Conclusion: After the first year follow-up in this prospec-
tive, randomized study, there is a siall difference in the func-
tional level between the groups, There is a slight decrease in
stability in the Palmer group.

The biomechanics af anterior cruciate
ligament rehabilitation

Hans Viggo Johannsen, Tyge Lind and Jargen Lauritzen
University Department of Orthopedics, Arhus County Hos-
pital, Arhus, Denmark

Introduction: The objectives of this study were to measure
the relationship between anterior-posterior tibial displace-
ment, axial tibial rotation, and knee flexion in anierior cru-
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ciate ligament (ACL) -deficient knees during activities com-
mon 10 rehabilitation programs used after anterior cruciate
ligamentsurgery.

Patienty and methods: Sevenigen patients with chronic,
unilateral, total ACL tears were studied. Using a computer-
ized goniometer-type instrument (Acufex KS8), knee flex-
1om, tibial rotation, and anterior-posterior tibial displacement
were recorded simultaneously while the patients were per-
forming various rehabilitation activities.

Results: Anterior tibial displacement was increased in the
ACL-deficient knees when compared with the uninjured
knees during quadriceps activity — whether isometric or ec-
centric — and increased further with loading. Peak values
were found between 20 and 30°0f knee flexion. Atknee flex-
ion beyond 60 no difference was found between the injured
and uninjured knees. Force versus displacement responses
for anterior and posterior movement of the tibia, at full exten-
sionand 20°of knee flexion, were recorded with partial or full
weight beaning. Increases in joint load were followed by in-
creases in stability in both normal and ACL-deficient knees.
However, the ACL.-deficient kneces were stabilized in 4 posi-
tion where the tibia was already displaced anteriorty.

Conclusion: During the initial stages of rehabilitation aft-
cr suturing ACL tears, and following partial ACL ruptures,
muscie-strengthening exercises should be performed at knee
flexion exceeding 45°

A modified technique using the middle
one third of the patellar tendon in the ACL
repair

Paul Lereim

Sophies Minde Orthopedic Hospital, Oslo, Norway

[n our clinic, we have made an atternpt to simpiify the classi-
cal methods of surgical treatment of injuries to the ACL using
part of the patellar tendon as a graft.

The aim was to standardize a simple procedure with a safe
positioning and fixation of the graft followed by active post-
operative treatment.

The indication for operation was chronic instahility caus-
ng discomfort to the patient. The middle one third of the pa-
tellar tendon was used as a free graft maintaining the bony ai-
tachments from the tibial tubercle and patella.

The bone piece from the tibial tubercle is pyramid shaped.
The tunnel through the lateral femoral condyle is wider later-
ally and narrows towards the fossa intercondyloidea. The
graft is passed distally through the wnnel with the patellar
bone first, The shape of the tunnel causes the pyramid-formed
bone from the tibial tubercle 1o lock within the femoral con-
dyle without sutures and additional devices. The distal end is
passed through the fossa and a preformed tunnel in the tibia,
and is ightened and fixed with one or two staples. A postoper-
ative cast is applied for 2 weeks followed by using a brace al-
lowing a ROM from 20 to 40°. Weighi bearing is allowed aft-
er 6 weeks. A maximum observation time of 30 months in
20 patients permits no conclusions regarding long-term re-
sults.

However, the present experience allows the following con-
clusioms:

1. The surgical procedure is easy 1o standardize and requires
nu invesiment in special equipment.

2. The fixation of the bony attachments of the frec graft 15 se-
cure, and the tension is easy to control.

3. The length of the graft permits a positioning that does not
result in bony pegs forming within the joint,

4. So far, no complications are seen, and the clinical results
are good.

Three-dimensional knee movements
abnormal after tear of the anterior
cruciate ligament

1. Kirrholm, G. Setvik' and L.-G. Elmqvist

Department of Orthopedics, University Hospital in Umed, §-
901 85 Umed, and Department of Anatomy?, University of
Lund, §-223 62 Lund, Sweden

Ineroduction: We used a modification of roentgen stereopho-
togrammetric analysis to register tibial movements at an ac-
tive flexion of the knee in patients with a chronic injury of the
anterior cruciate ligament.

Fatients and methods: Ten patients (9 men, 1 woman),
with a mean age of 27 years, were examined. All of them had,
onanaverage, 2 yearsand 3 months previously suffered an in-
Jury to the knee and had remaining symptems of instabili-
ty.

Two film exchangers designed for 30 x 24-cm films were
used. Before the examinations of the patients, a calibration
cage was radiographed, together with two reference plates.
At the examination of the tibiofemoral movements, the pa-
tients were instructed to flex their knees at a constant speed.
The frame rate was setto 2or 4/5, An average of 10 stereopairs
were obtained foreach series including the reference position
{extended relaxed knee). The radiographic setup was de-
signed to register motions between the femur and tibia up to
65° of knee flexion., Observations from all 20 knees were
available between 15 and 40°of flexion.

Results and conclusions: In all the patients, flexion of the
knee was associated with simultaneous rotations about the
longitudinal and sagitial axes. The anterior cruciate-insuffi-
cient knees displayed decreased intemal rotation and adduc-
tion (P < 0.05) compared with the normal knees.

[nsufficiency of the ACL implied a more lateral (P<0.01)
and posterior (£ < 0.05) position of the tibial intercondylar
eminence at flexion of the knee. The abnormal movements of
the anterior cruciate-insufficient knee joint indicate a more
matiplanar instability than was previously known,

Alteration of tibiofemoral motions during movements of
the knee implies that the joint area more or less constantly will
be exposed to increased or abnormal compression and shear
forces that may be of etinlogic importance for the develop-
ment of secondary arthrosis.
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Meniscus repair — a 6—10 year follow-up
Karola Sommerlath

Department of Orthopedics, University Hospiial, S-381 85
Linkdping, Sweden

Introduction: Open meniscus repair is a successtul method in
terms of healing and short-time results. This study presents a
6--10 year follow-up

Patients and methods: In S0 patients (mean age 26 +9
years at surgery), 50 peripheral longitudinal meniscus tears
were repaired. The material was subdivided into group I (32
patients) whoall had an anterior cruciate ligament (ACL}tear
and group II {18 patients) who had an intact ACL.

All the patients were reexamined after | year (33 under-
went repeat arthroscopy) and 49 patients could be inter-
viewed (7} or reexamined (42) after an average of 7 years. In-
stability was measured with the Stryker laxity tester (Stryker
Corp., Kalamazoo, USA). The Lysholm knee function score
and Tegner activity scale were used. The patients rated the re-
sult themselves. Sianding radiographs were taken as well,

Results: Tweny-eight of the menisci had healed in group
and 15 in group 11. Four of the healed menisci had reruptured
{all in group 1) until the late follow-up, which makes a total
nonhealing and rerupture rate of 22 percent, More failures
and reruptures occurred in unstable knees. Knees in group [
were more unstable than in group [T (P£0.005), with a total
laxity of 10:£4 mm. A range of motion impairment was found
intwo fifth of all the knees. The Lysholm score was similarly
high in both groups, with 88 £ 11 in group I and 94 110in
group I1. The patients in both groups changed from a preinju-
ry activity level 810 6 at follow-up. The subjective evaluation
was equally high in both groups. Radiographs showed in
more than half of the knees of group Isigns of arthrosis, butin
no case in group [L

Canclusion: Meniscal repair of acute and chronic rup-
tures is very successful in the long run, but whether it im-
proves knee function and helps to prevent gonarthrosis re-
mains to be proven.

Fibrin adhesive — an adequate method for
meniscal repair?

Karola Sommerlath and Jan Gillguist

Department of Orthopedics, University Hospital, S-581 85
Link&ping, Sweden

Introduction and technique: Fibrin adhesive was tied for
meniscus repair. ltcan be used in an arthroscopic or open pro-
cedure. Nondispleced peripheral meniscus ruptures (€3cm)
were selected. The adhesive (Tisseel Kit. Immuno AG. Vien-
na}was injected into the rupture, which was then compressed
for 3 minutes with a special forceps. The arthroscopic proce-
dure was performed in CO, gas.

Materials and methods: Five medial and two lateral (one
bilateral} menisci in 6 patients with an anterior cruciale liga-
ment (ACL)defictency (meanage 19 14 years) were treated.

The ACL was recanstructed in four knees, All6 patientshada
control arthroscopy approximately afier | year, and 5/7 me-
nisci were healed. A repeat knee examination took place 6
vears after surgery, including an evaluation of the saginal lax-
ity with the Stryker laxity tester (Stryker Corp., Kalamazoo,
USA) and of the valgus/varus instability with the Genucom
knee analysis system {Faro, Montreal, Canada). The Ly-
sholm knee function score and the Tegner activity scale be-
fore injury and at foilow-up were used. Standing radiographs
were taken as well.

Resulis: At follow-up, 4/7 menisci were still intact. In-
creased sagittal instability was apparent in five knees (+5 2
mm in comparison with the healthy knee). Valgusivarus in-
stability was increased by +2 mmiin five knees. The Lysholm
scare was 84 +10, the patienis had reduced activities from ac-
tive team sports (8) to recreational sports of the same category
{6). No complications were reported. The radiographs
showed slight signs of arthrosis in only one knee with a suc-
cessful meniscus repait.

Conclusion: Meniscal repair with fibrin adhesive seems
promising.

Experimental repair of old lesions in
the avascular part of the medial meniscus

Adam Hede, Eiliv Svalastoga and Inge Reimann

Departments of Orthopedics, Rigshospitalet and Herlev Syk-
gehus, University of Copenhagen. and Institute for Experi-
mental Research in Surgery, University of Copenhagen, Co-
penhagen, Denmark

Introduction: Treatment of meniscal lesions displays an in-

creasing meniscus-preserving attitude (1), with repair when
possible. Repair of lesions in the central nonvascularized part
of the meniscus has inexperimental models been shown tobe

possible when performed instantly (2, 3}. The present study
deals with late repair of nonspomangously healing meniscus
lesions in accordance with the time of treatment of most of
these lesions in humans.

Marerials and methods: In 12 full-grown rabbits a longitudi-
nal lesion in the central part of the right medial meniscus was
induced through amedial arthrotomy under anesthesia, Atthe

left knee, only a medial arthrotomy of similar extension was

performed. Three months later, the lesions were repaired, in-
cising the meniscus from the lesion to the periphery in seven
of theanimals throngh a secand arthrotomy. Again, a left-sid-
ed sham operation was performed. After another 3 months, all
the animals were kiiled. From all the right-sided and three of
the lefi-sided knee joints, the medial menisci and pieces of
synovia from identical locations were excised and prepared
for histologic examination.

Resuits and discussion: Six of the seven repaired menisci

showed complete macroscopic healing. Histologically, the
defect was filled with fibrocanilaginous tissue with fibrous
areas. In one meniscus the repair was incomplete. Neither
gross examination nor microscopy revealed any sign of repair
in the five unrepaired menisci. Synovial alterations were
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found in all but the sham-operated knees. The results suggest
that repair of old meniscal lesions in a nonvascularized area is
obtained by invasion of cells from the periphery. Repair was
made in knees with preceding synovitis due to a meniscal le-
sion. obtaining healing of the lesion without the use of trans-
position of a synovial flap (4).
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Three-year follow-up of cementless
total knee arthroplasties (AGC 2000)

Foul T. Nielsen, E. B. Hansen and K. Rechnagel

Departmenis of Orthopedics and Radiology. Hillersd Hospi-
tal, DK -3400 Hillered, Denmark

fntroduction: In the period April 1984 10 February 1985, 40
cementless, total knee arthroplasties were performed as pri-
mary intervention for arthrosis in 36 patients. At clinical and
radiographic follow-up 3 years afier the operation, 5 patienis
had died, leaving 34 knees in 31 patients with amedian age of
77(61-83) vears, Patient assessment was graded according to
Aichroth et al., and for knee evaluation the knee rating scale
from Hospital for Special Surgery was used. The overall
alignment (tibipfemoral angle) was measured from weight-
bearing radiographs.

Results: All the patients except [ (one knee) were enthu-
siastic or satisfied. Respectively, 31 and 30 knees were with-
oul significant pain {painfree or mild pain) at rest or during
walking. In 25 knees the walking distance was unlimited. The
median knee flexion was [10°(70-135%. All but one knee
was rated“excellent” (26) orgood™ (7). One was rated “poor”
because of increasing pain and decreasing range of motion
without radiographic signs of prosthetic loosening. Surgical
excision of hypertrophic fibrous tissue relieved symptoms
and increased knee range of motion.

Radiographic examination did not reveal radiolucent
rones around the prosthetic components, The overall align-
ment was within 7 +#5%f valgus in 80 percent.

Conclusions: In this 3-year follow-up study of cemen-
tless total knee arthroplasties with AGC-2000 components,
good or excellent clinical results were found in 33 of 34
knees, and no radiographic signs of prosthetic loosening were
revealed. The cumulative survival rate was 97 percent.

The Oxford Knes in early arthrosis:;
7-year results

John Goodfellow' and John O°Connor?

Nuffield Orthopaedic Centre! and Department of Engineer-
ing Science?, University of Oxford, Oxford, England

Introduction: The Oxford Knee is an unconstrained device in
whichspherical metal components on the femur are separared
from flat metal components on the tibia by polyethylene me-
niscal bearings. The bearings are fully congruous on their
upper and lower surfaces with the metal componcats
throughout the range of movement, minimizing wear and
creep. The components can be used either unicompartmental-
ly or bicompartmentally, with retention of all the ligaments.
Choice of bearing thickness to an accuracy of 1 mm allows
restoration of ligament tension, and therefore ligamentous
controlof movement laxity and muscle leverage. Because the
components offer no resistance 1o sliding and diswraction
movements of the bones on e¢ach other, they transmit only
compressive forces so that long intramedullary spikes are not
needed tor fixation. The small components minimize bone re-
section; there 1s vinually no blood loss so that simultanecus
bilaterzl arthroplasty is simplified. When varus/valgus defor-
mities are passively correctable, limb alignment can be re-
stored to normal without soft-tissuc release. Absence of apa-

ellar flange avoids stress shielding of the anterior distal fe-

mur and the many problems recenily associated with the pa-
tellofemoral joint in tricompantmental arthroplasty.

Clinical trial: Between June 1978 and August 1987, 327
knece replacements were performed, mean follow-up 51
months. Of these, 220 were bicompartmental, 75 medial, and
32 lateral. Fifty-two women and [ 2 men had bilateral arthro-
plasties, whereas 132 women and 43 men had unilateral ar-
throplasties. In all, 219 of the knees were arthrotic and 103
rheumatoid. The average age of the patients at surgery was 66
years and the average weight was 67 kg, Atsurgery, 130ofthe
knees had an anterior cruciate ligament described as normal,
while 116 had damaged or absent ACLs. The PCL was pre-
sent in all the patients.

Survivalanalysis: At August 1, 1988, 301 knees had been
reviewed at least once at spectal monthly clinics; the range of
follow-up time was 2-103 months. Twenty-four had failed,
the Oxford componentis had been removed, and either a more
invasive prosthesis implant or an arthrodesis was performed.
On this basis, at 7 years, the cumulative success rate by the
method of Kaplan-Meier was 88 percent. The incidence of
failure did not depend on age, sex. weight, preoperative or
postoperative alignment. Positive risk factors were found to
be disease and the state of the ACL. At7 years, the cumulative
success rale was 97 percent in theumatoids and 83 percent in
arthrotics. It was 96 percent in knees with a normal ACL and
81 percent in knees in the which the ACL was damaged or ab-
sent,

Clinicai results: Inthe ACL normal group, pain during ac-
tivity was relieved in 93 percent and the flexion limit was re-
duced insignificantly from a mean of 105°to 1022

Discussion: These results indicate that an unconstrained
meniscal bearing prosthesis is not suitable in advanced arthri-
tis after the ligaments have been damaged. Total condylar-
type arthroplasty is now preferred in such cases. However, in
about half the knees requiring arthroplasty, there has been ir-
reversible damage tothe articular surfaces; but the ligaments,
particularly the anterior cruciate, remain intact. In such cases
the meniscal prosthesis provides a conservative, physiclogi-
cal, and reliable treatment. In rheumnatoid arthritis, it com-
petes with total condylar arthroplasty. In arthrosis, many
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knees in which the ligaments remain intact suffer from uni-
compartmental disease when the device competes with tibial
asteotomy. Its freedom from imposed axes of movement, low
wearrates, and the facility to tension the ligaments accurately
makes it particularly applicable to unicompartmental re-
placement,

Uncemented total knee arthroplasty
in young adults

P. 8. Iergensen, C. Olsen, J. E. Varmarken and B. Lund

Depariment of Orthopedics, Rigshospaalet, University Hos-
pital of Copenhagen, Copenhagen, Denmark

Paiients and methods - Totally, 53 uncemented wotal knee ar-
throplasties in 42 patients using porous codted implants
{PCA) were evaluated. The PCA prosthesis was inserted us-
ing the PCA Universal instruments, designed to give good fit
ofbone rothe prosthesis and exact positioning of the prosthet-
w components and reestablishment of correct alignment of
the extremity. The patients were operated on during the peri-
ud 1982-1986. The patients were evaluated clinicafly and ra-
diographically.

Resulty and discussion: Range of motion and pain relief
were good. One patient died during the observation period.
One paticnt had the prosthesis removed caused by ahematog-
enous infection. Another patient was operated on at another
haspital. The prosthesis was neither loose nor infected. No
lovsening of any prosthetic component occurred,

Uncemented PCA arthroplasty provides satisfactory re-
sults in younger patients.

Constrained or nonconstrained total knee
arthroplasty

H. K. L. Nielsen

Depurtment of Orthopedics, University Hospital, Groningen,
The Netherlands

Like the knee joint itself, the design of a knee prosthesis has to
allow flexion and extension movements, as well as tibial fe-
moral rotation. Functioning of the subtalar joint is of greatim-
portance in terms of load transmission of the knee joint.
Because pronation of the foot is combined with abduction,
and supination with adduction of the foot, loading of the leg
with the foot in pronation will result in medial rotation of the
lower leg. as positioning of the foot in supination causes later-
al rotation. These rotational movements mainly take place at
the tibiofemoral level, especially when the knee joint is not
locked in full extension. Therefore, walking on uneven
ground will induce rotational stress on the prosthesis, which
will be transmitted to the bone-cement interface, when not
compensazed for by the prosthetic components. Therefore, a

purely constrained knee prosthesis has to be considered as
less adequate from a biomechanical point of view.

Accurate radiographic assessment of
tibial component migration in Freeman-
Samuelson knee arthroplasty

Lars V. Carlsson, Bjorn E. J. Albrekisson, Michael A. R.
Freeman, Peter Herberts, Leif Ryd and Géran Selvik

Departments of Orthopedics, Sahlgren and Ostra Hospitals,
Guothenburg, Department of Handicap Research Biomateri-
ils Group, University of Gothenburg, Lund University Insti-
tution of Anatomy, and the London Hospital Medical Col-
lege, London, UK

Introduction: Conventional radiography is a rather blunt in-
stroment for early detection of prosthetic migration due o ab-
sence of reference points and different positioning of the knee
during the follow-up (1). Radiostereophotogrammetry
(RSA) gives an accuracy at least 10 times that of ordinary ra-
diography. The method has been used in several swdies of
knee and hip arthroplasties, and is exceltent for scientific use
(2, 3). However, RSA is time-consuming and 1s therefore
hard 10 use in every-day practice. This paper presents a new
method for detecting prosthetic migration that is casier to
handle than RSA, but also with great accuracy.

Materials and methods: In order to minimize the error due
to different positioning of the knee during repeated radio-
graphs and to obtain exact reference points, markers were
placed in the upper tibia and the prosthesis according to Fig-
ure 1.

The bone markers are placed approximately 10 mm in the
vertical line below the matching prosthetic markers, four
pairs of matching reference points are created. The distance
between the two matching markers are measured postopera-
tively and at each follow-up. Subsidence and tilt in the AP and
lateral planes can be detected, The error due to different posi-
tioming of the knee during repeated radiographic investiga-
tions can be calculated. Provided that the difference in posi-

Figure 1.

A~P and lateral view of upper tibia with inserted Freeman-
Samuelson tibial component

1. Prosthetic markers.

2.Tantalum bone markers.
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tioning is less than 1 5°and the focal distance is keptconstant,
the error is less than 0.5 mm. This theoretical calculation was
tested in an experimental situation with known prosthetic dis-
placements. The method has beer used in a prospective clini-
cal study where the accuracy was tested with RSA. So far, 43
knee arthroplasties in 41 patients have been followed 3-12
months with radiographs taken postoperatively and at 3, 6,
and 12 months.

Results: The experimental study showed a good correla-
tion between radiographic results and known prosthetic dis-
placement. The error was less than 0.5 mm for all the cases.
RSA has confimmed thai this is true also in the clinical
study.

Discussion: The described method 1s reliable and very
easy (0 handle and evaluate, with an acceplable accuracy, We
think that it can be used as aroutine method with greatadvan-
tages compared with conventional radiography.
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Micromotion of the tibial component
after PCA total knee arthroplasty

Leif Ryd, Anders Lindstrand, Anders Stenstrom and Goran
Selvik'

Department of Orthopedics and Insitution of Anatomy !, Uni-
versity Hospital, 5-221 85 Lund, Sweden

fntroducrion: The Porous Coated Anatomic (PCA) total
knee prosthesis was one of the first devices utilizing the con-
cept of bony ingrowth into porous surfaces for fixation. We
have used roentgen stereophotogrammetric analysis (RSA)
to measure micromation of the tibial component.

Materials and methods: Twenty cases of knee arthroplas-
ty for gonarthrosis, Stages I1I-V, were followed for 4 years.
Thirteen tibial componenis were inserned without cement,
whereas seven were inserted with cement because of inferior
bone quality. Immediate full weight bearing was allowed. All
the cases except one cemented 1 were successful after 4
years.

Mictomotion of the tibial component relative to tibia was
measured by RSA. The motion was measured longitudinally
from the postoperative day up1o4 years {migration) and, after
1 year, and for noncemented components also afier 2 years in
response 1o external physiologic forces (inducible displace-
ment).

Results: Migration was found, mostly during the first year
inallexcept | cemented case. For the cemented cases (Figure
1), the mean migration was 0.8 mm and for noncemented cas-
es{Figure 2}, |. 9mmat 1 year. After 1 -2 years, 9 noncerment-
ed and 2 cemented cases stabilized (£< 0,05). Inducible dis-
placement was found for all the cases: 0.4 mm for cemented
and 0.7 mm for noncemented cases (P < (.01). After 2 years,
the mean inducible displacement for noncemented compo-
nents was (.6 mm. A correlation (¥ < 0.01) was found be-
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tween the migration after | year and the absolute deviation of
the mechanical axis from the ideal 180° as well as the devia-
tion of the prosthetic position from the ideal 87°in the frontal
projection.

Discussion: The micromotion found for the cemented cas-
es, both migration and inducible displacement, was similar to
that previously found for other types of cemented tibial com-
ponerits, such as the Total Condylar and the Kinematic.

The noncemented components moved downwards, i.e.,



Acta Orthop Scand 1988;53(5): Supplementum 227

subsided, about | mm already during the first week. We be-
lieve this is equivalent to simple impaction cf the prosthesis
with weight bearing. During the remaining part of the first
year, these compenents showed about the same migration as
the cemented anes, and this migration is interpreted to corre-
spond to the healing and remodeling of the prosthetic bed.
After | year, the noncemented components stabilized 10 a
larger extent than the cemented ones, and also to a larger ex-
tent than the previously studied Freeman-Samuelson pros-
thesis. The inducible displacement was also less for the
noncemented PCA prosthesis than for the Freeman-Samuel-
son prosthesis.

We interpret the inducible displacement of the noncement-
ed cases to be incompatible with stable bony ingrowth; in-
stead, 1t indicates a fibrous tissue fixation. When mature, this
interface seems Lo have sound mechanical properties.

Ideal prosthetic positioning and reconstruction of the me-
chamical axis are of importance for a favorable migratory pat-
tem.

Cement-bone interface strength: Influence
of bone strength and cement penetration

(. B. Gathgen, F. Linde, 1. Hvid and P. Kersgaard-Ander-
sen

Biomechanics Laboratory, Orthopedic Hospital, University
of Arhus. Arhus, Denmark

Introduction: The cement-hone interface in knee joint pros-
theses is considered the critical zone at which aseptic loosen-
ing takes place. The aim of the present study was to correlate
the mechanical properties of the cement-bone interface 10 1)
the compressive strength of the trabecular bone estimated
from its stiffness measured by nondestructive mechanical
testing, 2) the bone density determined by CT scanning, and
3) 1he depth of cecment penetration.

Materials and merhods: Cylindric specimens (N = 264)
from proximal tibial epiphyses of 20 pairs of autopsy knees
were used. The stiffness was determined by nondestructive
compression to (1.6 percent strain and the bone density by
quantitative computed tomography. The specimens were ce-
mented toseven different depths of penetration (0.5, 1, 1.5, 2,
3, 4, and 5 mm) verified radiographically. Finally, the ce-
mented cement-bone specimens were allocated to either ten-
sion testing {N = 141} or shear testing (N = 123).

Results and discussion: The tensde sirength and the
shearsirength of the interface correlated with both stiffness
¢ = 0.50/0.53) and bone density (r= 0.60/0.65). The maxi-
mum tensile strength of the interface was reached at a depth of
| mm of cement penetration (Figure 1). Penetration beyond 2
mmcaused no further increase inthe interface stirength, At{.5
mm of cement penetration a clearly reduced tensile strength
was apparent due 10 a cement pull-out mode compared with
trabecular fracture failure mode a1 deeper penetrations. No
correlation was found between the interface shear strength
and the cement penetration, The interface strength in tension
was 2-3 times the strength in shear.
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Figure 1. Mean value ang 2 x SEM are shown,

Calculation of the angular correction in high
tibial osteotomy for medial gonarthrosis

Niels Egund

Department of Diagnostic Radiology, University Hospital,
Lund, Sweden

Radiographic analyses of preaperative and postoperative
whole-limb radiographs of 35 and eight knees treated surgi-
cally for medial arthrosis with wedge or dome osieotomy has
led 1o the following guidelines for calculation of the correc-
tion in tibial osteotomy.

1, During osteotomy, translation in the lateral direction of the
tibial eminence (K ) occurs. The degree of surgical correction
in wedge osteotomies has therefore to be increased by 1°and

in most dome osteotomies by 3 4° These figures may ex-

plain why dome osteotomies are commonly undercorrect-
od.

2. The preoperative degree of varus deformity is reduced for
instability of the lateral compartment. If this is not done, over-
comection may occur. By calculating the sum of the femoral
and tibial condylar angles and taking into account the stage of
arthrosis, lateral instability is assessed to an accuracy of 1°

3. Overcorrection of more than 2°of valgus will result in re-
duction of femorotibial translation. In medial arthrosis with
lateral instability, this reversal of translation accounts for the
phenomenon of increased medial joint space named'cartil-
age repeneration.” Each 3 mm of reduced translation will re-
sult ina funther 1°of overcorrection and each millimeter of in-
creased joint space in another 1.5°

4. Inall 6 cases out of 35 osteotornies in which the overcorrec-
tion exceeded the intended surgical correction (4°of valgus)
by at least 2° the overcorrection was due to underestimation
of the lateral instability.
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Adduction moment about the knee
compared with radicgraphic and clinical
parameters in gonarthrosis

0. K.Svensson, L. Weidenhielm, L.-A. Brostrom, I. Ekholm
and L. Graf

Departments of Anatomy, Karolinska Instiue, Onhopedics,
and Physical Medicine and Rehabilitation, Karolinska Hos-
pital, $-104 01 Stockholm, Sweden

Fifieen patients with medial gonarthrosis grades 1-I11, classi-
fied according to Ahlbick, without symptoms from the hip,
ankle, or opposite knee were selected for this study. The mean
age was 67 years, mean weight 79 kilograms, and mean
height 171 ¢m. Clinical assessment was made according o
the British Orthopaedic Association (BOA) knee function
chart. Radiographic assessment was made from radiographs
af the hip, knee, and ankle in the frontal plane during weight
bearing. Both the Hip-Knee- Ankle (HKA) angle and the me-
chanical axis were determined. The maximum adduction mo-
ment and the adduction moment during midstance were de-
termined with a Kistler force plate and a videorecording sys-
tem. The adduction moment was calculated in newton meters
and normalized to body weight in kilegrams and height in
centimeters. The mean BOA score was 34 (32-37), and the
mean HK A angle was 10°(5-189 in varus. The mechanical
axis was Jocated in the medial compartment of the knee in 10
patients and further medially (i.e., outside the knee) in § pa-
tients. The normalized mean maximum adduction moment
was 0.44 (0.08-0.62), and the normalized mean midstance
adduction moment was (.31 (0.03-0.51). Resulis from this
relatively small series of patients indicate no significant cor-
relation between clinical parameters, magnitude of the HKA
angle, grade of gonarthrosis, and magnitude of maximal or
midstance adduction moment.

Change in adduction moment about
the knee after high tibial osteotomy and
prosthetic replacement in gonarthrosis

L. Weidenhielm, O. Svensson, L.-A. Brostrom and H.
Goransson

Department of Orthopedics, Karolinska Hospital and Depari-
ment of Anatomy, Karolinska Institute, 5-104 01 Stockholm,
Sweden

Foureen patients with moderate medial gonarthrosis — 7 op-
erated an with high tibial osteotomy and 7 operaled on with
unicompartmental prosthetic replacement (Brigham) —
were studied before and 612 months afier corrective sur-
gery. Hip-Knee-Ankle angle (HKA angle) was determined
from long radiographs preoperatively and postoperatively.
The maximum adduction moment and the midstance adduc-
tion moment was determined with a Kistler force plate and a
videorecording systern and normalized to body weight and
height. Moments about the knee were calculated before and

after corrective surgery and compared with the HKA angle,
The mean HKA angle changed from 10 to 2°of varus in the
prosthetic group and from 11°0f varus to 3°of valgus in the
ostentomy group. The mean normalized maximal adduction
moment was reduced from 0.47 to 0.34 inthe prosthetic group
and from 0.47 to (0,26 in the ostectomy group. The mean nor-
malized midstance adduction mement was reduced from 0.31
10 0. 17 in the prosthetic group and from 0.35 to 0.15 in the 0s-
teotomy group. The attempted surgical correction according
to HKA angle was achieved in both groups. The maximum
adduction moment and the midstance adduction moment
were reduced in bath groups after corrective surgery despite
increased walking speed.

The natural course of radionuclide bone
scanning after total knee replacement

B. R. Duus, M. Boeckstyns, C. Stadeager and L. Kjer

Departments of Orthopedics, and Clinical Physiology and
Nuclear Medicine, Hvidovre Hospital, Copenhagen, Den-
mark

fneroducrion: Radionuclide bone scanning {RBS) has in non-
controlied studies been described as being an effective meth-
od for evaluation of total knee replacement. The aim of the
present study was to describe the natural course of RBS after
total knee replacement in a prospective and nonselected pa-
tient material.

Patients and methods: Forty-one patients underwent RBS
after total knee replacement with the cemented Townley
prosthesis, The examinations were done 3, 7, 12, and 24
months after surgery. One patient had loosening of the im-
plant; 32 patients completed the whole study. The mean age
was 6Y years and the female:male ratio was 4:1. The total
scintigraphic uptake was assessed in four grades.

Results: A total of 143 scannings were performed. No sig-
nificant difference between the grades of total uptake at any
of the four examinations could be demonstrated (P =0.20,
Wilcoxan’s rank sum test), Twelve months afier surgery, 20
percent of the patients still exhibited increased uptake; and 24
months after surgery 13 percent had definitely increased up-
take, and 64 and 66 percent, respectively, had marginally in-
creased uptake.

Conclusion: We find that the increased uptake after RBS
that can be seen for a variable and extended period of time
limnits the usefulness of RBS in the evaluation of 1otal knee re-
placement.

The Swedish knee multicenter study
of arthroplasty of the knee

G. C. H. Bauer, K. Knutson and A. Lindstrand

Lund University Departmentof Orthopedics, §-221 85 Lund,
Sweden
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[n 1975, the Swedish Onhopedic Society agreed to report all
arthroplasties of the knee 1o a central data base. All 43 ortho-
pedic departments report preoperative and postoperative da-
ta, complications, and follow-up observations afier 3, 6, and
10 years. The object of this prospective investigation is to
identify good versus poor combinations of prosthesis and

3,700 UNICOMPARTMENTAL ARTHRO-
PLASTIES FOR ARTHROSIS
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Figure 1. Comparison ot early (1976-1980) and late

(1981-1986) series of unicompartmental (lop) and bicompart-
mental/tricompartmental (below) arthroplasties suggests that
reviion within 10 years aftar operations parformed today will be
well below 10 percent.

knee conditions, notably types and degrees of arthrosis and
rheurnatoid arthritis, respectively. Through 1987, 14,000
cases have been reported with a 3- and 6-year follow-up of
over 90 percent. Comparisons with local projects indicate
that minor complications, e.g., transient nerve injury, have
been underreported, whereas serious complications and re-
operations have been almost fully reported.

Atthe 10-year follow-up 0f 2,253 arthraplasties for arthro-
sis, 20 percent of the operations had been complicated: 3 per-
centdeepinfectionand 17 percent mechanical loosening. The
risk of reoperation within 6 years was 13 percent, and the risk
of loss of knee function by arthrodesis or amputation was 3
percent. Certain combinations of endoprostheses and knee
conditions were identified as having a high complication risk;
the project has been analyzed cominually to provide on-line
information to all the participants.

Analysis of the initial 1,000 operations for arthrosis. fol-
lowed for & years, shows that the unicompartmental arthro-
plasty has caused fewer complications than the total knee ar-
throplasty, and there has been a higher proportion of satisfied
patients. Analysis of prosthetic survival of the initial 6,500
cases indicates that the risk of revision of the dominant types
of endoprostheses inserted during the period 1981-86 was
only one haif of that of the period 1975-80. Nearly 50 percent
of the anempts to perform an arthrodesis after a failed pros-
thesis did not result in union, and this fraction was larger with
the larger prostheses and at unils with relatively small num-
bers of patients..

This project will continue because important changes have
been introduced in the latest generation of knee prostheses
without the support of long-term follow-up.

The PCA unicompartmental knee
Anders Stenstrém, Anders Lindstrand and Niels Egund'

Departments of Orthopedics and Radiology ', Lund Universi-
ty Hospital, 5-221 85 Lund, Sweden

fntroduction: Unicompartmental knee endoprostheses have
been in use for 17 years, and in general the results have been
satisfactory, though some criticism has been raised, In the re-
ported materials, however, there are differences in patient se-
lection, diagnosis, and severity of the underlying disease.
There are also differences in the various endoprostheses used
in relation 1o anatomic design and use of guide instruments
and fixation principles,

Materials and merhods: The purpose of this study is to re-
port the early clinical and radiographic results of the PCA uni-
compartmental endoprosthesis. Because the prosthesis can
be used both with and without cement, the results of a ran-
domized comparison with respect ta the use of cement is also
prescnted., Totally, 127 knees were operated on with this de-
vice for gonanhrosis stages 1-3 according to Ahlbéck.

Results: The clinical findings for 84 arthroplasties, with
1-4 years’ follow-up, showed 81 excellent or good results.
The mean postoperative HSS score was 91 points. The mean
postoperative flexion was 124°

There were 3 failures, all with persistent pain on walking.
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Two failures were among 43 uncemented knees, whereas 1
was among the 41 cemented arthroplasties. Four uncemented
arthroplasties had a first steps ™ problem despite good or ex-
cellent HSS score, There were no infections and no clinical
loosening, Reoperation was performed in | case, where a
symptomatic osteophyte was removed,

The pasition of the tibtal component was in the AP view
86.3%2 0°%ideal 87.5% , and in the lateral view 89.1%2 8°
(ideal 907

Discussion: Compared with our earlier Marmor series,
both cemented and uncemented PCA unicompartmental ar-
throplasties showed better results. A cemented arthroplasty,
however. gives better results with a higher frequency of full
pain relief. An uncemented arthroplasty is more technically
demanding and should still be regarded as experimental and
only considered in special situations.

PCA total knee replacement — 3-5-year
follow-up

A. Herrlin, G. Blomgren and U. Lindgren

Department of Orthopedics, Karolinska Institute, Huddinge
University Hospital. S-141 86 Huddinge, Sweden

Introduction. The PCA prosthesis is a semiconstrained total
knee replacement that preserves the posterior cruciate liga-
ment, and which can be used with or without bone cement,
We report 3- and 5-year results from a prospective study.

Patients and methods: We have used the PCA system
since Septernber 1982 at Huddinge Hospital. Cementless fix-
ation has been used when the quality of the bone was consi-
dered adequate.

Inthe first 200 consecutive cases, the diagnosis was degen-
erative arthrosis (A) in 132 cases; 68 were classified as rheu-
mateid arthritis (RA). Cemented fixation of the tibial compo-
nent was used in 19 (14 percent} of the arthrosis cases and 28
{41 percent)of the RA cases. During the follow-up, 8 patients
died and | ubial component was revised. By January 1988, 21
knees had passed the 5-year and 77 knees the 3-year follow-
up.

Results: Clinical findings. Totally 112 of the 1-year, 63 of
the 3-year, and 20 of the 5-year group reported complete or al-
most complete relief from pain. A range of motion of 90°ar
more was reported in more than 80 percent. The results did
not deteriorate between the 3- and 5-year follow-ups.

Radiographic findings. Tibial-component migration or
tilting more than 5°was seen in 15 knees. Incomplete radio-
lucent sones wider than 2 mm were seen in 5 percent of the
cases and appeared nonprogressive after 3 years.

Complications. One patient died postoperatively due to
cerebral embolism. One uncemented ribial plateau in a pa-
tient suffering from RA was revised because of subsidence
after 35 months, Deep vein thrombosis, verified by a phlebo-
gram, occurred in & cases. Superficial wound healing pro-
blems were seen in 5 cases, and all of themn healed with antibi-
otic treatment. Patellar problems, usually due to maltracking

with lateral subluxation, were noted in 5 cases, necessitating
soft-tissue realignment in 2 cases. One pateliar component
was replaced. There were no deep infections.

Conclusion: Most of the complications recorded appear
to be preventable, Uncemented PCA total knee replacement
appears to preserve bone stock and give satisfactory clinical
results, The surgeon must respect the need of precise tech-
nique and careful judgement of bone quality.

Medial and lateral compartment loading of
the knee after Oxford meniscal knee arthro-
plasty — an in vitro study

D. P. FitzPatrick, J. A. Bradley, J. W. Goodfellow and J. 1.
O Connor

Department of Engineering Science, Oxford University, Ox-
ford, England

Ohject: To measure the compressive forces transmitted by
the medial and lateral compariments of the knee in vitro after
Oxford Meniscal Knee Arthroplasty in simulated single-
legged and 1wo-legged stance.

Introduction: In the modern practice of arthroplasty, con-
siderable autention is paid 1o the correct alignment of the im-
plant in the coronal plane 10 avoid overloading either the me-
dial or lateral compartments, However, the relationship be-
tween load distribution and load direction has not been estab-
lished.

Methods and materials: Four anatomically normal speci-
mens were taken at autopsy. Oxford Meniscal Knee prosthe-
ses were implanted in both compartments, care being taken to
ensure that the tibial components lay perpendicular to the tibi-
al axis in the coronal plane. The [oad taken by each comparn-
ment was measured by a flat load cell (Entran) in each menis-
cal bearing. To simulate flexed knee stance, each specimen
was mounted in a 6-degree of freedom rig. The applied verti-
cal load of 8 kg, tending 1o flex the knee, was balanced by ten-
sion in a wire attached 1o the quadriceps tendon. The line of
action of the applied load could be vaned by adjusting the
alignment of the limb in the coronal plane and could be made
1o pass in any plane through the ankle from the medial to the
lateral edge of the knee. For each of the limb alignments, and
hence load directions, the compressive forces in the medial
and lateral compartments were measured over the flexion
range from full extension to approximately 100°,

Results: The table below gives the percentage of the total
compressive force taken by the medial compartment with the
plane of the load acting (a) through the tibial eminence and (b)
medial to the medial compariment, The figures in brackets
give the range of variation from specimen 1o specimen.

For each of the load directions, the ratio of the sum of the
compressive forces (medial and Iateral) to the applied load
varied from approximately unity near full extension (average
1.39 [1.01-1.65]) at 10° of flexion to approximately seven
times the load (average 7.07 [6.78-7.27]) at 0°0f flexion,

Discussion: The Oxford Meniscal Knee is atotally uncon-
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Table 1. Percentage of 1otal compressive farce taken by the medial compartment with the plane of the load acting (a) through

the tibial erninence and (b) medial to the medial compartment

Flaxion Angle 20° 40° 80° B 100°
(@) 45 (34-70) 47 (37-63) 41 (33-52) 39 (32-50) 44 (33-54)
{t) 78 (67-99) 70 (66-87) 59 (52-70) 52 (46-58) 49 (36-59}

strained prosthesis that allows retention of all the ligaments
and also allows the accurate restoration of ligament tension
by the appropriate choice of bearing thickness. The results
obtained from these specimens may therefore have relevance
I the intact joint. The contribution of the lateral compartment
is quite considerable even when the line of action of the load
passes outside the medial edge of the medial compartment.
This would suggest that the variation in the loading of the two
compartments in the presence of quadriceps force is some-
what less than has been previously suggested.

Short-term results of the PCA
total knee prosthesis without cement

A. 1. M. Sauter, N. M. H. Hoefsmit and A. J. Tonino

Department of Orthopedics, Leyenburg Hospital, The Hague
e Wever Hospital, Heerlen, The Netherlands

Introduction: The object of this retrospective study was 1o
evaluate the short-lerm results of the PCA total knee prosthe-
515 without cement.

The PCA prosthesis is an anatomically shaped tricompart-
mental prosthesis that has a porous-coated surface, The kine-
matics of the prosthesis are similar to those of the normal
knee, including free rotation and an automatic screw-home
mavement.

Materials and methods: Since 1983, 35 uncemented PCA
1ol knee prostheses have been inserted with a mean follow-
upof 36 (30-56) months. All the patients were graded accord-
ing to the Insall knee rating system: the position of the pros-
thesis was raeasured, and the incidence of the extent of radio-
lucencies was noted.

Resulrs: The mean preoperative/postoperative total score

PO-score mean 79

Exosilent 12

100, 18,
T r———:
i """""llllllum.F'"z"

Angla vart anet axia maan 8,7 15

was 48.5/78.9 (Figure 1). Twelve patients scored excellent,
19 good, 2 fair, and there were 2 failures. The mean flexion
precperatively/postoperatively was 101 (40-130)/ 99
(45-125). The mean cxtension postoperatively was 0
(0-17).

The mean values of position of the components in relation
to the femoral and tibial axis were ideal, but the standard devi-
ations were large. In one fifth of the knees the femoral tilting
was more than 107, with a maximum of 20° [n most of the
knees, there were small zones of radiolucency, but never
more than 2 mm. Nevertheless, in 3 patients, there was acon-
siderable migration of the tibial component, but this had no
clinical effect.

Complications: In | patient a tuberositas 1ibiae transposi-
tion was performed 2 months postoperatively because of lat-
eral luxation of the patella. In ] patient an arthrodesis was per-
formed because of persistent pain, and in another patient a re-
vision wus necessary because of loosening,

Conclusions: The short-term results of the PCA knee pros-
thesis without cement are good. A stable interface between
prosthesis and bone seems to be possible without cement; but
in the first series the ideal positioning of this prosthesis was
often nat achieved, and this could affect adversely the long-
term results,

Short-term results of the PCA revision pros-
theses in failed knee joint replacements

C. Olsen, I E. Varmarken, P. 8. Jgrgensen and B. Lund

Department of Orthopedics, Rigshospitalet, University Hos-
pital of Copenhagen, Copephagen, Denmark

Patients and methods: In2] patients, PCA revision prosthe-
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Figure 1. Results in 35 uncemented PCA total knge prostheses
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ses were implanted in the period 1984—1988. Fourteen of the
patients were operated on because of loosening, 2 patients
had malalignment and malpositioning, and 5 patients had in-
fected primary implants. In all the patients, bone Joss was
compensated for by the special prosthesis, and additionally
by bone transplants. Fifteen of the prostheses were cemented
withantibiotics added tothe cement. In 6 younger patients the
prostheses were inserted with primary stability and left unce-
mented. All the patients were followed postoperatively witha
median time of observation of 26 months.,

Results: The clinical results were good.

Conctusions: The PCA revision prosthesis is a very good
alternative in the treatment of patients with mechanical loo-
sening of primary arthroplasties and especially in patients
with malalignment and malpositioning, ligamentous imbal-
ance, and excessive bone loss. The combination of bone
transplantation and uncemented prostheses must be the treat-
ment of young patients rather than knee anthrodesis.

Major bone transplantation in total
knee arthroplasty

Anders Lindsirand, Leif Ryd, Anders Stenstréom and
Torbjorn Gustafsson'

University Departments of Grthopedics and Radiology’, S-
221 85 Lund, Sweden

fatroduction The majority of patients in whom a knee ar-

throplasty is indicated can be managed by different kinds of
uni-endoprosthetic or total knee endoprosthetic designs. In
special situations the standard knee endoprosthesis is not suf-
ficient, and revisiontypes are indicated. Whenthis special sit-
uation is combined with excessive hone Joss, minor or major
bone transplantation has to be considered. The aim of the pre-
sent investigation is 1o report the early results of total knee ar-
throplasty in combination with major bone transplantation.

Patients and methods: Five knees in 4 patients were oper-
ated on with the PCA total knee revision endoprosthesis in
combination with major bone transplantation during 1986
and 1987, There were 3 women and | man. The mean age was
66 years. In four of the knees, this was the first surgical proce-
dure due to advanced gonarthrosis (Ahlbiick stage V), where-
as the remaining knee was a revision from a failed Marmor
knee arthroplasty. The condyles (four tibial and one femoral)
were transplanted by an autogenous bone graft covering at
least 50 percent of the surface and fixed by screws. The revi-
sion prostheses were always cemented.

Resudts: All five knees have had a successful outcome after
1-2 years. The Baver score had 4 patients as satisfactory and |
as acceptable. Scintimetry showed major bone remodeling,
and roentgen stereophotogrammetry showed stable im-
plants.

Discussion: In these highly destroyed knees, even an ar-
throdesis would have been a possible alternative. With this
background, it is important to emphasize that all the knees
could be managed by a surface type of replacement, and that
during the same time period no stabilized knee endoprosthe-
sis has been used by our group. At surgery, all of these knees

had excessive bone loss that had 10 be compensated for. Ce-
ment spacing has had drawbacks and is biomechanically un-
sound. The major autogenous bone transplantation per-
formed here was stabilized by screws: and a cemented long-
stemmed tevision type of knee endoprosthesis, with many
different sizing options, was used. The early results are pro-
mising,

A new surgical approach to the knee
G. P. H. Hermans, P. Poclman and L. Blankevooert

Department of Crthopedics, 8. 5. H., Hilversum, The Nether-
lands

The purpose of this paper is to describe a new surgical ap-
preach 1o the knee for ACL reconstruction and biomechani-
cal experimems that support certain elements in the proce-
dure. In this procedure the donor-site defect in the patellar
tendon is used to enter the knee.

By this approach not only a patella tendon graft can be easi-
ly put into place in an exact ispmedric position, but also neces-
sary additional surgical interventions can be performed, such
as meniscectomy, meniscus reconstruction, and notch plasty.
An isometric position of the ransplant can be achieved by an
inside-cut drilling procedure of the femoral tunnel and by the
use of that test ligament. In this manner the isometric fixation
points can be identified before drilling the tunnels. Biome-
chanical experiments in pig cadaver knees have also proved
that closing of the defect in the patellar tendon does not add
tensile strength to the extensor mechanism, but has only dis-
advantages, such as creating patella baja and extra tension in
the retinacula. In this procedure the defect in the patellar ten-
don is left open and only covered by athin layer of fascia that
has been spared at the beginning of the operation.

The main advantage of this technique is that an extensive
arthrotomy and luxation of the patella during the operation
can be avoided, and the profit of this is abvious in terms of re-
habilitation. Expertence of 85 cases showed no complica-
tions from the area of the defect during rehabiliation or later
on.

Noninvasive evaluation of the knee:
Correlation with anatomic findings,
histology, and MR imaging

J.M. Feron, . Y. Lazennec, F. Paraire, E. Schouman-Claeys
and G. Frija

Departments of Orthopedics, R. Poincare Hospital, Universi-
ty Paris V, Garches, Radiology, R. Paincare Hospital, Garch-
es, and Anatomy, La Pitie Medical School, University of Par-
is VI, Paris, France

Thinty fresh cadaver knees were imaged with magnetic reso-
nance (MR}, and then a gross and histologic examination was
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performed. MR images were obiained with a 0,5 T supercon-
ducting imager. In sagittal and coronal planes, a spin-echo se-
quence produced contiguous 4-mm-thick images emphasiz-
ing T1 tissue characteristics. All the knees underwent surgi-
cal examination by an anatornist and orthopedic surgeon; on
27 normal menisci at the gross evaluation, 9 surgical radial
sections were made perpendicular to the horizontal anatomic
plane of the meniscus and each of them was stained for micro-
scopic examination, The cruciate ligaments (ACL-PCL) and
the hyaline cartilage were also studied. MR images and histo-
logic stages were separately evaluated by two radiologists
and a pathologist in a prospective blind protocol. All the data
were recorded on a computer and results are evaluated on
R.O.C.curves, The accuracy of MR technique is high for car-
tilage evaluation; a very small lesion can be missed. The sen-
sitivity of the method is 89 percentand the specificity 100 per-
cent. For the meniscus evaluation, in comparison with gross
examination, the sensitivity of MR was around 70 percent and
the specificity 90 percent. In 14 of 25 normal menisct at the
surgical evaluation, ahigh signal intensity was identified; and
inthese knees the histologic examination showed abnormali-
ties. It is interesting to consider the 100 percent correlation of
histologic lesions and MR signal intensity in menisci without
magroscopically visible tears. This study shows the advan-
tages of a noninvasive method to evaluate the knee joint and
the good predictive value of MR imaging. Gross examination
of the menisci (surgically or arthroscopically) cannot com-
pletely ehiminate a degenerative lesion,

Normal patellofernoral biomechanics
analyzed by MRI

U. M. Kujala', K. Osterman®, M. Kormano®, M. Komu? and
D., Schlenzka®

Sports Medical Research Unit', Turku, Orthopedic Hospital
of the Invalid Foundation?, Helsinki, Department of Diagnos-
tic Radiology®, University Central Hospital, Turku, Fin-
tand

Introduciion: Patellofemnoral incongruence can predispose
10 patellofemoral chondromalacia, arthrosis, and to patellar
subluxation and dislocation. Axial plainradiographicevalua-
tion of the pateliofemoral incongruence requires knee flexion
of at least 25-3(0°. The normal position of the patells in 0°
knee flexion and the normal patellofemoral biomechanics
during the first 30°f knee flexion is not known exactly, even
though it is supposed that biomechanical faults already below
30°of knee flexion can have clinical significance for the de-
velopment of patellofemoral disorders.

Materials and methods: Ten males and 10 females with-
out knee symptoms were examined. Both sagittal and axial
MR images were produced from the patellofemoral joints
with the knee flexed 0, 10, 20, and 30 degrees. The axial imag-
es were produced through the middle of the patellar articular
cartilage. Special equipment was used to support the knee ta
predetermined flexion angles and to maintain the forefoot ina
vertical position, Different patellofemoral indexcs were
measured from the MR images using a computer-assisted
system.

meo P Lar
LPT - (+

Figure 1. LPT: taterai pateliar tilt; CA: congruence angle.

Results und discussion: When the knee was in extension
the sulcus angle was greater (£ < 0,.001), the lateral patellofe-
moral angle was smaller (P < 0.001), there was more lateral
patellar displacement (P < 0,001}, the patella tilted more lat-
erally (LPT; Figure; P <0 .001), and the congruence angie
{CA; Figure) directed more laterally (P < 0.001) than in 30°
flexion. Some differences between males and fernales were
recorded.

CA was negative (open medially) for one male and no fe-
male whenthe knee was extended. The corresponding figures
were6/4in 10°0f knee flexion, 7/6 in 20%of knee flexion, and
9Min 30°ofknee flexion. In30°ofknee flexion , CA was zero
for 1 male and 1 female. During active isometric quadriceps
muscie contraction with the knee in extension, LPT de-
creased (£ < 0 .01), but the patella moved either medially or
laterally.

MRTisasafe and useful tool in evaluating the patellofemo-
ral biomechanics during the first 30°of knee flexion. At the
beginning of the flexion the patella normally lies laterally ina
somewhat tilted position, bul moves to a congruent position
during the first 30°of knee flexion.

Laong-term follow-up of patients operated on
for recurrent dislocation of the patella

A. Ambjémsson. L. Ryd, N. Egund', 0. Rudling' and A.
Riinow?

Depanments of Orthopedics and Diagnostic Radiology',
University Hospital, Lund, and Department of Orthopedics?,
Central Hospital, Kristianstad, Sweden

Introduction: Recurrent dislocation of the patella has been
reated with well over 100 different types of operations most
of which, however, are modifications or combinations of
about 10 basic procedures. Early resulis regarding stabiliza-
tion of the patella are often encouraging, but less is known
about the long-term, overall condition of the operated on
knees. The purpose of this paper is to report the status of kniees
operated on because of a dislocating patella after a long-term
follow-up.

Patients and methods: Fifty-one knees, previously oper-
ated on at the Department of Orthopedics in Lund were evalu-
ated clinically and radiographically 15 (6-35) years afterthe
operation, The age of the patients at follow-up was 37
(28-72) years. About half of the patients were operated on
with a transferof the tibial tuberosity medially and/or distally.
Other procedures included release of the lateral capsule, du-
plication of the medial capsule, and distal-lateral advance-
ment of the vastus medialis.
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Results: Most patients gained stability of the patella after
the operation, but 1 of 10 did not improve atall. Atthe follow-
up, less than 2 of 10 were free of pain. The mean Lysholm
scure was 72 (20-100) pownts, and the mean activity level was
3 (1-7). Half of the patients had developed patellar arthrosis.
The results of the different operalive procedures were ap-
proximately the same.

Conclusions Despite an acceptable degree of success re-
garding patellar stability, the s1atus of these knees after long-
term follow-up was poor in most cases, and the patients were
compensated by a decrease in the activity toa level supported
by their bad knee(s). From this point of view, the problem of
the dislocating patella does not seem 1o be solved.

Hadiographic assessment of the patelio —
femoral joint — normally and after surgical
treatment for recurrent dislocation

of the patella

N.Egund, O. Rudling_R. Steckerup. A. Ambjdmsson and L.
Ryd

Departments of Diagnostic Radiology and Qrthopedics, Uni-
versity Hospital, $-221 85 Lund, Sweden

The long-term results of surgical treatment for recurrent dis-
location of the patella (RDP)de not appearto be optimal, and
almost half of the knees in our series of 51 knees had arthrosis
of the patellofemaral joint 15 years {mean) after treatment
{see previous abstract).

Therefore, we analyzed these 51 knees for abnormal posi-
tions of the patetla and compared them with normal patellas
by means of four different radiographic methods for determi-
nation of patellar height (1, 2, 3, 4). Also, the degree of exter-
nal rotation of the foot and femoral-tibial end rotation was as-
sessed, using fluoroscopy and CT.

Resuits: The Insall index (3) is not adequate for evaluating
patellar height, and another two methods (1, 4} are influenced
by anatomic variations and joint laxity, Therefore, a new
method is proposed (2). A variety of abnormal positions of
the paiella were recorded, but no correlation with the devel-
opment of arthrosis was found. In most knees with RDP, there
wis an abnormal, increased external rotation of the lower leg
and abnormal end rotation of the knee,
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Late results in high tibial osteotomy related
to mechanical axis deviation recorded at
3-month follow-up examination

Pekka J. Jokio and T. Sam Lindholm

QOrthopedic Hospital of the Invalid Foundation, Helsinki, Fin-
land

fntroduction: A previous study suggested that the mechani-
cal axis (M.A.) deviation observed at the earliest postopera-
tive time permitting measurement (afier 3 months) might
have predictive value as to late clinical results. A study has
now been made of the age dependence of this predictive
date.

Materials and methad: Series A: 66 knees (43 male and 23
female patients, 2874 years) with varus deformity, Series B:
16 knees (9 male and 7 female patients, 17~76 years old) with
vaigus deformity. Clincal 3—4-year resuits were assessed ac-
cording to Freemarn and graded 100 = good, 85-95 = fair, <85
=poor. A"favorable range™ (22°in width) of 3-month MLA.
was sought in both series, cantaining no poor results. The fre-
guency of poor results within/outside the said range was sta-
tistically tested.

Results: For Series A (varus cases) the favorable range lay
mostly, and for Series B {valgus cases} totatly, in the area of
valgus deviation at 3 months, showing linear shift of respec-
tively 2°%and 0.5°per 10 years in the valgus direction. The fre-
quency of poot results ditfered significantly (#< 0.001, chi-
square) in Series A between the cases within vs. outside the
favorable range () vs. 31 percent).

Conclusions ' The status (M.A. deviation) of the knee 3
months after surgery appears to fumish good indication of the
degree of ultitnate success in correction of hemiarthrosis. Ob-
viously the objective 10 be achieved p.p.i. is overcorrection
(upronearly 10°valgus deviation at high age) when correct-
ing varus malalignment, and slight undercorrectinninall the
cases of valgus malalignment.

Hydroxylapatite-bioglass compaosite
as knee condyle prosthesis in the rabbit

E. A. Suominen!, R.-P. Happonen, A. Yli-Urpo and A. 1.
Aho!

Department of Surgery', University Hospital of Turku, and
Institute of Dentistry, University of Turku, Turku, Finland

Introduction: Earlier studies have demonstrated bioactive
bone-bonding behavior of bioglass and calcium-phosphate
ceramics. Our preliminary studies of a new composite con-
sisting of hydroxylapatite (HA) and bioglass (B) gave en-
couraging results with regard 1o its capacity to enhance calci-
fied tissue formation and to create firm bonding with bone.
Therefore, an experimental study was done to find out if this
HA-B composite could be used as a prosthesis and coating
material in aknee condyle prosthesis under functional service
conditions.

Materials and methods: A condylar prosthesis with a gold-
palladium metal frame and HA-B bulk was created, lisarticu-
lar surface was coated with 2 B layer {100-200 pum) and HA-
B composite (300-500 pm) was sintered on the surface
against bone. Twenty-¢ight prostheses were implanted to re-
place the medial femoral condyles of 22 rabbits (36 months,
3.34.0 kg) under general anesthesia. The animals were
killed after 3, 6, and 12 weeks. Chinical, radiographic, and his-
tologic examinations, as well as SEM and EDAX analyses,
were bsed to evaluate the results,
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Results und discussion' Ten successful cases with un-
hrcken, fixed, and functionally working prosthescs were
found. Eighteen failures were the result of postoperative in-
fection (8 cases) and improper initial fixation of the prosthe-
sis. In successful cases, histologic examination showed new
bone formation with focal arcas of tibrotic tissue in the inter-
face between the prosthesis and femoral bone surface.
Marked corrosion was found in the HA-B layer of the pros-
thesis by SEM. Despite the low successful rate obtained, we
consider the new HA-B composite as a promising coating
material for implants of various purposes.

Central cancellous graft of the leg for
long-standing pseudarthrosis of the tibia

W. ). Rijnberg and B. van Linge

Department of Onhopedics, University Hospital Rotterdam,
Rotterdam, The Netherlands

Introduction: The treatment of pseudarthrosis of the tibia
may fail because infection and abone defect form obstacles 1o
union. A method of bone grafting was developed that works
irrespective of the length of the tibial defect and does not lead
to recurring infection,

Parients and methods: Forty-six patients presented with
47 pseudanthroses of the tibia, All but 2 of the paticnts were
referred from other hospitals, with 4 mean interval after the
accident of 3 years. An AO plate had been used in 28 legs,
Deep infection was present a1 the time of admittance or had
heen present in 34 legs. The mean number of operations that
had been performed before was 3.8 (0-10). In 17 patients the
pseudarthrosis had been considered untreatable and amputa-
tion had been recommendel. All the infected patients had
poar skin cover over the subcutaneous surface of the tibia.
When infection was present, all the necrotic bone and soft tis-
sues were removed with a wide excision. Complete removal
of bone and soft tissues with a marginal viability was deemed
important evenif this meant creating a larger bone defect. The
wounds were left open. The tibia was reconstructed through a
lateral approach between the peroneal muscles and the long
extensor, The interosseous membrane was dissected from the
tibia and fibula and moved dorsally. The tibial and fibular sur-
faces were roughened with a gouge, and the space between
the tibia and fibula was filled with long cancellous strips from
the posterior iliac crest. In the cases of a proximal pseudar-
throsis, the proximal part of the membrane was excised, care-
fully saving the anterior tibial vessels and the peroneal nerve.
The legs were stabilized in a long walking plaster and the pa-
tients were treated with oral anticoagulants.

Resulrs: The average time to union was 6.5 (1.5-24)
months, Twa patients were grafied twice. One leg was ampu-
1ated. Knee movement was only slightly restricted. Ankle and
foor movements were usually severely restricted at the time
of admittance, but recovered 1o a useful radius. Apart fromthe
one amputation because of recurring infection, no deep infec-
tion occurmed. Especially in the defect pseudarthrosis, the

graft developed into a cortical bone forming a marrow cavi-
1y,

Conclusion: Central grafting of the leg is a dependable
procedure.

Normal fracture healing in the tibial shaft
imaged by magnetic resonance

Ole Bostman, Erkki Laasonen, Antti Kyré and Ossi Korho-
la

Department of Orthopedics and Traumarclogy and Depart-
ment of Radiology, University Central Hospital, Helsinki,
Finland

Introduction: Magnetic resonance imaging (MRI) is sensi-
tive 10 flow and to changes of the molecular environment in
the tissues. Because of these characteristics, it could be ex-
pected to be able 1o detect deviations in biologic processes,
such as long-bene fracture healing. But before it will be possi-
ble toevaluate MR] as a diagnostic method in this respect, the
MRI appearance of normal fracture healing has to be estab-
lished first. Delayed union isstill a problem associated partic-
ularly with fractures of the tibial shaft. In this study the tibial
shaft fracture was the subject of the MRI scanning.

Patients and merthods: Serial MRI scans were 1aken of 6
randomly chosen adult patients with sofitary, closed fractures
of the tibial shaft at 1-month intervals until union of the frac-
ture occurred. The treatment of the fractures was conserva-
tive by c¢losed reduction and immobilization in a long-leg
plaster cast, An ultra-low field 0.02 T {1esla) magnet equip-
ment with two imaging modalities generating predominantly
and less T,-weighted images, respectively, was used. Trans-
verse, coronal, and sagittal plane images were obtained, and
the opposite uninjured leg was always scanned simultaneous-
Iy for comparison.

Resulis: All the studied fractures tumed out to heal nor-
mally, the mean clinical union time being 14 (10-18) weeks.
The MRI observations common toall the patients were as fol-
lows: The intramedullary cavity initially showed a marked
decrease of signal intensity on the less T,-weighted scans,
probably because of interruption of the intramedullary vascu-
lar flow. In the cortical bone of the fractured section of the ti-
bia, there was a slight gradual increase of the signal intensity,
In the surrounding soft tissues the signal intensity was initial-
ly high due to the fracture hematoma and swelling, but de-
creased considerably within 1 month. A1 2 months the softtis-
sues showed a nonhomogeneous, granular appearance with
embedded low-intensity nodules. These corresponded to the
first calcifying areas of the maturing callus as could be seen
on plain radiographs not until several weeks later.

Conclusions: Serial MR1 scans of the healing of tibial
shaft fractures normally revealed acharacteristic sequence of
events compatible with what is known about the histomor-
phology of fracture healing. MRI seemed 1o be able to dem-
onstrate caleification of callus earlier than plain radio-

graphs.
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Ankle and foot

Roentgen stereophotogrammetric analyses
of operated on ankle fractures

Nils Dalén, Gisran Selvik', and Torbjidm Ahl

Karolinska Institute Department of Qrthopedics, Danderyd
Hospital, $- 132 88 Danderyd, and Department of Anatomy',
University of Lund, §-221 85 Lund, Sweden

Internal fixation with wires. staples, and pins is probably the
technigue most often used for ankle fractures in Sweden. The
aim of this prospective study is lo analyze, roentgen stereo-
photogrammetrically, the posioperative ankle stability and
the ankle mortise mobility 18 months after operation. Thirty-
two supination and 28 pronation injuries were randomized to
either weight bearing immediately postoperatively (n 30) or
from the fourth postoperative week (n 30). During operation,
tantalum bone markers were insened into the ankle mor-
tIse.

Results: Stercophotogrammetric analyses revealed only
small movements in the ankle mortise during fracture heal-
ing. A greater mean dorsal translation ((.8/- 0.1 mm) and out-
ward rotation (2.3/0.5 degrees) of the fibula were found
among pronation compared with supination injuries. but the
clinical results did not differ. No differences were found be-
tween ankles with (n 9y compared with those without (n 15)a
ruptured deltoid ligament, indicating that repair of the liga-
ment is not necessary. Early and late weight bearing did not
differ.

Analyses of the ankle mortise mobility showed an in-
creased rigidity in the fractured ankles (n 57) compared witha
reference group of uninjured ankles {n 7). This rigidity was
not influenced by type of fracture or time when weight bear-
ing was allowed. No differences were found between ankles
witha brokenstaple (n 12) compared with those with an intact
staple {n45). Thus, extraction of the osteosynthesisdevices is
1In mosl cases not needed.

The stabilizing effect of the Watson-Jones
reconstructive procedure on lateral hindfoot
ligament lesions: An experimental study

P. Kjzrsgaard-Andersen, J. O. Spjbjerg, I. O. Wethelund, P.
Helmig and F. Madsen

Biomechanics Laboratory, Orthopedic Hospital, University
of Arhus, Arhus, Denmark

Introduction: The aim of the presemt experimental study was
10 clarify the stabilizing effect of the Watson-Jones recon-
structive procedure on movements in the hindfoot joint com-
plex after a lesion to the anterior talofibular ligament and the
calcaneofibularligament, with special interest for the 1alocal-
caneal joint.

Materials and methods: The experiments were carried out
on six ostealigamentous specimens. A kinesiolagic testing

device with potentiometers and strain gauges was used. The
modified Watson-Jones procedure was performed by using
the peroneus brevis tendon left inserting in the fifth metatar-
sal bone. The tenodesis was performed with the hindfoot
joints in the neutral position,

Results and conclusions: Following the Watson-Jones
procedure, restriction in movements was recorded for all di-
rections measured except external rotation and dorsiflexion,
where no stabilization of the ligament lesions was shown for
the total hindfoot joint complex or for the talocalcaneal joint.
‘The study demonstrates the Watson-Jones procedure s abili-
ty to restrict normal movements in the hindfoot joints. This
accords with clinical experience. Moreover, instability in ex-
ternal ratation known to follow a lesionto the calcaneofibular
ligament is neither reconstructed in the hindfoat joint com-
plex nor in the talecalcaneal joint.

Activity of the peroneal muscles, the mainte-
nance of balance, and prevention of inver-
sion injury ofthe ankle: An electromyograph-
ic and kinematic study

B.vanLinge

Department of Orthopedics, University Hospital Rotterdam
The Netherlands

Introduction: Gait analysis with electromyography and pho-
wgraphy was performed 1o detect the forces that stabilize the
ankle and secure balance in walking individuals.

Subjects: The electrical activity of all superficial leg mus-
cles was sampled with surface electrodes at speeds of 2, 3, and
5 km/h in 20 subjects walking on a moving belt. The walking
ndividuals secured their balance either by external support
(hand on railing) or by natural forces. Walking cadence and
photographic registration were guided by electronic means
once the natural cadence was established.

Results: When the subjects secured their balance by exter-
nal suppon, the activity of flexors and extensors of the foot al-
ternated during the stance and sway phase of the walking cy-
cle. Activity of the peroneus longus and brevis muscles was
absent,

When balance was kept in 2 natural way, there were strong
bouts of synchronous activity of the peroneus longus and the
extensor digitorum longus muscles in the stance phase. A
contraction of these muscles shifts the weight-bearing areato
the medial structures of the foot and correction of balance in
the frontal plane occurs, moving the center of gravity lateral-
ly. Altematively, the tibialis anterior muscle was active inthe
stance phase, lifting the medial border of the foot, thus shifi-
ing the weight-bearing area o the lateral border and moving
the center of gravity in a medial direction, Balancing activity
might be absent for several steps.

Conclusion: The peroneus longus and brevis and extensor
longus muscles are responsible for maintaining balance in the
stance phase. Because they are active in pant of the stance
phase only and are sometimes inactive during several steps,
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the foot is not guarded against inversion injury of the ankle by
muscle activity of the peroneal groop (1), Training the indi-
vidual to use the peroneal muscles in the prevention of inver-
sion injury of the ankle has a negative effect on the mainte-
nance of balance. When the normal foot is placed on a flat sur-
face, it is stable, Each individual can protect the foot against
inversion injury by watching its step.
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The distribution ot bone strength
at the distal tibia and fibula

Karsten Krener, Niels Christian Jensen and Ivan Hvid

Biomechanics Laboratory, The Orthopedic Hospital, Uni-
versity of Arhus, Arhus, Denmark

Introduction: Total ankle arthroplasty has not gained wide-
spread acceptance because of an unacceptably high rate of
mechanical loosening, especially of the tibial component,
fram 16 1o 30 percent. Only a few studies on trabecular bone
strength ai the ankle joint have been published. And as far as
we are aware, no studies of the distribution of bone strength
between the malleaii and the central tibia have been carried
out, To determine whether an increasing amount of prosthet-
ic-bearing bone would add appreciable strength to support
ankle prostheses, a study on the penetration strength pauterns
of the malleati and the central tibia was carried out.

Materials and methods: Eight distal tibial specimens were
obrained at autopsy (mean age 72 [49-87] years). All the pa-
tients were mobile prior ta death, The central part of the tibia
was measured at 18 locations evenly distributed over the joint
surface. The malleoli were measured at seven measuring
points evenly distributed over the joint surfaces, The cartilage
at the measuring points was removed before testing, A point-
ed needle, with a 90°cone, a 2.5-mm projected diameter, and
the shaft milled to 2.3 mm to avoid friction along the shaft,
was forced into the cancellous bane at right angles to the re-
section surface. A depth-farce curve was obtained. The initial
1.5 mm of the curve, representing increasing contact with the
measuring profile, was disregarded. The next 6 mm was di-
vided into three 2-mm intervals. Strength data are reported as
average penetration strength = force average over the 2-mm
intervals/projected area of the measuring profile.

Resuits: The bone strength profile at level one at the cen-
wral tibia had peaks at the anterolateral and posteromedial are-
as at the central part of the tibia; this pattern was mare or less
recognized through all levels. At the Jateral malleolus a high-
strength area was located at the anterior border. No constant
strength pattern could be recognized at the medial malleofus.
The average strength ratio between both the malleoli and the
central tibia was 0.9:1. There was a significant reduction in
bone strength with depth through all levels in all parts of the
ankle joint (Smdent s paired test).

Discussion. In estimating the prosthesis-bone contact ar-

ea, the ratio between both the malleoli and the central tihia is
found o be approximately 0.3: 1 and the average ratio of bone
strength between both the malleoli and the central tibia is ap-
proximately 0.9:1. Based on the assumptions above, the re-
sults indicate that an increase in the load-bearing capacity of
about 2{-30°could be ohtained by extending the tibial com-

ponent of the ankle joint prosthesis 10 cover the malleodi. The
reduction of bone strength with increasing disiance to the
Jjointsurface indicates that great care should be 1aken whenre-
secting in preparing for the implantation of the prosthesis.

Total ankle joint replacement:
A clinical follow—up

Niels Christian Jensen and Otto Sneppen

Orthopedic Hospital, University of Arhus, Arhus, Den-
mark

Introduction: In the past 10 years, total ankle arthroplasty has
been a realistic ahernative (o arthrodesis. The advantages of
total ankle arthroplasty are rapid remobilizatien, no need of
splinting, and, because joint motion is preserved, no increase
in the mechanical stress of the neighboring joints; especially
the patients with rheumatoid arthritis would benefit from
this.

Patients and methads: Richards” TPR type of total ankle
joint replacement was employed in thirty ankles in 25 pa-
tients. Al follow-up, 2 patients were dead, 5 patients weregx-
cluded because of 100 short a follow-up period. For follow-
up, there remained 23 ankles in |8 patients, with a mean age
of 62 (37-77) years; 21 ankles had RA and 2 arthrosis. The
average follow-up was 5 (3-7) years, The maximum score for
function was 50 points, for pain 40 points, and 10 points for
motion.

Results: The average preoperative/postoperative score
was 19/29 for function, 12/32 for pain, and 2/2 for movement.
Seven ankles were 1otally and another seven significantly re-
lieved of pain. The average walking distance was improved
from 260 meters preoperatively to 975 meters postoperative-
ly.

Discussion: In view of our results and results reported by
others, we conclude that the overall results of ankle joint re-
placements when compared witharthrodesis {1, 2) are so poor
that it will only be indicated ina very few and carefully select-
ed cases. Unless design and method of fixation are improved,
noteventhe RA patients, who have slightly better results than
the arthrosis group, should be offered this procedure before
considering arthrodesis,
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Tendinitis: Preliminary evaluation with MRI
and soft-tissue radiography

B.Briand'.J.L.Husson', A. Rochecongar?, Y. Gouriff’, R.
Duvanferrier’ and L. Frocrain®

Departments of Orthopedics A', Functional Exploration?,

and Radiology”, Rennes Hospital, Rennes, France

Introduction: MRI is a noninvasive modality that allows
high-contrast imaging of the tendons ¢ 1, 2, 3, 4). We prospec-
tively compared MRI with radiography using mammagraph-
ic technique (5) in 14 patients with tendinitis of the Achulles
tendon or the patellar tendon.

Patients and methods: Founeen sportsmen with clinical
tendinitis were evaluated. Nine had Achilles tendinitis and 5
had a tendinitis of the patellar tendon. The mean age was 31
years. All the patients had a radiograph and MRI within 3
weeks. MRI was performed with a (.35 tesla superconduct-
ing unit using spin echo pulse sequence in T-weighted con-
trast ¢ TR 500 ms/TE 26 ms). We compared each tendon with
the tendon of the opposite side. Both examinations were sep-
arately interpreted without clinical knowledge . Four patients
underwent an operation.

Results and discussion: At MR the results were three nor-
mal tendons, five cases with tendinitis, and six partially rup-
tured tendons with an exact location of the rupture. Radio-
graphically, the resulis were three normal tendons, eight cas-
es with tendinitis, and three partially ruptured tendons. Four
patiems were operated on, and the rupture was confirmed. All
the operated on patients had a correct MRI diagnosis; the tup-
ture was found-only in 2 patients using radiography. There are
not enough patients in this study to definitively and statisti-
cally draw a conclusion, but MRE appears 1o be a modality of
choice far studying the pathologic tendons. [t is anoninvasive
examination that gives a precise diagnosis of the pathology
and eliminates other pathology by showing the other anatom-
IC SruCtures.,
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The late result of Achilles tendon ruptures
W, Schlickewei, E. H. Kuner and B. Neumann

Department of Traumatology, University of Freiburg, D-
7800 Freiburg, FRG

Introduction: The number of Achilles tendon ruptures has in-
creased in recent years. An important reason for this is the
steady increase of sports activities, Ten years ago, we operat-
ed on about 10 patients annually with an Achilles tendon rup-

ture, whereas inthe past year, we operated on 25 patients with
the same condition.

Patients and methods: We report 273 cases of Achilles
tendon rupture between 1970 and 1985, The proportion of
athletes was about 7 percent, and the cause of injury mostly
soccer and other ball games, Complete subcutaneous rup-
tures were found in most cases. When possible, wechose the
tenosuture, with a tenoplasty of the M. plantaris; in the other
cases, we operaled withdirect suturing, whereas in a few cas-
es, wet [wisted a flap from the proximal tendon stuwmp 180°
{Umkipplastik). The complication rate after operation was
low. No reoperation was necessary. Postoperatively, we used
a below-knee plaster for 7-9 weeks followed by mobilization
by intensive physiotherapy.

Results and discussion: A follow-up about 4 years after
operation showed good functional results, but 20 percent of
the patients had muscular atrophy of the lower leg of 1.5-2
cm. We assume that muscle training after removal of the
plaster is very important for the late result. Afier intensive
postoperative physiological training, the patiénts are fully re-
habulitated and are able to engage again in their sports activi-
ties. We found no significant difference between the different
methods concerning late results.

In vitro studies of a new method of
Achilles tendon repair

Jan Szther and Niels Mortensen

Department of Orthopedics, Hoistebro Hospital, Holstebro,
Denmark

Introducrion: The mechanical factors in Achilles tendon re-
pair have been studied, and a new design for increasing the
tensile stirength of the repair has been developed. The new
technique does not consirict the blood supply of the ten-
don,

Materials and methods: Laboratory experiments were
carried out to modify a continuous six-stand suture (C58S)
technique for Achilles tendon repair.

Ten tests each of Bunnell, Mason, and CSS8S tendon repair
were carried out. The tensile strength was measured in aten-
siometer, and the gaps appearing between the tendon ends un-
der Joad were measured. A Ticron® 0 suture was used in all
the cases.

Resuits: In the autopsy study, the Bunnell suture had a ten-
sile strength of 7.7 (5-11) kg, the Mason suture 4.5 (2-6) kg,
and the CS8S suture 26.3 {16-30) kg. The gap between the
two tendon ends at a load of 6 kg was on an average 19 mm
when sutured by the Bunnell methed, more than 30 mm by the
Mason method, and 4 mm by the CSS5 method.

Conclusion: A continuous six-stand suture of a tenoto-
mized Achilles tendon had three times the tensile strength,
and minimized the gap between the tendon ends to one fourth
in comparison with the Bunnell and Mason techniques.
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Synovial changes in ankles with
chronic |ateral instability

Eilif Larsen and Antonio Aru

Departments of Onthopedic Surgery T and Pathology, Gen-
tofte Hospital, Copenhagen, Denmark

The histopathologic synovial changes were prospectively
swdied in 70 patients with 75 ankles having clinically and ra-
diographically verified chronic lateral ankle instability. After
vperation with a peroneus brevis tenodesis, all, except 1 pa-
tient, claimed 10 have benefitted from the operation, The mi-
croscopic changes were divided into degrees of none, slight,
moderate, and extreme.,

Resultsand discussion. Twenty-eight of the 75 ankles had
moderate or extreme degrees of synovitis. The degrees of an-
kle instability did not influence the severity of the changes.
The degree of synovitis was more pronounced among men
than among women, but the difference was not significant.
Factors that significantly influenced the degree of synovitis
were 1) duration of instability of more than 48 months, 2) ac-
companying degenerative changes, such as old bony avul-
sions, calcifications, chondral fibrillation, and clefts, and 3)
ankles having continuing stress and load applied, i.e., sports-
active patients.

To reduce symptoms and possibly prevent the develop-
ment of arthrosis, we recommend ligamentous repair in ac-
tive patients suffering pain in connection with long-standing
lateral instability and with degenerative changes in or around
the ankle joint.

Chronic ankle instability and
peroneus muscle function

Eilif Larsen and Poul Martin Lund

Department of Orthopedics T, Gentofie Hespital, Copenhag-
en, Denmark

Introduction: [n the treatment of chronic lateral ankle insta-
bility, the use of the peroneus brevis tendon is described in
many operative methods, but very little is known about the in-
fluence on the peroneal muscle activity. The aim of this study
was to evaluate the function of the peroneal muscles before
and after a static and a dynamic repair.

FPatients and methods: There were 33 prospectively stud-
ied patients with chronic lateral ankle instability. Twenry-six
patients were operated on with a static repair with use of the
whole peroneus brevis tendon, which was transected proxi-
mally at the muscle belly, Seven patients had a dynamic re-
pair using anly the anterior half of the peroneus brevis tendon
transecied at the base of the fifth metatarsal bone. Three
weeks before and a median of 10 months after the operation,
the peroneal and the medial gastrocnemius muscles were ex-
amined with an integrated surface EMG, The EMG responses
and curves of movements were simultaneously registered on
a four-channel MFE recorder.

Results and discussion: Inthe whole material, there was a
great variability in the EMG responses, but the elapses of the
EMG curves for the different movements were quite charac-
teristic and independent of sex, healthy or diseased leg, time
of examination, and type of operation. The maximal peroneal
EMG response was significantly higher in men than in wom-
en, which was also the case for the proportion between the
peroneal and the gastrocnemius muscles, Neither preopera-
tively nor postoperatively were there significant differences
between the healthy and the diseased leg of the same patient.
After the operation, there was an increased peroneal activity
i plantar flexion in both legs. Dynamically operated on pa-
tients had a higher response during dorsal flexion and heel
raising. No other differences were found,

Functional instability in mechanically
unstable ankle joints

J. Karlsson, L. Peterson, G. Andreasson and C. Hogfors

Department of Orthopedics, East Hospital, Gothenburg, and
University Center for Biomechanics, Chalmers University of
Technology, Gothenburg, Sweden

Introduction: The most common and serious residual disa-
bility afier lateral ligamentous injuries is functional instabili-
ty. The exact pathophysiologic entity responsible for func-
tional instability is still unknown, although several theories
have been proposed. Four possible causes of functional insta-
bility have been mentioned: viz., mechanical instability, per-
oneal weakness, tibiofibular sprain, and proprioceptive de-
fect. The purpose of this study is 10 examine the propriocep-
tive systermn in mechanically unstable ankle joints compared
with stable joints.

Materials and method: An apparatus to simulate ankle
sprain was constructed. [t consists of a trapdoor that can be
tilted to 30° from the horizontal plane. Surface EMG elec-
trodes were placed over the peroneus brevis and peroneus
longus muscles. The time from tilting of the plate to the first
muscular response on the EMG is defined as the reaction
time. The reaction time corresponds to the ankle sprain,
Twenty individuals with one stable and one unstable ankle
joint were tested. The mechanical stability was evaluated
with standardized radiographs, with measurement of anterior
talar translation (ATT) and talar tilt (TT).

Results:The ATT in the stable ankles (mean [SD]) was 5.9
(0.9) mm and 12.2 (3.5) mm in the unstable ankles, The TT
was 3.2 (0.8)°in the stable ankles and 10.5 (1.6)°in the un-
stable ankles, The reaction time was 68.8 (4.5) ms for the per-
oneus longus and 66.2 (4.1} ms for the peroneus brevis in the
stable ankles compared with 77.3 (6.1) ms for the peroneus
longus and 75.2 {5.7) ms for the peroneus brevis in the unsta-
ble ankles. The difference was significant (P < 0.001) in all
the ankles for the peroneus longus and peroneus brevis.

Discussion: The results imply that the muscular response
is slower in mechanically unstable ankle joints than in stable
ankle joints, Functional instability might be due to acombina-
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Ial

tionof mechanical instability,i.c..increased ATT and TT and
propriaceptive defect, that is, increased reaction time during
an inversion torque. Increased reaction time can be due to the
mechanical instability in the functionally unstable ankles.
However, functional instability is acomplex syndrome dueta
more than one functional and mechanical factars.

Surgical reconstruction of inveterate
ligament damage in the ankle joint

Olof Ahlgren and Sune Larsson

Department of Orthopedics, University Hospital of Umed, S-
901 85 Umed, Sweden

Several techmgues for restoring the function of insufficient
lateral ankle lipaments have been presented, usually by using
atendon grafl as a ligament substitute. We report on a new
surgical procedure used in patierns with chronic lateral ankle
instability.

Patients and methods: During the period 1979-86, 76 pa
tients (83 ankles), age 16-55 years. with chronic lateral insta-
bility of the ankle were treated by a simple reconstructive op-
eration. A transverse periosteal incision was made just distal
to the tibiofibular ligament and distally extended along the
posterior margin of the malleolus. The periosteumn with the at-
tached anterior talofibular and calcaneofibular lipaments, as
well as the retinaculum, was separated fromthe tip of the mal-
leolus. The released flap was then reattached by osteosutures
in a mare proxi‘mal position on the decorticated malleolus.
Seventy-five patients (82 ankles) were examined with amean
of 23 (12-70) months following surgery.

Results:1n 66 ankles the result was excellent, with fully re-
stored stability and preserved nermal range of motion. In 12
ankles the result was good, with improved, but not fully re-
stored. stability in nine ankles and persistent imermittent pain
and swelling in 1two. Deterioration with recurrence of insta-
bility occurred in one ankle foliowing a severe reinjury 2
years after surgery.

Conclusion: The technique described in the present study
is easy to perform and could be recommended as surgical
treatment of chronic unstable ankle joints where both the an-
terior talofibular and calcaneofibular ligaments are insuffi-
cient.

Biodegradable fixation in chevron
osteotomy for hallux valgus

Eero Hirvensalo, Ole Bstman, Seppo Vainionpdd, Perttt
Térmild and Penuti Rokkanen

Department of Orthopedics and Traumatology. University
Central Hospital, Helsinki, Finland

Introduction. Biodegradable implants for internal fixation of
malleolar fractures were intreduced in 1984 at our depan-
ment. The experience obtained from more than 100 patients

has been satisfactory. In March 1986, chevron osteotomy for
hallux valgus using biodegradable fixation was introduced,
and the results are analyzed.

Patients and methods: Sevenly-five osteotomies were
performed in 61 patients (59 women and 2 men with an aver-
age age of 35 [14-65] years). An angle of more than 10° be-
tween the first and second metatarsal bones and pain at the
first metatarsophalangeal joint were the indications for surgi-
cal intervention. The 4-5 mm lateralization of the metatarsal
head was secured with a 2-mm by 25- or 30-mm cylindric
polydioxanone (PDS)-coated, self-reinforced polyglycolide
(PGA)rod.

Reswdes: When 50 out of the 75 osteotomies had been fol-
lowed up for at least & months, no failures of the fixation were
observed. The bory union proceeded uneventfully in all the
cases. The preliminary functional results were satisfactory.
As a complication, there occurred one superficial infection,
and in 3 patients a sinus in the scar without any bactenal
growth was formed. The sinuses healed within a few weeks,
with no influence on the radiographic or functional results.

Conclusion: A fixation of the chevron osteotomy is, in our
opinion, necessary tomaintain the achieved position until un-
ion. The technique used in this methed 1s simple. No major
complicalions were seen, and no removal of the fixation ma-
tenial is needed.

Metatarsal head resection in
the rheumatoid foot

P.J.M.vanLoon, R, P. Ariés, R, P. Karthavs and B. A.J. M,
Steenaert

Department of Orthopedics, University of Nijmegen, 5t.
Radboud Hospital, Nijmegen, The Netherlands

See Abstract in Proceedings of the Netherlands Orthopedic
Society, Acta Orthop Scand 1988,59(2):226,

The first branch of the lateral plantar nerve
and heel pain

J. J. Rondhuis, A. Huson and H, H, Matthiass

Department of Anatomy and Embryology, University of
Leiden, Leiden, The Netherlands, and Department of Ortha-
pedics, Westfilische Wilhelms University of Miinster,
Miinster, FRG

The course and fiber composition of the first branch of the lat-
eral plantar nerve has been studied in four fetal and in 34 adult
feet. [nthis study, attention has been paid to the possible reta-
tionship of this branch with the heel pain syndrome. From its
point of origin, this branch runs just distally to the medial pro-
cess of the calcaneal tuberosity in a lateral direction to the
proximal part of the abductar digiti minimi muscie. A narrow
passage through atough fascia couldnot be found. A possible
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site for entrapment may be located between the abductor hal-
lucis muscle and the medial head of the quadratus plantae
muscle. Because indirect evidence is provided that this
branch may be of a mixed type, the severe pain complainis of
the heel pain syndrome may arise from compression of senso-
ry fibers.

Upper extremity

Arthroscopic resection of the acromion
H.Lilleby

Department of Onhopedics, Vestfold Sentralsykehus,
Tensberg, Norway

Introduction: Arthroscopic technique reduces the operating
trauma compared with open methods. Open resection of the
acromion is quite common, and a method for anthroscopic re-
section was developed and used.

Paiients and merhods: Twenty-seven patients underwent
arthroscopic resection of the acromion. The patients were
placed in the lateral position. The shoulder joint was inspect-
ed for injuries. Resection was then carried out with a Dyonics
motorized intraarticular, surgical equipment (abrader) insert-
ed in the bursa subacromialis laterally and the arthroscope
posteriorly. In an experimental study, 20 cadaver shoulders
were operated on prior to this in the same manner. Postopera-
tive preparations confirmed that adequate bone resection was
possible,

Resudis: Ome to 20 manths after the aperation, 21 patients
were free of pain and 6 still had pain. One patient was back at
work 2 days after the operation, and 15 patients were back at
work 4 weeks after the operation. The remainder were out of
work 4-8 weeks,

Conclusion: In short-term follow-up, the result of arthre -
scapic resection of the acromion seems comparable 1o the
open method.

Subacromial impingement decompressed
with anterior acromioplasty

Jan-Magnus Bjdrkenheim, Pekka Paavolainen, Juhani Aho-
vua and Par Slitis

Department of Orthopedics and Traumatology, Surgical
Hospital, University Central Hospital, Helsinki, Finland

Imiroduction: Subacromial impingement of the tendinous
part of the rotator cuff is a well-known entity of surgical pa-
thalogy of the shoulder joint. Reduced volume beneath the
coracoacromial arch and the unyielding nature of the cora-
coacromial ligament are considered causative factors of
chronic shoulder pain.

Fatients and methods: Sixty shoulders in 56 patients with
a symptomatic (Stage IT) impingement of the rotator cuff
against the coracoacromial arch were treated with anterior ac-

romioplasty. The mean age of the patienis was 43 years. The
diagnosis was based on the patients* personal history, with
chronic shoulder pain aggravated by overhead activities. Ar-
thrography of the shoulder joint was routinely performed 1o
eliminate a tear of the rotator cuff. Anterior acromioplasty as
described by Neer was done with the removal of a possible
bony prominence of the undersurface of the acromion or the
acromioclavicular joint. The rotator cuff was always exam-
ined. The follow-up period averaged 48 months. Sixty-de-
gree oblique radiographs of both shoulders were taken to
evaluate the acromial shape. The resuit was rated according to
the functional assessment key of Neer.

Resulr: The result was excellent or satisfactory in 73, un-
satisfactory in 19, and poor in 8 percent. The majority of the
patients recovered within 6 months. The surgical observa-
tions confirmed the high prevalence of osteophytosis on the
undersurface of the acromion. The degree of degeneration of
the tendinous partof the rotator cuff accorded with pathologic
findings of the coracoacromial arch,

Discussion: Decompression of the coracoacromial arch 1s
the treatment of choice for patients with a chromc subacromi-
al impingement syndrome. A critical patient selection is cru-
cial. Because the acromial shape plays arole in a resistant im-
pingement syndrome, anention should be paid fo patients
with Type Il of acromial inclination. The surgical procedure
should include a thorough examination of the subacromial
space, taking notice of all the patholegic findings in the sub-
acromial arch, as well as inthe underlying soft tissues. Failure
to recognize the associated bony pathology, as well as sofi-
tissue subacromial pathology, was a frequent cause of failure
in surgical decompression.

Rotator cuff reconstruction with routine
decompression and early motion

Reinhard Kolbel

Department of Orthopedics, Jerusalem-Krankenhaus, Ham-
burg, FRG

Introduction: The principles of repair to as near normal anat-
omy as possible, decompression and early passive motion de-
veloped by Neer were adopted by the author. This is a report
on the first 100 patients treated in this fashion.

Mazierials and methods: From 1981 to September 1987,
142 patients with cuff defects were seen including 14 patients
who had progressed to Cuff Tear Arthropathy (CTA). One
hundred patients were operated on during this period. The oni-
gin of the defect was traumatic in 51 percent, nontraumatic in
37 percent, associated with dislocation in 8 percent. Average
apge at surgery was 60 (37-89) years. An anterior acromio-
plasty {Neer) was part of the exposure through a Gardner ap-
proach in most patients. Ratator cuff attachment was recon-
structed as close as possible to the greater tubercie, with the
arm o the “side.” The shoulder was mobilized starting on
Day 3 and the arm was held in neutral rotation and 30%of ab-
duction in a foam splint for 6 weeks between exercises (5
times daily).

The defectsitears encountered were Grade 0 (incom-
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Gerall Good Improved: Unsatistactory n
resulis satisfactory
n CTA 1 1 3 3
all other 43 9 5 57
delects by size
Gr -1l 40 I 3 50
Gr. IV 3 2 2 7

plete/covered with bursa) in |5, Grade 1 (small with side
length < 1.5 cm) in 19, Grade Il (medium with side length
1.5-3.0cm)in 20, Grade I1] (large, side length< 5.0 cm}in 28,
and Grade [V {massive, with side length > 5.0 cm) in 18 pa-
tients — the latter including 4 cases with CTA.

The defect was not closed in 1 patient (CTA, satisfactory
result with pain relief), closed with bursa in 2 patients (CTA
and Group 1V, both unsatisfactory), closed with dura patch in
| patient {CTA, unsatisfactory). The tendon of LHB and the
coracoacromial ligament were used as graft material in 9 pa-
tients, subscapularis was transposed in 8. In 1 patient with
CTA, a Neer Il total shoulder was used in the reconstruction
{good result).

Results: Of 62 patiems, 5 had a follow-up time of 8-12
months and the remainder of more than 12 months,

Complicarions: Drainage from subcutaneous tissue in 2
patients, small abscess in deltoid in 1 patient, partial denerva-
tion of infraspinatusin | patient, rerupture of subscapularis in
| patient, and 2 Grade I defect due to afall onice after repair of
Grade 1V defect 6 weeks postoperatively n 1 patient. Neer's
criteria were slightly modified and used 1o evaluate the over-
all results, Pain, function, and power were graded using the
system of the American Shoulder and Elbow Surgeons.

Discusyion, The cutoff between tears of up to 5.0 cm side
length is obvious. The correlation between tear size and over-
all result seen in an earlier study was confirmed. Defect size
had a linked influence on surgical technique and this had a
linked influence on the overall result. Closure by dura patch
or bursa is useless. Age at the time of surgery and preopera-
tive duration of symptoms were not related to the overall re-
sult, There was a trend towards larper defects with longer du-
ration of symptoms. In patients with preoperative pseudopa-
ralysis of external rotation and marked infraspinatus atrophy,
recovery of active external rotation was poor. Obviously this
1s also linked to defect size.

Prospective study of the results of
the operative treatment of recurrent anterior
dislocation of the shoulder

K. Schiffer and R. J. Sanders
Department of Orthopedics, Westeinde Hospital, The Hague,
The Netherlands

Introduction; We present a prospective study of operative
treatment of recurrent anterior dislocation of the shoulder as
suggested by Sanders in 1978. In particular, we were interest-

ed in the limitation of external rotation, the scar, and the after-
treatment.

Patients and methods: In all the patients operated on m the
period 1976-86, the following principles were used: 1} A la-
zy-S incision was made from the coracoid process to the skin
crease in front of the axilla. Anintracutaneous skin closure,
left 3 weeks in situ, was done. 2} Through an arthrotomy, the
Bankart lesion was identified and obliterated with a Blount
staple. 3) The capsule and subscapularis muscle were short-
encd in such a way that during the operation the external rota-
tion ability was 0%, 4) Postoperative immobilization was car-
ried out for 3 weeks either by asling or a Velpeau bandage. 5)
The patients were allowed to return to sports activities 3
months postoperatively. Totally, 49 shoulders were operated
on . [4 of which were in females. Nineteen of the shoulders
were uparated on the left side and 30 on the right side. In all
the cases an arthrotomy was performed, and in 38 cases a pos-
terolateral defect was found. In 31 cases, there was a Bankart
lesion that was obliterated with a Blount staple {after rough-
ing the anterior border of the glenoid).

Resulrs: There were no cosmetically unacceptable scars
exceptin 3 pattents wha all had a postoperative wound infec-
tion and debridement. Limitation of external rotation less
than 50 percent was not noticed by the patients. Only the 3 pa-
tients who had a wound infection complained about limita-
tion of function. Twenty-four patients retummed to work with-
in 8 weeks, whereas twelve patients did not return to work
within 12 weeks. Complications: three wound infections and
one recurrent dislocation 2 years postoperatively. Forty-one
patients were satisfied, 5 patients were moderately satisfied,
and 3 were not satisfied.

Conclusion: The operative treatment of recurrent anterior
dislocation of the shoulder following the previous sugges-
tions show a good result in function of the shoulder, cosmeti-
cally very nice scars, and a rapid returnto work and sports ac-
tivities.

Recurrent posterior shoulder dislocation
treated by transposition of the pectoralis
minor tendon to the lesser tubarcle

of the humeral head

A. Rugtveir, M. Regkkum and A. Reigstad

Kronprinsesse Mirthas Institutt, National Orthopedic Hospi-
tal, Oslo, Norway

Introduction: Recurrent posterior shoulder dislocation is a
rare condition, and its treatment has proved difficult. In 1976,
the senior author started to treat these patients with transposi-
tion of the pectoralis minor tendon to the lessertubercie of the
humeral head. The transposed muscle exerts a forward and
medially directed force on the humeral head. Internal rotation
increases this force, which furthermore augments the effect
against posterior dislocation.

Patients and methods.: From 1976 10 1987, 23 patients (8
females and 15 males) were operated on for recurrent posteri-
or shoulder dislocation. Nothing is known about the present
condition of 3 of these patients. The remaining 20 patients
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with 30 operated on shoulders have been followed for 6.6
(1-11) years postoperatively. The average age at operation
was 20 (12-46) years. Seventeen dominant and 13 nondomi-
nant extremities were involved. Only 2 cases had a history of
trauma.

Results and discussion: At follow-up, 9 shoulders were
completely stable and showed excellent function withno dis-
cemfort, Eleven shoulders had no longer any instability pro-
blem. These patients were all satisfied with the result, al-
though 2 patients had some pain during heavy exercise. The
remaining 10 shoulders had recurtence of instability. Howev -
er, nune of the patients had more complaints than before their
operation. In twa shoulders the instability gradually in-
creased from 1 10 2 years after the operation. One shoulder
was initially stable, but had a wraumatic rupture of the Lrans-
posed tendon after 6 months. This patient was reoperated on
with transposition of the long head of the biceps to the neck of
the scapula. but this had no effect. The other seven shoulders
became unstable within 6 months after the operation. Eight
shoulders have been reoperated on with a posterier bone
block, five of them in our clinic. Of these five shoulders, three
became stable afier the operation. However, all the reoperat-
ed on patients complained of pain and restricted range of mo-
tion. It seems evident that transposition of the pectoralis mi-
nor iendon to the tuberculum minor of the humeral head can
stabilize a shoulder with recurrent posterior instability, The
operation is simple, and the risk of harmful effects on the
shoulder is minimal.

Long-term results after the Putti-Platt
operation for recurrent anterior shoulder
dislocation

Yelverton Tegner and Ann-Sofie Fredriksson

Department of Orthopedics, Ceniral Hospital, Boden.
Sweden

Imtroduction. In this retrospective study, we wanted 1o study
the long-term results after the Putti-Plaut procedure.
Putients arul methods. Totally, 10] patients, 72 males and
29 females, were operated on with the Putti-Platt technique at
our hospital between 1973 and 1981 Eighty-nine of these pa-
tients were followed up. Forty-three of them were evaluated
with a clinical examination, establishing the range of motion
and the functional score. The functional score evaluates
symptoms, such as instability and pain. Thirty of the patients
were randomized for strength evaluation with the Cybex dy-
namometer, The remaining 46 patients were interviewed by
telephone. The mean follow-up time was 8 £2 years.
Resulrs: For patients under the age of 26, the frequency of
recurrence was 29 percent; and in the age group above 26
years, 1t was 13 percent. The total frequency of recurrence
was 20 percent, appearing 1 to 11 years afier the operation.
Despite the length of time since the operation, a decrease in
strength in the operated on shoulder was found in abduction
and in exiemnal and internal rotation. A decrease in range of
metion was also found, most significantly in external rola-

tion, Most patients had a high functional score, 1.e., relatively
few symptoms.

Conclusion: The recurrence rate of dislocation is unac-
ceptably high, especially in the younger age group. We be-
lieve that the Putti-Platt method can be recommended only
for patients older than 26 years of age.

Surgical treatment of recurrent anterior
dislocation and subluxation of the shoulder

G.Toolanen!, A. Kjellgrcnz, H. Olsson” and B. Hogstrom®

Department of Orthopedics'. University Hospital, $-901 85
Ume4, and Departments of Surgery®and Radiology®, Skellef-
ted Hospital, 5-931 86 Skellefied, Sweden

Introduction: Alvik (1951) modified the Eden-Hybbinette
operation for anterior instability of the shoulder. The anterior
glenoid was reconstructed with an iliac bone graft placed ina
preformed wedge-shaped groove in the neck of the scapu-
la.

Parients and methods: Sixty-five patients (66 shoulders)
were examined clinically and radiographically, with a mean
follow-up of 6 (2-15) years.

Results. Redislocations occurred in 2 patients and an oc-
casional subluxationin |. Forty-five of the 57 radiographical-
ly examined cases showed a bony healing of the transplant.
Nonunion occurred in 6 patients and resorption in another 6.
Twelve patients had mild and 7 moderate arthrosis. The pa-
tients rated the operation as good in 61 cases, fair in 4 cases,
and poor in | case.

Discussion: The rate of redislocations compares favora-
bly with other more common procedures. There was a high
rate of osseous union of the bone graft and a low frequency of
reaperations. Twelve percent showed moderate anthrosis, but
only 1 of these patients was symptomatic, The rate of anthro-
sis following shoulder dislocation is unknown, and our fre-
quency is therefore difficult 1o evaluate.

Distal instability of the shoulder joint after
sevarance of capsule and ligaments:
An experimental study

P. Helmig, J. O. Sgjbjerg, P. K. Andersen, §. Nielsen and J.
Ovesen

Biomechanics Laboratory, The Onhopedic Hospital, Uni-
versity of Arhus, Arhus, Denmark

Multidirectional shoulder instability may accur from a spe-
cific traumatic episode or from repetitive microtraumas re-
sulting in eather a specific capsudar and ligamentous lesion or
an increased capsular volume, especially conceming the in-
ferior part of the capsule. The object of this study was to meas-
ure the distal instability coniinuously during the abduction
movement after sequenrial severance of capsule and liga-
ments.
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Muterials and merhuds: The experiments were carried out
on 10 osteoligamentous shoulder specimens obtained from
autopsy. All the specimens were tested in the following se-
guence: a) intact ligaments and capsule, h) cutting the coraco-
humeral ligament, ¢} severance of the subscapular muscle
and the proximal third of the antenior capsule, and d) cutting
the proximal part of the posterior capsule.

Results: There was a significant distal instability after sev-
erance of the coracohumeral ligamem. Further cutting of the
subscapular muscle resuited in an increased distal instability.
The maximum distal instability of 13 mm was measured atan
abduction angle of 20-30°,

Discussion: The distal instability of the shoulder joint is
usually diagnosed by gentle traction on the upper arm with the
patient upright and the humerus in the neutral position. Ac-
cording toourdata, this test should be performed with the arm
in 20-30° of abduction and neutral rotation.

Morphology and blood flow in the trapezius
muscle in work-related chronic myalgia

S E. Larsson, K. G. Henriksson and A. Oberg

Department of Orthopedic Surgery, Neuromuscular Unit,
and Departmem of Biomedical Engineering, University
Hospital, $-581 85 Linkoping, Sweden

Introduction: Previous studies showed morphologic and bi-
ochemical changes in'the descending portion of the trapezius
muscle in patients with localized chronic myalgia related to
static load during very repetitive assembly work (1). The
findings indicated mitochondrial damage inthe type 1 fibers,
which were significantly increased in frequency; and further,
there were significantly reduced amounts of high energy
phosphates (ATP and ADP). The aim of the present study was
to correlate complaints, morphology, and blood flow by
studying the right and left trapezius muscles in female assem-
bly workers.

Subjects and methods: Thirteen women with a mean age
of 38 (21-58) years were studied. Mean exposure time at
work was 14 (2-28) years and symptom duration 5 (1-10)
years, Eight patients had long-term sick leave. With local an-
esthesia of the skinand under surgical conditions, blood flow
was recarded (2) by a laser Doppler flowmeter (Periflux™,
Subcutaneous fat, muscle fascia, and muscle were assessed in
the descending portion of the trapezivs muscle, the tender re-
gion and corresponding contralateral site. Thereafier, biop-
sies were laken bilaterally.

Results and discussion: Evidence of mitochondrial dam-
age ("ragged-red” fibers on Gomon staining, as well as with
NADH tetrazolium reductase) was seen in 6 patients and in
another 3 suspicious changes, showing goodcorrelation with
the most painful side, The most painful muscle had lower
blood flow than the contralateral one in the basic condition, at
isometric contraction, and at postcontraction rest. Almost as
good a correlation was found for the muscle fascia, whereas
the subcutaneous fat showed no consistent changes. The find-

Blood flow, rel.units

40 1 B ox
| M siN

30 4

20

104 e

0

1. Subcutaneousfat. 2. Muscle fascia. 3. Muscle. 4. Same; con-
traction. 5. Same; post

Figure 1. Blood flow recordings in a 23-year-old woman with
work-related chronic myalgia of 3 years in the right trapazius
muscle and who was unable 1o wark the last 12 months. Biopsy
normal on laft side; mitochondrial damage on right side.

ings suggested that a reduced muscle blood flow may play a
central role as pathomechanism for the occurrence of work-
related chronic myalgia and associated mitochondrial disor-
der.
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Light-microscopic and biochemical muscle
changes in work-related chronic myalgia

Sven-Erik Larsson, Ann Bengtsson, Lars Bodegérd, K. G.
Henriksson and Jorgen Larsson

Departments of Orthopedics. Internal Medicine, General
Surgery and Neuromuscular Unit, University Hospital, S-
581 BS5 Linkiiping, Sweden

Muscle biopsies from the descending portion of the trapezius
muscle were studied in 9 healthy subjects and in 10 patients
with localized chronic myalgia related to static load during
very repetitive assembly work, The mean exposure time was
16(10-31) years. The mean sick leave was 10{4—26) months
at the timne of biopsy. Routine histopathologic and histochem-
ical methods showed in both categories normal or borderline
conditions, such as occasional abnormal muscle fibers with
intemaily sitvated nuclei, isolated auophic fibers, a cettain
variation in fiber diameter, fiber splitting, and even “math-
eaten” fibers. In contrast,"ragged red™ fibers were exclusive-
ly found in the patients (8 out of 10) indicating myopathy. The
phenomenon was confined to the type | fibers with distinct
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Table. Work-related chronic myalgia. High-energy phosphates

in t\he trapazius muscle

Tabie 1. Occupational work load among men and women with
and without shoulder pain at the first examination

Contrals Patients
AT 239 +10 186 + 23 P00
ADP 13 + 030 27 + 024 FP< 00O
AMP 012 + 003 015+ 0.05 NS
TA 273 116 214 + 245 P-<0001
ATPTCr 1990 +87 1680 * 164 P« 000t

Group I I It
N (%) N (%) N (%)
Subjects wrih
shoulder pain 31 (4D 38 (49) 8 (11}
Subjacts without
shoulder pain 244 (50) 199 (41) 42 (9)

ATP. adenosine trphgs.

phate,

AQP, adenosine diphos-

phate.

AMP. adenosine mono-

TA, total ademne nucleo-

tide poa:

TCr. tolal creatine
(mmales/kg af dry mus
cla}

phosphate.

zones of the fiber showing abnormal mitochondriae. The fre-
quency of type 1 fibers was significantly increased. Biochem-
ical analyses showed significantly reduced levels of ATP and
ADP and a tendency towards low PC and TCr. Lactate, pyru-
vate, and glycogen were normal.

These changes associated with work-related chronic myal-
giahave not been reponed earlier, and are quite different from
1hose seen in acute muscle pain due to overload from physical
training.
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Shoulder pain in middle age, occupational
work load and psychosccial factors

H. Bergenudd. F. Lindgirde', B. Nilsson and C. Petersson

Depantiment of Onthopedics and Section of Preventive Medi-
cine'. Malmo General Hospital, Malmé, Sweden

Introduction: With increasing age, degenerative changes oc-
cur in the acromioclavicular joints and in the rotator-cuff tis-
sues. In a sample of 574 fifty-five-year-old subjects, we have
studied the relationship between shoulder pain and social
background, intelligence test, level of education, jobsatisfac-
tion, social network, and occupational work load.

Subjects and methods: Totally, 319 men and 235 women,
allresidents of the city of Malmo, Sweden, and participants in
the Malmé Longitudinal Study with background data collect-
ed since 1938, with information on the result of an intelli-
gence test at the age of 10, social background, levei of educa-
tion, income, job career, and job satisfaction. The subjects
were divided into three groups according to estimated physi-
cal demands on the job. A follow-up study was done one |
year later on the 79 subjects who reported shoulder pain at the
primary examination.

Results and discussion: The prevalence of shoulder pain
was |4 percent (men 13 percent and women |5 percent).
Women more often had symptoms of myalgia with local

Table 2. Intelligence test in 1838 al the age of 10 1Q-scale with
a maan of 100 and a standard deviation of 15 units.
1Q = 100 {mental age/chronologic age).

Number Mean score + SD
Subjects with
shoulder pain 78 94 + 16
Subyects without
shouldar pain 489 99 + 15
Total number 567

tendemness on palpation of 1the muscles around the shoulders
and symptoms of rhizopathia-brachialgia, whereas men had
their shoulder symptoms mainly located in the actual shoul-
der joints. Three percent of the subjects had been on sick leave
due to shoulder pain in the year preceding the examination,
and in 5 percent we found a reduced range of shoulder joint
mation related 1o the shoulder pain. Subjects with shoulder
pain were less satisfied with their jobs and had been less suc-
cessful in the childhood intelligence test. No difference could
be demonstrated between subjects with or without shoulder
pain in estimated overall work load, but women with signs of
supraspinatus tendinitis more often had jobs with physical
demands. In a follow-up examination less than half of the
subjects still had symptoms of shoulder pain afier | year. Sick
ieave due to shoulder pain seemed related to work ioads, be-
cause only men with moderate or heavy demands in their jobs
hadbeen onsick leave during the year preceding the examina-
tion. Shoulder pain also seemed related 1o intelligence among
men in this study. for the more tatented men had less symp-
toms from their shoulder joints. In women, we found no sig-
nificant relationship between intelligence and shoulder pain,
but on the other hand, a relationship (o low job satisfaction.
Women with moderate physical demands in their jobs more
often had signs of supraspinatus tendinitis, which implies that
women possibly are more sensitive than mento static load on
their shoulders.

Total arthroplasty of the shoulder with
the Neer prosthesis

Pekka Paavolainen, Veijo Vahvanen and Martii Himiildi-
nen

Division of Orthopedics and Traumatology, Surgical Hospi-
tal Invalid Foundation Hospital, Helsinki, and Rheumatism
Foundation Hospital, Heinola, Finland
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Stxty-four shoulders in 60 patients were treated with total ar-
throplasty using the Neer prosthesis. Thirty-eight of the pa-
tients, 34 with serapositive and 4 with seroncgative rheuma-
toid arthritis {RA), underwent a Neer [[ replacement arthro-
plasty. Proximal humeral fractures (FR) were treated with ar-
throplasty in 22 patients,

In the RA patients, indications for the shoulder arthroplas-
ty were disabling pain and impaired function caused by the
severely restricted mobility of the shoulder with advanced ra-
diographic destruction (Larsen’s stages 1II-¥). In fracture
patients, four-part fracture with splitting of the humerai head
was the main indication for primary arthroplasty in fresh frac-
tures, In 5 cases the arthroplasty was made in later stages ow-
ing to pseudarthrosis or avascular necrosis of the head of the
humerus. The average follow-up time for RA was 2| months
and for FR 12 months.

In RA cases the relief of pain was excellent in all the cases.
and the range of motion increased as well, Overall evaluation
revealed an excellent or good result in 16 RA shoulders. Fif-
1een were ranked as satisfactory and 10 as nonsatisfactory.
The most frequent radivgraphic inconvenience at follow-up
was superior subluxation of the humeral companent, which
was moderate in 9 cases and severe in 4.

The average pain indicator in Meer’s scoring was 25.5
points for FR cases (max = 35 = painless). Flexion and abduc-
tion movemenits more than 100° were measured only in 4 pa-
tients, 80-100° in 8, and less than 80° in 10 patients. The total
functional score was 56.8 £14.2.

The benefits of shoulder replacement with a totat prosthe-
sis in decreasing pain, especially in RA patients, are excel-
lent; and the average pain score (25.5) in FR patients is at least
a1 the same level as seen afier other methods of treatment of
these severe and compound fractures. The functional end re-
sult with RA patients was far better than that with the FR pa-
tients. The operation, however, with the FR patients is techni-
cally more demanding, with precise reduction of the fracture
fragments.

Indications for hemiarthroplasty of
the rheumatoid shoulder

E.Jonsson, L. Lidgren, B. Mjsberg, U. Rydholm, and G. Sel-
vik!

Department of Orthopedics and Radiology ', Lund University
Hospital, Lund, Sweden

{niroduction: Many orthopedic surgeons have no treatment
to offer the RA patient with severe shoulder pain.
Materials and methods: Sixty-three shoulders in 57 pa-
tients were staged radiographically and operated on with a
hemiarthroplasty using a humeral head prosthesis. Fifty-two
shoulders were Stage 2 (attrition and erosjons of the humerat
head), and were operated on with ahumeral head cup. Eleven
shoulders were Stage 3 (severe destruction of the humeral
head), and seven of these needed a stemmed humeral-head
prosthesis. Postoperative physiotherapy was started immedi-
ately with the aim being that the patient would be able w0

reach the face, the back of the neck, the opposite axilla, and
the perineumn. The hospital stay was 2.3 weeks followed by
2-3 weeks of rehabilitation at another hospital or ambulatory
physiotherapy. Twelve shoulders with a cup hemiarthroplas-
ty were followed with roentgen stereophotogrammetry to de-
tect migration (early loosening). The median follow-up peri-
od was 2 (1-7) years.

Resulrs: All the patients were satisfied because their glen-
ohumeral joints were painless, and function had inproved
with reference to dressing and personal hygiene. There were
no complications. One shoulder cup had migrated 0.5 mm at
the end of | year, but no migration was found in 11 shoul-
ders.

Conclusion: Hemiarthroplasty of the shoulder is a suc-
cessful eperation. The majority of RA shoulders may be treat-
ed with cup hemiarthroplasty, which is a bone-saving proce-
dure with good intermediate results,

Total shoulder replacement: Results with
the Kessel prosthesis

L.-A Brostrom, R. Wallensten, E. Olsson and D. Anderson

Department of Orthopedics, Karolinska Hospital, S-104 Q1
Stockholm, Sweden

Introduction; There are few reports on total shoulder replace-
ment in patients with rheumatoid arthritis, and only two pub-
lications based on small series of patients with ashort follow-
upon the use of the Kessel prosthesis {1, 2). The aim of this re-
port is Lo present our 5-year experience with the Kessel pros-
thesis.

Patients Berween 1982 and 19835, 22 patients (23 shoul-
ders) were operated on with the constrained Kessel total
shoulder prosthesis. All the patients had rheumatoid arthritis
and suffered from severe shoulder pain and very restricted
shoulder motion. The mean age was 54 years and 19 were fe-
males.

Methods: An anterior surgical approach was used. The ro-
tator cuff was lefialone. Postoperative exercises were started
within 1 week. In 1987, a review was carried out by an inde-
pendent observer using a questionnaire to assess pain relief
and ADL functions. At regular intervals, all the shoulders
were examined radiographically. Radiolucent zones were
measured in a standardized manner.

Results: Three patients had their prostheses extracted be-
cause of loosening. Three patients underwent exchange ar-
throplasty. Thus, 17 shoulders in 16 patients were left for
study. All the patienis reported pain relief. There was general
improvement in ADL functions; none was made worse. Pas-
sive range of movement was slightly improved, but active
movement remained unchanged. All the patients stated bene-
fit from the operation. Radiographically, radiolucent zones
developed around all the scapular components within | year,
but only arcund one humeral component.

Conclusions: In rheumnatoid arthritis, total shoulder re-
placement with the Kessel prosthesis was found to give good
pain rclief and improved shoulder and arm function. A high
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incidence of radiographic glenoid loosening was observed.,
and was interpreled as a fearure of the constrained design.
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Biomechanical analxlsis of surface-cup
arthroplasty in the shoulder

R. Huiskes. E. Jonsson', R. v. d. Venne and L. Lidgren'

Biomechanics Section, Inst. Orthopedics, University of Nij-
megen, Netherlands, and Department of Orthopedics, Uni-
versity of Lund, Lund, Sweden

Introduction: Surface replacement in the theumatoid shoul-
der has shown to be a clinically rewarding procedure (1),
However, little is known about long-term risks of loosening.
Earlier experiences with hip-surface replacement have not
been favorable due toelevated stress peaks at the cup/bone in-
terfaces. liable 1o cause disruption, relative micromovements
and bone resorption (2). The purpose of the present project
was to investigate whether these same phenomena could be
expected to occur after surface replacement of 1he humeral
head. i

Methods: Using the Finite Element Method (FEM), a
maodel was constructed, similar to the one used earlier 1o study
the hip (2). Loading characteristics represented maximal
forces for normal arm functions, with and without 2 1-kg
weight in the hand, for a 70°abduction range. Humeral head
properties were varied 1o simulate the presence of cysts, sub-
chondral hone retention, and removal. Bone and interface
stresses were determined in all the cases.

Resulrs: The cupfbone interface shear, tensile, and com-
pressive stress paiterns were similar to those in the hip,
whereby the actual stress-peak values depended on the shoul-
der-joint force. Overall, these stress values were 40-70 per-
cent lower in the shoulder in normal arm functions, but close-
ly approximated those in hip-surface replacement when a 1-
kg weight was carried in the hand. The highest stress peaks
accurred near the inferior and superior cup edges, and were
somewhat reduced by retention of the dense subchondral
bone layer. They increased again when cement-filled cysts
were pl'CSCT]L
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Normal standards for collum humeri
retroversion

Margareta Kronberg, Lars-Ake Brostrom and Veli Soder-
lund

Departments of Orthopedic Surgery and Radiology, Karo-
linska Hospital, 5104 QI Swockholm, Sweden

Present knowledge of retroversion of the collum humer and
glenoid tilt is based on a few swdies on small series of sub-
jects. The aim of this study was to determine collum humeri
retroversion and normal range of shoulder rotation.

One hundred shoulders in 50 healthy subjects (25 women, ~
25 men) with no history of injury or surgery to the shouider
joint have been examined clinically and radiographically.
None of the subjects suffered from generalized joint laxity
according o criteria presented by Carter and Wilkinson. The
mean age was 29 (22-40) years. The passive range of shoul-
der motion was examined in the standing position with a
goniometer. Rotation was investigated in the adducted and
the 90%abducted position.

A method has been developed 10 determine the collum ho-
meri retroversion from a radiograph in a semiaxial view. De-
termination of the angle with this method has been checked
with the use of computed tomography, and a high correlation
has been found.

Resulis: The average angle for collum humeri retroversion
was respectively 33°and 28°for the dominant and non-
dominant sides. No difference was found in the retroversion
anglebetweenthe sexes. The mean value for external rotation
in the ¥} abducted position was 108%in the frontal and 120°
in the scapular plane. The women had a Jarger external rota-
tion: viz., respectively 111°and 120°inthe frontal and scap-
ular planes versus 103%and 1] 1°for the men. There was a re-
lationship between a large angle of retroversion and 4 large
range of rotation. Women had a more pronounced rotation
ability than men.

Biodegradable fixation in intraarticular
fractures of the elbow joint

Eero Hirvensalo, Ole Bostman, Seppo Vainionpii, Pertti
Tormili and Pentt: Rokkanen

Department of Orthopedics and Traumatology, University
Central Hospital, Helsinki, Finland

Introduction. Biodegradable implants for imernal fiaation of
malleolar fractures have been used at our depariment since
1984, In March 1986, an advanced study on the treatment of
other intraarticular fractures with this new method was start-
ed in which fractures concerning the elbow joint were includ-
ed.

Patients and methods: In this study, 30 adult patients with
fresh intraarticular fractures of the elbow joint were treated
using polydioxanon {PDS)-coated polyglycolide (PGA) cy-
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lindric rods. There were 19 women and 11 men. The mean age
of the patients was 34 (14—68) years. Fifteen had a fracture of
the radial head, 11 of the olecrancon, 3 of the capitetlum hume-
ri, and 1 of the medial humeral epicandyle.

Resuits: The reduction obtained could be maintained until
union in 25 cases. In one fracture of the clecranen the fixation
favled and areoperation (AQension wire} was needed, Anin-
significant secondary displacement was seen in 3 patients
with a fracture of the olecranan and in 1 with a fracture of the
radial head. Mo infections were seen, but a sinus formation of
the wound without bacterial growth was observed in 4 pa-
tients. The functional result afier a follow-uptime of at least 6
manths was deemed satisfactory in all the patients.

Conclusion: Our preliminary impression is that biodeg-
radable fixation can be used successfully in the treatment of
displaced intraarticular fractures of the elbow joint. [t seems
especially suitable for fractures of the radial head and the hu-
meral capitellum. The atraumatic transarticular technique
and avoiding the removal procedure of the fixation materials
are the main advantages of the method.

The Pritchard Mark Il elbow prosthesis in
rheumatoid arthritis; 2—6-year follow-up

Gudmund H. Gudmundsson, Frank Madsen and Otto Snep-
pen

Orthopedic Hospital, University of Arhus, Arhus, Den-
mark

Introduction: The elbow joint is frequenily affected by rheu-
matoid arthritis, and the resulting pain and stiffness often pro-
duce significant limitation of function. Nonprosthetic treat-
ments have failed 10 produce satisfactory results, and the re-
sults with the early hinged total elbow prosthesis were poor,
with an unacceptable high rate of aseptic loosening, The sem-
iconstrained elbow prosthesis was designed 1o reduce the
high rates of loosening. This study presents the resubts of a
2-6-year follow-up of 28 elbow arthroplasties with the
Pritchard Mark LI elbow prosthesis.

Patients and methods - A prospective study contained 28
consecutive elbow arthroplasties in 24 patients with & mini-
mum of 2 years follow-up. The diagnosis in all the cases was
rheumatoid arthritis. A scoring system (from the Hospital for
Special Surgery) was employed to analyze the preoperative
and postoperative data, and the elbows were studied for radio-
graphic signs of loosening, The average follow-up ime was 3
(2-6)years.

Results and discussion,; Allthe patients improved marked-
ly in all aspects, but pain relief was the major benefit of the
procedure. The total score improvement varied between 14
and &3 points. There were radiographic signs of loosening of
the humeral component in one fourth of the elbows, and two
of the implants had been exchanged because of additional
pain. The cement packing along the humeral stem was found
deficient in some of the cases, whereas the fixation of the ul-

nar component seemed (0 be without problems. The Pritchard
Mark ITelbow prosthesis provides astable, painless joint with
a good range of maotion; and it seems Lo be a good solution for
the painful arthritic elbow in the rheumatic patient with se-
vere bane destruction, jointinstability, and low activity level.

Extensive pasterior approach to the elbow
for internal fixation of complex fractures of
the distal humerus

1. M. Feron, F. Signoret, I. Y. Larennec and A. Patel

Surgical Orthopedic Department, K. Poincare Hospital, Uni-
versity of Panis V, Garches, and Department of Anatomy, La
Pitie Medical School, University of Paris VI, France

The elbow joint may be exposed by a number of technigues.
In complex traumatology, a large exposure of the distal hu-
merus is necessary, The medial or lateral approach avoids the
abvious neurovascular dangers, but gives limited access 10
the joint. The posterior approach gives the best possible expo-
sure to all the surfaces of the joint, but it usually requires an
interruption of the triceps mechanism either by amusculolen-
dinous section or by an osteotomy of the olecrancn. Such ap-
proaches may account for weakness of the triceps mechanism
and proper complications of another so created fracture in the
case of an olecranotomy. The authors developed a modificd
postericr approach that preserves continuity of the extensor
apparatus of the elbow: the triceps muscle is split in the mid-
line, the extensor mechanism is reflected in continuity with
the forearm fascia-ulnar periosteum complex, and the joint
surfaces and the twa columns of the distal humerus can be ex-
posed. This approach can also be extended to the midshaft of
the humerus, to the radial head, and to the ulnar shaft. We
have used this approach for 3 years for open reduction and
plate fixation of complex distal humeral fractures. We have
always obtained an excellent exposure to control the reduc-
tion of the surfaces of the joint, and a precurved plate is fixed
onthe lateral border of the humerus, The repairalways allows
an immediate postoperative motion, This approach became a
new standard for us in the management of complex elbow
trauma. Nospecific complication occurred, so we gave up the
transolecranon technique.

External fixation of displaced fractures
of the proximal humerus

B. Kristiansen

Department of (rthopedics, Rigshospitalet, Copenhagen,
Denmark

Introduction: The management of displaced fractures of the
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proximal humerus is still under debate, and the need for eval-
uating alternative methods has been emphasized. The aimof
this study is to present a new technigue consisting of transcu-
taneous reduction and external fixation (1) and 1o report the
technical and functional results of the first 25 cases.

Parients und methods - The operative technique was as fol-
lows: With the patient under general ancsthesia, a Steinmann
pin was introduced transcutaneously, under image-intensifi-
ercontrol, into the major head fragment and was used to help
reduce the fracture. Two half pins were drilled into the hu-
meral head and three into the shaft laterally. A bar was ap-
plied. Functionalexercises started early, andthe pins were re-
moved in the outpatient clinic after 4 weeks.

Resuirs and discussion: Following transcutaneous reduc-
tion, good or satisfactory reduction was obtained in 23 cases.
No vascular injuries, but 2 cases of temporary paresthesia
were seen. In 4 cases the pins were removed before 4 weeks
because af infection (3 cases) or aseptic loosening (1 case).
This rate of early comptications or failure of technigue is
comparable to different methods of internal fixation. Chronic
alcoholism and severe osteoporesis were found to be major
risk factors. Of the remaining 21 patients, | had died and 2
were lost 1o the 1-year foilow-up. Functional results were as-
sessed as excellent in b cases, satisfactory in 6 cases, unsatis-
factory in 4 cases, and poor in 2 cases. These results are thus
found superiorto those reported in most series of closed treal-
ment, as well as of different methods of internal fixation.

Considering the risk of injuring the remaining blood sup-
ply 10 the humeral head by performing a wide surgical expo-
sure, the technigue described is found to be a useful alterna-
tive in the treatment of fractures not suitable for closed treat-
meny.
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Displaced diaphyseal forearm fractures
in children: Classification and evaluation
of the early radiographic pragnosis

Morten Kramhgft and Sgren Solgaard

Department of Orthopedics, Hillerad Hosptal, DK-3400
Hillerad, Denmark

[n a retrospective study of 83 diaphyseal forearm fractures,
we measured the radiographic angulation and sideway dis-
placement initially, after reduction, at 1 week, and atunion. A
statistical analysis was performed using a multivariate long-
linear regression model to evaluate the correlation between
variables.

The initial displacement of the fracture and the age of the
patient had minor influence on the position at union. A classi-
fication system was constructed using the measurements ini-
tially. after reduction, and at | week, and a “prognostic index™
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was calculated as the chance of achieving a radiographic un-
1on with less than 10°dorsal or volar angulation. [t was dem-
onistrated that the prognostic value of the classification sys-
tem could be improved during the periad of treatment.

The classification system based on the radiographic meas-
urements after 1 week (five fractures re-reduced before 1
week}:

Type [; 16 fractures: prognostic index 19 percent.
Type II; 19 fractures: prognostic index 53 percent.
Type [11; 43 fractures: prognostic index 86 percent.

fis recommended that all displaced diaphyseal forearm frac-
tures in children should have a radiographic control after 1
week and also after 2 weeks, unless the 1-week radiograph
shows anatomic position.

Dorsalty angulated solitary metaphyseal
greenstick fractures in the distal radius:
Results after immobilization in pronated,
neutral, and supinated paositions

Rajendra P. Gupta and Lars G. Danielsson

Orthopedic Unit, Department of Surgery, Faculty of Medi-
cine. Kuwait University, Kuwait

Fatienis and methods: Inaprospective study, 60 consecutive
patients, 20 in each group (pronation, neutral, and supination)
were evalvated. Manipulation was accomplished on day 1
and afier 2 weceks in all the cases with darsal angulation of 20°
or more and in some cases with less displacement. All were
immobilized in an above-elbow cast. The dorsal angulation
after immobilization on day 1 and at 2 weeks and 6 weeks
when the plaster was removed was measured on accurate lat-
eral views,

The three different groups did not differ withregard 1o age.
side, location of the fracture or degree of angulation immedi-
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ately afier the cast was applied. There were more males in the
supination group. The mean dorsal angulation atday 1 in POP
with or without previous manipulation for the different
groups was pronation 9£7.1, neutral 84,1, supination7
+3.9. The mean increase of dorsal angulation between day 1
and at 2 wecks was the same in the group treated in pronation
{4.516.0) and in the group treated in the ncutral position
(4.1£35.8), but less (£ < 0.05) in the group treated in supi-
nation (0.9 £5.2).

Between 2 and 6 weeks, there was no further dorsal angu-
fation (pronation 0.1 £3.9, neutral (L4 2.}, supination
0.5 £1.5) whether manipulation at week 2 had been per-
formed or not, and there was no difference between the
groups. The figures do not deny that remodeling had already
staried 6 weeks after immobilization.

Conclusion: The results support the theary that inactivat-
ing the brachioradialis muscle by supinating the forearm
helps 1o prevent recurrent deformity and that these fractures
therefore should be immobilized in supination.

Basal joint arthrodesis of the thumb:
Long-term results

Magne Rpkkum and Astor Reigstad

Kronprinsesse Mirthas Institutt, National Orthopedic Hospi-
tal, Oslo, Norway

Inrroduction: Anhrodesis of the basal thumb joint is reported
to provide pain relief and excellent power to the thumb. How-
ever, controversy exists on what functional impairment a stiff
basal thumb joint creates and how the neighboring joints are
influenced.

Parients and methods: Nincty-three patients with ad-
vanced primary arthrosis of the basal thumb joint, operated on
during the years 1974-84, were available for follow-up ex-
amination 7(3-12) years after the operation. There were 78
females and 15 males. Fourteen patients were operated on bi-
laterally. Thus, the total number of operations was 107. The
dorminant hand was operated on in 58 cases and the nondomi-
nant one in 49 cases. The mean age at operation was 59
(43-72) years. Pain was the dominating symptom. The opera-
tion was performed through a dorsal longitudinal incision.
The joint surfaces were resected. A Kirschner wire and a cer-
clage or staples were used for fixation. No bone grafting was
performed. The thumb was immobilized in a cast for 6
weeks.

Results and discussion: Radiographically, 80 joints had
healed with ankylosis, whereas 27 cases had developed a
pseudarthrosis. The results regarding pain relief were better
in patients with fused joints; 68 had litile or no pain compared
with 17 in the group with pseudarthrosis. In both groups the
pain retief lasted the whole follow-up period. Four patients
with fused joints, and 8 with pseudarthroses had severe pain.
The power was exceilent in the painless thumbs, and reduced

in thumbs with pain. The mobility of the firstmetacarpal in re-
lation 1o the palmar plane measured radiographically was
nearly the same for the group with joint fusion when com-
pared with the group where fusion had failed, However, inthe
plane perpendicular to the palm, the thumbs with pseudar-
throsis had a better range of motion. Thirty-one of the patients
with fused joints had difficulties performing precision work
Radiographically, peritrapezial degenerative changes in-
creased during the observation period. However, this process
was the same in the unoperated on hand and in cases with
pseudarthrosis. Arthrodesis of the basal joint of the thumb
provides effective and lasting pain relief with an acceptable
range of thumb motion.

Functional results following hand
raplantation/recirculation

Karl R, Hetland, Astor Reigstad, Svein Waage and Kjell
Bye

Kronprinsesse Mirthas Institute, National On.hopédic Hospi-
tal, Oslo, Norway

Introduction: Since the first successful case of a forearm re-
plantation was performed in Shanghai in 1963, advances in
surgical technique, refinements in preoperative and postop-
erative management, and betier patient selection have con-
tributed to an improved survival rate for replants, Simultane-
ous progress in free tissue transfer has further expanded the
scope of the microsurgical team in reconstruction following
amputations of the hand. Until recently, progress in function-
al results has been less impressive than that in the survival
rates.

Patients and methods: Twenty-one consecutive replanta-
tions/recirculations in 20 patients {1 female and 19 males)
were performed at our hospital between October 1983 and
October 1987. The mean age was 36 (6—75) years, The ampu-
tation level was graded according to Tamai. In 10 cases, it was
atransmetacarpal amputation, in 4 transcarpal, and in 7 cases
a distal forearm amputation. Eight amputations were com-
plete and 13 were incomplete.

Results and discussion. All the replants survived, Howev-
er, 15 single digits did not survive because they were not re-
planted in cases of double-level amputation or they had been
crushed too much. The functional results, on an average 27
(5-52) months after surgery, were graded according to Chen.
Six hands achieved the criteria of grade 1 (excellent), 7 hands
belonged to grade Il (good), 4 to grade II1 (fair), and 4 were
grade 1V (poor). The patients with the poorest results (grade
IV were better off with the replant than with a prosthesis, The
cosmetic resulis were good. Hand replants have a good poten-
tial for sensory reinnervation and motor return. Patient moti-
vation and a skilled hand rehabilitation program are impor-
tant factors that contribute to satisfactory functional re-
sults.
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Sacond toe transfer in hand reconstruction
following trauma

Astor Reigstad and Karl R, Hetland

Kronprinsesse Mérthas Institutt, Oslo, Norway

Introducrion: The advamages of the toe transfer compared
with other reconstructive methods in hand reconstruction are
that there is a potential for motion, adequate sensibility can be
anticipated., appearance is good, and only one surgical proce-
dure is required in most cases.

Parignts und methods: Between November (983 and Oc-
tober 1987, we transferred 20 second 1oes tothe hand in 19 pa-
tients {3 females and 16 males; mean age 34 [14-65) years).
One male patient had two transfers tothe same hand with fail-
ure of vascularization both times. In one case the 10e was
transferredto the ulnar side of a hand that had been amputated
at the carpometacarpal joint with a residual stiff thumb meta-
carpal. In the remaining [9 cases the toe was transferred toa
thumb stump. [n9 of the thumb cases. there was an additional
serious injury to the hand.

Results and discussion: In 4 cases the revascularization of
the transfer failed. The remaining 16 toes healed (follow-up
5-52 months). Bony union occurred within 6 weeks inall 16
cases. Nosignificant donor site problems were seen. The gen-
cral function of the transferred toes according to the Tamai
score for digil replantation was on an average 86 points {13
excellentand 3 good). The CMC joint was uninjured in allthe
thumb cases and in 9 of them even the MP joint, which con-
tributes to the favorable results, Hammer toe/buttonhole de-
formity of the PIP joint developed in 4 cases and was weated
successfully by an arthrodesis. In the latest seven transfers,
we made a temporary pin transfixation of the PIP joint com-
bined with a tenodesis of the short extensor tendon, This
seemed to prevent the development of buttonhole deformity.
We conclude that second toe transfer is a valuable procedure
in total thumb reconstruction.

Colles’ fractures treated by external fixation,
functicnal bracing in supination, or dorsal
plaster immobilization; A long-time follow-

up
Seren Solgaard, Sgren Overgaard and Cody Biinger

Depanments of Orthopedics, Hillerpd and Sgnderborg Hos-
pitals, Denmark

A radiographic and functional evaluation of 40 patients treat-
ed by extemnal fixation (EF), 28 patients treated by functional
bracing in supination (FUSU), and 38 paticnts treated by dor-
sal plaster immobilization {DPI) was performed 2.5-7.5
years after fracture of the wrist.

The fractures were classified according to Older et al.
(19635}, and the statistical analysis was performed using mul-
tiple contingency tables and a log linear regression analy-
§is,

The rate of initial complications was 53 percent after EF
and 22 percent and 14 percent after FUSU and DPI, The most
frequent complication was damage 1o the cutancous branch
of the radial nerve. The radiographic examination showed
significantly beuter results after EF than after nonoperative
treatment, but the frequency of late arthrosis was the same in
the three series.

The functional evaluanon using amodification of the scor-
ing system described by Gartland and Werley (1951 )demon-
strated significantiy better results after EF than after FUSU
and DPI, whereas no difference could be demonstrated be-
tween the latter two treatments.

We concluded that EF gives significantly betier radio-
graphic and functional results after a Colles fracture, but the
rate of initial complications is higher. A medification of the
operative technique might reduce the number of complica-
tions.

Spine

Mobility of the lower lumbar spine after
posterolateral fusion determined by
roentgen stereophotogrammetric analysis

Ragnar Johnsson, Goran Selvik', Bjorn Stromgquist and
Goran Sundén

Department of Orthopedics, Lund University Hospital, and
Department of Anatomny', Lund University, $-221 85 Lund,
Sweden

fntroduction: Spinal fusion may yield pain relief in sympto-
matic spondylolysis, disc disorder, and facet joint arthrosis in
the lower lJumbar spine, Residual mability between the fused
vertebral segments can be detected with high accuracy by
roentgen stereophotogrammetric analysis (RSA; Olsson et
al. 1977). However, the effect and the need of wearing a lum-
bar orthosis postoperatively are disputed (Lantz and Schuliz
1986}, In an attempt to determine when maximal interverte-
bral stabilization occurs, RSA was used in this study of poste-
rolateral fusions in the lower lumbar spine.

Patients: S1x men with a median age of 43 (24-52) years
had a posterolateral fusion, including application of 1antalum
indicators forthe RSA between L4-15 1L.5-81,0orL4-51. A
lumbar orthosis was used until 5 months after surgery. Four
patients had spondylolysis-olisthesis, and 2 had an imerverte-
bral disc disorder with lumbar and/or radiating pain.

Methoeds: Allthe patients were followed with RSA month-
ly for 6 months. In 4 cases, RSA was also performed | year
postoperatively. At cach RSA the patients were examined in
the supine and erect positions, and the movements of the
veriebrae between these positions were calculated, Conven-
tional radiographs were taken 6 months and 1 year after sur-

gery.
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Results: The flexion movements between the fused verte-
bral segments decreased to 1-2°5—6 months after surgery in 3
patients with osseous fusion radiographically. The same pat-
tern was seen in | patient with poor osseous fusion. In 2 pa-
tients with poor osseous fusion, the flexion increased after 5
months (to 169 and 1 year (to 8°). respectively, Lateral devia-
tion and rotation were mostly below 19 and did not change
with time. The preoperative pain disappeared in 5 patients.
Ome patient with osseous fusion had persistent pain in the
lower back and legs, and a general neuromuscular disorder is
suspected.

Discussion: The mobility of the lower lumbar spine de-
creases within 6 months after a successful posterolateral fu-
sion {Olsson 1977). This seems 1o be verified by our study, in
which decreased intervertebral movements could be visual-
1zed by RSA 5-6 months after surgery. A radiographically
healed posterolateral fusion permiis a few degrees of flexion,
probably exerted through a springing effect. However, os-
seous fusion was not necessary for pain relief, which indi-
cates that fibrous fusion might give a good enough reduction
of intervertebral mobility to yield pain relief. The need of
wearing a lumbar orthosis postoperatively s still uncentain.
The study is continuing, and new patients will be added.
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Electrical surface stimulation versus
Boston-brace treatment in adolescent
idiopathic scoliosis

C. Biinger, GG. Juhl, E. Stender Hansen, B, Niedermannand §,
Pilgaard
The Orthopedic Hospital, Arhus, Denmark

Introduction: The different attitudes n the nonoperative
management of idiopathic scoliosis include brace treatment,
electrical stimulation, and solely observation until surgery
might be needed. Most recent reports indicate that up to 90
percent of progressive curves can be halted by Boston-brace
systems {1) compared with a 75 to 88 percent success rate
when using electrical stimulation (2). Significant compliance
problerns have been demonstrated in both treatment groups
(3), and may account for the poorer results also reported (4).
The aim of our present study was toevaluate the treatment re-
sults following lateral electrical surface stimulation (LESS),
using the pewest generation of stimulator and electrodes, ina
case control study versus Boston brace in idiopathic adoles-
ceni scoliosis.

Patients and methods. Twenty-two patients were prospec-
tively selected for LESS using the inclusion criteria idiopath-
ic scoliosis. decumented curve progression, curve magnitude
0of 20-45°(Cobb angle), and > | year growth assurance. Initi-
ation of LESS took place during admission to the hospital. A

Skolistim 2 stimulator with memory was used for 8 hours
with nightly stimulation with upto 60 mA, 35 Hz uniform im-
pulses through electrodes placed in the posterior axillary line
on the convex side of the main curves. In case of curve pro-
gression > 8° treatment was changed 1o random stimulation.

Using curve magnitude, location, and bone age as matching
criteria, we selected 22 patients of 256 treated with the Boston
brace from 1975 to 1980 using the same inclusion criteria.

Resulrs: The initial Cobb angle of the main curves was, on
an average, 31°in the LESS group versus 33%in the Brace
group. The correction in the prone position during LESS was
54° compared with 49° during Cotrel traction in the brace
group (NS). During the initial treatment period of 12 months,
significantly better curve correction was achieved in the
brace group when comparing in-brace curves with unstimu-
lated curves in standing patienis (P < 0.05). At 15 months,
there was no difference. Three patients did not cooperate fully
inthe LLESS group due to social problems, whereas the major-
ity showed a high level of compliance. Minor skin problems
were found in both groups in 3 patients. Random stimulation
arrested curve pragression in 2 of 4 patients.

Conctusion: So far, we find LESS to be an acceptable al-
temative to brace treatment, A 23 percent early curve pro-
gression was found, Our experience shows that close contact
with the patients is necessary to prevent noncompliance, al-
though a high level of motivation and acceptance was noticed
in the LESS group. Random stimulation might offer an alter-
native stimulation modality in case of curve progression in id-
iopathic scoliosis.
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Radicanatomic assessment of spinal
metastases with cryoplaning, CT, and MRI

Halldér Jénsson Jr, Marianne Petrén-Mallmin, Wolfgang
Rauschning and Inger Andréasson

Departments.of Orthopedics, Radiology, and Oncology, Uni-
versity Hospital, 5-751 85 Uppsala. Sweden

Introduction: Advances in diagnostic imaging and improve-
ments of oncologic treatment and surgical techniques have
led to more active management. The spine is rarely autopsied,
and little is known about the growth of spinal metastases.
Methods: Scintigraphy was used for screening the spine.
MRI and CT, inciuding thin-section, contiguous multiplanar
reconstruction with high-resolution algorithms, were target-
edonthe affected region. The MR studies were repeated at in-
tervals. Irespective of conservative or surgical treatment, an
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autopsy was performed; the metastatic spine segments were
prepared with arterial injection, freezing in situ, and careful
positioning. After embedding the frozen specimens together
with a reference system, high-resolution CT was carried out
directly inthe sagittal plane, which renders superb spatial res-
olution. The frozen specimens were then cryoplaned on a
large sledge cryomicrotome, and photographs were taken
with a pin-registration cameraat 1-mm intervals. Cylinder bi-
opsies were taken under direct vision of the metastasis. Eval-
wation included companson of the in vivo MR and CT studies
and scintigrams with the post-mertem CT scans and pathoan-
atomic images.

Resuits: The mechanical failure of venehral segments
with metastases was primarily due to Fractures, not gradual
bony collapse. The boundaries of the periosteum and the dura
were rarely transgressed; erosion of the arteries was not ob-
served, The metastaiic disease was predominantly located in
the vertebral bodies. Regions first to be weakened were the
vertebral body vascular channels, notably the foramina of the
Batson plexus. Yielding of the vertebral end plates, Schmorl-
nede formation, and extrusion of soft-tissue-hinged end plate
fragments into the vertebral canal were common findings.

Back pain in pregnancy
H. C. Ostgaard and Gunnar B. J. Andersson

Depanment of Orthopedics, Sahlgren Hospital, Gathenburg,
Sweden,and Rush-Presbyt., 5t. Luke 's Medical Center, 1753
W. Congress Parkway, Chicago, Illinois, USA

frtroduction: Back pain is often present in normal pregnan-
cy. Anincidence of 43 percent has been reported, with severe
patn in one third of the cases, There is little information ahout
the type of pain and when and in whom it occurs, and if it
changes during pregnancy. The purpose of this paper is to re-
port on back pain in 950 pregnant women foltowed from the
12th week of pregnancy through delivery.

Patients and methods: All the pregnant women attending
one maternity care unit in Gothenburg over a [-year period
were studied. The information was based on a large question-
naire, filled out by the women during the 12th week of preg-
nancy, requesting information about previous and present
back pain, as well as several other items. Women with ongo-
ing pain were given a more detailed questionnaire, and they
also reported the distribution and quality of pain on a pain
drawing. The intensity of pain was registered on visual analog
scales. Whenever the pain chunged, a new questionnaire was
filled out.

Results: Forty-nine percent complained of back pain at
some time during pregnancy. By means of 2,000 pain draw-
ings, we found three different types of back pain, which de-
veloped differently during the pregnancy. As pregnancy ad-
vanced, patients with pain above the lumbar area and patients
with pain in the sacroiliac area increased in number while pa-

tents with pain in the lumbar region decreased in number.
The pomi prevalence of back pain was quite consiant
throughout pregnancy, about 25 percens, The inensity of
pain increased from the beginning to the end of pregnancy.
Conclusion: Back pain is a significani problem in preg-

nancy, and is not one single diagnosis, There are three differ-
ent regions of pain, with pain in the sacroiliac area dominat-
ing. Moreover, pain in pregnancy is ubiquitous in time, witha
rather constant rate of 25 percent.

Repeat chemonucleolysis
M. G. A. Frenkel and R. Deutman

Department of Orthopedics, R. K. Ziekenhuis, Groningen,
The Netherlands

Introduction: For 10 patients out of a linked series of 750 pa-
tients who were treated with chemonucleclysis because of 2
HNP, the indication for a repeat chemonucleolysis was made
on the basis of a recurrent HNP.

Patients and methods: This groupconsisted of Smen and 4
women with an average age of 38 years. The diagnosis was
confirmed by myelography, CT scan, and discography. The
first chemonucleolysis was performed three times on the
L4-5 level, three times on the L5-51 level, and once on the
L4-5 level, as well as L5-51, and twice on the L34, L4-5,
and L5 -S| levels.

The results afier the first chemonuclealysis were four
times very good, four times good, and twice reasonable. Re-
current complaints started after an average of 3 years. The re-
peat chemonucleolysis was performed four times on the
L4-5level and six timesonthe L5-51 level. Before the oper-
ations, all the patients were pretreated with Hland H2 antago-
nists in view of possible allergic reactions. No such reactions
occurred.

Resuits and discussion. Afier the repeat chemonucleoly-
sis, it generally took longer forthe patients torecover and start
working again. With an average follow-up of 13 months, the
results were very good. in ] case, good in 4 cases reasonable
in 3 cases, and moderste in 1 case. The eventual result was
mainly determined by persisting low back pain.

Compared with the results of the first chermonucleclysis, §
patients remained in the sarne class, 4 wentto a lower class,
and | patient to a higher class. No reoperaitons have been in-
dicated, and so far no recurrences have been seen. No major
allergic reactions were seen.

Conclusions: Recurrent HNP after chemonucleolysis
may occur. Chemonucleolysis belongs to the treatment possi-
bilities. The results are less good than after the first chemonu-
cleolysis, mainly because of persisting low back pain.
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Neurophysiologic and microvascular
changes in spinal nerve roots of the pig
cauda equina induced by experimental,
graded compression

K. Olmarker, B. Rydevik, 5. Holm, R. A. Pedowitz', S, R.
Garfin' and A. R. Hargens'

Laboratory of Experimental Biology, Departments of Anato-
my and Qrthopedics, Sahlgren Hospital, University of Go-
thenburg, Gothenburg, Sweden, and GCSD Medical Center',
San Diego, CA, USA

Compression injury of spinal nerve roots is very common.
The pathogenesis of nerve root compression syndromes is,
however, poorly understood. In the present study, we have
developed a model for experimental, graded compression of
spinal nerve roots in the pig cauda equina. With this model,
we have studied the effects of such compression on blood
flow, edema formation, and impulse propagation.

Materials and methods: Sixty pigs were ancsthetized with
Hypnodit™ and ventitated on a respiratar. The nerve roots
were eaposed by a laminectomy of the first and second coccy-
geal vertebrae. A small balloon, tixed to the spine by two L-
shaped pins and a plexiglass plate, was placed across the spi-
nal canal. When the balloon was inflated by a compressed air
systemn, the nerve roots were compressed between the balloon
and the corresponding disc and vertebrae. Compression-in-
duced changes in the blood fiow of the intrinsic vessels of the
nerve roots were studied using a vital microscopic technigue,
Edema formation was studied with a fluorescence-micro-
scopic technigue vsing Evans” blue-labeled albumin as the
tracer, The changes inimpulse propagation were studied with
specially designed neurophysiolagic equipment. The tem-
perature and humidity of the preparation were controlled by
irrigation with warmed saline.

Results: The average minimum pressure required to stop
the arteriolar blood flow was found 10 be slightly lower (129
mmHg, SD 23, n 27), and correlated with the mean anerial
blood pressure (150 mmHg, 8D 14, n 1), The corresponding
pressure for the venules was 32 mmHg (SD 17, n 51), and for
the capillaries 36 mmHg (SD 14, n 7). An intraneural edema
formation was seen even after compression of 50 mmHg for 2
min. After compression at 100 mmHg for 2 hours, there was a
75 percent reduction in amplitude for the sensory nerve roots
and 45 percent for the motor nerve roots. The recovery of the
MmoIor nerve rools was also found to be more rapid than for the
SENSQrY NETve roots.

[iscusxion: The model in the present study thus allows a
detailed analysis of various parameters of the normal physiol-
ogy of spinal nerve roots that might be affected by an acute
compression injury. The capillary blood flow was stopped
even a1 very low pressures. which probably will negatively
influence 1the normal function of the nerve roots during pro-
longed compression. Formation of an intraneural edema wili
impair1he local transport of nutrients to the nerve fibers, and
may thus affect the nerve function more permanently than the
compression itself. Such edema was found to develop even
after very mild compression. The results of this study also
sugpest a greater sensitivity of the sensory than of the motor

nerve reots to acute compression. This may explain the clini-
cal oecurrence of sensory deficit and/or pain without motor
dysfuncticn in spinal nerve-roof compression syndromes.

Preoperative and postoperative instability
in lumbar spinal stenosis

Karl-Erik Johnsson, Inga Redlund-Johnell!, Alf Udén and
Stig Willner

Departments of Orthopedics and Diagnostic Radiology',
Malmo General Hospital, Lund University, Malmo, Swed-
en

Introduction: In an earlier investigation, we found a correla-
tion between postoperative instability and unsatisfaciory re-
sults of decompressive operation for spinal stenosis. In this
follow-up study, we wanted to analyze the importance of
some preoperative parameters and the extent of the operation
for the postoperative instability and the outcome.

Patients and methods: Inctuded in the study were 6! pa-
tients (40 men and 2| women) operated on for spinal stenosis.
Preoperatively, all of them had a plain radiograph of the spine
and a lumbar myelographic examination. Excluded from the
study were patients with an AP diameter of the dural sack >11
mm and patients with impaired circulation in the legs. The
mean age was 65 (38-80) years, the mean duration of symp-
toms 27 (1-180) months, and the mean follow-up time 51
(12-156)months.

The decompression was achieved by laminectomy and
more or less radical facetectomy. No fusion was performed.
Preoperative and postoperative vertebral slipping was meas-
ured on plain radiographs without provocation. In 51 pa-
tients, functional myelography was performed. The AP diam-
eter in flexion and extension was measured and the difference
calculated. Also, the slipping between the vertebrae in flex-
ion and extension was measured and the difference calculat-
ed. Preoperative and postoperative olisthesis <2 mm was not
counted. The degree of decompression was estimated with
CT. Patients operated on with laminectomy and total facetec-
tomny were designated radically decompressed.

Resulrs; Thirty-six patients assessed the result of the oper-
ation as good or excellent, the*good” group. The other 25 pa-
ticnts, the* poor” group, felt unchanged or worse. The mean
age in both groups was 65 years, The mean duration of symp-
toms was 28 months in thegood™ group and 25 in the*poor™
group. The mean AP diameter was about 4 mm in both
groups, Twenty-gight of the men, but only 8 of the women,
had good results (P < 0.05). Degenerative olisthesis was
found in 13 women and 17 men, and in 17 patients m
the*good™ groupand in 13 in the"poor” group. Postoperative
slipping was found in 26 patients {10 men and 16 women).
Fight belonged to the“good™ group. Thirty-five patients
showed no slipping: and in this group, good results were
found in 28 cases. Thus, postoperative slipping was twice as
common in the“poor’ group as in the"good™ group (P <
0.001). During functional myelography. the AP diameter var-
ied more in the"poor™ group than in the*good™ group at the
L3-L4 (P<0.01)and L4-L5levels (P < 0.02), Patients with
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postoperative slipping had more saginal mobility between
the vertebrae at the 1.4-L5 level during functional myelogra-
phy than patienis without slipping (P < 0.05). The"poor™
group{P < 0.03), women (F < 0.01), and the"slipping" group
< 0.001) were more radically decompressed as compared
with the‘good™ group, men, and the*nonslipping” group, re-
spectively.

Comgpression: In spmal stenosis, preoperative instability,
as revealed by functional myelography, seems to be a poor
prognostic sign. Radical decompression, without stabiliza-
tion, enhances the risk of postoperative slipping and a poor
outcome. Postoperative slipping worsens the prognosis.
Women run a greater risk of poor results after operation.
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Simultanecus 3-dimensional motion analy-
sis of the cervical spine: A clinical methed

M. Ahlund, T. Reiga, H. Tropp and S.-E. Larsson

Department of Orthopedics, University Hospital, S-581 85
Link&ping, Sweden

Introduction: Up 10 now, 3-dimensional motion analysis of
the cervical spine has' been done exclusively on cadaver spec-
imens using radiography and internal markers, such as tantal-
um balls. In view of the complexity of the motion pattern and
the clinical variability of various pain conditions and lesions,
we have developed a clinical method for simultaneous 3-di-
mensional motion analysis 1o describe in detail the normal
features, as well as the pathological ones, with advancing age
and different clinical disorders. The aim of the present study
was (o describe the equipment, the precision and reproduci-
bility, and, somewhat, the clinical applicability.

Patients and methods: The range of motion, as well as the
motion pattern, of the head relative to the uppermost part of
the thoracic spine was examined using five electrogoniome-
ters recording the motion in the three planes. An outer rod
rested on the acromion and was connected 1o the head via an
adjustable band fixed on the skull. The rod was applied in a
vertical position passing the center of the outer ear. It was
connected to a plexiglass dorsal plate firmly attached to the
thorax. The equipment gave very precise and reproducible
values when qualibration was performed using a special doll
made for this purpose. On patients, the values of the motion in
the sagittal plane corresponded very well with those obtained
by registration with an inclinometer (Myrin}. This was found
also for mation in the fromtal plane. The inclinometer was not
suitable for registration of the motion in the horizontal plane
{rotation). The signals of the five electrogoniometers were re-
corded graphically with the aid of a 6-channel writer,

Results and discussion: Inclinical use, the reproducibility
of the results was guite satisfactory. Some of the test individu-

als showed results deviating from one examination o anoth-
er, whereas the majority could reproduce their recordings
quite satisfactorily, No sigmficant differences were obtained
between recordings made with a L-week interval, At simulta-
neous radiographic examinations performed in 10 patients
with complaints from the cervical spine, good correspon-
dence was obrained between our recerdings and the range of
motion measured on the radiographs provided that the eiec-
trogoniometers had been positioned properly at carefully de-
fined sites. The pattemn of simullaneous mavements was
found 10 be disturbed in patients with pain syndrome of the
cervical spine.

Surgical treatment of atlantoaxial
subluxation in rheumatoid arthritis

J. Milbrink and A. Wigren

Department of Orthopedics, University Hospital, Uppsala,
Sweden

fntroduction: Atlantoaxial subluxation {(AAS) 1s a well-
kngwn complication of progressive rheumnatoid arthritis
{RA). Mast frequently, dislocation occurs in a horizontal
plane and fortunately the more serious, and at operation more
technically troublesome, vertical instability is rather uncom-
mon, but needs an earlier surgical intervention. We present a
retrospective study of 19 patients suffering from RA showing
AAS.

Patients and methods ' Nineteen patients were fusioned
according to the original method of Gallie, modified by
McGraw and Rusch (1). Three parameters were used: pain,
neural deficit, classified according to Ranawat e1 al (2), and
disability using the American Rheumatism Association for
Functional Classification. Regular check-ups were done 6
weeks, 3 months, and 6 months postoperatively. The patterns
of instability were visualized through the regular radio-
graphs, maximum flexion/extension; and vertical subluxa-
tion was ruled out through Redlund-Johnell s (3) modifica-
tion of the method of MeGregor (4), i.e., the distance between
the palato-occipital help line to the lower end plate of the sec-
ond cervical vertebra, which rules out the condition of dens
axis.

Results and discussion: Clinically, all but 1 patient were
completely relieved of pain, and all but 2 patients had no per-
sistent neural deficit after the operation. Most patients re-
mained in their original functional class. Three patients re-
quired refusion because of redislocation exceeding 10 mm,
and 1 patient developed veniical subluxatien in spite of suc-
cessful primary fusion, but no patient showed clinical symp-
toms. The primary fusion success lurned out 1o be 12/18 pa-
tients, and after refusion 15/17 patients, which gives a pseu-
darthrosis rate of 2/17 patients. A relatively low mortality rate
was found, 2/21 operations, and there was no case of infec-
tion. Fusion failure was often due tothe development of pseu-
darthrosis between graft and laminae — spinous process of
axis, whereas bony healing readily occurred to the atlas. An
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explanation could be a firmer contact between the arch of the
atlas and the wansplant through more efficient steel-wire
compression than to the spinous process of the axis. We be-
lieve that fusion might be used to a somewhat wider extent
than s1ated earlier, especially when dealing with progressive
horizontal dislocation with neural deficits and/or vertical
subluxation.
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Anterior atlantoaxial subluxation in RA
is caused by involvement of the cervical
gpine ligaments

Y, T, Konttingn, 5. Santavinag, M, Grinblad, M. Hukkanen,
0. Korkala, V. Bergroth and P. Liesi

University Central Hospital, Helsinki Finland

Method: Peroperative biopsies from anterior AAS patients
were processed for immunohistochemical demonsiration of
inflammatory cells, neurofilaments, and neuropeptides by
the ABC methoed. In all, 162 rheumatoid cervical spine pa-
tients were screened radiographically for the presence of an-
terior AAS caused by ligamentous laxity alone without in-
volvement of cartilage or bone.

Results: Patchy infiltrates of inflammatory mononuclear
cells were observed in 4/8 ligamentous samples from the
structures between the posterior arch of the atlas and the spi-
nous process of C2. Neural elements containing cytoskeletal
neurafilaments and neuropeptides, such as CGRP and sub-
stance P, were present in the ligamentous samples studied.
Further, 14/162 anterior AAS patients had this condition
without involvement of cartilage or subchondral bone.

Conclusions: Although peroperative biopsies of trans-
verse ligaments could not be obtained, we concluded that in
anterior AAS 1) ligamentous laxity is caused by an immune-
inflammatory invelvement of the ligamentous tissue; 2) pain
may be caused by involvement of the local nerves and not al-
ways by entrapment of C2roots; 3) anterior AAS iscaused by
ligamentous laxity alane, although this in long-standing cas-
es is also accompanied by erosions in the occipito-atlantoax-
ial area.

Spondylodesis using the Hartshill rectangle
for low back pain

T. Niinimaki, J. Puranen and P. Jalovaara
Department of Surgery, Oulu University Central Hospital,
Oulu, Finland

Introduction: The Hartshill technique for spondylodesis, a
modification of the Luqués segmental fixation, developed by

Daove (1), is based on immohilization of the part of the spine to
be fused by means of a rectangle of steel rods. The immobili-
zation, which promotes the formation of stabilizing bone
bridges between the vertebrae, is brought about by fixing the
neural arches o the rectangle with steel wires introduced
about the laminae. The bone removed from spinal processes
and facet joints is used for bone grafting, and noexternal bone
transplantation is needed. In cases with symptoms of pressure
an nerve roats, decompression was performed.

Parients and methods: We have applied this technique in
22(12 females and 10 males) carefully selected patients with
chranic low back pain including disc disease, instability,
spondylolisthesis, and spinal stenosis. The indication for sur-
gery was focal spinal pathology diagnosed by clinical exami-
nation, routine radiography, computed tomography, and in-
jectionof local anesthetic into the Facet joints. All the patients
had heen followed for a long period, and mast had had previ-
ous spinal surgery, The median age of the patients was 40
years, and the follow-up 510 20 months. The fusion was most-
ly performed on two disc levels — on one disc level in 4 cases
and on three disc levels in 1 case. The operation time varied
from 10010 240 minutes and bleeding from 150 to 5,500 ml.
The patients were mobilized on the first or second postopera-
tive day with a light external support. The hospital stay was
6—12 days. Retum to work was not allowed for 10 weeks after
the operation.

Results and discussion: At follow-up a bilateral breakage
of steel wires indicating lost stability and development of
pseudarthrosis was observed in | patient, who was, however,
satisfied. Unilateral broken wires, however insignificant, as
indicated by the extension-flexion radiographs, were seen in
3 patients. Twotoo long rectangles were removed, The result
was good (no or only moderate back pain} in more than two
thirds of the patients. Only 1 patient experienced unchanged
pain postoperatively. We consider this technique for spinal
fusion useful in selected patients who have a reliably identi-
fied local pathology as a cause of their chronic low back
pain.

Reference
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Normal range and age-related changes
of the vertebral wedge angle

L. R. Hedlund and J. C. Gallagher
Creighton University, Omaha, Nebraska, USA

The wedge angle (WA), i.e., the angle between the superior
and inferior vertebral end plates was determined in lateral ra-
diographs of the thoracic and lumbar spines for each vertebral
body (T3-L35) in 150 normal women aged 3467 years, The
anterior and posierior vertebral heights and widths were
measured with direct reading Vernier calipers (accuracy 0.05
mm). The WA was derived from the expression
WA =2 sin"! anterjor height —
2 widths
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Table 1. The mean and SD of the WA for T3-L5

Mean sSD Mean S0
T3 4.1° 3.1° L1 3.2 3.2
T4 4° 3.0° L2 1.8° 35
TS5 4.1 o L3 0.5° g
T6 5.1° 2.7 L4 —-1.4° 4.1°
T7 5.6° 30 LS -6.0° 4.5°
T8 52 2.9°
T2 Iy 3.2°
T10 3.5 35°
T 4.2° 3.0°
Ti2 4.1° 3.1

For each vertebra, the normal range (mean £2 SD) of the
WA was calculated (Table [). For T3-T12ihe mean WA was
berween 3%nd 6° withihe upper normal limit {+ 2 3ID) above
% for all the thoracic vertebrae,

In the thoracic spine, there was no significant comrelation
between WA and age. For L1, .3, and L5, weak (r= —(0.20},
butsignificant (# < 0,05), negative correlations between WA
and age were found. This was caused by a slight decrease of
the posterior vertebral height with age (P < 0.05). The cumu-
lative posteriar height of the lumbar vertebrae averaged 5.6
mm lower in the age group 5667 compared with women
aged 34-44 years, There was no significant change of anterior
height or width with age,

The resulls suggest that normal aging does not result in a
progressive anterior veriebral wedging as seen in spinal os-
teaporosis. The normal range of the WAs for each vertebra
may be used in the diagrosis of vertebral wedge fractures.
The abserved normal range of WA gquestions the previously
suggested use of a S°WA in three thoracic vertebrae as diag-
nositic criterion for Mb Scheuermann.

Correlation between compression charac-
teristics and bone mineral content measured
by dual-energy CT in normal and metastatic
vertebral hodies

W, Crone-Munrebrock

Department of Diagnostic Radiology, University Hospital
Hamburg-Eppendorf, FRG

Iniroduction: The aim of the present study was to correlate
bong mineral content, measured by dual-energy CT and bio-
mechanics characteristics in normal and metastatic vertebral
badies.

Materials and methods: The investigations were per-
formed with a CT scanner of the third generation with dualen-
ergy (96 and 125 kV). First, weevaluated 4| fresh human ver-
tebral bodies of the thoracic and lumbar spine, and the bone
mineral content of spongious and cortical bone was calculat-
ed. The biomechanics investigations were performed on an
electronic compression machine (10 mmy/min). The same
procedure was done with 14 vertebrae with osteolytic and
five with osteoblastic metastases.

Results: The relationship between fracture load and bone
mineral content of the normal vertebral bodies can be de-
scribed as a Jogarithmic function (= 0.9). The breaking load
was higher caudally. In vertebral bodies with osteolytic meta-
stases, the breaking load was less than would be expected
from BMC determination.

The destructive character of the osteolytic metastases 1s
more important for the fracture risk in vertebral bedies than
the bone mineral content. The bone mineral content of osteo-
blastic metastases is higher than in normal vertebral bodies,
but the breaking load 15 less.

Prediction of vertebral strength with
computed tomography {CT)

S. A. V. Eriksson, B. Isberg and J. U. Lindgren

Department of Onthopedics, Karolinska Institute. Huddinge
Hospital. 5-141 86 Huddinge, Sweden

Introduction: It is important to be able to predict bone
strength and fracture risk with noninvasive methods. We per-
formed computed tomography determinations of vertebrae in
order to predic venebral strength.

Muaterials and methods: We studied 18 cadavers. The ver-
tebral column was excised and radiographs were obtained
from all the specimens prior to further analysis. The excised
spines were placed in a container filled with water, and were
studied in 4 Siemens Somatom-2 CT Scanner. The scanning
was done al 125 kVp and 96 kVp {460 mAs and 600 mAs).
Using a materials testing apparatus (MTS, Minneapolis,
Minn), we compressed the vertebrae between freely movable
plates at a speed of 5 mm/min. The ultimate compressive load
was determined from the peak of a load-deflection curve. All
the vertebrae were ashed at 700 9C for 12 hours, and the ash
wis weighed under standardized laboratory conditions. Ver-
tebral bodies and posterior elements were treated separate-
ly.

Resuits: We found about the same amount of mineral in
vertebral bodies and posterior elements, but considerable in-
dividual vanation existed. Regardless of energy level used
for the CT determination, single energy determination of the
central portion of a vertebral body was not acceptable for the
prediction of the 1oad at failure. By multiplying the CT result
with the surface area of the vertebral body, the prediction im-
proved; and by multipiying the effect of atomic number ob-
tained by dual energy determination with the surface area, ac-
ceplable results were obtained (r=0.74). By also including
the periphery of the vertebrae in the CT determination, it is
possible to further improve predictions. We also compared
data where the surface area of the end plate or the transverse
area of the veriebral body at the middle had been excluded. In
addition, results can become more accurate if the result from
using the squared CT finding multiplied by the surface area is
used.

Discussion: This study shows that determination of miner-
al content in the central portion of a vertebral body using sin-
gleenergy CT is not sufficient for predicting vertebral
strength. Dual energy methods are available in many hospi-
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tals, and adequate prediction of vertebral strength can be
made if the surface area of the vertebral body is also consi-
dered in a determination based on dual-cnergy CT.

Movements of the sacroiliac joints:
A stereophotogrammetric analysis

Bengt Swuresson, (Goran Selvik and Alf Udén

Department of Onhopedics, Malmé General Hospital,
Malmé, and Department of Anatomy, Lund University,
Lund, Sweden

Iniroducrion: The role of the sacroiliac joint as a pain-pro-
ducing structure is poorly understood. Earlier analyses are
poastmonem studies or with error of the methoed as big as half
the maximal ¢stimated movement. The aim of this study was
to describe movements in the sacroiliac joints under different
physiotogical loads and to compare the movements of symp-
tomatic joints with asymplomatic ones

Putients and methods: Quipatients at the Depanment of
Qrthopedics were referred to a group consisting of an ortho-
pedic surgeon, a doctor of chiropractic. and 2 physiathera-
pists. Patients who were regarded as having a sacroiliac syn-
drome and who agreed 10 permit study of the mobility with
roentgen stereophotogrammetry were included in the study.
There were 21 females (aged 19-45 years) and 4 males (aged
18—45 years) who had tantalum balls inserted percutaneous-
ly. Two weeks later, they were examined with sterecphoto-
grammetry (Sclvik 1974) in the following pasitions: supine,
prone with hyperextension of the left and right legs, respec-
tively, and standing and sitting with straight knees.

Results: The total movement around the X-axis between
extreme positions was, on an average, 2.5 £0.5(1.6-3.9°
The rotation around the X-axis was about 8(-9( percent of
the resultant or the total rotation, Around the X-axis the mo-
tion was symmetric, and the innominates moved as a unit
around the sacrum. The motion around the Y- and Z-axes
were inconstant and inward, and outward, respectively, pro-
bably due to the shape of the articulation. There was no de-
crease in mobility with age. The mobility of symptomatic
joinis was, on an average, equal 10 the mobility of asympto-
matic joints around the three axes.

Conclusions: The identical movements of the symptomat-
ic and asymptomatic joints clearly demonstrate that analyses
of the mobility under physiological load cannot identify a sa-
croiliac disorder.

Traumatic sacroiliac joint dislocation:
Internal fixation through an anterior
approach with a special square plate

8. QOlerud and M. Hamberg

Department of Orthopedics, University Hospital, Uppsala,
Sweden

Introduction: Sacroiliac joint dislocation usvally is the result
of a high-energy, but blunt, trauma to the pelvis, The disloca-
tion is often combined with severe damage to the large pelvic
vessels, the urinary wract, peripheral nerves, and eventhe gas-
trointestinal tract.

Patients: During the last 6 years, we have treated 19 pa-
tients, aged 26 (15-45) years, with dislocation of one or both
sacroiliac joints, Thirteen patients also had other fractures or
lesions as well. Neurologic injuries were present in 7 cases; in
3 of them the injuries were bilateral. One patient had both a
perineal and a rectal injury.

Method: The sacroiliac joint was reached through an ante-
rior retroperitoneal approach. This made it possible to clean
the joint of injured cartitage and also to reduce the dislocation
under direct vision. The internal fixation was performed with
four cancellous bone screws placed in a square-shaped plate,
which was especially made for sacroiliac joint fixation. Post-
aperatively, 11 patients were mobilized to gait with crutches
within 4 weeks, and all but 1 within 12 weeks. The mean fol-
low-up time for this series was 27 (12-68) months.

Resuits: All the joints were considered clinically healed;
however, 2 patients had some residual back pain. There was
no gait problem, and a leg length discrepancy of 2 cm was
found only in the patient who also had a sacral fracture on the
apposite side to the sacroiliac joini. The neurologic defect
was completely restituted in only 2 of the patients with such
an injury, and onone of the sides in 2 of the patients with bilat-
eral neurologic injury. However, all the neurologic injuries
showed improvement. Eleven patients returned 10 work with-
in 6 months and another 4 within 12 months,

Conclusion: An anterior approach 10 the dislocated sa-
croiliac joint gives good reducrion and fixation possibilities.
Adding a limited extiernal fixation support allowed early mo-
bilization. The residual disability concerning pain, walking,
andsitting difficulties, as well as working capacity, was limit-
ed

Spinal fractures

Deformity after thoracolumbar fractures and
fracture dislocations treated by Harrington’s
instrumentation

M. Karjalainen, 0. Nelimarkka, P. Jussila, K. Katevuo! and
A. Aho

Departments of Surgery and Radiology®, University Central
Haspital of Turku, Turku, Finland

Introduction: There are today many new methods for manag-
ing thoracolumbar spinal injuries. We wanted to evaluate our
methods and results in this study.

Patienrs and methods: Beiween 1980 and 1985, we oper-
ated on 2} patients {average age 28 years) with unstable tho-
racolumbar fractures using Harrington s instrumentation. To
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determine the loss of the reduction after removal of the instru-
menltation. we measured the angles of kyphosis and scoliosis,
sagittal and lateral dislocations, and amterior wedge compres-
ston. The instrumentation was removed within a year of oper-
ation, and the average follow-up pericd was 3.8 years. Bony
injury was assessed radiographically on admission. after re-
duction, and at the 1ast follow-up in 1987.

Results and discussion: In our patient group, therc were
only twoloosenings of Harrington 's instrumentation without
any neurologic symptoms. The neurologic state of 4 patients
improved during the follow-up. The gibbus angle and anteri-
or wedge compression were nearly the same at follow-up afi-
er the removal of the rods as before reduction: the gibbus an-
ele even increased (17.1°before reduction and 22.3%at last
follow-up); the anterior wedge compression was 37,2 percent
and 31.1 percent. respectively.

Chr results demonstrate that primary reduction is not
stable. To avoid late deformity, it is use ful to make an antero-
lateral intercorporeal spondylodesis and to use an extension
brace until healing.

Experiences with transpedicular internal
fixation and transpedicular grafting of
unstable tharacolumbar fractures

L. Sjostrom, §. Olerud and G. Karlstrdm

Department of Onhopediés. University Hospital, Uppsala,
Sweden

Introduction: The use of a transpedicular internal fixator in
the treatment of unstable thoracolumbar fracture makes ana-
tomic or ciose o anatomic reduction passible. Only two seg-
ments are included in the osteosynthesis, and lumbar mobility
1s optimally preserved. The patients can often be mobilized
without external support. The method can be combined with
transpedicular bone grafting of postreduction defects in burst
fractures. Posterior fusion is performed over the damaged
segments only.

Patients und methods: Thirty-seven patients, 29 males
and 8 females, with an average age of 37 years. with 31 burst
fractures and six fracture dislocations were operated an,
Twenty-one patients had neurologic deficits, 2 of these com-
plete paraplegias. One fracture dislocation was at the Th6-7
level, I8 injuries were at the thoracolumbar junction
(Th11-L1), and there were 17 lumbar fractures. The com-
pression deformity, measured as the average anterior verte-
bral height, was 59 percent of the estimated original height.
The average local Cobbrangle was | 1 °kyphosis. Ten patients
had akyphosis of more than 20° Atoperation, 24 patients had
bone paste taken from the posterior iliac wing grafied through
the pedicle into the postreduction defect. In 10 patients, a par-
tial laminectomy was done to check or improve the reduction
of the anterior vertebral wall. The decompression was evalu-
ated by peroperative myelography and/or postoperative CT.
In 2 cases, anterior decompression had to be done as a secon-

dary procedure. One patient was reoperated on due to insuffi-
ciency of the transpedicular device. Postoperatively, about
half of the patients were mobilized without a brace and about
half of them with a three-point brace. All the patients n this
group have been followed for at least 1 year.

Results: The average postoperative veriebral height was
88°0f the estimated original height, and the average postop-
erative Cohbangle was 1 ®lordosis. The loss of anterior verte-
bral height during this first year was 5 percent — from 88 to
83 percent. The average loss of correction at follow-up was 5°
lordosis, mainly due to narrowing of damaged discs. Three
technical faiiures substamially contributed to the loss of re-
duction. Neurologically, all the patients improved except the
2 paraplegics. One year after the njury, half of the patients
were back at their original work. The device was usually re-
maved after 1 year. Twelve patients, all bone grafted trans-
pedicularly, have been followed for at least 6 months after re-
moval of the device. During these 6 months, no further loss of
anterior vertebral height has occurred. The kyphosis angle
has increased by 4°owing to further narrowing of damaged
discs.

Treatment of vertebral fractures and
dislocations of the thoracclumbar area

W. Schlickewel, E. H. Kuner and G. Schiitzhoff

Department of Traumatologic Surgery, Univetsity of Frei-
burg, D-7800 Fretburg, FRG

Introduction.: CT evaluation of fresh traumatic injuries of the
spine impraves our understanding of spinal injuries. Trans-
pedicular screwing gives us a sufficient methoed for the treat-
ment of unstable vertebral fractures of the thoracolumbar ar-
ea

Patients and methods: Between 1983 and 1985, we 1reat-
ed 193 patients with fractures of the lower thoracic and lum-
bar spine. At first, we anatyzed the fractures, if necessary by
CT. For simple stable fractures, we chose early functional
treatment or an early mobilization in a three-point brace. The
method of transpedicular screwing {Roy-Camille) and the in-
ternal fixator (Dick)} gave us a practical method of instrumen-
tation for unstable fractures with or without neurologic symp-
tams. The advantage of this method is the possibility for early
mabilization.

Resulis and discussion: We found in no case a deteriora-
tion of the neurclogic sympioms, but in many cases an im-
provement of an incomplete paraplegia. In cases with com-
plete paraplegia, the operation allowed an early rehabilita-
tion.

Conclusion: We conclude from our results of a follow-up
study that the functional and the three-point brace trearment
gave good results for stable fractures. In unstable fractures,
the transpedicular instrumeniation is a sufficient method to
stabilize the fracture and to mobilize the patient early.
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Current treatment of
thoracolumbar fractures

Erik B. Riska

Dextra Medical Center, Orthopedic Department, Helsinki,
Finland

The registration of motor function and sensibility of the ex-
tremities immediately after the accident, with a detailed case
history, is important. Plain radiographs, lateral tomograms,
and CT scans are obtained in all the patients. In some cases a
myelogram 1s necessary to demonstrate a compression of the
spinal cord.

Stable vertebral fractures without neural involvernents are
wreated conservatively. Unstable vertebral fractures, espe-
cially those with neural involvement, are treated operatively
with intermal fixation and fusion.

The operation is undertaken as soon as possible, even dur-
ing the night, and under general anesthesiz. In the thoracic
spine and at the thoracolumbar junction, the operative reduc-
tion is performed with Harrington s distraction equipment
and distraction rods. Fractures of the L3 and L4 venebrae are
treated with Dick ‘s transpedicular equipment. In fractures of
L5, Harringtons distraction rods with a distal herizonial bar
isused instead of lower hooks. In all the cases the procedure is
completed by local fusion of the injured segment, usually
three dorsal arches, with iliac bone grafts.

If narrowing of the neural canal is still present after reduc-
tion and internal fixation, and if compression of the spinal
cord is verified radiologicatly, an anterolateral decompres-
sion operation with interbody fusion is undentaken during the
following days.

The patients are kept in bed for 2-6 weeks. Mobilization is
started with a hyperextension brace, and the brace treatment
is continued for an average of 3 months. After surgery the pa-
tients participate in a full rehabilitation program. The Har-
rington rods and Dick equipment are removed after 9-12
months.

Trigeminal sensory impairment after
whiplash injury of the cervical spine

K. Knibestél!, C. Hiidingsson, G. Toolanen and (. Ahl-
gren

Departrents of Orthopedics and Clinical Neurophysiology!,
University of Umed, S-901 85 Umed, Sweden

Introduction: A whiplash injury is defined as a soft-tissue le-
sion of the cervical spine. The possibility of damage of other
structures than the musculoskeletal system, such as a subtle
lesion of the cervical medulla and even intracranial contents,
has been proposed. The purpose of the present study was 10
evaluate quantitatively the cutaneous thresholds for vibration
and temperature over the ophthalmic and mandibular divi-
sion of the trigeminal nerve in patients with disabling symp-
toms after a whiplash injury.

Patients and methods. Thinty patients with a whiplash in-
Jjury due 1o car accidents were investigated at a minimurm of 6
months after the trauma. Seventeen healthy individuals
served as a control group.

Warmn und cold thresholds were determined witha 30 x 30-
mm metallic plate thermostimulator. Vibration thresholds
were determingd with a hand-held vibrator with a 13-mm
probe (Vibrameter, Somedic AB).

Resulrs: Patients with chronic symptoms showed signifi-
cantly increased thresholds for cutaneous vibration over the
ophthalmic {£ < 0.001) and mandibular {# < 0.01} division of
the trigeminal nerve as compared with asymptomatic pa-
tients. The cutaneous thresholds for temperature were signifi-
cantly increased over the ophthalmic division (P<0.001), but
not over the mandibular division.

Conctusion.: The trigeminal sensibility for vibration and
temperature seems to be impaired in patients with chronic
symptoms after a whiplash injury, which is possibly due toa
lesion in the trigeminal tract at a high cervical level.

Cervical spine injuries treated with
the halo vest

Bengt Lind, Hans Sihlbom and Anders Nordwall

Department of Orthopedics, Sahlgren Hospital, Gothenburg,
Sweden

Intraduction: Thehalo” was described by Perry and Nickel
asacervical spine fixation device in 1959. [t rapidly became a
commonly used nonsurgical alternative for treatment of cer-
vical spine injuries (CSI). There have been several reports in
the literature of the efficacy of the halo-vest apparatus, espe-
cially in patients with upper CSI, but concern has been ex-
pressed about its use in patients with neurologic impairment.
The aim of the present study was to report our experience with
the use of the halo vest in a series of unselected patients reat-
ed for C31 (with or without tetraparesis).

Patients and methods: Eighty-three consecutive patients
with unstable CS] were reated with a halo vest between 1976
and 1985, They were treated prospectively according 1o a spe-
cific protocal with & halo vest for 12 weeks. Forty-four pa-
tients (33 percent) initially had neurologic deficits, 26 of
whom had tetraparesis. The age range was 13-89 years, and
the male-female ratio was 2:1.

Results and discussion: Three patients died within 1 year
after their injury: 2 patients died during the halo-vest treat-
ment, and a third patient died 6 months afier the injury. Two
patients were lost for follow-up. Seventy of the remaining 78
patients healed without delay (90 percent). The nonunions
occurred in fracture types known to be prone to nonunion.
Complications during the treatment were usually minor, with
pin problems being the most frequent ones (pin loosening was
60 percent), Except for urinary tract infections. there was no
significant difference in complication rate between patients
with or without tetraparesis. We recommend the halo vestasa
primary treatment method in all cooperative patients with un-
stable CS1.
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Late results after cervical spine injuries
treated with the halo vest

Bengt Lind, Hans Sihlbom and Anders Nordwall

Department of Orthopedics, Sahlgren Hospital, Gothenburg,
Sweden

frtroduction: The halo-vest apparatus has been part of the
routine therapeutic armamentarium for patients with unstable
cervical spine injuries ever since its introduction in 1959.
However, no attempts have been made to evaluate the late re-
sults in patients with these injuries treated with the halo vest.
Thiv was the purpose of the present study.

Futients and methods: Eighty-three patients with cervical
spine injuries were treated in a prospective consecutive series
with a halo vest. Two years after the rauma, 6 patients had
died and 8 patients had been surgically stabilized, Sixty-sev-
en of the remaining 69 patients were followed up 3 (2-7)
years after the trauma. The follow-up included a question-
naire ahout residual complaints, clinical examination, and ra-
diography. The radiography included radiographs in flexion-
extension and side bending. The motion of the neck was
measured radiographically with the exception of axial rota-
tm. which was measured with the aid of acompass placed on
tap of the head.

Resulrs. No nonunions were diagnosed at the follow-up.
Approximately four fifths of all the patients, regardless of
neurologic deficits, had complaints of local neck symptoms,
pain at the extremes of neck motion, and stitffness, which was
the most frequent complaint. The symptoms were regarded as
being mild by most patients, and they did not usually have any
ajor impact on return to work or leisure actvities. Meurolog-
ic recovery was as good as in series with other treatment alter-
natives. The patients also had a significant decrease of rota-
tion andd side bending of the neck, but normal flexion-exten-
sian motion when compared with a series of 70 normal sub-
jects. Patients treated with the halo vest for more than 11
weeks had a significantly larger decrease of neck motion
when compared with patients with a shorter period of time
with the halo vest. Thus, shortening the treatment period from
12 ur 8 weeks, which we believe is possible in most cervical
spine injuries, seems to be favorable.

Stable internal fixation of traumatic
cervical spine injuries

H. Jonsson Ir, G. Karlstrém, L. Sjostrém and 5. Olerud

Department of Orthopedics, University Hospital, Uppsala,
Swuden

Fractures and dislocations in the cervical spine cause various
degrees of instability and in some cases injuries to the spinal
cord or nerve roots. Early decompression and stabilization
should facilitate the rehabilitation and minimize the risk of
permanent deformities and progressive myelopathy.
Sixty-tour patients (50 males and 14 females) with dislo-
cations or fractures in the cervical spine have been operated

on with reduction and stable internal fixation. The mean fol-
low-up time was 6 months. Ten patients had injuries in the
CO-C2 region and 54 in the C3-Thl region. Twenty-six of
the patients had tetraparesis or tetraplegia. In the upper cervi-
cal spine four screw fixations of the dens according to Bohler,
four Gallie fusions, and two fixations with Roy-Camille
plates were performed. In the lower cervical spine the proce-
dures consisted of 15 antenor fusions with bone grafts and
Orosco plates, 19 posterior reductions and fixations with cer-
clage wires or screws and plates. In 20 cases anterior and pos-
terior operations were combined. In 12 cases the first opera-
tion was insufficient, and was therefore completed with asec-
ond procedure.

Allthe injuries united without deformity or progress of the
neurplogic damage. Two patients had transient hoarseness
and two had dysphagia. Two patients died in the postopera-
tive pertod of myocardial infarction and respiratory msuffi-
ciency with pneumonia. The program for reatment of cervi-
cal spine injuries has proved to be safe and effective. In spite
of early mobilization without external support, the injuries
have united solidly and withous redislocation.

Postlaminectomy deformities
in the cervical spine

S. Olerud

Department of Orthopedics, University Hospital, Uppsala,
Sweden

Kyphotic deformities appear very often afier laminectomy. a
procedure which implies that the posterior tension-stabiliz-
ing structures of the spine have been excised. The following
cases bear witness of such sequelae.

The series consisted of 5 cases operated on with an exten-
sive laminectomy on three to six cervical vertebrae because
of various diagnoses such as Klippel-Feil’s deformity, trau-
ma, tumor, and infection. All the patients had developed a
pronounced kyphotic deformity with its ventex within the
centrum for the laminectomy. Two of the cases were tetra-
plegic and 3 had myelopathy with spastic and motor distur-
bances.

The treatment consisted of decompression, reduction, and
fusion. This was done with an anterior or posterior approach,
and in | casc with acombination of these, Inone of the cases a
successive slow reduction was performed with a hale-pelvic
device.

The 2 tetraplegic patients, whose main symptom was local
pain, were completely relieved after the stabilization. They
also hecame better candidates foran active rehabilitation pro-
gram. Two of the myelopathy patients became completely re-
habilitated. The third one recently operated on is slowly resti-
tuting. One of the patients who had developed a pronounced
swan-neck deformity gained a normal head and neck posi-
tion.

Extensive laminectomy without a stabilizing procedure
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will lead to a kyphotic deformity of the cervical spine. Be-
cause of compression of the cord, a myelopathy will easily
develop with impaired neurologic function below the injury.
Itis considered important not to destroy posterior-tension sta-
bilizing structures without a compensating, stabilizing proce-
dure, a posterior or anterior fusion, or both of these opera-
tions. Postenior cervical surgery may also cause adenervation
of pusterior muscles, which also may play a role in develop-
ing the kyphotic deformity.

Pediatric orthopedics

The eticlogy of congenital luxation
of the hip

AlfUdén

Department of Orthopedics, Malmé General Hospital,
Malmd, Sweden

Several factors are importam for the development of a mani-
fest congenital dislocation of the hip (CDH), e. .. the prenatal
and postnatal positions of the legs, the shape of the acetabu-
lum, and the mechanical properties of the joint capsule. It is
known that patients with CDH often are born in the breech
presentation, Recently, it has been shown that the position in
utero with flexed hips and extended knees is of more impor-
tance than the actual breech presentation. The effect of post-
natal position of the legs has also been known for a long time.
The incidence of CDH is high among Lapps and lndians,
where the infants were carried with straight and adducted
hips. Alsoa low incidence of manifest CDH is recorded when
neonatally unsiable hips are treated in abduction and flexion,
as in Scandinavia. It has also been reporied that the acetabular
angles in unilateral cases have been larger than in controls,
andthatrelatives also have steeper acetabula. However, inthe
thesis of Fredensborg the acetabular angle was not steeper in
the adult age than in controls, and the dysplasia is probably an
effect of subluxation rather than a cause of CDH. That there is
ageneralized disorder of the connective tissue also persisting
in young age is suggested by the persistent joint laxity. In the
umbilical cord the content of collagen is decreased and the
content of type 1 collagen is lower than the type HI collagen.
Also, an increased incidence of inguinal hernia bas been ob-
served. In arecent study in Malma, we found an increased in-
cidence of hemnia in children with CDH, especially during the
first 3 months of life, where the risk for boys and girls was re-
spectively 6.6 and |1.2 times greater. The girls with CDH ac-
counted for one fourth of all hernia operations in girls during
the first 3 months of life. The level of serum relaxin during
pregnancy is higher in patients with pelvic instability. Be-
cause relaxin stimulates collagenase, it is possible that this
can explain the increased risk for hemia, the decrease of col-
lagen inthe umbilical cord, and the neonatal pelvic instability
in children with CDH.

Ultrasound screening of the hip joints
in newborns

T. Terjesen, T. Bredland and V. Berg

Department of Orthopedics, Trondheim University Hospital,
Trondheim, Norway

‘The value of ultrasound in screening for congenital hip joint
dysplasia and dislocation in newboms is for the time being
unsettled, and the purpose of the present study was to throw
some light on this matter.

Subjects and methods: Two thousand newborns were ex-
amined consecutively during the period January to October
1987. Clinical and utrasonographic examinations were per-
formed on one of the first 4 days of life. With the infantin the
supine position, the ultrasound transducer was placed on the
lateral aspect of the hip and kept parallel tothe jong axis of the
body. We measured the distance from the acetabular floor to
the lateral bony rim of the acetabulum, and from the same
point of the acetabular fossa to the lateral joint capsule. The
measurements were laken along a line perpendicular to the
long axis of the wransducer. The percentage of the first dis-
tance to the latter was called the Bony Rim Percentage (BRP).
This value is an expression of the percentage of the femoral
head that is covered by the bony acetabulum.

Resulrs: The mean BRP was 55 percent in girls and 57 per-
cent in bays, and the lower normal limits {mean -2 SD) were
44 and 47 percent. The difference between girls and boys was
significant. Instability was shown by ultrasound in 20 hips of
17 infants (0.9 percent), and the mean BRP of these hips was
40 {29—44) percent. In infants with normal clinical findings,
the BRP was below the normal limit in one or both hips in 28
cases {1.4 percent). These were followed up a1 2 and 4-5
months. The hip joints became normal without any treatment
in 23 infants, whereas in 3 others the ultrasound findings were
still uncertain, and these may later need treatment. In 2 in-
fants, abduction treatment was started at 5 months because
subluxation was revealed by ultrasound and radiography.

Caonctusion: Evaluation of the hip joints in newboms by
ultrasound using the BRP seems to be an appropriate method
in screening for hip joint pathology. Newborns with clinically
normal hip joints and adegree of covering of the fermoral head
below the normal limit at ultrasound should be regularly fol-
lowed to determine whether they spontaneously normalize or
need abduction treatment.

Evaluation of sonography for diagnosis
of NHI

H. Dahlstriém, S. Friberg, S. Larsson and L. Oberg!

Departments of Orthopedics and Diagnostic Radiclogy, Uni-
versity Hospital, 5-901 85 Umed, Sweden

Since 1983, sonography has been used for detection of neona-
tai hip instability (NHI). The sonographic diagnosis has been
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related to physical examination in two consecutive studies,
one of 109 healthy newborns and another with 108 newbormns
admitted for suspected hipinstability, The clinical evaluation
was in these studies found to be highly inaccurate, with a vast
overdiagnosis of hip instability, Mareover, the clinical inves-
tigatorcould fail to detect gross instability. Atour hospital, all
the newboms with the slightest suspicion of hip abnormali-
ties or with risk factors, such as heredity for NHI or breech
presentation, are routinely referred by an experienced pedia-
trician for a sonographic examination. The annual birth rate is
1,800, Since 1984, this policy has produced | late CDH in the
group of children not referred for sonography. In the group
examined with ultrasound, no cases of late CDH have been
detected. In addition, the introduction of ultrasonic diagnosis
has considerably decreased the number of children treated for
NHI. Further, as the process of stabilization of the joint can be
closely monitored, it has been possible to reduce the time in
an abduction splint to 46 weeks. These twoeffects alone will
produce a substantizl reduction in society 's costs for preven-
tion of late CDH.

At present, we fecl that sonographic screening of all new-
born infants is a most urgent step in evaluation of the future
role of sonography in NHI.

Sonography in the diagnosis
of neonatal hip instability

A.Udén, H. Lindberg, P. Q. Josefsson, P. Aspelin, Q. Ekberg
and P. Nilsson

Departments of Orhopedics and Diagnostic Radiology,
Malmé General Hospital, Malmd, Sweden

Introduction: Tn Scandinavia, 5-20 times more children are
treated for neonatal hip instability than the expected inci-
dence of manifest congenital dislocation of the hip (CDH)
without early screening. During 1987, we have used sonogra-
phy in an effort to reduce this overtreatment.

Patients and methods: All the children bom in Malmo
from 1980 through 1987 in whom pediatricians had noted hip
instability are included in the study. The instability was cate-
garized into four degrees: possible sliding, definite sliding,
dislpcatable hip, and dislocated hip. The children were re-
ferred 1o the orthopedic department for further treatment and
follow-up. During the period 198085, an expenenced or-
thopedist saw 64 percent of the children. During 1987, one of
three specially trained orthopedists examined 93 percent of
the children together with one of three specially trained radi-
ologists. The hips were provoked according 1o Barlow and the
degree of mobility in reaction 1o the acetabulum was meas-
ured with ultrasound of 4.5 mHz. Children with a hip instabil-
ity exceeding 30 percent were treated with a splint. The hips
of all the children were radiographed at the age of 3 and 12
months. Only | girl, bom in 19835, with a grade 2 instability
that was not treated in a von Rosen splint later developed a
manifest dislocation of the hip. Otherwise no failure of the
program of treatment occurred.

Resulis: The material is tabulated below.,

Number Number Number Number Number
bom referrad of of n
grade 4 grade 3  splint

1880 2337 104 2 29 B2
1981 2360 107 0 40 57
1982 2303 82 3 23 48
1583 2370 i 2 22 42
16984 2343 63 -] 23 28
1985 2515 62 10 25 37
1986 2558 53 1 20 37
1987 2611 Al 10 22 a7

The experienced orthopedisttreated 157/319 children with
avonRosen splitn (49 percemt), whereas the other orthopedist
put 164/228 children in a splint (72 percent). Using sonogra-
phy, 34/66 children were treated in a splint (52 percent).

Discussion and conclusions: Compared with an experi-
enced orthopedist, the sonography did not reduce the inci-
dence of children treated in a von Rosen splint. However, the
ultrasound technique facilitates the training because you can
correlate the feeling of the hands with the observation of your
eyes and more easily differ true hip instability from a pelvis
that moves together with the femoral head. We feel that with-
out ulirasound we would have treated more children with a
von Rosen split.

Current role of sonography in late CDH
H. Dahlstrém, §. Friberg and L. Oberg'

Departments of {rthopedics and Diagnostic Radiology',
University Hospital, 5-901 85 Umed, Sweden

We divide the onhopedic management of infants with late
congenital dislocation of the hip (CDH) into four phases: di-
agnosis. reduction, retention, and normalization of delayed
skeletal development. Except for a primary radiograph, we
rarely use radiographic examinations in the first three phases.
Instead, the hip is visualized by an anterior sonic projection
with the transducer in the groin and the infant in the" frog posi-
tion” (Dahlstrom etal. 1986). This projection provides excel-
lent information regarding the anatomy, position, and stabili-
ty of the joint. A comparative study with arthrography and CT
showed that ultrasonic investigation alone provided all the
relevant information given by the two radiographic methods.
In addition, sonography is harmless and does not require an-
esthesia of the child. Duning the phase of skeletal remodeling,
ordinary radiographic examination should be complemented
by sonographic investigation using a lateral approach accord-
ing to Graf (1986). This view will visualize the unmineralized
lateral parts of the acetabulum and gives valuable informa-
tion regarding the potentials for a spontaneous normalization
of the acetabular socket.

The increased informatian gained by sonographic evalua-
tion has provided a sound base for conservative treatment of
the disease and have in most instances abolished the indica-
tions for surgery.
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CDH diagnosed at 2-12 months of age:
Treatment and results

Bjorn Strémqvist and Goéran Sundén

Department of Orthopedics, University Hospital, 8-221 85
Lund.Swedcn

Introduction: Reduction of late diagnosed congenital dislo-
cation of the hip (CDH) must be carried out gently to avoid
avascular necrosis of the proximal femoral epiphysis. Retain-
ment of the femoral head within the acetabulum ensures nor-
malization of dysplasia. We present a [0-year material treat-
ed according to these principles.

Patienss und methods: The basic principles for treatment
of CDH diagnosed between 2 and 12 months of age al our de-
partment are 1) skin traction for decreasing the adduction
contracture; 2} peroperative arthrography, and in cases with
persisting adduction contracture, tenotomy of the adductor
and psoas tendons; 3) plaster cast with hips in adduction and
flexion for B—12 weeks; and 4) abduction frame until normali-
zation of the acetabular dysplasia.

Through 10 vears {1976—1985}, we treated 42 children
with nonteratologic CDH diagnosed at 2-12 months of age.
In a clinical and radiographic follow-up investigation 2—11
vears after diagnosis, 40 of these children were included; 2
had moved 1o other parts of the country, The mean age at diag-
nosis was 3 months, Of the 40 children followed up, 37 were
girls. Nineteen dislocations were left-sided and 21 were right-
sidied. Open reduction was carried out in 2 patients,

In the follow-up radiograph, signs of necrosis were record-
ed and the acetabular angle was determined. Discrepancy in
teg length and hip joint maobility was searched for in the clini-
cal mvestigation. A questicnnaire regarding the treatment
was answered by the majority of parents.

Results: Radiography. Thirty-eight hips were normal. i.e.,
no signs of dysplasia and an acetabular angle differing < 3°
from the healthy hip, Two patients showed the picture of coxa
magna. Clinical findings. Four children, including the 2 with
radiographic complications, had 4 leg iength discrepancy of
1-2 em. Four children had limitation of hip mobility > 10°as

compared with the healthy side in one direction of mobility.

Questionnaire. The treatment method used was considered
uncomplicated by the parents. Three of the parents regarded
their children as late in motor development for up to 6 months
after discontinuation of treatment. At the time of follow-up,
no child was considered to have a retarded mator develop-
ment. Of 21 children wearing an abduction frame on their first
birthday, 13 had learned to walk while the splint was on.
Conclusion: The treatment program described gives a

high frequency of normal hips radicgraphically, as well as
clinically, and is, a1 least in retrospect, not regarded as strenn-
ous by the parents.

Treatment of congenital dislocation of
the hip in children more than 1-year old

Ingjald Bjerkreim

University of Oslo Orthopedic Hospital, Sophies Minde, N-
0570 Oslo 5, Norway

{ntroduction: The treaitment of congenital dislocation of the
hip (CDH) inchildren over | yearofage is long lasting and the
results are satisfactory. The purpose of this study was to re-
view our experience with treatment of these children.

Patients and methods: Sixty-three patients (14 boys and
49 girls) with 79 dislocated hips started treatment in our hos-
pital during the years 1969 10 1979, There were 47 unilateral
and 16 bilateral dislocations. The average age at diagnosis
was |9 (12-54) months. The average follow-up was 13.5
(6-18)years.

Results: Reduction by skin traction succeeded in 74 hips,
and five required an open reduction. The average duration of
traction was 4 (l-10) weeks. Concentric reduction was
achieved in all the hips. After reduction the hips were immo-
bilized in a bilateral hip spica cast for an average of 9 (1-19)
months. In addition, a bracefcast that allowed mobilization
was used for another 7 (2-13y months. None of the hips de-
veloped avascular necrosis.

Proximai fermoral varus derotation osteotomy was done in
34 patienis, 31 bilaterally (19 with unilateral dislocation}. In-
nominate osteotomy was done in 13 hips, five of which also
had a derotation osteotomy. Three hips had a second varus os-
teotorny, and one of these also had a acetabuloplasty simulta-
neously. Twenty-three patients had no secondary procedures.
Onclinical evaluation, 73 hips were rated as excellent, Radio-
graphically, 57 hips were rated as Severin group I, 5 group 1,
13 group III. and 4 group I'V. There were none with a secon-
dary acetabulum or dislocation.

Discussion. The results in our series are similar 1o the re-
sults of other studies and far below the results when treatment
starts shortly after birth or before the ape of | year. It is of
great importance 1o encourage hip examination at the child
welfare clinics.

Dynamic splint for treatment of congenital
dysplasia of the hip

J. D, Visser
Department of Orthopedics, University Hospital, Groningen,

The Netherlands

Introduction: A device to treat dysplasia of the hip must satis-
fy the following conditions: a) eliminate the influence of the
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contracted iliopsoas muscle by flexing the hips, b) avoid ex-
reme passive abduction 1o prevent ischemic necrosis of the
femoral head, c) retain the mobility of the hip joints to keep
the joint cartilage in optimal condition, d} provide propercen-
tralization of the femoral head in the acetabulum torestore the
anatomic architecture of the joint by means of the inductive
effect of the femoral head, and ¢) must be'*mother-proof.”

Subjects and methods: A prospective review of 224 cases
of dysplasia of the hip treated between 1980and 1985 with the
dynamic splint is presented.

A dysplastic hip was defined as a stable hip that required
acetabular remodeling. Dysplasia was diagnosed in cases
with a steep acetabular angle according to the criteria of
Ténnis and Brunken.

The dynamic splint is made of nonsensitizing materials
and is easy to clean, kt satisfies all the above-mentioned re-
guiremens, It is fixed by straps around the belly and thighs.
Hinges permit abduction between 20 and 80°and flexion of
more than 90° Once applied, the splint was wom day and
night for 3 months. After 3 months, an anteroposterior radio-
graph of the pelvis was taken. [f the acetabular angle was re-
stored within the limits given by Tonnis and Brunken, the
treatment was discontinued. [f there was no satisfactory im-
provement of the acetabular angle, treatment was continued
for another 3 months.

Resultsand discussion: Of the 224 hips treated for dyspla-
sia, none developed total or partial changes in the femoral
head compatible with ischemic necrosis. Restoration of anor-
mal acetabularangle occurred in all the cases — in 80 percent
within 3 months, in 15 percent within 6 months, and in 5 per-
cent within 9 months.

Routine treatment with the dynamic splint is justified be-
cause of the simplicity of design and the ease of application.
The device is readily accepted by parents and patients and
does not affect normal routines of nursing and diapering.

Rebuilding of the hip joint after conservative
treatment of congenital dislocation

A. Lempicki, ). Kruczynski and M. Wicrusz-Koelowska

Department of Onthopedics, Institute of Orthopedics and Re-
habilitation, Academy of Medicine, Poznan, Poland

Totally, 1,008 hips treated with the Frejka pillow were evalu-
ated radiographically. The treatment was started between |
and 24 months of age. An early evaluation was done immedi-
ately afterthe end of treatment at the age of 15-36 months and
a late evaluation of 530 hips at the age of 14 (10-21) years.
The total numnber of examinations, including the indirect
ones, was 3,005. The evaluation was based on 4 or 6 radio-
graphic parameters and a 1otal point assessment.

On the basis of the results” distribution in the course of
growth of children, the rate of radiographic rebuilding of the
hip joint in different periods of life has been determined. In
this way the indications for surgical treatment of residval dys-
plasia have been determined as well,

Development of the hip joint with avascular
necrosis after conservative treatment of
CDH

J. Kruczyniski and A. Nowakowski

Depantment of Orthopedics, [nstitute of Orthopedics and Re-
habilitation, Academy of Medicine, Poznan, Poland

Each year about 250 children with CDH are treated at our de-
partment. The most serious complications of this treatment
are still redislocation and avascular necrosis. To evaluaie the
influence of avascular necrosis on the development of the hip
during growth, 61 hips with such changes were reviewed both
clinically and radiographically. The hips were selected from
patients treated for COH during the period 1957 10 1969, The
age of the patients during final examination was 20 (17-26)
years. Intheradiographic examination the generally accepted
indexes were used.

The difference in results depended on the localization of
avascular changes in the proximal femoral end. The classifi-
cation of avascular necrosis based on the results is proposed
asfollows:

Type I: irregular contour and structure of the ossification cen-
ter.

Type II: capital center of ossification fragmented and recog-
nizable by fragments or as a flat strip.

Type III: involvement of the physis and lateral part of the met-
aphysis.

Type 1V: involvement of the physis and medial pan of the
metaphysis.

Type V: total involvement of the physis and metaphysis.

The radiographic changes in the femoral neck, seen in some
cases of avascular necrosis, were observed inmost cases with
severe deformity; but they did not always allow prediction of
the final deformity.,

Functional treatment of Perthes” disease
C. Ogilvie, D. 1. Rowley and T. W. D. Smith

North Western Orthotic Unit, Hope Hospital, Salford, and
‘The Children’s Hospital, Sheffield, England

Introduction: Whilst the natural history of Perthes” disease is
well known, the initiating agent remains unidentified. Treat-
ment is, therefore, empirical. Containment appears to allow
the capital femoral epiphysis to reform to give acceptable
congruency, Many abduction orthoses produce containment,
but alsa restrict the function of the inp. 1t was touse the motion
of the hip joint to give a moulding effect that the Trans Pen-
nine Splint {TPS) was designed.

Matertals and methods: The TPS consists of a polythene
body jacket with a hip abduction flexion hinge, a plastic thigh
cuff, asecond knee flexion hinge and calf cuff. These are held
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in place with*velero™ fasiening. To date, 32 boys and & girls
have been fitted. All of Catterall s groupings have been treat-
cd. The children have full clinical assessment with plain radi-
ographs and a weight-bearing radiograph at initial fitning to
check containment. Adjusiments are made as necessary.
There were two monthly clinical and radiographic follow-
ups.

Results: A number of children have been allowed to dis-
cardthe splint, The sphericity of the fernoral bead assessed by
Mose 's criteria gave fair or good results in the majerity of pa-
tients, and most hips had 4 full range of movement.

Conclusions: The patient tolerance of the orthosis has
been remarkable, and good early results have been cb-
tained.

Femoral anteversion decreases with age
in children with intoging gait

Svein Svenningsen, Kristen Apalset, Terje Terjesen and
Svein Anda

Departments of Orthopedivs and Radiology. Trondheim Uni-
versity Hospital, Trondheim, Norway

To what extent increased femoral anteversion in children
with intoeing spontaneously decreases with age is a contro-
versial issue. The aim of the present study was to provide reli-
able data conceming this matter.

Patienis and methods: The study, which was prospective,
was started in 1976, and 30 children referred for an intoeing
gait were followed at Jeast until 15 years of age. All the chil-
dren were examined three times during growth. The mean age
at the first examination was 7 years, at the second 10 years,
and at the third 16 years. The mean observation time was ¢
years, Ateach examination, hiprotation and any intoeing gait
were recorded, and the femoral anteversion (AV) was meas-
ured radiographically using the method of Dunlap-Ripp-
stein.

Results: The mean AV angle at the first examination was
42° at the second 36% and at the last examination 28° The
mean reduction of the AV angle was 1.5 per year, witha
considerablerange: 0.3-2.9° Atthe last examination, 33 hips
in 20 children had AV values above the upper limit of normal
for age.

The mean value of internal hip rotation decreased from 74°
0 53°during the observation period, and external rotation in-
creased from 18°ta 37¢

All 30children had anintoeing gait atthe firstexamination.
Atthe second control, 21 children had intocing, and atthe last
examination intoeing had disappeared in all but 5 children.

Conclusion: Increased femoral anteversion in children
spontaneously decreases with age. However, the AV angles
still were above the upper normal limit in more than half the
patients at | 5—16 years of age. The attending intoeing disap-
peared with age in most children.

The significance of hemarthrosis
of the knee in children

S. Eiskjar, S. T. Larsen and M. B. Schmidt

Department of Orthopedics, Haderslev Hospital, Haderslev,
Denmark

Introduction: Hemarthrosis of the knee is generally consi-
dered a manifestation of sericus ligamentous injury in adults.
but the pattern of injuries associated with hemarthrosis of the
knee in children 1s less well known.

Parients and methods: Forty consecutive patients, median
age 14 (10-15) years, with hemarthrosis of the knee were ex-
amined arthroscopically on the day following injury.

Results: Twenty-three of the injuries were related to low-
energy trauma during sports participation. Eighteen patients
had a rupture of the anterior cruciate ligament. Only 2 of these
had an avulsion fracture of the tibial spine. Seven patients had
a partial nupture of the anterior cruciate ligament. Seven pa-
tients had a midsubstance rupture of the anteriorcruciate liga-
ment. Eleven patients had a dislocated patella. Six patients
had minimal capsular disruptions as the cause of hemarthro-
sis. Three patients had osteochondritis dissecans of the knee,
and 2 patients had isolated ruptures of the medial collateral
ligament. Twenty-eight of the patients underwent some form
of operative repair. The clinical diagnosis was only con-
firmed at arthroscopy in 17 cases.

Conclusions: Hemarthrosis of the knee in children gener-
ally signifies a serious knee injury. most commonly 4 rupture
of the anterior cruciate ligament. The full amount of damage
is not appreciated at the clinical examination. Arthrescopy
should be carried out because the diagnostic accuracy is im-
proved,

Tibial torsion determined by computed
tomography

. Reikerds and A. Hgiseth

Department of Surgery and Radiology, Ullevdl University
Hospital, Oslo, Norway

Introduction: Measuring tibial torsion has been an unsolved
problem. Previous authors have presented the use of comput-
ed tomography (CT) to measure tibial torsion; and in this re-
port, we present our wiy of determiming tibial torsion by the
use of CT.

Methods: CT scans of the femoral condyles were chosen
forthe reference line as the dorsal tangent to the condyles, To-
mograms through the ankle joint were used formeasuring the
tihial torsion. A measuring point was assigned to the center of
the medial malleolus and a second to the center of the lateral
malleolus. The linc through these points was drawn, and the
angle formed between this line and the reference line was
used to determine the tibial torsion. This was measured in 16
females and 15 males.
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Results: In the females the angle was found to be 38 £11°
onthe right side and 37 1 1%on the Jeft side, In 1he males the
figures were 45 ¥ and 44 +7° respectively.

Discussion: Inthis study, we used the dorsal tangent 1o the
femoral condyles as the reference line, and this construction
has been generally accepied for measurement of femoral an-
Ieversion, it has been claimed that increased femoral anever-
sion is frequently associated with compensatory ¢xternal tor-
sion of the tibia. The present method should, therefore, be es-
peciully valuable in the evaluation of such conditions.

Leg lengthening with the llizarav technique
B. 'I:jemslrﬁm. 5. Olerud and G. Karlstrém

Department of Orthopedics, Academic Hospital, Uppsala,
Sweden

Elongations of limbs have been performed since the begin-
niag of this century, but the early results were discouraging.
The breakthrovgh came with the Wagner methed 1n the late
1960s, in which gradual distraction, bone grafting, and plate
fixation are used. The Ilizarov method was introduced in
Western Europe inthe early 1980s. No bone grafting is neces-
sary. Anextemnal fixator, consisting of metal rings is attached
ta the bone with K wires.

Since 1985, 12 patients with 18 segments have been
lengthened at our department. The 101al amount of lengthen-
ing exceeds 1 meter. In | case the distraction was stopped be-
cause the patient could not cooperate. Complications have
been angular deformities, decreased joint motion, pes equi-
nus, refraciure, minor transient nerve impairments, and pin-
tract infections.

We believe that leg lengthemings are preferable when one
deals with leg-length inequalities, but there are contraindica-
tions. Hizarov’s technique has many advantages compared
with Wagner's method. Finally, leg lengthenings should be
centralized to a few hospitals.

Nerve entrapment

Nerve entrapments: Pathophysiologic as-
pects

Goran Lundborg

Deparment of Hand Surgery, Malm& General Hospital,
Malmd, Sweden

Compression of a peripheral nerve trunk may result in various
neurologic disturbances, varying from slight paresthesiae o
complete loss of sensery/motor function. The character and
extent of dysfunction reflects intraneural pathophysiology.
Already moderate compression may inerfere with intraneu-

ral microcirculation and anterograde, as well as retrograde,
axonal transport. Pressure of higher magnitude may result in
myelin damage and ultimately axonal degeneration.

Animal studies performed by Rydevik, Dahlin, and others
have helped 1o define centain critical pressure levels. Already
at compression of 30 mmHg there is an interference with mi-
crovascular fluid and axonal transport, which is reversible
when the pressure is released. Block of anrervgrade axonal
transport may deprive a distal axonal segment from essential
products syathesized in the nerve cefl body. Block of retro-
grade axonal transport may interfere with the supply of peri-
pherally synthesized trophic substances normally ransport-
ed to the nerve cell body.

In human contrals the tissue pressure in the carpal tunnel is
around 2 mmHg, whereas the corresponding pressure in car-
pal tunnel compression patients is about 30 mmilg. This tis-
sue pressure, monitored around the median nerve in cases of
CTS, corresponds well with the critical pressure levels de-
fined in animal models, as delineated above.

Itis concluded that data from experimental studies, as well
as ¢linical studies, indicate that even mild nerve compression
syndromes may be associated with considerable changes in
intraneural microcirculation and axonal transport.

Atypical carpal tunnel syndromes
Troels Barfred

Department of Orthopedics, Odense University Hospital,
Odense, Denmark

With emphasis on the clinical symptoms and signs, CTS in
chitdren and in patients with persistent median artery are de-
scribed.

The children present with a lack of use of the median nerve-
innervated fingers, atrophy of the fingers, and atrophy of the
thenar eminence. Electromyography under general anesthe-
sia may establish the diagnosis when the patients are too
young to cooperate in a clinical examination.

A persistent median arery may give rise to thrombosis,
with sudden onset of a painful CTS. Without thrombaosis, the
typical signs are mostly present during work. The patients are
fairly young, often with a palpable pulse inthe median artery
and a normal electromyography. Resection of the artery is
recommended after ensuring an adequate arterial supply to
the fingers.

Regperation in carpal tunnel syndrome
JanHolmberg

Department of Hand Surgery, Malmo General Hospital,
Malma, Sweden

Six patients who were referred after unsuccessful carpal wn-
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nel release were analyzed in an attempt to ascertain the cause
of failure of the primary operation. In4 patients, injury to the
palmar branch of the median nerve was strongly suspected. In
1, cervical spondylosis, with engagement of relevant inter-
vertebral foramina, was found to be the cause, orat least was a
strongly contributing cause of the patient’s symptoms. In |
patient, a volar carpal ganglion was finally found to be com-
pressing the carpal tuinpel, The @ patients had been operated
ontotally 15 times with carpal tunnel release; 1 of the patients
had been operated on five times, The findings emphasize the
importance of avoiding injury to the palmar median branch
by making the incision ulnar to the palmaris longus tendon.
Repeated carpal tunnel release seems 10 cause recurring fi-
brosis around the nerve. Therefore, it is important to rule out
other possible causes for recurrence before rerelease is consi-
dered.

All the patients were treated with scarexcision, neurolysis,
and replacement of the hypersensitive skin with 4 skin flap.
Four were improved, but only 2 returned 10 their previcus oc-
cupation.

Colles fracture and carpal tunnel pressure
Jorgen Kongsholm

Department of Orthopedics, Sollefted Hospital, Sollefted.
Sweden ’

To investigate the pressure in the carpal tunnel in the acute
phase after a Colles fracture, a group of 13 patients were com-
pared with a control group of 10 healthy volunteers. The ini-
tial pressure after injection of a local anesthetic into the frac-
ture hematoma, as well as the effects of increased volar flex-
ion of the wrist, was measured, The pressure was significant-
ly higher in the fracture group than in the contral group (P<
0.001).

Afterinjection of alocal anesthetic into the fracture hemat-
oma, the pressure increased significantly (£< 0.001).

A correlation was found between high increases of pres-
sure due to volar flexion of the wrist and high initial pressure.
Further, a correlation was found between high initial pres-
sures and large pressure increases after injection of a local an-
esthetic. Administration of a local anesthetic solution to the
fracture hematoma increases the fluid content of the carpal
tunnel and raises the pressure.

Volar flexton of the wrist decreases the space in the carpal
tunnel, which also increases the pressure.

Recperation in high ulnar nerve
entrapment

Jan Holmberg

Department of Hand Surgery, Malm& General Hospital,
Malmd, Sweden

Ulnar nerve entrapment without any luxation of the ulnar
nerve or anatornic aberrations in the elbow region are gener-
ally treated with neurolysis. This is successful in 70-80 per-
centof the patients. When unsuccessful, reoperation might be
indicated. I can be a subcutaneous or submuscular transposi-
tion of the nerve, Submuscular transposition can also be con-
sidered after unsuccessful subcutaneous transposition, A ret-
rospective study of secondary and tertiary operations was
made. There were 20 operaticns on 16 arms of 14 patients
with a mean follow-up time of 8 months. The primary opera-
tion was neurclysis in 18 arms and subcutaneous transposi-
tion in 2. In the secondary operation, 3/8 patients were im-
proved and 5 remained unchanged. After submuscular trans-
position, 6/8 were improved, | unchanged, and 1 was worse.
Thus, secondary operation gave about a 50 percent chance of
improvement. Submuscular transposition was mare success-
ful than subcutaneous transposition, Pain, paresthesia, and
weakness can be improved; 3/3 patients with a claw hand
were not improved. Inthe ertiary operations, all submuscular
transpositions, 2/4 were improved; thus, these results were
similar to those of a secondary operation.

Entrapment lesions of the ulnar nerve:
A 15-year experience

Carlos Barrios, Santiago Amillo, Julio de Pablos and José
Cafiadell

Department of Orthopedics, Navarra University Clinic, Pam-
plona, Spain

Our experience of treating ulnar nerve compressions surgi-
cally was reviewed. Special attention was paid to different
clinical features and prognostic factors after nerve release in
the two main groups of ulnar compressive lesion: Idiopathic
Cubital Tunnel Syndrome (CTS) and Ulnar Posttraumatic
Neuritis (UPN). ,

Sixty-two palients were operated on between 1970 and
1985, There were 56 cases of nerve compression at the elbow,
Out of these, 34 presented a UPN and 15 were diagnosed as
(TS, Three patients had a nerve entrapment at the wrist level
{(GGuyon’s canal} and another 3 at the hand level. Surgical
treatment was performed at the elbow by using neurolysis
(N), anterior transposition {AT), or a combination of both
pracedures. For compression at the wnist and hand level,
nerve release and N were the standard procedures. The mean
follow-up was 3 years.

As a whole, excellent results were obtained in 30 cases
with nerve lesions at the elbow, When the outcome was reiat-
cd 1o the duration of symptoms, cases with CTS had a better
recovery if the delay of surgery was less than 1 year (P <
00.05). This did not apply to cases with UPN. However, pa-
tients with UPN more often recavered full motor and sensory
function than those affected with CTS. As to surgical tech-
nique, N associated with AT was the most useful treatment
for cases with more than | 2 months of symptomatciogy. Sat-
isfactory results were obtained in all the cases with nerve
compression at the wrist and hand level. The current review
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shows that good results can be obtained by using N, AT, or
both combined when they are properly performed and on cor-
rect indications. The presence of symptoms for more than |
vear before operation significantly diminishes the chance of
satisfactory recovery in the cases with CTS.

Entrapment of the superticial
peroneus nerve

Jorma Siyf

Department of Orthopedics, East Hospital, S-416 85 Gothen-
burg. Sweden

Inrroduction: The purpose of this study was to determine the
cffects of operation on clinical symptoms and conduction ve-
locity of the superficial peroneal nerve (SPN) entrapment.

Methods: Twenty-four legs of 21 patients with entrap-
mentof the SPN were treated by neurolysis and fasciotomy of
the lateral compartment of the lower leg. Intramuscular pres-
sure was measured with the Myopress catheter and the micro-
capillary infusion method. Conduction velocities of the SPN
were performed preoperatively, and between 6 and 12 weeks
following surgery. The diagnositic criteria for entrapment of
the SPN were 1) local pain and decreased sensibility over the
dorsum of the foot at rest or during exercise, 2) pain and pares-
thesia during different provocation tests, and 3) abnormal
nerve conduction velocity and/or fascial defect at the site
where the nerve etherges from the compariment.

Resuirs: Nineteen of the 2| patients were followed upat 37
months, Nine were satisfied with no or few symptoms. Of the
|0 unsatisfied patients, 6 were improved, 3 unchanged, and |
was worse compared with their preoperative condition. Their
physical actvities were unlimited or increased in 13 and un-
changed in 6. The conduction velocity of the SPN increased
from 28 (SD = 18.5) m/s to 40 (1 7) m/s following operation.
During surgery a waist (c) on the nerve was seen in 12 legs,
poststenotic swelling (d}in § legs, impingementin 6legs, fas-
cial defectsin 12 legs, 4 peroneus wnnel {a)exceeding 3cmin
10 legs. and an anomalous course of the nerve was seen in 6
legs. Entrapment of the SPN was combined with chronic lat-
eral compartment syndrome in 2 patients and followed trau-
ma 1o the lower leg in 5 of the patients.

Discussion: Local tenderness and sensory abnormality by
clinical examination following an exercise 1est are useful
signs in the diagnosis of SPN entrapment. Decompression re-
lieves pain and sensory abnormality in half of the patients,

n.peroneus sup.

fascia

musle hernia

Figure 1. Schemati¢ drawing illustrating.
(a) peroneus tunnel

(b} impingement

(¢} waist and

{d) poststenotic sweiling

improves symptoms in ane fourth of them, but is less effec-
tive in athletes with high demands on physical activity, Pa-
tients with entrapment of the SPN without chronic lateral
compartment syndrome could possibly have been treated by
local fasciectomy and partial fasciotomy.

Axillary nerve entrapment
M. Vastamiki

Orthopedic Hospital of the Invalid Foundation, Helsinki, Fin-
land

fatroduction: Entrapment of the axillary nerve inthe quadri-
lateral space is one cause of chronic shoulder pain. The axii-
lary nerve is surrounded by the teres major and minor and tri-
ceps muscles and by the humerus in the quadrilateral space.
Although injury of the axillary nerve related to shoulder dis-
location is commaon, entrapment in the quadrilateral space
without any major injury is a rather unusual entity.

A dull ache over the posterior arca of the axilla is a typical
symptom of axillary nerve entrapment. In advanced cases,
wasting of the deltoid muscle can be observed. In clinical ex-
amination, tendemess over the quadrilateral space in the pos-
terior part of the axilla is an invariable sign. Operative man-
agement is easy and gives good results.

Patients and merhods: Six operated on patients (3 females
and 3 males, mean age 32 years) are presented. The time be-
tween the conset of symptoms and the operation was 3.5
(0.5—11} years. In | case, volley ball playing, in 1 case javelin
throwing, and in 2 cases shoulder distension were presumable
provocative factors. Nerve conductiontime was prolonged in
allthe cases. Deltoid atrophy was found in only 2 cases. Treat-
ment was external neurclysis of the axillary nerve.

Results and discussion. In all the cases the axillary nerve
was adhered to or compressed by scar tissue in the quadrilal-
eral space. All the patients recovered. The pain disappeared
promptly. Deltoid atrophy recovered in | year in 2 cases.

A more extensive material concerning axillary nerve en-
trapment has not been presented. However, this entity is un-
doubtedly more frequent than is suspected, and it may be re-
sponsible for disabling symptoms in the shoulder region. Ax-
illary nerve entrapment should be considered as a differential
diagnosis in a patient with aching in the posterior region ofthe
shoulder or axilla.

Nerve entrapment lesions of the upper
extremity as a result of posttraumatic or
iatrogenic scarring

Carlos Barrics, Santiago Amillo, Julio de Pablos and José
Cailadell

Department of Orthopedics, Navarma University Clinic, Pam-
plona, Spain

From January 1970 through Decemnber 1985, a total of 312
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cases of nerve lesions of the upper extremity were treated at
our department. Of these, 30 (9.6 percent) presented clinical
signs of an entrapment neuropathy, with a shert history of
trauma or surgical procedure performed over or in the prox-
imity of the course of the involved nerve. In all 30 patients the
continuity of the nerve was demonstrated by methods, suchas
electromyography or sweat testing, and was confinmed dur-
ing the surgical treatment. The ulnar nerve was implicated in
L4 cases, the radial nerve in 1Q cases, and the median nerve in
6 additional patients. Motor disability and sensory distur-
bances were carefully assessed before and after the operation
by using the scoring system adopted by the Nerve Commitiee
of the British Medical Research Council. All the lesions were
treated by neurolysis.

Motor function was completely recavered in 15 of the 21
patients with initial dysfunction. Recovery from sensery dis-
turbances was reached in 21 of the 26 patients with preopera-
tive impairment. When the functional recovery was related to
the presence or absence of asscciated lesions, significantly
better results (F< 0.01) were noted for these without concom-
itant neural, vascular, or tendinous damage, Taking all the le-
sions together, satisfactory results were obtained after neu-
rolysis in more than two thirds of the cases. Radial nerve le-
sions responded better to surgical treatment than those in-
volving the other nerve 1runks. Ulnar nerve lesions had the
worst prognosis. The evaluation of our results, with a igh
percentage of motor and sensory recoveries, substantiates the
value of neurolysis for cases with nerve entrapment lesions
caused by posttraumatic fibrosis or iatrogenic scar tissue in
the upper extremity.

Bone tumors

Fine needle aspiration cytology
of soft tissue tumors

M. Akerman

Department of Clinical Cytology, University Hospital, $-221
85 Lund, Sweden

Fine needle aspiration and cytodiagnosis (aspiration cytolo-
£y, AC) is a valuable teol in the preoperative diagnosis of a
soft tissue mor.

Fifteen years” experience from the Orthopedic Oncology
Centerin Lund has shown that it is possible with 4 fine needle
{0.7-0.8 outer diameter; gauge 21-22) to obtain a sufficient
number of cells for cytodiagnosis from more than 95 percent
of unselected soft tissue tumors.

As a screening method, AC separates benign lesions/tu-
mors from sarcomas in more than nine tenths of the pa-
uents.

Correlative histologic and ¢cytologic studies on a number of
histogenetically well-defined tumor types has defined the cy-
tomorphology of these tumors making it possible to diagnose
them in an aspirate smear. A specific tumor type diagnosis is
thus possible.

In the majonty of sarcomas it is possible 10 determine
whether the sarcoma is low-grade malignant (corresponding
10 histologic malignancy Grades I-11) or high-grade malig-
nant (corresponding to Grades ITII-IV).

Diagnostic pitfalls: The majority of false cytodiagnoses
have been related to the following entities:

Benign lesion/tumar Wrong diagnesis

Atypical lipoma
Farty hssue with reactive,
inflammatory changes

Low grade liposarcoma

Ancianl neurlemmama Sarcoma

Fibromatosis Manaphasic synovial

sarcoma

Intramuscular myxoma Low grade

myxofibrosarcoma

By the combination of cytodiagnosis and clinical and radi-
ological findings, several benign and malignant tumor types
can be readily diagnosed without surgical open biopsy. By
primary surgery of sarcomas the margins necessary for a low
risk for local recurrence can then be kept smaller than other-
wise recommended. This is especially of importance in deep-
seated tumors.

Reference

Akerman M, Rydholm A, Persson BM. Aspiration cytology
of soft tissue wmors, Acta Orthop Scand  1985;55:402—
407,

DNA content and clinical course
in soft tissue neoplasia

Andris Kreicbergs, Henrik C. F. Bauer and Bernhard Tribu-
kait
Departments of Orthopedics and Medical Radiobiology,

Karolinska Institute and Hospital, 8-104 10 Stockholm,
Sweden

In a prospective study of 119 soft tissue tumors, treated at the
Crthopedic Oncology Section at the Karolinska Hospital be-
tween from 1980 through 1986, the relationship between cel-
lular DNA content and histopathologic classification was an-
alyzed. The prognostic significance of DNA content as com-
pared with histologic malignancy grading was also investi-
gated,

Cell material was obtained from fresh surgical specimens.
Nuclei were stained with ethidium bromide and analyzed in
an ICP 11 flow cytofluorometer. Heman lymphocytes were
used as staining controls of the normal (diploid)) DNA con-
tent. Tumors were classified as diplaid or hyperploid (abnor-
mally increased DNA content).
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The benign series included 38 tumors. DN A analysis of six
lesions was inconclusive due 10 msufficient cellular yield,
The remaining 32 tumors were all diploid. [n the malignant
series, M umors were diploidand 5! byperploid. There wasa
clear relationship berween pleidy and hisiologic grade in the
sense that most low-grade (1-11) lesions, i.e.. 14 of 16, were
diploid. whereas mast high-grade lesions ({I11-¥), i.e., 49 of
65, were hyperploid,

The clinical course in soft tissue sarcoma was analyzed in
relation 10 ploidy level and histologic grade for 74 patients,
who were free of metastasis at presentation. The mean fol-
low-up was 4 (1-7) years. Three-year metastasis-free survi-
val was determined by life rable analysis according to Ka-
plan-Meier. For patients with low-grade tumors, the rate was
(.80 and forthose with high-grade tumors 0.55. According o
ploidy level the corresponding rates were 0.82 for those with
diploid lesions and 0.42 for those with hyperploid lesions.
Closer analysis of the 635 high-grade lesions showed no differ-
ence in 3-year metastasis-free survival between patients with
grades Il and [V tumors, i.e., 0.49 and Q.50, respectively.
However, according to ploidy level of the same tumors, the
rate was (.78 for patients with diploid tumors as compared
with 0.41 for thase with hyperploid tumors.

The present study of soft-tissue tumars shows that, regard-
less of histogenetic type, all benign and most low-grade le-
sions are diploid, whereas the majonty of high-grade lesions
are hyperploid. Of particular interest are the exceptions to this
relationship between histology and ploidy. Thus, among soft
tissue tumors of histologic high grade, IDNA analysis may be
used to detect diploid variants associated with an equally
zood prognosis as tumors of histologic low grade. Our results
indicate that DN A analysis provides prognostic information
heyond that obtained by histologic assessment.

The necessity of open biopsies in
extracompartmental sarcomas

A Wallge

Department of Orthopedics and Traumatology, Haukeland
Hospital, Bergen, Norway

During 1986and 1987, 85 patients were operated on by biop-
sy or radically for suspected sarcomas in our department.
Eighteen of the patients had metastases from other malignan-
cies. Twenty-eight patients had sarcomas. Two patients had
Ewing s sarcoma and were primarily treated with cytostatic
drugs. Eleven patients were operated on radically without bi-
opsy; only 4 of these patients had the tumor in an extracom-
partmental site. Thirty-nine patients had benign tumors. Ten
were operated on radically without biopsy.

Five patients had benign tumors that at first had been sus-
pected of being malignant. In 3 of thesc patients, the tumor
was extracompartmental and the biopsy was necessary to
plan the fusther weatment. Because we have not seen any in-
creased risk of local recurrence following biopsies, we find
this procedure motivated 10 avoid extensive surgery for be-
nign lesions.

MRI in the planning of operative treatment
of soft tissue tumors

P. Benum

Depariment of Orthopedics, Trondheim University Hospital,
Trondheim, Norway

Untilrecently, computed tomography {CT) has been the tech-
nigue of choice in the planning of operative treatmem of mus-
culoskeletal softtissue tumors, During the last few years, sev-
eral studies have shown that magnetic resonance imaging
(MRI) has certain advantages over CT. At our hospital. MR]
has been used inthe diagnosis and inthe planning of operative
treatment in 20 malignant or possibly maligrant softtissue tu-
maors since August 1986. In order to evaluate the method, CT
and angiography have been performed as supplementary in-
vestigations in most cases.

From asurgical point of view, the major advantage of MR
has been the precise delingation of the extent of the tumors by
direct coronal, saginal, and transverse imaging. Compared
with CT, which allows only transverse imaging and indirectly
reformed pictures in the sagittal view. the MRI gives the sur-
geon superior information about the extent of the tumor relat-
ed 1o muscular compartments and 1o adjacent structures. Al-
50, the higher soft-tissue resoluion of MRI contributes to a
superior delineation of a tumor compared with CT. Further-
more, the MRI method visualizes major vessels. The speci-
ficity of MRI is rather poor. Hence, MRI does not give any de-
tailed information about the tissue composition of a tumor,
except that fat tissue is well identificd. However, nonhomo-
geneous appearance and irregular delineation indicate malig-
nancy.

Due to the described characteristics of MR, the following
con¢lusions are drawn: MRI gives the surgeon excellent in-
formation about the localization and delineation of soft tissue
tumors that is superior to that avzilable from other preopera-
tive investigations. MRI enables a more adequate planning of
the operative procedure, and at least partly eliminates the
need for angiography. MRI should be the primary imaging
method in the evaleation of soft tissue tumors.

The Scandinavian Sarcoma Study Group

T. A. Alvegérd

Department of Oncology, University Hospital, 5-221 85
Lund, Sweden

The Scandinavian Sarcoma Study Group was formed in Oslo
in 1979. Allthe members meetonce a yearto analyze ongoing
studies and to develop new projects. The group has started the
following projects.

$5G 1. A multicentric, prospective, randomized study for
evaluation of adjuvant chemotherapy with Adriamycinin pa-
tients with high-grade malignant soft tissue sarcoma. The
study started in 1981 and was terminated in 1986 after the in-
clusion of 240 patients.
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S5G 1. A program for combination chemotherapy in ex-
iremity localized osteosarcoma without meiastases, started in
1982. A total of BS patients have entered the study.

558G V. A program for combined modality treatment of
Ewing s sarcoma, started w1984, Thirty-six patients have
entered the study.

55G V. This is a Scandinavian, multicentric, prospective
study tor evaluation of prognostic factors in soft tissue sarco-
ma patients. This study staned in 1987,

S5G VI. A multcentric, prospective, nonrandomized
study of combined treatment with preoperative and postaper-
ative chemotherapy, surgery, and/or radiotherapy for osteo-
sarcoma metastases. This study started in 1987,

A centralized registration of all sarcoma patients in Scan-
dinavia was started in 1986. The aim of registration of pa-
tients with bone and soft tissue sarcoma is twotold.

| For cach participating center a data base of its own patients
15 created. Free boxes” in the form can be used for the record-
ing of data other than those specified in the form. Such data
are specified by each center.

2. The common registration of data allows for multicenter
studies addressing treatment results and prognostic factors
for local recurrence, metastasis, and survival in patients with
hone and soft tissue sarcoma. Such studies are necessary to
further define the best treatment for these patients; the 100
petcent fallow-up possible in Scandinavian countries makes
aur position unique.

Local tumor contral and survival
in soft tissue sarcoma

O.5neppen
Orthopedic Hospital, Arhus. Denmark

Putients and methods: The influence of radical surgery and
local recurrence on survival were retrospectively analyzed in
a consecutive sarcoma series from a tumor center serving a

Per cent corrected survival
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Figure 2. Distant metastas:s related to locaf recurrenca in high-
grade malignant sarcoma localized to extremities. Only primary
operable cases included.

No local recurrence — 49 patients.

Local recurrence — B0 patients

| = 95 parcant confidence interval.

population of 2 million people. From 1962 to 1984, 406 cases
were seen. All of the histologic preparations were graded us-
ing a 3-grade sysiem: [ representing the low-grade malignant
and grade 3 the high-grade malignant tumors (1), From 1962
to 1978, conservative surgery was performed (senes A). OF
261 cases presenied in this period, 230 were found 1o be oper-
able; and of these, 207 were submined 1o local excision and
22 wamputation. From 197910 [984, radical surgery accord-
ing to surgical staging system (555) was performed (series
B). Of 145 cases, 125 were operable; and of these, 32 were
submitted to wide excision, 60 to compartmental excision,
and 33 1o radical amputation. Series A and B were found to be
comparable according to histologic grade, tumor size, tumor
localization, age, and sex.

Resuits: The recurrence rate after conservative surgery
was in histologic low-grade cases 45 percent and in high-
grade cases 66 percent. After radical surgery, these figures

Par cent corrected survival
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Figure 1. Survival in 355 primary operable cases of soft tissue sarcomas.

A. Conservative surgery — 230 patients.
B. Radical surgery — 125 patients.
| = 95 parcent confidence interval.
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changed to 11 percent and 25 percent. In 25 cases admitted
without previous surgery, the recurrence rate was 0. The sur-
vival was better after radical surgery (Figure ). The relation
between local recurrence and metastasis in the high-grade
malignant tumor cases was analyzed, and there was no signif-
icant relation between local tumor control and metastasis
(Figure2).

Discussion; In the low-grade malignant tumors the prog-
nosis after radical surgery is good {2 but in the high-grade
malignant tumors, some authors feel that the prognosis, to
some extent, may be determined already at the time of diag-
nosis (3). The equal incidence of metastasis in cases with and
without local recurrence afier conservative surgery on high-
grade malignant tumaors (Figure 2) indicates that local tumor
conirol was less important in survival. On the other hand, the
higher survival rate after radical surgery on high-grade ma-
lignant tumors (Figure 1) indicates some, at least temporary,
effect of local tumor control.
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The surgical treatment of and prognosis
for extremity soft tissue sarcomas

Q.Berlin, B. Stener, L. Angervall, 1_.-G. Kindblom, G. Mark-
hede and A. Odén

Departments of Orthopedics and Pathology, Sahlgren Hospi-
tal, Umiversity of Gothenburg, Gothenburg, Sweden

Introduction: In the light of the general experience that soft
tissue sarcomas frequently recur locally whenthey are treated
by local surgery alone, many centers for musculoskeletal on-
cology advocate the combination of limb-saving operations
with local adjunctive treatment. Good results in terms of both
preserved function and local control of the tumor disease can,
however, be achieved in many patients by local surgery
alone. A prerequisite for this seems to be that the patient is re-
ferred with the tumor in a virgin state, so that unnecessary
open biopsies can be avoided.

Parients and methods: Using a multivariate statistical
analysis, including hazard function tests, 137 patients treated
surgically for a soft tissue sarcoma in an extremity were stud-
ied. The influence of various clinical and morphologic factors
on prognosis was analyzed. The mmimum follow-up time
was 6 years. Eighty-nine patients were referred with the w-
mor in a virgin state {primary series), whereas 48 patients
werereferred after biopsy or with local recurrence after previ-
ous surgery (secondary series). In 73 patients in the primary
series, a local, function-preserving operation was performed
without incisional biopsy; the surgery was based on clinical
diagnosis alone (49 patients) or on fine-needle aspiration cy-
1ology as well (24 patients). The frequency of amputation was

15 percent in the primary series and 48 percent in the secon-
dary series.

Resufts: Local operations with a radical or wide margin
preceded by incisional biopsy resulted in asignificanily high-
er frequency of local recurrence than such operations based
on clinical diagnosis alone; operations preceded by fine-nee-
dle biopsy showed asimilar tendency. Sixteenof 25 marginal
local operations resulied in local recurrence. When local sur-
gery was based on clinical diagnosis alone, it did not uninten-
tionally result in a marginal margin more often than when i
was preceded by biopsy (8/46 and 11/42, respectively), Local
recurrence entailed a significantly increased risk of tumor-re-
lated death.

Independent unfavorable prognostic factors conceming
therisk of tumor-related death were increasing histologic ma-
lighancy grade, increasing age. and ablative surgery com-
pared with local surgery (radical and wide margins). The
four-grade scale of histologic malignancy was found to be of
value for estimating the prognosis. Thus, a tumor-retated
death occurred in{, 29,47, and 67 percent of the patients with
tumors of malignancy grades I 1L II1, and IV, respectively. [n
terms of both metastasis and tumor-related death, the differ-
ence was significant between grades 11 and 111, as well as be-
tween grades [11and IV, None of the 4 patients with a grade [
tumor had metastasis or a tumor-related death. Eighty-seven
percent of the tumors were of grade I11 or [V {31 and 56 per-
cent, respectively).

A long-1erm follow-up is essential in prognostic studies.
Eleven of 28 local recurrences occurred more than 2 vears afi-
eroperation and 13 patients developed metastascs after more
than 5 years, 2 of them more than 10 years.

Conclusion: The present study gives support to the use of
the following surgical principle applied at our department for
more than 30 years: to omit biopsy when the history, the phys-
ical examination, and various radiographic studies all agree
on the diagnosis of malignancy and the location of the the -
maor allows its complete removal without significant loss of
function. By doing so, good local control with well-preserved
function can ofien be obtained; and local adjunctive treat-
ment, such as irradiation as an altenative 1o extended sur-
gery.can be restricted o patients operated on intentionally or
unintentionally with an inadequate surgical margin.

Centralization of soft tissue sarcoma
A. Rydholm

Lund University Department of Orthopedics, $-221 85 Lund,
Sweden

Soft tissue sarcomas are rare; the annual in incidence in
Sweden is around 15 per million inhabitants. Treatment re-
quires a cooperation between the orthopedic surgeon, the cy-
tologist, the radiologist, the pathologist, the raudiotherapist,
and the oncologist. Therefore, treatment of these patients
must be centralized. The patient should be referred to the tu-
mor center before surgery for several reasons.
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1. Clinical, cyrologic, and radiologic data are sufficient for
the choice of an appropriate surgical procedure in the majori-
ty of the patients. By such primary surgery the margin neces-

sary for a low local recurrence risk can be kept less than that
required after an open biopsy.

2. A biopsy performed by an inexperienced surgeon may
sumple only necrotic tumor tissue or reactive tissue peripher-
al to the tumor., A misplaced btopsy sometimes makes limb-
sparing surgery impossible; the inctusion of the biopsy tract
in the operative specimen requires amputation. Diagnosis by
a marginal, shelling out excision makes radiologic staging
impossible, The planning of definitive surgery, especially in
deep-seated tumors, then become hazardous.

3. When hiopsy is considered necessary, it is best performed
at the tumor center for correct location and procurement of
fresh tumor Lissue for specialized studies, e.g., electron mi-
croscopy, immunchistochemistry, DNA determination, and
chromosome analysis.

The majority of soft-tissue lesions are benign; the proportion
benign/malignant is about 200-30{/1. Thus, every pattent
with a soft-tissue lesion cannot be referred to the tumor cen-
ter. Based on epidemiologic data on benign and malignant
soft tissue lwmors, the following guidelines were given in

1983 in our region, southem Sweden, with 1.4 million inhabi
1ants:

Refer before surgery patients with soft tissue tumors that fit
any of these criteria:

1) larger than § cm
2) deep-seated
3) otherwise suspected of malignancy

We have analyzed the outcome of this policy for the years
1983 through | 986, All patients who had a soft tissue sarco-
ma in the extremities diagnosed during this period, irrespec-
tive of whether treated at the tumercenterin Lund or not, were
identified by the regional tumor registry. Patients with meta-
stases diagnosed before surgery were excluded.

Figure 1. Hip-rotation plasty type
Bl

Soft tissue sarcoma in the extremities, southarn region, Swed-
en. Referral pattern 1983-86. N 80

Dapth Not After Before Total
referred surgary surgary

Superficial 4 18 12 32

Deop 1 5 42 48

Thus, nine tenths of all the patients with soft tissue sarco-
mas were referred to the tumor center in Lund, three forths of
them before surgery. Nine tenths of the patients with deep-
seated tumors were referred before surgery. For every sarco-
ma patient, 10 patients with benign tumors, suspected of ma-
lignancy, were referred. This is the cost to be paid to catch the
majority of the sarcoma patients before surgery.
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The role of rotation plasty for malignant
tumors of the femur and tibia

W. Winkelmann
Department of Orthopedics, University of Disseldorf,
FRG

For malignant tumors of the femur or tibia, rotation plasty is a
surgical aiternative to amputation especially in patients who
are stil] growing. The functional results are excellent, and the
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psychological problems due to the rotated limbare amazingty
few und minor, Therefore, in world centers rotarion plasty is
discussed when planning the local treatment of a malignant
{umor of the femur or tibia.

Since 1980, I have performed 42 rotation plasties, 17 by
the technigue first described by Salzer and Kotz for disial fe-
mur lesions, three by my medification for malignant tumors
in the proximal or proximomedial part of the tibia and 22 by
my lechnigue of hip rotation plasty for malignant tumors in
the middle or proximal part of the femur.

Nineteen patients had Ewing s sarcoma, 17 patients had
osteosarcoma. 3 patients had chondrosarcoma, 2 patients had
malignant fibrous histiocytoma, and 1 patient had fibrosarco-
ma. Qut of 42 patients, 22 had vascular resection followed by
end-to-end anastomosis during surgery.

The follow-up time is more than 5 years in 4 patients, more
than 4 years in 10 patients, and morc than 2 years in 12 pa-
tients.

Three patients had superficial wound complications, and |
patient had a deep infection. One patient developed a com-
partment syndrome and still has a peroneal palsy. One patient
had to be amputated owing to vascular complications. To
date, there has been one local recurrence in all the patients,
One patient {with chondrosarcoma} develeped a solitary pul-
monary metastasis that was resecied. Two patients died o7
their malignam disease.
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Role of vascular resection and
reconstruction in rotation plasty

1. W_van der Eijken and A. H. M. Taminiau

OLVG/EKZ/AvL, Amsterdam and State University Leiden,
The Netherlands

In this study the role of vascular resection and popliteoferno-
ral reconstruction in rotation plasty for primary malignant
bone tumors was studied.

In 29 patients with rotation plasty, 13 had vascular preser-
vation and iooping of the vessels and 16 vascular resections
and reconstuctions,

Twenty-five patients were studied by means of Doppler-
flow measurement and phlebography. All the Doppler-flow
measurements showed normal arterial hemodynamics; and
all the phlebograms exhibited normal open vencus systems,
except | case of loop obliteration and extensive collateral cir-
culation after vascular preservation. Two local recurrences
were found in the preservation group, and none in the resec-
tion group so far. For malignant bone tumors of the femur
with tumor extension into the popliteal fossa, rotation plasty
is a more feasible procedure if the vascular structures are re-

sected together with the specimen and vascular reconstruc-
tion is performed.

Massive half-joint allografts in bone
sarcomas and semimalignant tumors:
Studies of incorporation and regeneration
of the grafts

Allan Aho, Hannu Aro, ’I;auno Ekfors, Jussi Eskola and Pek-
ka Jussila

Department of Surgery, University Central Hospital, Turku,
Finland

Introduction: The fate of massive long bone allografts con-
sisting of both metaphyseal bone and joint surface was stud-
ied experimentally, and in patients treated for bone tumors.

Materials and methads : Indogs the distal end of the femur
was replaced by an allografi stored at — 70 C. A plate was
used in fixation. The graft incorporation was studied radio-
graphically, histologically, and hiochemically. In man the
grafts were obtained from young individuals after accidental
deaths, The temperature of the bone bank was — 70 °C. After
resection of the long-bone end affected by tumnor, the ostzoar-
ticular allograft was fixed using an AO plate. Autogenous
bane chips were laid on the osteosynthesis site. Reconstruc-
tion of the ligaments was performed using the host’s own lig-
aments. Altogether, 16 patients have been treated, The mean
follow-up time is & (1-15) years.

Resuits: Indogs, consolidation of the graft to host bone oc-
curred within 3 months, Ingrowth of new bone into the inter-
trabecular spaces of the old, dead allograft bone was evident
within 6 months, Onthe articular surface, generally, fibrocar-
tilage formation was seen. The high concentrations of organic
matrix components n the early phases after ransplantation
indicated a reparative healing process. In man, graft incorpo-
ration began with the onset of weak metabolic activity early
after transplantation 4s indicated by bone scans. The union of
the osteosynthesis site occurred uneventfully, but slowly
within 18 months. Graft biopsies showed histologically slight
new bone formation within dead graft bone. Radiographical-
Iy, signs of slight joim cartilage degeneration were observed 3
years after transplantation. According to the classification of
Mankinetal. (1983), the long—-term result was good in 69 per-
cent. The most common complications were fatigue fracture,
transient peroneal palsy, and infection. A significant mitotic
response of the host lymphocytes 1o the graft antigenicity was
observed in only 1 patient. No patient showed evidence of
clinical rejection.

Conclusions: Massive osteoarticular allografts incorpo-
rate well, but slowly, to the host bone; but late arthrotic chang-
es seem o develop within 3 years. The metabolic activity in
grafts staris early and continues at a moderate level for years,
The cell-mediated immunity tests suggest a low antigenicity
of the grafts, The joint function is generally good. If compli-
cations, especially infection, can be avoided, the method is
recommendable for limb salvage in patients with malignant
bone tumors.



Acta Orthop Scand 1988,59(5}): Supplementum 227

107

Functional evaluation of reconstruction after
resection of primary malignant bone tumors
about the pelvis and extremities

R. P. H. Veth, H. K. L. Niclsen, J. Oldhoff, H. Schraffordt
Koaps, L. Postma, L. N. H. Géeken, D. Metha, I. W. Ooste-
rhuis and B. Verkerke

University Hospital Graningen, Twenty University of Tech-
nology, The Netherfands

fntroduction: This is a review of our experience with 25 pa-
tients with primary malignant bone tumors of the pelvis and
extremities, treated by local resection and reconstruction,
mostly by implantation of an endoprosthesis.

Parients and merthods: Between 1978 and 1987, 10 fe-
males and 15 males were treated. Their average age at the
time of operation was 40 (10-76) years. (steosarcoma ac-
counted for 17 patients, chondrasarcoma for 4, and malignant
fibrous histiocytuma for 4 patients. Of the primary malignant
tumors, 2 patients had astage I[A, 22 alIB, and | astage 111 le-
sion, The localization of the tumor was the humerus in 2 pa-
tients, pelvis in 1, proximal femur in 5, distal femur in 16, and
proximal fibula in I patient. Wide en bloc resection was the
most frequent procedure in these tumors. All the osteosarco-
ma and MFH cases received preoperative and postoperative
chemotherapy according to the Rosen protocols. For recon-
struction a custom-made endoprosthesis was used in 24 pa-
tients. For knee replacement either a spheroceniric (How-
medica) or an Endo {Link) prosthesis was used. A bicentric
cup was preferred for the hip region. The follow-up period for
primary malignant tumeors varied from O (o 8 years.

Results: At follow-up, 2 patients with a primary malignant
bone tumor had developed a local recurrence. One of these
had died and 1 is alive with disease after disarticulation of the
hip. Two other patients developed lung metastases. One addi-
tional patient required an interthoracoscapular amputation
because of Loo small margins. Twenty patients with a primary
malignant bone tumor were continuously free of disease at
follow-up. Mechanical failure requiring revision of a pros-
thesis occurred in 3 patients.

Accarding to the revised Enneking Functional Evaluation
System, the results in these tumors were exceilent in 1, good
in 5, fairin 17 , and poor in 2 cases.

DNA content in soft tissue tumors

M. Akerman® N. 0. Berg?, M. Ferni#®, A. Rydholm®_B.
Rooser®, and H. Willén?

Deparuments of Clinical Cywology ', Pathology?, Oncology”,
and Ornhopedics®, University Hospital, 5-221 85 Lund,
Sweden

Flow cytometric (Ortho Cytofluorograph 50/H) DINA ploidy
analysis was performed on postoperative, fresh tumor tissue
from 102 soft tissue tumnors {44 benign tumors and 58 sarco-
mas of which 49 were primary and 9 recurrent) during August

Table 1. Correlation betwean malignancy grade and pioidy

Euploid Aneuplod
Benign tumor 44 0
Sarcoma Grades | 5 2
Sarcoma Grade Ili 13 3
Sarcoma Grade (V [ 29

Table 2. Correlation betwesn plaidy and progressive disease in
49 primary sarcomas. Follow-up time: 3—40 months.
10 out of the 49 patients developed meastasis or diad of tumor.

Metastasis Death of tumor
Eupiloid
Grade IH {(12) 1 0
Grade IV {4) ] 0
Ansuploid
Grade HI (3) 0 1
Grada 1V (24} 3 5

1984 through December 1987. Aneuploidy was defined ac-
cording to Hiddemann et al. (1984)’.

Ploidy was correlated with benignity and malignancy and
further to histologic malignancy grade in the sarcomas (four-
grade scale, Grades I-IT low-grade malignant and Grades
IT1-1V high-grade malignant){table 1} and to prognosis {met-
astasis and death of tumor) {table 2).

Conclusions: The majonty (14/15) of Grade 11 sarcomas,
considered to be high-grade malignant, were euploid. The
majority (29/35) of Grade IV sarcomas were aneuploid. Of
the 10 patients with progressive disease, 9 had Grade IV sar-
coma and 9 had an aneuploid tumor.

Further studies will show if DNA ploidy determination, to-
gether with known prognostic factors, may further separate
patients with high-grade malignant sarcomas into different
Prognostic groups.

Bone reconstruction following resection
of bone tumors

G. Follerds, 1. Bjerkreim and C. E. Nass

University of Oslo QOrthopedic Hospital, Sophies Minde, N-
0570 Oslo 5, Norway

Introduction: During recent years surgical treatrnent of bone
tumors has changed from primary amputation towards limb
salvage operations. Progress in the fields of diagnostic imag-
ing and oncology are prerequisites for this development, and
this study is a review of our experience during the last 3 years.
The necessary allografts were obtained through our bone
bank, which was established 2 years ago.

Patients and methods: Sixty-one bone tumors were re-
moved, 39 benign (meanage 31} and 22 malignant (mean age
33). The defects after surgery were reconstructed in the fol-
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lowing ways: Excochleation and autologous bone grafting
wereused in |9 cases, and in 3ofthese allogenic bone was ad-
ded. In4 cases the defects after curettage of a giant cell umor
were filled with bone cement. Proximal femur (3 cases): a
proximal femur allograft and a long stem total hip prosthesis
(2) and a Kotz modular tumor prosthesis {1 ). Distal femur (5
cases): a hemijoint allograft (4) and a 1/4 jomnt allograft (1).
The knee ligaments were reconstructed using the patients”
own ligaments and ligaments on the allograft, Proximal hu-
merus{4cases): humeral hemijont allograft (3) and proximal
fermur allografi (1), all fixed withaninterlocking nail, Shaft of
long hones (3 cases): tibia segments fixed with interlocking
nail {2} and femoral segment { 1) fixed with plate. Pelvis (3
cases): removal of the anterior part of the pelvis including the
inferior part of the acetabulum without any reconstruclion
(1), removal of most of the hemipelvis with the hip joint and
fusion of femur to the rest of ilium (1), and hemipelvectomy
for recurrent osteosarcoma (1}, Spine (5 cases): The defects
were filled with autologous bone (1}, bone cement (1), or
Dick device (2), later replacement of the vertebral body with
allografi (1) or autograft (2) through an anterior approach.

Resudts: Two patients were dead at follow-up, both from
distant metastasis. The defects treated with autologous bone
graft have all healed, and the limb function is good. One shafi
allograft became infected during a secondary autologous
bone grafling procedure: the bone healed, but a fistula per-
sists. Nineteen allograft-host bone junctions were created,
nine of which are radiographically compietely healed. Two
Jjunctions could not be assessed because of the patients”
deaths. The other junctions were radiographically stable, but
due to a short observalion time, they were not completely
consolidated.

Conclusion: Resection of bone tumors and reconstruction
using autologous bone is an excellent method. Both segmen-
tal and articular allografts have given good primary results.
The experience ohtained encourages us to continue using
these methods.

Bone bank for deep-frozen csteoarticular
allografts: A 2-year experience

G. Follerds and 1. Bjerkreim

University of Oslo Orthopedic Hospital, Sophies Minde, N-
0570 Oslo 5, Norway

Introduction: Our hospital has a close cooperation with the
Norwegian State Cancer Hospital, and we are doing mast of
the orthopedic surgery needed in the treatment of bone sarco-
mas. To be able 10 do more limb-conserving surgery for the
bone tumor paticnts, we established a bone bank to supply us
with allografis for shaft and joint replacements. The bones are
procured from organ donors of heart, kidneys, liver, and pan-
creas. The bones are removed with ordinary sterile technigue
in an operation theater, and the defects are replaced by wood-
enmaterial. The bones are cultured individually and thereaft-
er washed in a 0.01 percent solution of chlorhexidine. The

cartilage is impregnated with a 10 percent solution of dime-
thylsulfoxide for 30 min. After procurement the bones are
packed triply in stenile wrappings and cooled w 4 C forthe

next © hours. Thereafter, they are transferred to a storage
freezer with atemperature of — 70 °C, Before use the selected

bone is thawed in a solution of 100pg/ml Neomycin and 10
pg/ml Bacitracin. A precise record of the bones is kept in a
PC, allowing us 10 have an up-to-date survey of the contents
of the bank at any given time. The donor blood type and tissue
type are recorded, but these parameters are not taken into-con-
sideration when choosing a graft. Toavoid transferring infec-
tions, the donors are screened clinicatly and serologically for
possible transmitlable diseases. No bone is procured from
donors after prolonged bed rest, recent infections. steroid
therapy, or malignant disease.

Subjects: We have removed 52 bone pieces from 8 donors
with a mean age of 26 years, The primary cultures were posi-
tive in 8 cases, yielding the following microbes: 2 Staphylo-
coccus epidermidis, 2 diptheroids, | Serratia, 1 Acineto-
hacter, | Toluropsis candida, and 1 gram-positive aerobic
dust bacterium. Two of these bone pieces have been used for
rransplantation without any infectious complication, Two
proximal tibial pans were used to replace vertebral bodies;
one proximal femur was used to replace a humerus; and 10
hones were used 1o replace the same bone or part of a joint. No
infections have occurred after the primary operations. One in-
fection occurred at a secondary bone-grafting procedure 6
months after the primary cperation. So far, no other transmit-
1able diseases have occurred in the recipients. The outcome of
ajoint replacement with an allograft is probably related 1o the
congruency between the allograft and the recipient joint. To
be able to choose 1the most fining graft, we have, on the last
procurements, measured some dimensions of the grafts; and
we have compared these measurements with the correspond-
ing onestaken from the prevperative radiographs of the recip-
ients, correcting for the magnification. In the future, we pro-
bably will have a computer to judge from both the measure-
ments and the joint contour which graft is most suitable.

Conclusion: The patients with bone tumors have benefit-
ted from the bone allografts. The low complication rate and
goad functional results have encouraged us ta continue using
material from the bank in the future, possibly with some re-
finements to improve joint congruency.

Extraskeletal myxoid chondrosarcoma
Seppo Santavirta, Masamichi Usiu and Markku Miettinen

Drepartment of Orthopedics, Orthopedic Hospital of the [n-
valid Foundation, and Department of Pathology. University
af Helsinki, Helsinki, Finland

Extraskeletal myxoid chondrosarcoma is a distinet entity
among soft tissue tumeors. Itis relatively rare, only 70 cases
have been reparied previously, and it has been considered as a
relatively benign category of soft tissue sarcomas. We report
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6 cases of extraskeletal myxaid chondrosarcoma including
tumors with features of high-grade malignancy.

Three of the patients were women and 3 men: the mean age
was 46 (26—68) vears. [n 2 cases the lumor was located in the
inguinal region, in | femnale patient in the breast, in [ patient in
the palm of the hand, and in 2 patients in the forefoot between
the metatarsal bones. In all the patients the tumor was treated
operatively 2-12 maonths after the patient had first become
aware of its existence, Two patients had additional radiother-
apy. The wumor recuered in 5 of the 6 patients. Three patients
died of massive pulmonary metastasis 3to 16 months afterthe
operation; 1 patient had local recurrence 3 years after primary
surgery and died 5 years after a second operation of pulmoe-
nary metastasis. One patient was treated withradical wide re-
section for a fast growing grade Il tumor, and he had also post-
aperative radiation. He has survived more than 5 years with-
autrecuirence.

Extraskeletal myxoid chondrosarcoma might recur afier
many years, and these patients should be carefully followed
up. Primary operative treatment should follow the same
guidelines that are given for other soft tissue sarcomas. It is
probably advisable to treat the high-grade tumors with adju-
vant radiotherapy and chemotherapy.

Antibiotics in orthopedics

Antibiotic treatment in experimental
septic arthritis

P. Riegels-Nielsen, N, Frimodi-Maller, M. Sarensen and J.
Steen Jensen

Bone Labaratory, Depanimens of Qrthopedics, U, Rigshaspi-
talet, and Department of Antibiotics, Statens Seruminstitut,
Copenhagen, Denmark

Thirty-eight rabbits with verified septic arthritis of the knee
were treated with cloxacillin combined with probenecid for 7
or 21 days.respectively, The knees were punctured after 2, 3,
and 4 days for bacterial culturings. The animals were killed
weekly upto 5 weeks afterthe inoculation, and the joints were
evaluated according to the primary infection madel (1).

Following 4 days of treatment, all the joints were sterile. At
killing, the joints were inflamed and distended. with thin pu-
rulent fluid with a leukocyte content of 105-10'2{L.. Minor
marginal erosion was visible after 3 weeks. The histologic
speeimens revealed a progressive joint destruction at a sig-
nuficantly slower rate than unireated cases (1). After 3 weeks,
the tidemark was broken in all the cases. The lass of glyco-
saminoglycans was evident after 1 week and progressed to a
severe depletion after 3 weeks.

[t is concluded that amibiotics may sterilize the infected
joint, but are insufficient as the only therapy.

Reference
Riegels-Niclsen et al. Acta Orthop Scand 1987;58:14-19.

Continuous intraarticular infusion with
implantable miniosmotic pumps

Ebbe Stender Hansen, Vibeke Knudsen, Tine Brink Henrik-
sen, Karsten Fogh, Henrik Ewald and Cody Biinger

Orthopedic Hospital, Institute of Experimental Clinical Re-
search, and Department of Dermatology. University of
Arhus, Arhus, Denmark

The role of leukotriene B, (LTB,) in synovial inflammation

was studied by means of local intraarticular deposition of 15-

hydroxy-eicosatetracnoic acid (15-HETE, an endogenous se-
lective 5-lipoxygenase inhibitor) during induction of carra-

gheenan-induced anhritis in dogs. Discontinuous adminis-
tration of the enzyme inhibitor was considered insufficient
berause of rapid transsynovial escape of injected drugs. We
thergfore developed a method of continuous intraarticular in-
fusion using the implantable ALZET® mintosmetic pump: In
9 young dogs, aged 12—-14 weeks, bilateral catheterization of
the knees was performed. A thin polyvinyl catheter with a
flanged metal cannula was impacted in an oblique drill hole
through the lateral femoral condyle, the catheter emerging
subcutanecusly behind the lateral recess of the suprapatellar
pouch. An ALZET® miniosmatic pump filled with isotonic
saline was connected to the catheter and implanted subcuta-
neously on femur. After 14 days, the right pump was ex-
changed with a pump loaded with 15-HETE. The catheter
function was verified after 4 weeks by radiography, arthrog-
raphy performed through the catheter, and dissection, All the
dogs tolerated the operation well. No joints were infected, Na
joint reaction to the implanted cathelers was observed. Fif-

tgen cathelers worked without complications. Leakage at the

junction between the catheter and the cannula occurred in two
instances. whereas one separated in this junction, although
the catheter remained in place in the bone canal and secreted
correctly imto the joint. Thus, it seems possible 10 maintain

continuous intraartecular mfusion of drugs or metabolites ata
constant rate for weeks to months using the implantable AL-
ZET®0smotic pump. The model is attractive in experimental
Jointresearch,

15-Hydroxyl-eicosatetragnoic  acid  (15-
HETE) inhibits carragheenan-induced ex-
perimental arthritis and reduces synovial
fluid leukotriene B4 (LTB4)

E. Stender Hansen, K. Fogh, V. Knudsen, T. Brink Henrik-
sen, H. Ewald, 1. Noer, T. Herlin, K. Kragballe and C.
Riinger

Institute of Experimental Clinical Research, Departments of
Orthopedics, Dermatology, and Pediatrics, University of
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Arhus, Arhus, and Departraent of Clinical Physiology, Rand-
ers Central Hospital, Randers, Denmark

Leukotriene-B, (LTB,) is a highly potent chematactic and

chemokinetic agent found in synovial fluid from patients
with rheumatoid arthritis, spondyloarthritis, and gout. How-
ever. the significance of LTB, in arthritis is unknawn. 15-Hy-

droxy-eicosatetraenoic acid (15-HETE) specifically inhibits
the formation and chemotactic effect of LTB . The purpose of
the present study was to determine whether 15-HETE might
maodulate the clinical and pathophysiologic manifestations of
carragheenan-induced arthritis in dogs. 15-HETE was syn-
thesized by soybean lipoxygenase and purified by HPLC. Bi-

lateral arthritis of the knee was induced in 7 dogs by instilla-
tion of carragheenan every 3rd day for 2 weeks. One joint re-
ceived infusion of 15-HETE using an implanted ALZET®
miniosmotic pump with a fine catheter to the joint space. In

addition, 15-HETE was injected discontinuously with each
carragheenan provocation. The reference joint was injected
withisotonic saline viathese tworoutes. After 14 days, the se-
verity of arthritis was assessed by joint pressure, volume of
effusate, ¥™Tc-DPD scintimetry, and measurement of re-

gional blood flow using radioactive microspheres. Synovial

fluid LTB, and PGE, were determined using RF-HPLC and
RIA. The severity of arthritis was reduced as judged by clini-

cal symptoms, joint pressure, and volume of effusate; and the
LTB4and PGE; levels were lower in treated joints. However,

no differences could be discermed regarding synovial blood
flow, bone blood flow, or delayed regional ®™Tc-DPDup-

take. These results indicate that LTB, may be involved in the

development of arthritis and that 15-HETE may regulate in-

flammation by interfering with LTB, formation.

Bane density changes in experimental
arthritis determined by quantitative
computed tomography

Kjeld Sgballe, Claus Mager Pedersen, Gitte Irene Juhl, Ebbe
Stender Hansen, Ivan Hvid, Helle Brocksiedi-Rasmussen,
Cody Biinger and Jargen Jergensen

Depantment of Diagnostic Radiology, Arhus Municipal Hos-
pital, University of Arhus, and Orthopedic Hospital and [nsti-
tute of Experimental Clinical Research, University of Arhus,
Arhus, Denmark

Introduction: In a series of studies on bone-implant interface
in experimentally induced osteopenia, we have adopted the
use of QCT bone density measurements for noninvasive eval-
uation of the bone bed at the site of implantation of porous-
coated implants.

Materials and methods: Quantitative CT of the knee, ob-
tained with the EMI 7070 scanner, was performed in 12 ma-
ture dogs with chronic carragheenan-induced unilateral ar-
thritis scheduled to undergo implantation of porous-coated
implants. Six dogs were selected for a longitudinal QCT
study starting immediately before induction of arthritis. At

1w consecutive levels, 2 mm apart, CT images were record-
ed starting 10 mm proximal to the distal limit of the femoral
epiphysis,

Results. [n the arthropathic bone a significant decrease in
bone density with time was found at all the scanning levels,
averaging 16 percent in the medial and 6 percent in the lateral
condyle. [n contrast, a significant increase (3 percent medial-
ly and 14 percent laterally) was found on the control side. Aft-
er 3 months of arthritis, the CT values were 22 percent lower
in the arthropathic bone as compared with the control side (P
<0.001). Reproducibility tests showed an average coefficient
of variation of 3.7 percent.

Discussion: The increment in bone density on the control
side as compared with the reduction on the arthritic side is in
agreement with Wolffs theorem that bone adapts to func-
tipnal demands by remodeling. However, age-related bone
changes cannot be ruled out. CT scans documented the suita-
bility of the carragheenan-induced arthritis for studies on por-
ous-coated implant fixation in osteopenic bone.

In vivo release of gentamicin from PMMA
beads: Quantitative determination of
gentamicin

E. M. J. Koeweiden' and T. B. vree??

Depariments of Onthopedics', Clinical Pharmacy® and Anes-
thesiology”, 5t. Radboud Hospital, University of Nijmegen,
The Netherlands

Gentamicin polymethylmethacrylate (PMMA) beads are
currently used, with excellent results. in the treatment of os-
teomyelitis and infected endoprostheses. Each bead contains
4.5 mg of gentamicin sulfate.

In a climcal prospective stuily, we gquantilatively assessed
the amount of gentamicin that had left the body during the
treatment period by renal excretion and secretion in wound
drains, and we measured the residual gentamicin concentra-
tion in beads after use, The data were gathered from 8 patients
who had 90-240 beads implanted for 9-16 days. Indications
far treatment were infected hip (6 patients), knee arthroplasty
(1 patient), and osteomyelitis of the femur (1 patient). In 5 pa-
tients the gentamicin content in the seroma around the beads
at the end of the treatment period was analyzed as well. Fol-
lowing implantation of the PMMA beads, wound drains were
left for up to 3 days, nosuction being applied tothe bead-com-
partmentdrains.

Gentamicin was extracted from the beads by dissolving the
polymer in chloroform. Gentamicin concentrations were de-
termined with EMIT and HPLC (1),

Resulrs.

. Total renal excretion of gentamicin varied from 60.3 g (90
beads, femur) to 302.3 g (240 beads, total hip revision), and
was comrelated with the number of beads implamed (r=
0.95).

2. Early gentamicin loss through wound drains varied greatly
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from 14.3 g 1o 118.7 g, and was not correlated with the
number of beads (r= 0.3). The maximal concentrations
ranged trom 6 pg/mL (180 beads) to 462 pg/mL (210
beads).

. The gemamicin content and concentration in the local ser-
oma at the end of the treatment peniod were relatively low,
ranging from 1.6 10 6.9 g and 12.5 10 37.2 pg/mL.

4. The gentamicin residuum in the sampled beads varied
from 1.87 1o 3.52 mg per bead. In a large sample of 30
beads, only 35 percent of the initial load of gentamicin had
diffused out of the beads.

5. The percentage composition of the six major components
of the gentamicin mixture, analyzed by the HPLC. was
identical in used and unused beads.

[¥%]

Conclusion: The number of gentamicin PMMA beads ad-
ministered is directly correlated with the amount of eluted, bi-
ologically effective gentamicin, Gentamicin concentrations
in wound drains do not represent true tissuc concentrations.
Wound drainage should be restricted to prevent substantial
losses of gentamicin. There is no preferential elution from the
heads of one or more of the gentamicin components,

Reference
White et al. Ther Drug Monir 1983;5:123-26.

The use of prophylactic antibiotics in hip
surgery in orthopedic departments
in Denmark

Torben Sandberg Swerensen, Stig Sonne-Holm and Jeargen
SteenJensen

Department of Orthopedics, Rigshospitalet, Copenhagen,
Denmark

The use of antibiotics is one of the possible methods to pre-
vent deep infections following total hip replacement (THR)
and hip fracture operation (HFOQ). A questionnaire dealing
with the use of prophylactic antibiotics in THR and HFO was
sent to 30 orthopedic departments in Denmark in November
1986. Twenty-eight departments answered the question-
naire. For THR, all but two departments routinely used sys-
temnic antibiotics. These two departments used systemic anti-
biotics only for risk groups. Local application of antibiotics
was in three departments used in all THRs; but in 21 depant-
ments, this was reserved for risk groups, The risk groups men-
tioned most frequently were previous hip surgery (19 depart-
ments) and cotticosteroid therapy and/or rheumatoid arthritis
{6 departments), Seven departments used systemic antibio-
tics in all HFOs; in one depantment, local antibiotics were
used as well. Thirteen departmenis used systemic antibiotics
only for nisk groups, and seven departments never used anti-
biotics in HFO. The nisk groups most frequently mentioned
were prolonged opetation time (four departments) and im-
plantation of the Moore prosthesis {four departments). For
systemic prophylaxis in THR and in HFO, most depariments
used an isoxazolylpenicillin-penicillin (two thirds of the de-

partments) or a cephalosporin. The local antibiotics were (ex-
cept for one department) administered as gentamicin-con-
1aining bone cement, There was considerable variation in the
dosage regimens used. The treatment peried ranged from a
single dose 10 a 6-day treatment period; half of the depart-
ments used a treatment period of 24 hours or shorter

Antibictic treatment and prophylaxis
S. P.F. Hughes

Departmem of Orthopaedic Surgery, University of Edin-
burgh

Introduction:  Antibiotics are used widely in orthopedic
practice, both in the treatment and in the prevention of infec-
tion, and can be administered both systemically or iocally.
However, the effectiveness of antibiotics is in part dependent
on the structure of bone and its blood supply.

Bipod supply of bone: Bone is a relatively vascular struc-
wre that is supplied by independent blood systems, The main
supply of a tubular bone, such as the tibia. is the nutrient art-
ery. which traverses the cortical bone, ascending and de-
scending within the haversian systems. The flow of cortical
bone is centrifugal in direction. Water-soluble solutes leave
the capillaries within the haversian systems through transca-
pillary clefis by the process of passive free diffusion, the rate
of flux being dependent on the size of the molecule. Once the
solutes have left the capiliaries, they cross a definable fluid
space, which has been ¢stimated to be about 1 0 percent of the
available volume. Within this fluid space are the bone cells
that constitute an active membrane regulating bone ex-
change. Pathogenic organisms must use the same roate as the
solutes or, indeed, antibiotics to enter bone; and once they
have left the capillaries, they lie within the fluid spaces acting
on the bone cells and affecting the collagen and hydroxyapa-
tite structure. In the presence of infection, the fluid spaces
change, accompanied by an increase in the blood flow
through the bone with an increase in new bone turnover.

Prophylaxis: Prophylactic antibiotics are primarily used
in total joint replacement, but are now becoming widely used
in all the branches of orthopaedic surgery, particularly where
metal is inserted. Ericson et al. (1973) clearly demonstrated
the effectiveness of antibiotics in preventing infection fol-
lowing total joint replacement. Based upon the pioneering
work of Polk and Lopez Mayor (196%) in general surgery, we
have used and reported the regime of high dose, short-course
antibiotics in total joint replacement. Recent clinical trials
have shown thay a three-dose regime of a cephalosporin is
able to achieve an infection rate of less than 2 percent. Alter-
native methods of delivening antibiotic to patients undergo-
ing joint replacement include the addition of antibiotics to
bone cement as introduced by Buchholz { 1970). The method
of delivery of antibiotic by this route has caused much specu-
lation and research. Suffice to say, this method has been re-
ported as clinically effective, and it appears that the antibiotic
probably diffuses from the surface layers of the cement struc-
ture early in the process. A recent prospective trial from our
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own centre demanstrates the benefit of this method and con-
firms the findings of others.

Treutment: Clearly, the methods of antibiatic delivery are
the same when applied 1o patients requiring antibiotics for
therapy. The differences appear to be that the bone is more
vascular in the early stages of fracture healing or after infec-
tion. At the same time, the bone turnover is increased. In a
similar manner, as in prophylaxis, antibiotics can be given
systemically or locally in bone cement. Indeed, intravenous
antibiotics are frequently administered to patients with open
fractures and are continued for variable lengths of time. Arthe
same time, antibiotic in cement beads, as introduced by Wah-
lig and colleagues {(1978), has proven effective in the man-
agement of infection in bone.

Summary: Antibiotics can be administered systemically or
locally in the management of infection in bone. Systemic an-
tibiotics depend on the presence of an adequate bloed supply
toreach the bone. Locally applied antibiotics are best given in
the bone cement, so that they can provide a limited, but effec-
tive concentration of antibiotic to the surrounding tissues.
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Antibiotics and bone metabolism

L.B.Engeszter

Surgical Institute, Haukeland Hospital, N-5021 Bergen, Nor-
way

In livestock, feed antibiotics are used as a growth-promoting
agent. Although the degree of growth promotion may vary or
be totally absent, the percentage increase has averaged 4-8
percent. The mode of action is, however, still under debate.
Ome possible explanation could be that the antibiotics treat
subclinical infections.

[n humans and in animal experiments, antimicrobial drugs
have been found to cause reduced body growth and bone
growth. Tetracyclines administered to premature infants
have been shown to cause a 40 percent depression of normal
skeletal prowth as measured by the inhibition of fibular
growth. In several animal studies, these effects have been
confirmed. Tetracyclines reduce not only the amount of bone
produced, but the bone that is produced has a lower mechani-
calstrength and a lower content of ¢alcium than normal bone.
Further, skin wounds in rats heal with less strength under tet-
racycline medication. Because collagenis the main structural
substance both in bone and in skin, these findings have been
attempted 10 be explained by effect on the collagen metabo-
lism (e.g., on cross-linking, on collagenase).

QOsteocalein is the most abundant noncollagen protein and
a specific product of the osteoblast, Its function is not defi-
nitely settled, but seems ta be involved in mineralization. Os-

teacalein has been shown inratexperiments to be reduced by
50 percent by oxytetracycline, and 1 a lesser extent by doxy-
cycling, fusidic acid, lincomygin, but not by cloxacillin,

The topical use of antibiotic powders on bone grafts has
been shown to reduce osteogenesis, both withchlorampheni-
col powder or methicillin powder and with Polybactrin spray.
The extremely high local concentration around each particle
of antibiotic could damage any cell close 1o it erther by ity
pharmacologic activity or by osmosis.

The quinolones, the new promising group of antibiotics,
have been reported to cause arthropathy in growing animals,
and they should therefore not be used in children or in preg-
nant womegn or nursing women,

In conclusion, however, the literature gives rather few in-
dications that antibiotics have any profound negative effects
on bone metabolism.

The pharmacokinetics of gentamicin after
total hip replacement with respectively
low- and high-viscosity gentamicin bone
cement mixed with and without vacuum

Rolf Onnerfalt, Lars Lindberg', Sten Bengisson, Elvira Din-
geldein? and Helmuth Wahlig?

Departments of Onthopedics, University Hospital, Lund,
Central Hospital, Kristianstad', Sweden, and Department of
Microbiology?, E. Merck, Darmstadt, Federal Republic of
Germany

Introduction: Low-viscosity bone cement is thought 10 give
better fixation of prosthetic components by increased intru-
sion intocancellous bone. The necessity of improved fixation
is greater in revisions, especially for infection. It has been
shown that vacuum mixing of the cement improves its me-
chanical properties. We investigated the pharmacokinetics of
gentamicin released after primary total hip replacement with
a new low-viscosity versus a high-viscosity bone cement,
both containing gentamicin, mixed with and without a vacu-
um.

Patients and methods: Two series of patients were operat-
ed onwith1total hip replacement for arthrosis. In series A there
were 47 and in Series B 24 patients. In both series the patients
were randomiy allocated to operation with low- or high-vis-
cosity bone cement. In series A the cements were convention-
ally hand mixed, and in Series B the cements were mixed ina
vacuum (150 mbar). The amount of cement implanted was
calculated, and the concentration of gentamicin in the serum,
uring, and wound secretion was measured by the agar diffu-
sion test using Baciflus subtitus ATCC 6633, The lower sen-
sitivity level was 0.05 pg/ml.

Results: The concentration of gentamicin in wound secre-
tion was constartly about three times higher with low-viscos-
ity cement; in Series A the mean value for the second day was
18.9 ug/ml compared with 5.6 pg/ml. The concentration in
serum and the recovery of gentamicin from urine was also
about 3—4 times higher inthe low-viscosity groups. The aver-
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age amount of implanted low-viscosity bone cement per pa-
tient was only slightly larger: in series A 104 g compared with
9% g. The results in Series B were similar.

Discussion: In an in vitro investigation, it was found that
the relcase of gentamicin from low-viscosity cement was on-
ty half of that from high-viscosity cement, and the concentra-
tian in the cement had to be doubled to result in the same con-
centration in the elution fluid, The very high concentrations
of gentamicin in the wound secretion could only beexplained
by hetter intrusion of the cement into the bone and a greater
surface of the cement body, as the amount of implanted ce-
ment was only slightly larger. This makes the low viscosity
cement a better choice, especially in revisions for deep infec-
tien, because gentamicin in very high concentrations is effec-
live also against bacteria resistent 1o levels attained by paren-
teral treatment. Vacuum mixing is preferable because it im-
proves the mechanical properiies of the cement and does not
affect the release of gentamicin.

Antibiotic prophylaxis in orthopedic surgery
— ecologic conseguences and toxic drug
effects

$. A, Hedstrom

Department of Infectious Diseases, University Hospital, §-
221 85 Lund. Sweden

Intraduction: Prophylaxis against posioperative infections
in orthopedic surgery can be effected by hypienic measures
and peroperative antibiotic administration. Because antibio-
ties are given to big populations in this connection, the side ef-
fects must be highly considered and should be kept to a mini-
mum.

Patients and methods: One study was performed in col-
laboration with the Departments of Orthopedics in the Uni-
versity Hospitals in Lund and Malmé. In aplacebe-controtled
double-blind study comparing cefuroxime for 24 hours and
cefuroxime + 6 days of subsequent oral cefadroxil, 56 and 65
patients, respectively, were evaluative. As a secondary objec-
tive, a study of a postoperative superinfection was performed.
Inthis study, urinary tract infections (UTI) that occurred post-
operatively were noted in a 1otal of 15 of the patients (14 per-
cent). Some of the patients had bladder catheters. Cultures
and susceptibility tests were performed.

In another material comprising 789 courses of antibiotic
prophylaais in aretrospective analysis, 378 patients received
peroperative dicloxacillin during an initial period in hip ar-
throplasty, and 411 patients gotcloxacitlin during alater peri-
ad. This material was analyzed as to the drug effect on renal
function. A repeated chemical laboratory and clinical investi-
gation was initiated after a case of severe renal failure had oc-
curred.

Resudts: The first study showed that peroperative antibio-
tic prophylaxis in fixation of trochanteric fractures with a
plate and a sliding nail could be reduced in time without an in-
crease of postoperative deep infections. In 9 and 15 percent,

UTIls werenoted during the first 5 postoperative weeks inthe
patients receiving long and short prophylaxis, respectively.
Of 20 isolated strains, only six were sensitive to cefuroxime,
only I of 7 in the group having 1 week of antibiotic prophy-
laxis was sensitive 10 cefuroxime. Isolated resistant strains
were Streptococcus faecalis in 4 cases, Pseudomonas aeru-
ginosa in 2, and Proteus morganit and Enterobacter cloa-
cae in 1 of each. Five E. coli and | Klebsiella strain were in-
termediately sensitive. Five Proteus morganit strains and |
Enterobacter were fully susceptible. The observations show
that a selection of straans with reduced susceptibility against
the used prophylactic agent can occur, particularly after a pro-
longed prophylaxis. Clinically significant UTIs with fever
were the results.

In the other material, 16 patients (4 percent) receiving di-
cloxacillin had an increase of serum creatinine from normal
values (some had a lowered renal clearance, estimated by a
nomogram, in the preoperative period) to at least 100 percent
increase. In 2 of these patients, dialysis was performed and
considered in 4 more patients, An S-creatinine increase of >
45pmol was seen in 12 percent of the patients. A correlation
with preoperative antiphlogistic treatment was noted with an
increase to an average value of 123 pmol (P = 0.015 com-
pared with patients without antiphlogistic drugs) | week after
operation.

Conclusion: The choice of prophylactic antibiotic and its
duration must be carefully done with the aim to avoid ecolog-
ic consequences and toxic side effects.

Reference
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Resistance pattern of coagulase-negative
staphylococci in staff and total hip patients

Lennart Sanzén and Mats Walder'

Departments of Orthopedics and Clinical Microbiology',
Malmé General Hospital, 8-214 01 Malmd, Sweden

Introduction: During the last few years, coagulase-negative
staphylococci (CNS), mainly §. epidermidis, have been the
hacteria most frequently found in prosthetic joint infections.
The operating team, the patient, and the ward staff are possi-
ble sources of these infections.

Patients and methods: Swab cultures from the anterior
nares were obtained from 24 orthopedic surgeons, 54 operat-
ing theater staff, 48 staff from orthopedic wards, and 97 pa-
tients before a total hip replacement, and in 79 of them also 2
weeks after the operation.

Results: CNS were found in almost all the cultures. In pa-
tients, methicillin resistance increased from 3 to 25 percent.
Multirgsistance was found in 11 patients before surgery, and
& of thern had been hospitalized duning the previous 9 months.
Gentamicin resistance was found postoperatively only in 14
patients, and 10 of them had prostheses inserted with gentam-
icincement,
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Resistance to methicillin was significantly more common
in ward staff than in theater staff, and occurred in 1/24 sur-
geons, 6/24 theater staff, and in 16/54 ward staff. Among
them gentamnicin-resistant CNS were not found.

Conclusion: The low number of methicillin-resistant CNS
in surgeons and theater staff supports a continued use of
short-term antibiotic prophylaxis with beta-lactamas-resist-
ant penicillins. Preoperative hospitalization should be mini-
mized.

The bactericidal activity of methicillin and
dicloxacillin for Staphylococcus aureus
in surgical wound fluid

Torben Sandberg Sprensen

Depantments of Orthopedics and Clinical Microbiology,
Frederiksberg Hospital, Copenhagen, Denmark

The purpose of the present in vitro study was to compare
methicillinand dicloxacillin with regard to bactericidal activ-
ity insurgical wound fluid collected from nonantibiotic-treal-
cd patients following hip fracture operations. A colony-
counting technique was used. The test bacteria were four
strains of Staphylococcus aurens . The tested concentrations
of the antibiotics were 2, 4, 8, 16, and 64 pg/ml, which for
both antibiotics corresponded to 2-64 times the minimal in-
hibitory concentration (MIC). Colony countings were per-
formed 2,4, 8,12, 24, and 48 hours afterthe inoculutron. Each
strain was tested twice, but in wound fluid from different pa-
tients. There was found considerable medium- (= patient} de-
pendent differences in the time-killing curves, but there were
small differences between the two antibiotics and the five
concenirations. Expressed as the reduction after 24 hours “in-
cubation in percent of the inoculum, the mean killing effect
was99.4 percent for methicillin and 99.5 percent for dicloxa-
cillin. A slight increase in the killing effect with an increase in
concentration was found, which was for methicillin from
98.9 to 99.7 percent and for dicloxacillin from 99.4 10 99,7
percent. However, the observed differences between the two
antibiotics and the five concentrations were small and are
without clinical significance. Itis concluded for both antibio-
tics that a wound-fluid concentration at 2 x MIC (= 2 pg/ml)is
sufficient for preventing infection with Staphylococcus au-
reus n hip surgery. An increase in wound-fluid concentra-
lion above that is not followed by an equivalent increase in
prophylactic effect against infection with §. aqureus.

The effect of antibiotics on the prevention of
infection after experimental open fractures

P.H. Worlock, R, C. B. Slack, L. Harvey and R. R. Mawhin-
ney

University Hospital, Queens Medical Centre, Nottingham,
United Kingdom

An experimental model of a contaminated open fracture has
been used to assess the effect of antibiotics in preventing post-
traumatic osteitis. with particular reference to the effect of de-
lay in giving the first dose of antibiotic.

Osteitis developed in 91 percent of the animals in the con-
trol group (no antibiotic). The osteitis rate fell to 30 percent if
asingle injection of cephradine was given | hour before inoc-
ulation with bacteria (P < 0.005). If antibiotic administration
was delayed until afier inoculation, the osteitis rate was 50
percent, which was still less (P < 0.0035) than the control
group. This antibiotic effect persisted even if the initial dose
of antibiotic was delayed for 4 hours afier bacterial inocula-
tion.

This experimental study suppons the use of appropriate
systemic antibiatics in the management of open fractures in
man, even if administration is delayed upto 4 hours afterinju-

Ty.

Sports injuries

An epidemiciogic and traumatologic study
of injuries in handball

J. Yde, A. B. Nielsen, B, W, Jacobsen, B. M. Madsen and J.
Jensen

Accident Analysis Center, County Hospital, Arhus, Den-
mark

A deuble prospective study of injuries in handball was per-
formed.

Subjects: [. In a handball club {C), all the injuries were ex-
amined once a week and registered: 105 injuries in 221
players. Injury incidence: 8.0 per 1,000 playing hours. [I. A
registration of all hospital-treated (H) injuries in the munici-
pality of Arhus: 824 injuries (341 males, 483 females) out of
4,154 sports injuries in a population of 253,753 persons with
5,980 registerad handball players (3,010 males and 2,880 fe-
males).

Resules: In C, 24 percent were finger injunes and 33 per-
cent ankle injuries versus 44 percent and 18 percent in H. In
H, females had the majority of finger injuries (66 percent), an-
kle injuries (58 percent), and knee injuries (70 percent).

Injury mechanisms are seen in Table L. There were 58 per-
cent dug to stumbling, 60 percent from jumping, and 72 per-
cent were ball-contact injuries injured females. Totally, 31
percent incurred from shooting from a distance, 13 percent
from struggling on the line, and 28 percent from running.
During the preceding vear, 32 percent had an injury of the
same type and location.

Tabla 1. Injury machanism in handball

Bait  Stumb- Fall Opponert Other Intrinsic

con-  ling player injuries
Club: 18% 16% 9% 2% 12%  23%
HospHal: 31% 20% 6% 25% 1% 7%
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In C, 45 percent were treated at hospitals and 15 percent in
general practice. When extrapolating to the municipality of
Arhus, we found about 2,200 handball injuries, approximate-
Iy 1,200 of which required medical treatment. Twenty per-
cent of the injured players in C were absent from their sport
for more than | month, and 42 percent of them still had com-
plaints after 6 months of observation.

Conelusion: Handball is shown to give a high injury nci-
dence and a great load on public medical service. The high
risk of reinjuries and long-lasting sequelae shows that better
treatment and rehabilitatron are desirable.

Epidemiology and traumatology of injuries
in four ball games

Allan Buh! Nielsen and Johannes Yde

Department of Orthopedics, Accident Analysis Center, Di-
vision of Sports Traumatology, Arhus County Hospital,
Arhus, Denmark

Introduction: To identify and analyze risk factors of injuries
incurred in sports, a prospective investigation was performed
in a Danish athletic club. Four team sports were studied dur-
ing asingle season.

Suhbjects and methods: Six hundred players were followed
insoceer (5) 123, handball (H) 221, basketball (B) 120,and in
voileyball (V) 136. At weekly visits to the clubs, the injuries
were examined by the authors, and records of absence from
activity were kept by the trainers. Only an injury that caused
the player to miss at least one game or praclice session was re-
corded. The records were oblained at the end of the season,
and a follow-up was done 6 months after the season.

Resules. Totally, 303 injuries were recorded (S 109, H 105,
B 56,V 33). The incidence of injury per 1,000 practice hours
was § 3.6, H 2.2, B 2.2, ¥ 2.1 and injuries per 1,000 game
hours S 14.3, H11.4, B9.3 V57 Ankle sprain was the most
commeon injury (34 percent), and was found equally in all the
games. Finger sprains (20 percent) were mainly seen in bas-
ketbatl. The majority of the knee injuries (13 percent) oc-
curred insoccer. Strains (! | percent) were also most common
in soccer. Overuse injuries (13 percent} were equally seen in
all the gamnes. Fifty-nine percent of the injuries were contact
injuries. The finger sprains were caused by ball contact in
handbal! (18 percent), basketball (38 percent), and voleyball
{30 percent), Half of the ankle sprains and 35 percent of the
knee injurigs accurred during contact with opponent players.
Tackling caused most injuries insoccer (40 percent), whereas
injuries during shooting were more common inthe three other
games. The risk of reinjury was the same in the four games (35
percent). Forty—eight percent of the injuries were treated by
the players themselves. Absence from the sport for mare than
4 weeks after the injury was found in soccer (35 percemt),
handball (20 percent). basketball (9 percent). and volleyball
(3 percent), At follow-up, 35 percent of the injured players
had complaints.

Conclusion: Ball games are responsible for many injuries,
with the highest incidence in soccer and handball.

Injuries in badminton

Karsten Krener, Bent W. Jakobsen, Steen A, Schmidt, Jo-
hannes Yde, Bjame Mgller-Madsen, Allan B. Nielsen and
Jorm Jensen

Department of Orthopedics, Accident Analysis Center, Divi-
sion of Sports Traumatology, Arhus County Hospital, Arhus,
Denmark

Introduction: Badminton is one of the most popular sports in
Denmark, with more than 170,000 players in 650 ciubs and
numerous players outside the clubs. The aim of this study was
10 determine the frequency of badminton injuries and to de-
scribe the cliology and epidemiology of these injunies.

Patients and methods. During 1986, 4,154 patients with
sports injuties were treated at Arhus County Hospital and
Arhus Municipal Hospital, Only patients living in the city of
Arhus entered the study, and they were registered on a stan-
dard questionnaire. The mean age was 22 (7-72) years, and
2,749 were men.

Results and discussion: Tolally, 208 badminton injuries
occurted in 201 patiems (132 men}, with a mean age of 20
(7-57) years; they constituted 5 percent of all the sports inju-
ries in Arhus. Joints and ligaments were injured in 60 percent
of the patignts, and most frequently the injury was in the ankle
or in the knee. Ligamentous injuries were more frequent
among patients under 30 years of age (P<0.01). Overuse in-
juries occurred in 30 percent of the patients, and this type of
injury was more frequent among patients over 30 years of age
< 0.01). Most of the injuries were mild ones, but 7 percent
of the patients were hospitalized. and 26 percent received fur-
ther treatment in the outpatient clinic: 7 percent were treated
by their own general practitioner.

The present study indicates that badminton injuries occur
toa relatively older age group than sports injuries as such, Al-
though badminton injuries cccur with a relatively low fre-
quency, the type of injury is often severe and demands a long
petiod of ireatment.

Running injuries in long-distance runners

Bent W. Jakobsen, Karsien Krgner, Steen A. Schmidt and
Jom Jensen

Depaniment of Orthopedics, Accident Analysis Center, Divi-
sion of Sports Traematology, Arhus County Hospital, Arhus,
Denmark

Imiroduction: Panlicipants in long distance races are known
to strain the musculoskeletal system causing running-related
injuries. The aimn of this study was 1o determine the injury fre-
quency atthe Arhus Marathon in 1986 and 1o relate the risk to
training condition.

Subjects and methods: Totally, 924 participants were giv-
en a questionnaire, and 90 percent (n 831) answered i1, The
sex ratio (F/M) was (.13, and the mean age was 35 (11-77
years). The runners had trained 47.5 £24.6 km (x £8D) per
week and with a pace of 10.8 £2.9 km/h.
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Resultsand discussion: Inall, |61 runners had 193 injuries
in relation 10 the race (19 percent); 89 had an injury that pre-
vented them from sports activities for more than | week. Only
21 of them sought medical care — 5 at a general practitioner
or a specialist in spons medicine and 15 at a physiotherapist.
The injuries were blisters (27 percent) and overuse injuries of
the leg (68 percent), especially of the knee and lower leg. The
injured runners were significantly younger (P <0.05), had
trained significantly shorter distances, and at a lower pace (P
< {1.03). Ninety three of the injured had previous running-re-
lated injuries (P < 0.05).

Conclusion, The present study showed the risk of injury to
runners participating ina long distance race to be rather high,
although the severity of the injuries was mild in 53 percent.
The injury risk was related to training, carlier injury, and age.
Anempts should be made 1o treat and retrain runners after in-
jury and 10 urge runners to train sufficiently before participat-
ing in a long distance race.

Exercise-induced knee joint laxity in
distance runners

Hans Viggo Johannsen, Tyge Lind. Bemt W. Jukobsen and
Karsten Krpner

Department of Orthopedics. Accident Analysis Center, Divi-
sion of Sports Traumatology, Arhus County Haspital, Arhus,
Denmark

Introduction: The abjective of this study was 10 evaluate the
effectofexercise onknee jont laxity, If exercise-induced lax-
ity is physiologic, this quality should perhaps be incorporated
into a higament replacement material.

Parients and methods: Twenty recreational distance run-
ners (11 menand 9 women, mean age 41 [24-50] years) were
tested before and immediately after 30 minutes of running.
Using a computerized goniometer-type instrument (Acufex
KS§S5), knee flexion, axial tibial rotation and anteroposterior
tibial displacement were recorded simultaneously while the
runners were subjected to tests of static and dynamic knee
joint laxity.

Results: At 20°of knee flexion, 14-16°postexercise in-
creases in mean total anteroposterior laxity were found (dis-
placement forces of 50, 100, 150, and 200 N). The increase
was less at 90°of flexion (8°at 50 N of applied force, 0 at 200
N). Atthe examination 30 minutes afterexercise, laxity at 307
of knee flexion was still increased; however, laxity at 90%of
knee flexion had decreased 10 preexercise levels or below,
Anterior tibial displacement, recorded while the seated sub-
jects performed knee extension from 90 to O *with weights
{10 percent of body weight) attached 1o the foot, showed in-
creased postexercise laxity. At 30°of knee flexion, a mean in-
crease of 18 percent over preexercise levels was found.

Conclusion: Repetitive physiologic siresses produce sig-
nificant ligamentous laxity in normal knee joints,

Low shock absorbency in the soccer shoe —
a possible risk factor in overuse injuries

Uffe Jprgensen and Jan Ekstrand

Department of Orthopedics, Rigshospitalet, Copenhagen,
Denmark, and Sports Medicine Unit, Department of Ortho-
pedics, University of Linkoping, Linképing, Sweden

Shock absorption is a simpie way to reduce the body load and
can be used in the prevention and treatment of overuse inju-
ries, which comprise one third of the injuries in soccer.

The purpose of this study was to investigate 1) the shock
absorbency of the soccer shoe compared with other sports
shoes and 2) whether it was passible to increase the shock ab-
sorption in gait and running,

Methods: In the shoe drop test, a soccer shoe had the low-
est SA and a running shoe the highest. [mpact forces at heel
strike were measured on an AMTI(R) force platform. Four-
teen legs were tested in 7 persons (9 normal heel pads and 5
with low shock absorbency) in gait analysis (2.0 m/s) and in
human drop 1ests. Tests were performed barefoo in the two
different shoes tthe distal 2 em of the heel counter,

Resules: The running shoe provided 2.2 times greater SA
than the soccer shoe in gait and 1.3 times greater SA in simu-
lated running. Heel support increased the SA in both shoes
significantly; the mean increase was 6.8 percent in the soccer
shoe and 10.7 percent in the running shoes.

Conclustans: The SA inthe running shoes was significant-
ly better than in the soccer shoes. An improvement of the SA
inthe soccer shoe is anecessity. The heel counter had a signif-
icant effect on the shock absorbency at heel strike in both
shoes. This should be considered when choosing, construct-
ing, or testing shoes where an optimal shock absorbency is
desired, as in persons with or at risk of heel strike-dependent
Qaveruse injuries,

Ankle injuries in athletes

Steen A. Schmidt, Karsten Kraner, Bent W. Jakobsen. Bjame
Mpller-Madsen, Johannes Yde, Allan B. Nielsen and Jam
Jensen

Depantment of Orthopedics, Aceident Analysis Center, Divi-
sion of Sports Traumatology, Arhus County Hospital, and
Department of Orthopedics, Arhus Municipal Hospital,
A.rhus,Dcnrnark

Introduction: The aim of the present study was 10 correlate
the type of ankle injury with activity, age, sex, type of acci-
dent, and type of sport.

Patients and methods: During 1986, 4,920 patients with
sports injuries attended the emergency rcoms of Arhus
County Hospital and Arhus Municipal Hospital. Ankle inju-
ries occurred in 94 | of these patients. The sex ratio (F/M) was
0.41, and the mean age was 22 (2-65) years.
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Results and discussion: Eighty-four percent of the patients
were aged 10-30 years, The mast common type of injury was
lesions of the ligaments, occurring in about 75 percent of atl
the patients, followed by lesion of the bones, skin, tendons,
and muscles. Fifty-eight percent needed no further treatment;
35 percent received further treatment or were followed up by
the orthopedic outpatientclinics, and 1.5 percent were keptin
the hospital. Twenty-one percent of the injuries occurred dur-
ing free-time athletic competition — 62 percent in clubs and
11 percent in schools.

Conclusions: The present study showed a high frequency
of ankle injuries in connection with spors, especially in
younger persons, One third of the patients had 10 be treated
further or followed up by the orthopedic cutpatient clinics.

Knee problems in former high-level
soccer players

Ulf Eklund, Per Renstrdm and Gunnar Andersson

Department of Onthopedics, Sahlgren Hospital, $-413 45
Gothenburg, Sweden

Introduction: Soccer players have a high injury rate as com-
pared with many other athletes. Totally, 2540 percent of all
the soccer injuries are located in the knee joint. The aim of this
study was to determine the incidence and amount of knee pro-
blems in high-level soccer players 15-20 years after the ter-
mination of their active carcer, i.e.. if there are any long-
standing knee problems.

Subjects and meshods: Sixty-six former high-level soccer
players born between 1936 and 1944 were randomly chosen
from team lists submitted 1o the Gothenburg Soccer Associa-
tion during the years 1961-65. As controls, 33 persons of the
same age group were randomly chosen from the male popula-
tion of Gothenburg. The soccer players and controls were in-
terviewed and underwent a careful clinical knee joint exami-
nation, inmany cases including an objective measunng of the
laxity of the anterior cruciate ligament (ACL)

Results: Three of 66 soccer players reported knee pro-
blemsinterfering with activities of daily living. During physi-
cal exercise, 25 percemi reported some degree of knee pro-
blems. The corresponding figures for the controls were 9 and
18 percent, respectively. The rate of physical activity at the
time of the investigation was still high in the soccer group and
much higher than in the controls.

Half (33} of the soccer players had sustained 41 knee inju-
ries during their active period. Twenty-three were meniscus
tears. 14 were ligament injuries (7 MCL,4 LCL, 3 ACL), and
four others, The controls had two knee injuries — one menis-
cus tear and one injury to the joint capsule,

Clinical and objective examination of the stability of the
knee joint showed an increased laxity of the ACL.in 75, 55,
and 42 percent of injured soccer players, uninjured players,
and controls, respectively. Corresponding figures for in-
creased laxity of medially stabilizing structures were 36,21,
and 21 percent. We found no or very little increased laxity in
the LCL and PCL in all the groups.

The Lysholm Knee Scoring Scale was 92 for injured soccer
players, 94 for uninjured players, and 96 for controls.

Conclusion: Half of the soccer players had sustained knee
injuries during their active period. The soccer players had an
increased joint laxity as compared with a control group. Few
players had any knee symptoms 15-20 years after termina-
tion of their active careers, and they maintain a high standard
of physical exercise,

Soccer injuries

F. Farsg Nieisen, A. Buhl Niglsen, B. Maller-Madsen, B. W.
Jakabsen, J, Yde and J. Jensen

Departments of Orthopedics, Accident Analysis Center, Di-
vision of Sports Traumatology, Arhus County Hospital and
Arhus Municipal Hospital, Arhus, Denmark

Iniroduction and subjects: In a 1-year period, 1,530 cases of
soccerinjuries (37 percent of all sports injuries) were treated
at the two casualty wards in Arhus. The mean age of the in-
Jjured was 22 years.

Results: The women accounted for & percent of all the inju-
ries. Thirty-seven percent occurred on the weekends, and 54
percent were connected with tournamem matches. Accident
mechanisms involving contact with other players accounted
for 46 percent of the accidents. The 1,530 accidents caused
1,620 lesions. The head and neck were injured in 6 percent of
the casgs — all men, The back, chest, and pelvis were injured
in only 2 percent, the upper extremities in 24 percent (hand 16
percent), and the lowerextremities in 67 percent (knee 18 per-
cent, ankle 25 percent, foot 18 percent) of the cases. Contu-
sions accounted for 31 percent, skin wounds for 7 percent.
and distorsions plus luxations for 43 percent of the lesions.
Fractures constituted 15 percent of all the lesions (among 241
cases there were only 11 women). Half of the fractures were
located in the upper extremities and 45 percent in the lower
extremities. Most of the patients (61 percent) were treated and
finished up at the casualty ward. Only 3 percent were hospi-
talized immediately, but 24 percent were seen in the outpa-
tient clinic. Many of these were later hospitalized with tears
of the ligaments and the menisci of the knee.

Conclusion: Soccer injuries contributed a large part of all
sports injuries. In the present study. mainly men were injured.
The hand, knee, ankle, and foot were the predominant sites of

injury.

Injuries and risk facters in alpine skiing
AmeEkeland', Age Holtmoen? and Harald Lystad?®

Orthopedic Service!, Ullevaal Hospital, University of Oslo,
Norwegian College of Physical Education and Sports?,Oslo,
and Hemsedal Health Center®, Hemsedal, Norway

Introduction: Although the injury risk in alpine skiing has
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decreased, the number of skiing injuries is increasing due to
more skiers on the slopes. The growing popularity of alpine
skiing makes it therefore important to identify risk faciors
while skiing 1o generate data for preventive measures,

Subjects and methods: The skiing injuries in four Norwe-
gian ski resorts were recorded during the winter season of
1985/86. The registration was carried out by the local physi-
cian, and the number of injured skiers totaled 328. A control
population of 316 uninjured skiers were randomly selected
from lift lines in the same skiing areas throughout the sea-
s0n.

Resuelts: The most common injury sites were the knee (24
percent), shoulder (1 5 percent}), and head (14 percent). Only 6
percent of the skiers suffered a lower leg fracture, but the fre-
guency of this fracture was almost six times higher in children
under 10 years of age than in adult skiers, Beginners had anin-
jury risk four times the average, whereas skiers taking formal
skiing instruction during the current season were underrepre-
sented among the injured skiers. Tested bindings were more
commeon among uninjured skiers, and such bindings were al-
s0 more apt 10 release during the accidem than bindings not
tested.

Conclusions: Inferior skiing ability is the most important
risk factor in skiing. Thus, skiers should take instructions to
shorten their number of beginner days on the slopes. They
should also self-release test their bindings every day for safer
skiing.

Sports-related injuries: A prospective study
from a Danish community

Bjame Mgller-Madsen, Allan Buhl Nielsen, Bent Wulff Ja-
kobsen, Johannes Yde and Joarn Jensen

Department of Orthopedics, Accident Analysis Center,
Arhus County Hospital, and Arhus Municipal Hospital, DK-
8000 Arhus C, Denmark

fntroduction: Sports-related injuries are an important pro-
blem worthy of major preventive efforts in terms of magni-
tude and cost. The present study concerns macrotraumas re-
quiring medical care. Its purpose is 1o report epidemiologic
data, such as frequency, type of lesions, and the mechanism of
accident.

Patients and methods: During 1986, all the sports-related
accidents (o patients living in the municipality of Arhus at-
tending ane or two hospital emergency rooms were registered
in detail. Arhus municipality has 253,753 inhabitants. The
analysis includes 4,154 cases.

Preliminary results: Male predominance was observed,
2,749 males (66 percent) and 1,405 females {33 percent), The
highest incidence of injuries occurred in the 15-19-year age
group (58/1,000 inhabitants) and secondly in the 10-14-year
age group{52/100Q inhabitants). The mean age was22{7-72)
years, Sport areas represented 67 percent of alt the places of
accidents including 11 percent in school. There were 1,889
(45 percent) injuries among competitive-level participants
and 1,941 (47 percent) injuries among noncompetitive-level

participants. The highest number of injuries occurred in foot-
ball (1,530 or 37 percent), followed by handball (824 or 20
percent) and basketball (278 or 7 percent). Horseback riding
gave rise to 105 (4 percent ) of the injuries. A fall was the
cause of injury in 1,522 (37 percent) of the cases, whereas a
kick was the cause of injury in 1,396 (34 percent). In 703 (17
percent)of the cases the patients were struck by a ball. The lo-
cation of the injury {percent) was ankle/foot 36, hand/fingers
26, knee |3, and head 7. The most commeon types of injuries
were sprains and strains (2,743 or 32 percent), which were
most frequently occurred in the ankle (816 or 20 percent).
Fractures comprised 584 cases (14 percent), mostly of the
upper limb (328 or 8 percent). The hospital admission rate
was 3 percent. Ambulatory care was provided in 34 per-
cent.

Sports injuries in a large urban population:
Incidence and epidemiclogic aspects

), Sandelin, S. Santavirta, R. Lanild, P. Yuolle and S, Sar-
na

Department of Orthopedics and Traumatology, University
Central Hospital, Helsinki, Finland

Most studies reparting on sports injuries have been investiga-
tions of specific sports events and levels. This study aims at
outlining the features of sports injuries regard|less of type, se-
verity, or treatment during 1 year amoeng the adult population
of the Greater Helsinki area (pop. 600,000). The study was
carried out in cooperation with the Central Statistical Office,
which in 1980 performed an extensive survey aimed at outlin-
ing the incidence and features of acute accidents occurring in
Finland. The actual data from this study concemning sports in-
juries in the Greater Helsinki area was further analyzed.

During the period of investigation, an estimated 40,380
acute sports-related injuries occurred, the calculated ingi-
dence of sports injuries in the area thus being 670 £
121/10,000 inhabitants. Spons injuries were found mainly
among young people. Surprisingly low was, the occurrence
of injuries among women of 20-24 years of age.

The majority of injuries were found to be of mild character,
however, 9 percent were classified as severe, and on the basis
of the information obtained from this study, some 4,000 pa-
tients attended a casualty department inthe area because of an
injury sustairted in sports, thus placing a considerable burden
on these agencies. Distorsion (65 percent) was the most com-
mon type of injury, and most of the injuries could be treated
with basic knowledge of acute musculoskeletal injuries.

Although the majority of injuries found in this study were
trivial, and in only about half of the cases medical treatment
was needed in the acute stage, at follow-up 2 years after the in-
jury, 11 percent of the patients complained of some sequelae
from their initial rauma. [n the majority of cases the initial
trauma had been a sprain of ligamentous structures of either
the knee or ankle joint. Thus, in addition 1o proper diagnosis
and treatment of these injuries, a rehabilitation program is of
paramount importance before the injured persons return to
sports activities.
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Detection of jumper’s knee {patellar
tendinitis) with ultrasound

M. P. Heijboer!, P.J. M. Post?, I. A. van Ostayen® and H. M.
Zonderland®

Departments of Qrthopedics' and Radiology®. University
Hospital Ratierdam, The Netherlands

Introduction: Jumper s knee (patellar or gquadriceps tendin-
itis) commonly occurs in athletes whose major activity in-
cludes repetitious jumping. Blazina s classification is based
onanamnestic data. Radiographic findings are inconstant and
nonspecific. Ultrasound was used 10 investigate the structure
of the patellar tendon in healthy athletes and in those with the
clinical picture of jumper’s knee.

Parients and methods: Twenty-five first division volley-
ball players (& women, |7 men) were investigated before and
after vigorousexercises including jumping. Fourteen athletes
had complaints compatible with the clinical syndrome of
Jjumper“sknee: Y atthe upper pole of the patella, 10 at the low-
er pole, and 1 near the insertion at the tibial tuberosity. Three
had bilateral complaints. All 14 complained after the training,
and the symptoms disappeared within 24 hours (Blazina
stage 1). On the ultrasonogram the thickness of the 1endon
was determined, Hypoechegenic areas, calcifications, and
lack of homogeneity were looked for, A realtime sector scan-
ner (Toshiba F.L.A. 38-B, 7.5 MHz probe) with a water pad
transducer was used.

Results: The changes found in the tendons of the players
with the clinical syndrome of jumper’s knee were overall
thickening, hypoechogenic swollen areas, and heterogeneity
of the tendon structure with or without calcifications. Be-
cause of these changes, the border between tendon and tendon
sheath was sometimes poorly defined.

Hypoechogenic areas and thickening of the tendon corre-
lated weil with the clinical diagnosis. An observer, who was
not aware of the clinical picture, could diagnose jumper’s
knee because of thickening of the tendon and hypoechogenic
areas in 8 of [0 players with pain at the lower pote of the patel-
la. No changes were found in the players without com-
plaints,

Conclusion: Ulirasonography of the patelfar tendon is
helpful in diagnosing jumper s knee. The most specific find-
ings in clinically evident tendinitis are hypoechogenic swell-
ing and thickening of the tendon.

Knee sprain complexity
PerBerg

Depantment of Orthopedics, University Hospital, Uppsala,
Sweden

Introduction: The combination of tnjuries to different struc-
tures of the knee should be of importance for the outcome of a
knee sprain.

Methods: Ninety-three knees were examined. Patellar
dislocation was excluded if isolated, but included if com-
bined with ligamentous injuries. Minor depression ofthe tibi-

al plateau (less than § mm) was included if combined with lig-
amentous injuries. The injuries were not graded according to
severity, nor was the exact site of rupture considered, The in-
junes were diagnosed by exploration in 76 cases and by ar-
throscopy in 17 cases. The injuries were recorded as anterior
cruciate, posterior cruciate, medial ligaments, lateral liga-
ments, intraarticular fracture, medial meniscus rupture, me-
dial meniscus avulsion, lateral meniscus rupture, lateral me-
niscus avulsion, and dislocation of the patella, The combina-
tions were analyzed.

Results: With this method, 24 different combinations of
injunes were found in 93 knees.

Discussion: Probably there were even more combinations
in this group of patients because arthiroscopy cannot expose
all the extraarticular injuries. If the seventy and the exact lo-
cation of injury is considered, the number of combinations
will be even greater.

Conclusion: The great number of combinations indicates
that when comparing different treatments, we are seldom
comparing the same combination of injuries. This must be a
problem when we compare, for example, operative versus
conservative treatment.

Accidents

Routine computerized accident registration
in a casvalty department

N.D. Rick

Depantment of Orthopedics, Esbjerg Central Hospital, Esb-
jerg, Denmark

Introduction and method: Since 1983, all the case sheets
from our casualty department have been processed by acom-
puterized “on-line” system. There were iwo intentions, one
was to process the data and case sheets concerning approxi-
mately 20,000 contacts a year, and the other was 10 apply a
coding system developed by NOMESCO (Nordic Medical
Statistic Cormnmittee) as a routine. All the data are dictat-
ed/coded by the doctor treating the patient immediately after
treatment. The parameters registered are personal data,
anamnesis and clinical examination, diagnosis, lime of acci-
dent and armival, cause of contact, place of accident, mechan-
ism of accident, treatment, mode of termination, and it is not-
ed if the accident is a traffic or occupational accident.

Results: In the period 1983-86, there were 79,505 con-
tacts; 89 percent of the contacts were caused by a fresh acci-
dent. Nearly one third of the accidents happened at home, 20
percent during work, 14 percent in traffic areas, and 8 percent
occurred during sports activities. Ten percent of the contacts
had to be hospitalized. It was possible to describe the cause of
contact in 99.6 percent of the cases and the place of accident in
93.2 percent.

Discussion: The intentions have been fulfilled. The sys-
tem functions well as a descriptive accident data base —reg-
istering basic epidemiologic data— and as an administrative
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wol, The system has been introduced without the need of
mare manpower, Asalocal system, changes are rather easy to
perform and analysis can be made without charge. In-depth
analysis of the factors causing accidents cannot be performed
directly, butdemands further analysis. Fora further improve-
ment, it is recommended that modules regarding involved
products and home, traffic, occupational, and sponts acci-
dents (totally, 73 percent of the accidents) are developed and
are made mandatory.

Chest injuries sustained in severe traffic
accidents by seai-belt users

Eero Arajirvi and Seppo Santavina

Division of Orthopedics and Travmatology, Surgical Hospi-
tal, University Central Hospital, Helsinki, Finland

In Finland during the period 1972-1985, 4,045 severe traffic
accidents occurred where one or more of the drivers or pas-
sengers sustained an injury leading to a fatal outcome within
30 days. Of the victims who had been wearing a seat belt, 207
had fatal and 73 severe chest injuries,

The four leading causes of fatal outcome resuliing from
chestinjuries were ruptures of the aorta {37 percent), ruptures
of the heat {28 percent) and bilateral lung contusions (31 per-
cent) or lacerations (16 percent). Seat-beli wearers with heart
ruptures had more bften concomitant rib Eractures, lung inju-
ries, and sternurn fractures than was the case with the victims
who had sustained ruptures of the aorta.

The victim’s location in the car was associated with the
side of rib fractures, drivers having more right-sided and
right-front passengers more left-sided rib fractures.

Eighty-seven perceni of the victims had in addition to their
chest injury other concomitant injuries. Liver injuries (40
percent] and spleert ruptures (27 percent) were found to be the
mast common associated abdominal injuries.

It seems that the severity of chest injuries that lead to fatal
outcome in seat-belt wearers is extremely high, since seat-
belt wearing saves life in more moderate accidents. The Y-
type harmess scat belt probably provides far more protection
regarding chest injuries and should be further investigated.

Comprehensive analysis of traffic accidents
and injuries in Gothenburg

O, Bunketorp and B. Romanus

The Traffic Injury Register, Department of Orthopedics, East
Hospital, §-416 85 Gothenburg, Sweden

Introduction: A hospital-based registration of traffic acci-
dents and injuries was intreduced in Gothenburg in 1978 by
the Traffic Injury Register (TIR). One purpose was to com-
pensate for deficiencies in official traffic accident statistics,
based on police reports, Another purpose was to study the me-

chanisms of injuries in traffic accidents. The aim of tins pres-
entation is 10 illustrate how data reported from palice and hos-
pitals can complement each other in a comprehensive analy-
sis of causes and consequences of traffic accidents.

Materials and methods: The accident circumstance de-
scribed in the police reports are documented and analyzed
with & computer program (TRAFQ), which has been used by
the traffic plunning department (TPD) of the town planning
council in Gothenburg since 1971, The medical consequenc-
es described in the hospital records are documented by the
TIR and reporied tothe TPD. The number of killed, seriously
and slightly injured, and the time spent in the hospital are the
primary measures of the accident cutcome. Complementary
information about the accident circumstances, the injunes,
and their sequelae is added from inquiries and medical exami-
nations. In-depth, at-the-scene analyses of the accident sites
and the vehicles are made by atechnical team in specific cas-
es. From 1979, the hospita] dava have beenused by the TPD as
a complement to the police reports. From 1983, the accident
data inthe TRAFO-system can also be linked with the hospi-
tal data of the TIR. A comprehensive analysis has been made
of the data trom these two sources for about 2,000 accidents
and casualties registered in 1983 in order 1o describe the acci-
dent outcome for different types of accidents on different
parts of the road network,

Resufts: About 10,000 casualties have been reported from
the TIR since 1979. This has increased the number of acei-
dents known by the TPI by about 70 percent. The increase is
greater for unprotected road users and as high as 285 percent
forbicyclists. As aconsequence, the priorities of traffic safety
investments mn the city have changed, and meore money is now
allocated for these categories. Pedestrian casualties are the
mostexpensive, In 1983, they constituted 13 percemofallthe
waffic casualties, but consumed 30 percent of the time spent
in the hospital of all traffic casualties. Pedestrians hit by cars
often sustain severe leg and knee 1njuries. Studies on such in-
juries and biomechanical studies have led to proposalshow to
reduce the aggressiveness of the car front. The protective ef-
fect of bicycle helmets has been verified. A major part of the
neck injuries are sustained by car occupants. Neck injuries are
seldom life threatening, but they cause serious permanentim-
pairment in about 10 percent.

Conelusions: Clarifying the causes of accidents is a pre-
requisite for accident prevention, and the understanding of
the mechanisms and consequences of impact trauma is essen-
tial not only for diagnosis and treatment of injuries, but also
for effective mjury prevention.

Progress in develapment of hame accident
surveillance system (HASS)

Hans Ri Jprgensen, Claus Falck Larsen and Erik L, Norden-
toft

Accident Analysis Group, Odense University Hospital, Den-
mark

Introduction: The comer stone in accident prevention is the
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development and use of weli-functioning information sys-
tems { 1). Many systems are based on data collected at a health
center facility, which may serve as a basis for ¢pidemiologic
research into the causes and consequences, If data from
health-care systems shall prove useful in accident prevention,
they have to adopt elements gssential to the sectors of saciety
responsible for running accident-prevention programs.

Marerials and methods: We describe a HASS based on an
18-month registration period. The registration was prospec-
tive and was made ad hoc, and included interviews with the
victims. It included 7,182 registrations of product-involved
accidents in the home.

Resudis: The information system was constructed with
three levels of information — from an overview level based
on 40 head groups of products to a detailed one-case sam-
ple.

The original HASS system was based on numerical regis-
tration of products involved (2}, but we introduced a measure
of severity m our system. By using the number of registra-
tions combined with a severity measure, itis possible to point
out”problem areas.”

The relative risk by the use of specific products would be
very interesting to know for priority-setting prevention pur-
poses. but thattype of data are hard to catch through this infor-
mation system. However, by using an indirect measure of
population at risk, we were able to demonstrate variation in
risk by using specific products, such as saws and drills.

Thistype of information system will need further develop-
ment in the 19%s, and will place orthopedic surgeons in an
important spol when it comes 10 propbylactic measures, De-
velopmentof the information systemcall for coordination be-
tween the Nordic countries (3).
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Children in traffic accidents —
injuries and sequelae

J. Karlsson, O. Bunketorp, P.-O. Kroon and B. Romanus

The Traffic Injury Register, Depantment of Orthopedics, Go-
thenburg University, East Hospital, $-416 85 Gothenburg

Introduction: This study has been performed in order to ana-
lyze the risk groups, the injurigs, the time of hospital care, and
the sequelae of children injured in traffic accidents in urban
traffic.

Subjects and methods: A study was made on children in-

jured in traffic accidents and treated at the emergency hospi-
tals in Gothenburg during 1983 and 1984. During these years,
4,116 traffic accident casualties were registered. Of the in-
jured, 1,027 (25 percent) were children below 16 years of age.
The type of accident, the protective equipment, the injuries
and their severities, and the time of hospital care were docu-
mented by the Traffic Injury Regisier. The severity of the in-
juries was classified according to the AlS-system. A “seri-
ously” injured person is defined as a hospital inpatient and a
“slightly™ injured person as a hospital outpatient. A clinical
follow-up was performed on those children who were not free
of symptoms 2 years after the accident.

Resudrs: Two children (0.2 percent) died, 338 (33 percent)
were seriously injured, and 687 (67 percent) were slightly in-
Jured. The ume of hospitalization was less than a week in 95
percent of the injured children. The highest frequency of in-
jured children was noted in the age groups 4-6 and 13-15
years. Sixty-nine percent were boys. Totally, 740 {72 per-
cent) of the injured were bicyclists, 117 (12 percent) moped
riders, 94 (9 percent) pedestrians, and 70 (7 percent jcar occu-
pants. In total, 1,590 injuries were registered. Of those, 43
percent were located in the head, 26 percent in the upper ex-
tremities including the shoulder, and 25 percent in the lower
extremities including the pelvis. Eighty-six nonminor (AIS >
2) injuries were registered. Of thase, 13 percent were located
in the head, 33 percent in the upper extremities, and 50 per-
cent in the tower extremities. Sixty-two (72 percent} of the
nonminor injuries were noted in pedestrians and bicyclists.
At the clinical fotlow-up, 113 (11 percent) children had se-
yuelae of varying degrees, frequently in the older children.
The highest number of sequelae were found after injuries to
the head and lower extremities. Twenty-one {19 percent} of
the children had undiagnosed injuries at the follow-up.

Conclusions: The propartion of children among injured
road users in Gothenburg was the same as the proportion of
children inthe population. A major part of the injured were bi-
cyclists. Head injuries were the most frequent injuries. Life-
threatening injunes were infrequent, and they were mostly
noted in pedestrians hit by cars and in car occupants. Late se-
guelae were noted in 1 | percent of the total number of injured
children, but major sequelae were infrequemt. The traffic
safety for children can be improved by the use of bicycle hel-
mets and mandatory use of child seats and seat belts in
cars.

Prevention of leg injuries in
car-pedestrian collisions

Q. Bunketorp and B. Romanus

Department of Crthopedics, University of Gothenburg, East
Hospital, $-416 85 Gothenburg, Sweden

Introduction: Pedestrians hit by cars most often sustain inju-
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ries 10 the lower extremities. [t is believed that these injuries
can be reduced in number and severity if the car exterior is
modified and adapted 1o the tolerance level of the human
body. The aim of this presentation is toillustrate how the type
and severity of leg injuries in such collisions are correlated
with the shape and mechanical properties of the vehicle front,
and 10 suggest what measures could be taken to protect
against these injuries.

Subjects and methods: Experimental and clinical studies
were made on leg impacts in adults. In the experimental part.
impact tests were made with a simulated car front with human
leg specimens. The configuration and the mechanical proper-
ties of the front were varied. Collisions were made with the
bumper impacting at various levels between the knee and the
midtibia. Two test series simulating 60 colhisions in all were
carried out with the simulated front. The impact speed was
between 16 and 32 km per hour. Thirty -five impactiests were
also performed with acompliant bumper system for pedestri-
an protection, developed by the National Highway Traffic
Safety Administration (NHTSA), U.S. Depantment of Trans-
pontation, In the clinical par, a retrospective study was made
of 34 adult pedestrians injured by cars and treated as inpa-
tients at an orthopedic department. Medical records, police
reports, and technical investigations were used to analyze the
accidents and to correlate the injuries with the shape of the car
front. Clinical follow-ups and interviews were carried out 1-3
years after the accidents. The injury mechanisms were stud-
ied for injuries to the differcnt parts of the lower extremity.
Special attention was paidio knee and lower leg injuries, the
walking impairment, and the bumper level of the car.

Results and discussion: In the expenimentat and clinical
studies, a bumper impact at or just below the knee level was
found to correlate with a great risk of serivus knee injuries.
Some of these might also have been caused by a protruding
hood edge. The pedestrian-adapted car front from NHTSA,
withthe compliant bumper. alsoresulted in sgrious knee inju-
ries if the bumper struck at the knee level. Inthe clinical study,
blows from bumpers mounted at or above 40 cm from the
ground seem (o have caused severe knee injuries and greater
walking impairment -3 years after the accident more often
than those mounted at lower levels. In the experimental
study, sericus injuries to the lower leg and knee could be
avoided in tnost cases if the bumper was compliant and ener-
gy-absorbing, and if it struck at the midtibia level.

Based on these studies, an impact protection zone was rec-
ommended for the car front. It shonld consist preferably of
twomain parts:

1. A lower leg impact zone, which can be deformed plasti-
cally at least | Ocm by aforce less than | kIN. The vertex of this
part should be approximately 35 cm above the ground, and
the zone should extend downwards for a1 least another 10
Cm.

2. A hood-edge impact zone, which should be designed 10
take into account the pelvic injury tolerance in adults and the
head and chest injury tolerance in children,

Implant research

Effects of interface bonding on stress shield-
ing in cementless THA

R. Huiskes, H. Weinans, R, v. d. Venne and T. J. Slooff

Biomechanics Section, Department of Onthopedics, Univer-
sity of Nijmegen, Nijmegen, The Netherlands

fniroduciion: Coatings, such as porous metals or hydroxyl
apatite (FHA), allow for firm bonding of hip prostheses to
bone, contrarily to" press-fit” designs, but could cause siress
shielding and resorption of bone. For that reason, some hip
stems are only coated in part, on the assumption that this re-
duces the degree of stress shielding. The purpose of this pro-
ject was 10 investigate the validity of this assumption.

Methods: A standard 2-D FEM modei of the proximal fe-
moral THA configuration was used to analyze the load-trans-
fer mechanism for uncoatedpress-fit”, fully (HA) coated,
and partly coated stems. In all cases, bone and interface
stresses were determined. Using adaptive bone-remodeling
theory in a time-dependent computer simulation {1}, the pos-
sible amounts of bone loss due to stress shielding were esti-
mated.

Results: With the fully coated (bonded) prosthesis, com-
plete proximal cortical resorption may occur. In the case of
the partly coated stem, stress shielding along the proximal
one third of the stem does not differ significantly from the ful-
ly coated case. The press-fit” stem causes bone stresses bey-
ond normal due to its sliding/tapering mechanism, The same
mechanism is responsible forelevated compression and some
relative motion at the implant/bone interface.

Conclusion. Interface stability and normal bone stresses
require contradictory interface-bonding characteristics.
More subtle biomechanical criteria than used to date must be
developed for coating locations in order to reduce their ad-
verse side effects.
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Development of cemented hip-stem shapses
for optimal load transfer

R. Huiskes and R. Boeklagen

Biomechanics Section, Department of Orthopedics, Univer-
sity of Nijmegen, Nijmegen, The Nethcrlands

Introduction: In this paper a new method is introduced
whereby a specific, desired interface stress distribution
around THA structures is taken as a basis for determining the
associated optimal shape of the prosthesis.

Merhods: The method of analysis is based on Numerical
Shape Optimization (NS0, in which the FEM is applied iter-
atively. The shape of the prosthesis is described by n “design
vuriables,” adapted in the course of the iterative procedure
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until the optimal configuration is reached. The NSO method
was applied first in a simplified madel and later ina more rea-
listic 2-D FEM model of the cemented femoral hip stem. The
procedure was repeated for several parametric variations,
such as load, bene modulus, stem material, cement modulus,
and stem length.

Resulrs: In all the procedures, a typical cigar-shaped con-
tour for the optimal stem was obtained. Depending on the
structural parameters and the applied load, stress-peak reduc-
tions of 60-85 percent relative to those in conventional stem
shapes could be reached inthe proximal and distal cement and
cement/bone interfaces.

The paramerric analysis indicated the following: 1) The
best stem length of the optimized design is about 120 mm. 2)
CoCr-alloy as a2 stem material enables more stress reduction
compared with titanium. 3) The preximal stem profile is rath-
er susceptible o the bone and cement meduli, but not to the
actual applied load.

Conclustons: The NSO method is an extremely powerful
teol for prosthetic design generation for the purpose of ob-
taining optimal load transfer and munimal chances of loosen-
ing. The results of the present investigation indicate that con-
temporary cemented tip stems can be significantly improved
in this respect.

Stimulation of osteopenic bone ingrowth
into porous-coated implants
by hydroxyapatite coating

Kjeld Saballe, Ebbe Stender Hansen, Helle Brockstedt-Ras-
mussen, Gitie [rene Juhl, Vibeke Knudsen, Claus Mager Pe-
dersen, [van Hvid and Cody Biinger

Orthopedic Hospital and Institute of Experimental Clinical
Research, University of Arhus, University Institute of Pa-
thology. Arhus County Hospital, and Department of Diag-
nostic Radiology, Arhus Municipal Hospital, Arhus, Den-
mark

Introduction: Retrieval studies of porous-coated implants
have demonstrated a lack of bone ingrowth in high percentag-
es, panticularly in the knee joint. The reason mightbe a lack of
initial mechanical stability, as well as osteopenia. Toevaluate
the effect of various coatings on ingrowth of osteopenic bone,
we developed an expenmental mode! in dog knees.

Materials and methods: Unilateral osteopenia of the knee
was induced in 12 mature dogs by weekly intraarticular injec-
tions of carragheenan into the right knee for 12 weeks. The
bone density of the implantation site was assessed by CT
scans prior 1o surgery. Titanium plasma spray-coated cylind-
ers were inserted bilawerally in both femoral condyles in 6
dogs. Hydroxyapatite-coated plugs were implanted in anoth-
er 6 dogs. Press fit was used in the lateral condyles, whereas a
1-mm gap surrounded the implant in the medial condyles.
The animals were killed after 4 weeks. A histologic and bio-
mechanical evaluation was performed to assess bone in-
growth and fixation of the implants.

Results: CT scanning showed a 20 percent reduction of
bone density in the arthritic bone (P< 0.001). In the press-fit
group, the anchorage of titanium plasma spray implants in 0s-
eopenic bone was significantly reduced compared with nor-
mal bone. The hydroxyapatite coating was found to enhance
the fixation of the implant in both normal and osteopenic bone
F<0.01).

Conclusion: The most significant finding of the present
study was the capability of hydroxyapatite coating toenhance
the ingrowth of ostecpenic bone in the presence of an initial
gap between the bone and implant. Thus, the benefit of hy-
droxyapatite coating eliminated the negative influence of os-
eapenic bone.

Hydroxylapatite coatings
for total hip implants

R. G. T. Geesink, K. de Groot and C. P. A, T. Klein

Depanment of Onthopedics, University Hospital, PO Box
1918, 6201 BX Maastricht, The Netherlands

Hydroxylapatite coatings of titanium irnplants offer attrac-
tive biological perspectives for biological implant fixation. In
a dog implant study using a hydroxylapatite-coated prosthe-
sis in the right hip with a noncoated titanium implant as acon-
trol in the left hip, mechanical, radiographic. scintigraphic,
and histologic evaluations of implants were made up to 2
years“follow-up. Noncoated prostheses were loose withradi-
olucent lines on radiographs. Bone scintigraphy revealed mi-
croinstability; and histologically, the prostheses were sur-
rounded by fibrous issue. In contrast, the apatite-coated im-
plants were rigidly fixed from the third week on with good
bone formation on the implant surface. On radiographs, be-
ginning at 3 weeks, the bone interface was smooth with an in-
crease in bone density towards the implant. Bone scintigra-
phy showed a very even distribution of technetium uptake
over the entire area of hydroxylapatite coating. In the histolo-
gy, bone bonding occurmed from the third week on both with
mature osteocytes and with young osieoblasts, Bony defects
up to 3-mm distance filled with bone within 6 weeks from
both surrounding bone and the bone plate on the implant sur-
face. There wasan increase in size and density of bone rabec-
ulac towards the implant surface.

The results with hydroxylapatite-coated prostheses were
far superior based on their good bicactive and osteoconduc-
tive properties. The mechanism of bone bonding between im-
plant coating and bone causes the prosthesis to not only with-
stand high compressive loads, but also tensile and shear fore-
es. This significantly increases physiologic load transfer
through the implant, adding towards an increased life expec-
tancy.

Conclusion: Hydroxylapatite coatings permit an implant
fixation superior to current cementless implant fixation tech-
mques. Asan outcome of the study, a human total hip prosthe-
sis was developed with hydroxylapatite coating for chemical
fixation to bone, which has been in clinical use since 1986,
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Early results are very satisfying, especially the absence
of “‘midthigh™ pain is striking. Radicgraphs show good pres-
ervation of bone stock without radiolucent lines, but with an
increase in density of the bone around the implants, similar to
the results of the experimental study.

Osseointegration of titanium implants
in arthrosis and rheumatoid arthritis

Lars Linder, Ake Carlsson, Lida Marsal, Lars Magnus Bjur-
sten and Per-Ingvar Brinemark

Department of Ornthopedics, Malmé General Hospital, and
Institute of Applied Biotechnology, Gothenburg, Sweden

A total 0f23 screw-shaped implants of pure titanium were in-
serted 5-10 mm below the joint line in 5 patients with rhen-
matoid arthritis and 6 with arthrosis of the knez. The observa-
tion times ranged from 5 weeks to 24 months,

A histologic analysis was done of the bone adjacent Lo the
implarts, It was shown that a direct bene-implant contact (os-
seointegration) was established after S months in all the cases
but 1. The amount of bone surrounding the screws varied
greatly from patients with osteopenia to patients with good
bone quality.

Thus, the joint disease as such does not preclude osscointe-
gration. Osteopenia appears to be arisk factor, both for the de-
velopment of ossecintegration and for its maintenance.

The reaction of bone to implants of
polyacetal {Delrin)

Acke Ohlin and Lars Linder

Department of Orthopedics, Malmd General Hospital,
Mailmd, Sweden

Implants of Delrin and Delrin-titanium mosaic were inserted
into rabbits, In the mosaic implants, the titanium served as an
internal control during the histologic analysis.

The implants were removed with the surrounding tissue,
embedded in epoxy resin, and sectioned with the Delrin in si-
1.

Not all the implants showed a direct contact between bone
and titanium, but the ones that did showed a tissue reaction
similar to the bulk implant. The reaction to Delrin was typi-
cally a thin membrane containing numerous foreign body
giant cells However, in spite of this reaction, there were also
small areas with adirect bone-Delrin contact. Nocellularnec-
SIS was seen.

Thus, Deirnn causes an untoward reaction in the tissue, The
observation of a direct bone-Delrin contact suggests that this
bony reaction may be an unspecific response 10 a number of
implants.

The reaction of bone to bone cement
Lars Linder

Department of Ornhopedics, Malmé General Hospital,
Malmé, Sweden

In an attempi wo evaluate the basic bony response to polymer-
ized bone cement, cement plugs were covered by a thin layer
of pure titanium, which was then removed in certain areas,
producing a mosaic surface.

These implants were inserted into the rabbit tibia, as were
implants of bone cement without the titanium coat. At killing
the implants and surrounding tissue were removed. The spec-
imens were embedded in epoxy resin. During the embedding
procedure the cement was dissolved, leaving an cmpty im-
plant bed with or without a covering film of titapium.

The histologic studies showed a direct bone-implant con-
tact with both titanium and bane cement. Even the pure ce-
ment plugs were invested in bone. Foreign body giant cells
were rarcly seen at the interface.

The basic response of bone-1o-bone cement thus seems to
be the direct bone-cement contact. The membrane ofien seen
around cemented implants in bone is probably caused by a
number of factors, and paradoxically even by the cement it-
self, which may injure the tissue chemically and thermally.

Preliminary experimental results of titanium
press-fit resurfacing of the femoral head

M. Rgkkum, A. Reigstad, T. Albrektsson and L. Schjerven

Kronprinsesse Mirthas [nstituu, National Onthopedic Hospi-
tal, Oslo, Norway, Department of Handicap Research, Uni-
versity of Gothenburg, Gothenburg, Sweden, and Deparnt-
ment of Experimental Animal Research, Rikshospitalet/Na-
tional Hospital/, Oslo, Norway

fnrroduction: Cemented double cups have shown unaccepta-
bly high failure rates. We have therefore designed a new ce-
mentless double cup for the hip joint. A similar prosthesis has
been tried out on a ¢at model.

Material and methods: Ten cats, weighing 2.9-4.9 kg, un-
derwent a surface replacement procedure in the right hip. The
acetabular component was made from UHMW polyethylene,
and had a cylindric and threaded outer surface. The femoral
component was made from commercially pure titanium. The
internal surface was cylindric and threaded. The whole titani-
um surface was oxidized. The acetabulum and femoral head
were prepared by using special reamers. The prosthetic com-
ponents were screwed into position. Unrestricted postopera-
tve weight bearing was allowed. The animals were killed aft-
er 1.5,3, 4.5, and 6 months, respectively; and Jateron, itis an-
ticipated, every 6 months. The femoral components with the
adjacent bone were removed and prepared for sectioning in
the undecalcified siate. The cut slices were examined under a
light microscope.

Results and discussion: All the cats were fully weight
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bearing from a few days after the operation. One cat dislocat-
ed its hip 34 weeks postoperatively, and it was killed at 1.5
months. All the other cats functioned well without a limp
throughout the observatien pericd. No radiographic or mac-
roscopic signs of loosening were seen in the removed compo-
nents. Histologic examination revealed contact between
bone and metal in all the specimens. At 1.5 months, the con-
tact was limited tosome of the outer edges of the threads. At 3,
4.5, and 6 months, there was an increasing bone filling in the
threads. At 6 months, several areas had a direct bone-metal
contact. Although none of these specimens fulfilled the defi-
nition of osseointegration, the increasing bone-metal contact
during conditions of weight bearing seems promising.

In vitro depressive biglogical effects of metal
ions on hurman bone cells and animal whole
bone

John Gregor Pedersen and Bjarme Lund

Calcified Tissue Laboratory, Department of Onthopedics,
Rigshospitalet, University Hospital of Copenhagen, Copen-
hagen, Denmark

{ntroduction: In Tecent years, several new prostheses based
on noncemented fixation have been designed. With an unce-
mented prosthesis, a long-term linkage of metal ions due w0
corrosion could be anticipated. The amounts of ions liberated
ta the adjacent bone in vivo is poorly investigated. for nickel,
20.6+36.4 ug/p dry tissue weight has been found (1}, Evalua-

tion is most often based on the appearance of these 1ons in the
urine or the blood (3, 4).

Materials and methods: We have used two in vitro sys-
tems to evaluate the effects of chromivm (CrCl; and
Na;Cr(,), nickel (NiCl,), cobalt (CoCl;), aluminum (ALCI;).
and iron {FeCl,). Human bone cells were culred from fresh
cancellous bone chips, and determination of alkaline phos-
phatase activity per ug DNA and incorporation of tritiated
thymidine were performed, Mice calvaries were cultured as
paired halves for 2 days and used for evaluating effect on the
release of previously incorporated calcium-45 and alkaline
phosphatase activity per ug DNA.

Results and discussion: The results from the human and
the animal model corresponded well. Chromium in the 3-val-
ent form (2.25-56.3 x 107 3 M) had little effect on all the par-
ameters determined in both systems, only in the upper part of
the concentration range could an effect be recorded. The 6-
valent form of chromium (0.53-21.4 x 10-5M) hadadepress-
ing action on especially calcium-435 release, but also alkaline
phosphatase activity and thymidine incorporation were re-
duced. Nickel and cobalt {5.25-63 x 10-%} inhibited calcium-
45 release, alkaline phosphatase activity, and thymidine in-
corporation in the same pattern, although the effect of cobalt
almost always surpassed that of nickel. Aluminum (1.04-6.2
x 10~*M did not depress any of the parameters, whereas iron
(1.26-7.5% [0~* M) reduced thymidine incorporation slight-
ly.

These results indicate a possible depressive effecton bone
twmnover by metal ions, because both bone resorption ex-

pressed by calcium release and bone formation expressed
through the alkaline phosphatase (2) activity are affected.

A reduced bone tumaver by ions leaking over long periods
of time might be important for the fate of an implant by caus-
ing a diminished remodeling capacity.
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Histology of a mechanically defined
bone-cement interface

Leif Ryd' and Lars Linder?

Departments of Orthopedics, University Hospitals of Lund!
and Malmi?, Sweden

Inrroduction: The histologic picture of the bone-cement in-
1erface after artificial joint implantation ranges from wide
zones of fibrous tissue with macrophages and foreign body
giant cells wo intimate contact between the cement and living
bone (1). The mechanical definition of these interfaces rests,
however, with the sole fact that the arthroplasties were"clini-
cally successful,” Recently, roentgen stereophotogrammet-
ric analysis (RSA) has been used to measure motion of knee
implants (2). We report a case of unicompartmental knee ar-

throplasty that was followed from the primary arthroplasty to
the revision for osteonecrosis of the contralateral compart-
ment.

Mazertal and methods: The patient was a 71-year-old
woman, who had been operated on for lateral gonarthrosis in
1981, The arthroplasty was totally successful. Thetibial com-
ponent showed a normal degree of initial migration and re-
mained stable afier 3 years. There was a translation away
from the tibial eminence, a rotation"tee-out” and a slight Jat-
eral tilt of the tibial component. In 1986, aches and pain on
weight bearing rapidly developed in the medial part of the
same knee. Scintimetry and later radiography revealed the
1ypical signs of osteonecrosis in the medial femoral condyle
and discrete radiolucent lines around the prosthesis, Atthe re-
vision operation to a tricompartmental arthroplasty, the tibial
component was resected en bloc with the underlying bone to
save the interface. Afier fixation the cement was dissolved
and the specimen was embedded in PMMA to allow cutting
and staining.

Resudts: The entire interface consisted of soft tissue. Be-
tween the tibial eminence and the cement, there was fibrous
tissue with blood vessels and foreign body giant cells. By
contrast, the interface underneath the cement was made up of
highly differentiated fibrocartilage. At points, there was di-
rect contact between bone and cement. This part contained no
blood vessels and no giant cells. A layer of osteoid tissue was
found to have intervened between the bone and the soft tis-
sue.

Canclusions: This case shows that a sofi-tissue mterface,
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i... a radiolucent line, can contain different kinds of tissue.
The central fibrous tissue had filled into the void left by the
migrating prosthesis. The fibrocartilage undermeath the pros-
thesis with immediate contact between bone and cement pro-
bably indicates interface conditions that permit long-term
prosthetic survival. This is also suggested by the migratory
patterm.
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Heat generation during orthopedic surgery
Soren Toksvig Larsen, Anders Lindstrand and Leif Ryd

Depanment of Orthopedics, University Hospital of Lund, 8-
221 85 Lund, Sweden

Introduction: Roentgen stereophotogrammetric analysis of
tibial components inknee prostheses has shown micromotion
that did not correlate with, for example, alignment, cortical
bone support, or otherrelevant™ parameters.

It has been suggesied that temperatures generated when
cutting the subchondral bone could be a factor that is signifi-
cant for the micromotion.

Method: A clinical study was done with 29 temperature
measurements during knee-prosthesis surgery for gonarthro-
sis. Thermocouples were inserted in the bone and in the saw
blade. Twenty-six measurements were done during the
cutting procedure. In 8 cases, atternpts to cool the saw blade
with water were done as in the usual clinical situation with a
syringe, Eighteen measurements were made during the ce-
ment curing process. Laboratory cutting tests were conducted
on ax bone to evajuate different saw blade designs (Sandvik
AB).

Results: The maximum temperature in the saw blade was
between 44 T and > 100 C (mean 68 C); and in the bone |
and 2 mm under the cutting surface, the mean maximum tem-
perature was 47 C and 41 T. Attempts to cool the cutring
process had a minimal effect. The cement curing process in
knee arthroplasty caused amean maximum iemperature of 37
C at the bone-cement interface.

The laboratory cutting test did not show any differences in
temperature elevation with different saw blade design using
the usual clinical cutting machines.

Conclusions: Bone-cutting procedures, as tested during
knee arthroplasty, give rise to significant temperatures. This
heat generation may be one factor responsible for micromo-
tion. Alterations in saw blade design does not appear 1o be
able to control the temperature elevation, and further devel-
opment will have o he made before this factor is con-
trolled.

Varia

Bone dynamics of vascularized fibular
graft

Herman H. de Boer and Michael B. Wood

Departments of Orthopedics, University Hospital, Leiden,
The Metherlands, and Mayo Clinic, Rochester, Minnesota,
LISA

fntroduction: Several studies have dealt with the clinical use
of autogenous cortical bone and allograft reconstruction.
However, resorption of bone and fractures of the grafi are
possible complications.

1t is plausible that vascularized bone grafts, by virtue of
more rapid healing and hypertrophy, may better tolerate me-
chanical loading and thus reduce the incidence of resorption
and stress fractures.

Although several ¢linical studies have discussed the union
of vascularized grafts and resistance to infection, there are no
studies dealing with the bone dynamics of vascularized
grafts, by this is meant the incidence of stress fractures and
ability of the grafi 10 undergo hypertrophy

Parienis and metheds: Sixty-lwo consecutive patients
whounderwent a vascularized fibular transfer for reconstrue-
tion of a skeletal detect at the Mayo Clinic between 1979 and
1985 were retrospectively studied. All the patients had an
evaluation of the radiographs taken at operation, 6 weeks, 3,
6,9. 12, 18, and 24 months {when available) postoperatively
and at the last follow-up. The diameter of the graft was meas-
ured on these senal radiographs. The mode of hypenrophy
(periosteal, endosteal) was recorded. Bone scans within the
first postoperative week were obtained 10 evaluate the paten-
¢y of the microsurgical anastomosis.

Results: Hyperirophy. Endosteal hypertrophy was signifi-
cantly (P = (.03) more common in patients with a positive
bone scan. Hypenrophy was observed in 38 percent of the pa-
tients overall and in the lower extremity reconstructions in 48
percent at 12 months and in 80 percent a1 24 months. Hyper-
trophy appears to relate 10 age and imposed stress loading.

Stress fractures. We found an incidence of 25 percent
stress fractures, all occurring in the lower extremity. These
fractures became evident 8 (3-21) months after reconstruc-
tion, and only one fracture occurred more than 9 months afier
SUrgery.

We believe that the vascularized fibular graft should be
protected in the first vear against fatigue fractures, and me-
chanical loading should then be gradually increased to en-
hance remodeling and hypertrophy of the graft.

Partial weight-bearing ambulations:
The unleoading effect of varicus assistive
device and gait patterns

Elisabeth Olsson

Department of QOrthopedics, Karolinska Hospital, Stock-
holm, Sweden
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fatroductinn: In the prevention and follow-up care of many
orthapedic conditions, prescriptions like nonweight bearing,
1ouch-down ambulation, marked step, and various percentag-
es of weight bearing of the affected lower extremity are fre-
quent. Inclinical practice, it is impossible to visually estimate
the amount of unloading, and there are no simple ways to con-
trol the weight bearing prescribed. The aim of this study was
to quantify the maximum unloading effect of the most usnal
walking aids used in combination with various walking pat-
terms when both feet alternately touch the ground.

Subjects: Twenty -four healthy subjects were instructed to
unload a pretended affected leg as much as possible with
combinations of walking aids (canes, cruiches, trestles, and
walker) and walking patterns (aid on contralateral/ipsilateral
side, three- and four-point gait).

The maximura vertical floor reaction force (percent body
weight} of each leg, free walking speed (cm/s), duration of
single-stance phuse {percent gaitcycle) of each leg and stride
lengthflower extremity length were recorded at a gait labora-
tory.

Resulis and discussion. There was no significant differ-
ence in maximum ventical force, 64 percent, between using a
cane in the contralateral and in the ipsilateral hand. For un-
loading of the hip, a cane in the opposite hand was more effec-
tiveduetothe long leverarm tothe hip joint. Three-point gait
with ctutches was the only combinalion to achieve a maxi-
mum vertical force of 17 percent body weight, equivalent 10
the weight of the leg. This type of unloading known
as"marked step” is considered less stressful to the hip than
nonweight bearing, where the foot is kept off the ground.
Three-point gait irrespective of walking aid had a greater un-
loading effect than one walking aid or four-point gait. The
crutch had a significantly greater unloading effect than the
cang irrespective of walking pattern. There was no significant
difference between three-point gait with crutches and tres-
tles, Four-point gait was considered unsuitable for the the
purpose af unloading. In spite of great exertion, a short walk-
ing distance and the slowest walking speed of all combina-
tions maximum vertical force was 7{) percent body weight on
each leg. Maximum unlpading during walking necessitated a
very slow walking speed, 41 cm/s with one walking aid, 36
cmys in three-point gait, and even slower in four-point gait.
Walking speed with canes or cruiches was faster than with
trestles and walker.

Conclusion: In planning a surgical treatment requiring
postoperative partial weight bearing, the surgeon should 1ake
into consideration that maximum unloading during walking
requires three-point gait, crutches, very slow walking speed,
arm strength, and a way to control weight bearing.

The importance of atmospheric pressure
and joint capsule in the stability of the hip
— a biomechanical study

Hans Wingstrand, Anders Wingstrand and Peter Krantz'

Department of Orthopedics and Farensic Medicine !, Univer-
sity Hospital, $-221 85 Lund, Sweden

Introduction: Muscle force, joint capsule, geometry, and at-
mospheric pressure are stabilizing factors in a joint. Our pur-
pose was to clarify the role of atmospheric pressure in relation
to the capsule instabilizing the hip joint and the impontance of
this mechanism in hip joint disease and diagnostics,

Methods: Six cadaver hips with an intact joint capsule and
including a sufficient part of the pelvis and the proximal part
of the femur were prepared and mounted in a constructed test
rig, Joint distraction, traction force along and rotation (“flex-
ion"") around the axis of the neck of the femur, as well as inira-
capsular pressure and volume of intracapsularly infused sa-
line, were simultaneously monitored. Three hips werg used to
study the relationship between rotation and intracapsular
pressure/volume, the remaining three to study the role of at-
mospheric pressure in relation to the capsule in stabilizing the
joint. Theoretical calculations were performed for compani-
son with the experimental data,

Resulrs: Two actual recordings illustrate the results.

Intracapsular pressure (mm Hg)
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Figure 1. The intracapsular pressure in relation to hip flexion

and intracapsuiar velume of infused saline. A=0ml, B=8ml,
C=24mi, D=36ml
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Figure 2. The traction force needed {o dislocate the jaint. E =
joint capsule intact, hip in medium flexian. F = joint capsule
opened via small longitudinal incision 1o neutralize atmospheric
pressurg, hip in full extension. G = jeint capsule opened. hip in
megium flaxion,

There was an excellent correlation between the theoretical
calculations and the experimenial data.

Conclusions: 1) In the normal joint, there is no increase in
intracapsular pressurg within the normal range of rotation
(“flexion™) around the axis of the neck of the femur. 2} Intra-
capsular fluid (e.g., blood, pus, synovial edema and/or free
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synoviat fluid) decreases the pressureless range of motion, a
cause of pain and subsequently flexion contracture. 3) Within
the normal range of rotation, stability is primarily maintained
by atmospheric pressure. The joint capsule is tightened only
in extreme flexion or extension and contributes to stability
only in these positions. 4) The traction force needed to dislo-
cate the adult joint is approximately 200 N, inachild less, pro-
portional to the square of the diameter of the femoral head. 5)
[ntracapsular fluid makes the joint potentially unstable, a pre-
requisite for unfavorable mechanical cartilage load. 6) Ar-
thrography or anthroscopy should be performed with the hip
in flexion to obtain optimal, easy, and harmless distraction of
the joint by fluid infusion.

The prediction of amputation wound healing:
The role of transcutaneous oxygen tension
assessment

Steen A. Schmidt and Hans C. F. Sgrensen

Department of Orthopedic Surgery. Arhus Municipal Hospi-
tal, Arhus, Denmark

Inroduction: Selection of amputation level is traditionally
based on clinical critena and measurements of the skin perfu-
sion pressure (SPP) and the segmental blood pressure (SBP).
The use of transcutaneous Oxygen tension measurements
(TcPO,) is a valuable supplement in predicting the chances
for wound healing following below-knee (BK) amputation.
The aim of the present study was 10 correlate the TcPQ, with
SPP, the SBP, and the clinical outcome in patients with foot
ulcers.

Parients and merhods: Twenty-1wo patients with ulcers
were evaluated with TcPQ,, 8PP, and SBP measurements.
Based on SPP and clinical observations, 13 patients (average
age 71 [44-88] vears) were selected for conservative treat-
ment. Primary amputation was performed in 9 patients (aver-
age age 69 [60-86] years).

Results and discussion: Primary healing was observed in 3
patients in the conservatively treated group, and 10 of these
had an ampuration — 9 BK and | through-knee. The average
time for conservative treatment was 4 {1 -24) months. In the
primarily amputated group, there were S BK amputations, 2
had a toe amputation, and 1 had a Syme s amputation. There
was no correlation between SPP measured BK and TcPO,
measured a1 the ankle, or between TcPO,; and SBP measured
atthe ankle and at the base of the first1oe. The average SPPin
conservatively reated patients was 69 (50-100) mmHg and
in the primarily amputated growp (50-90) mmHg. There was
no difference in the average ankle TcPO, in the twa groups.
Five patients with primary healing of their ulcers or amputa-
tion wound on the foot had an average TcPO, on 26 mmHg.
As expected from the high levels of SPP, all the BK amputa-
tions healed without complications.

Conclusions: SPP values above 50 mmHg gave primary
healing in all BK amputations, but were of no value forevalu-
ating the chances for healing of ulcers on the foot. Below-
knee ampuiation was required in three fourths of the patients

with TcPO, < 30 mmHg measured at the ankle. No correlation
between SPP, SBP, and TePO, could be demonstrated.

Rheurmnatoid arthritis: Cellular localization
of goid following chrysotherapy

Bjamc Megller-Madsen, Hans Graudal®, Gorm Danscher and
Ida Elisabeth Helm

Institute of Neurobiology and Rheumatism Unit', University
of Arhus, Arhus, Denmark

Introduction: Many patients suffenng from rheumatoid ar-
thritis {RA) have successfully been treated with geld. Inorder
tovisualize gold deposits within the synovial membrane from
patients previously exposed to gold, tissue specimens were
processed according 10 a histochemical technique, autormet-
allography, based on physical development (1}.

Materials and methods: Twenty-six patients were includ-
ed. Synovial biopsies were fixed in 96% alcohol, embedded
in paraffin, sliced {3 pm), and placed on glass slides prior 1o
drying. Sections were then placed under UV hight for a mini-
mum of | hour before they were exposed 1o physicai develop-
ment at 26 °C in a dark box for | hour. Counterstaining was
performed using hematoxylin and eosin. Light microscopic
analysis was petrformed.

Results and discussion: The finding of gold deposits with-
in the cytoplasm of macrophages and systoviocytes is consis-
tent with previous studies (2, 3), but gold staining of synovial
fibroblasts has not previously been reported. No gold depos-
its were seen in {ymphocytesor plasmacells.
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The clinical use of plastic plates for
osteosynthesis in human fractures

A. ] Tonino and R. C. H. Folmer

Department of Orthopedics and Traumatology, De Wever
Hospital, Box 466, 6401 CX Heerlen, The Netherlands

Introduction: After a fractured bone has passed the phase of
union, the remadeling of the bone begins, the periosteal and
endosieal callus being resorbed according to Wolff's law. In
this later stage the stress-protecting effect of rigid metal
plates has an adverse effect on cortical bone and gives rise to
osteopenia with reduced strength of the plated bone. From
many experiments, it is clear that the most important single
factor that determines the degree of stress protection is the
stiffness of the plate relative ta that of the bone.
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Patients and methods: We have used semirigid plates
made of polyethersulfone reinforced with carbon fibers for
internal fixation of bone-shaft fractures in men. Two humer-
al, 10 forearm, and five lower leg fractures were fixed with 21
carbon fiber-reinforced polysulfone (CFRPS) plates using
stainless steel screws, The indication for osteosynthesis was
malposition of the fracture after failed manipulative reduc-
tion. The mean time for bony union was |2 weeks: the mean
time for plate removal was 8 months.

Results: There were no infections. All the fractures
showed bony unicn between 6 and 18 weeks after operation
(mean 12 weeks). Full consolidation was seen between 12
and 36 weeks. Plate removal was carried out at a mean of 8
months posteperatively, Microscopically, all the capsules
surrounding the plates showed a normal aspect. Except for
some mild foreign-body reaction around some particles of
carbon fiber, no adverse reactions were seen, Upon retesting
the plate, no alteration of mechanical data of the plates could
be detected.

Conctusion: The results of this study support the concept
that semirigid fixation for diaphyseal fractures 1s not only de-
sirable theoretically, but also wotks in practice.

The predictive value of fracture, disease,
and radicgraphic examination for fragility
fractures in women and men

P. Giirdsell, ). Johnell and B. E. Nilsson

Department of Orthopedics, Malmé General Hospital,
Malmo, Sweden

Introduction: The aim of this study was 1o examine the pre-
dictive value of previous fracture, disease, and fall incidents
with regard to future fragility fractures.

Suhbjects and methods: In all, 1,076 women and 654 men
were included from 1972 through 1976. All of them were in-
terviewed with regard to previous fracture and disease; all the
radiographs from 1975 through 1985 were recorded.

Resulrs-Toally, 258 women and 61 men had one or more
fragility fractures. In women aged 5069 yeurs, there had
been significantly more previous fractures of vertebrae and of
the hip (trochanteric) in patients who later sustained a fragili-
ty fracture. Fragility fracture patients above 70 years of age
were more frequently examined because of falling accidents
compared with the nonfracture group. In the fracture group
before the age of 70, a history of rheumatoid arthritis was
more frequently seen; after that age, cerebral disorder was
more common. Patients with trochanteric hip fracture and
vertebral fracture in the age group 5069 vears had a greater
risk of further fractures, butnot after aged 70 years. Inmenthe
fragility fractures could be predicted by earlier gastric resec-
tion, cerebral infarction, or previous fractures of vertebrae or
the hip. The fracture patients had more radiographic exami-
nations due to trauma.

Conclusion: In both women and men before the age of 70,
fracture of a veriebra or a hip seems to be a predictor of future
fragility fractures. The difference in number of frauma-in-

duced examinations also indicated that after the age of 70
yedrs, trauma prevention may be the mostimportant interven-
tion factor.

The predictive value of forearm bone
mineral content measurements in women
and men

P. Girdsell, O, Johnell and B. E. Nilsson

Depariment of Orthopedics, Malmé General Hospital, S-214
0l Malmé, Sweden

fntroduction: Most studies of bone mineral content are cross-
sectional, We have followed men and women for 1| years and
examined the predictive value of forearm BMC measure-
ments.

Subjects: Totally, 1,076 women and 654 men in Malmd
had their forearm bone mineral content measured with single-
photon absorptiometry from 1970 through 1976. Also, the
weight, the force of the hand, and the fertile period in women
were recorded. All the fractures that occurred aft‘e'r the BMC
measurement from 1975 through 1985 (11 years) were re-
corded. Fractures of the vertebrae, the proximal end of the fe-
mur, the proximal end of the humerus, the distal end of the
forearm, the rami of the pelvis, and tibial condyle compres-
sion fractures were classified as fragility fractures. The risk
ratio was calculated, and stepwise logistic regression analysis
was applied. We also estimated the difference in BMC meas-
urement between fracture and nonfraciure patients for vari-
ous types of fractures that occurred.

Results: Totally, 553 fractures occurred in 309 women and
165 fractures in 111 men. In all, }69 women had one fragility
fracture, 89 had two or more, and in men the numbers were re-
spectively 46 and 15. The BMC was significantly lower in
women and in men before the age of 70 who later on suffered
a fragility fracture. After aged 70, bonc mass was not a pre-
dictor. When calculating the nisk ratio pet 1,000 women/men
years in the various decentiles/quintiles of BMC, the same
observation was found., i.e., hardly any difference in risk ratio
comparing the lowest BMC with the highest in patients above
70. With stepwise logistic regression, only two variables re-
mained independent: in women, age and BMC; and in men,
BMC and hand force. Fracture of the distal end of the forearm
had the least BMC deviation from the nonfracture group;
again after aged 70, deviation was observed only for fracture
of the vertebrae. The body weight at the time of BMC meas-
urement was significantly lower in women with a fragility
fracture after the age of 80; and for men in general, except in
the age group 70-80 years. Hand force differed in women in
the 6th and 8th decades and in men in the 4th and 6th decades.
The fertile period was significantly shorter in women in the
fracture group.

Conclusion: Bone mineral measurement of the distal end
ofhe forearm has a predictive value before the age of 70 years
with regard 10 the risk of future fractures in men and women.
Later in life, possibly the tendency to fall becomes more im-
portant.
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On the stabilization of the human hip joint I:
A kinematic study

J. W. Morrenhof

Drepartments of Anatomy, University of Leiden, Leiden, and
QOrthopedics, Dijkzigt Hospital, Rotterdam, The Nether-
lands

Introduction: The stabilization of the hip joint has been stud-
ied in the frontal plane. The imponance of the abductor mus-
cles isclear. The hip jointis aspherical joint, with 3 degrees of
freedom of movement. Inakinematic defimition, stabilization
means reduction of the freedom of movement. Spruit (1965)
used this principle in a kinematic study. He emphasized the
imporntance of the fan shape of the gluteus medius muscle.
The aim of this investigation was 10 study the role of the ad-
ductor muscles for the stabilization of the hip joint, using the
principle of reduction of freedom of movement.

Materials and methods: A displacement model was used.
Coordinates from the abductor and adductor muscles were
measured on 2 human cadaver. The freedom of movement is
reduced to 1°under the condition of isometric length of two
muscle bundles, The lengthchanges of several adductor mus-
cles were calculated in the femur track. under the condition of
1sometric lenpth of the veniral and dorsal bundles of the glu-
teus medius muscle. The length changes in the gluteus medius
muscle were calculated in two tracks, under the condition of
two isometric muscle fans in the adductor muscles.

Results and conclusions: According to the length chang-
¢4, the hip joint can be stabibzed in an area around the zero po-
sition by the combined contraction of the lateral and a medial
muscle fan. On the basis of the anatomic geometry, the adduc-
tor muscles are, together with the abductor muscles, impor-
1ant stahilizers of the hip joint. Whether these muscles actual -
ly are used as stabilizers needs further study.

On the stabilization of the human hip joint II:
An electromyographic study

J. W, Morrenhof

Departments of Anatomy, University of Leiden, Leiden, and
Orthopedics, Dijkzigt Hospital, Rotterdam, The Nether-
lands

Introduction: In a previous study the question arose whether
the adductormuscles actually are used as stabilizers of the hip
joint. Electromyography is a method 10 record time-related
muscle activity. Simultaneous activity of abductor and ad-
ductor muscles is, according to our kinematic study, inter-
preted as stabilizing activity.

Material and methods; Surface electrodes were used tore-
cord the activity of the adductor and abductor muscles of 10
healthy subjects during normal level walking. The heel strike
and toe off. recorded electrically, were used as kinematic par-
ameters. Fifty walking cycles were analyzed.

Results and conclusions: Simultaneous activity of abduc-
tor and adductor muscles occurred at the heel sirike in most
subjects. This means that during heel strike the adductor mus-
cles. in addition to the abductor muscles, are used as stabiliz-
ers of the hip joint. A consequence is that by calculating the
forces in the hip joint duning normal level walking, forces
generated in the adductor muscles must be taken into consid-
eration.

The value of radiographs in determining
the degree of fracture healing

A Nollen

Department of Orthopedics, 5t. Joseph Hospital, Eindhoven,
The Netherlands

Introduction: Although it is known that radiographs cannot
give absolute certainty about the degree of consolidation of a
fracture, in most cases, considerable value is attached to radi-
ographs in determining the time when a fracture can be treat-
ed without external support. Animal experiments were per-
formed in an effort to establish which value should be at-
tached to a radiograph in estimating fracture consolidation.

Materiuals and methods: Thirty-six 6-month-old male rab-
bits were submitted to an osteotomy halfway up the radius,
performed with the aid of a rotary saw. The animals were
killed 4, 6, and 8 weeks after the osteotomy. The forelegs
were dissected out, and the radius was separated from the ul-
na. Radiographs of 1he radius were made in two directions
with a mnammographic unit, The bone fragments to be used in
determining tensile strength (TS) were stored at —45 “C, The
breaking force (BF) of the radii was determined using the In-
stron device. [n addition to the BE, the TS of the radii was de-
termined. In all the cases, both radiographs of the osteotomy
were examined. The radiograph on which healing seemed
least good was used as acriterion of healing. This was done by
five different independent evaluators, who arranged the radi-
ographs after a given duration of treatment in diminishing or-
der of healing; the evaluators were unaware of the resulis of
T3 measurements. Per rabbit, the scores recorded by all the
evaluators for the right and for the left radius were summed.
This total score was compared with the sum of the TS of both
radii. The data were summed per rabbit in order 10 obtain ran-
dom pairs of results. Spearman s two-tailed rank correlation
test was performed to establish whether the results were inde-
pendent.

Results and discussion: Of 36 rabbits, 2 died and 3 devel-
aped an infection. The BF and TS obtained in the remaining
31 rabbits are listed in Table 1. Both increased in the conrse of
fracture healing. The correlation between radiographic inter-
pretation and corresponding TS with P-value is shown in
Table 2. This table shows thal & positive correlation between
the two groups of data is found only after 4 weeks, but even
this is insufficiently close to attach predictive values toradio-
graphic assessment.

Inmy opinion itis quite possible to deduce from a sequence
of radiographs of a fracture whether fracture healing and cal-
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Table 1. Mean values of BF {in kg) and TS {in kg)/cm®) after 4,
6 and 8 weeks (coefticient cf variation Is 20-50%)

Woeaks 4 6 8
Number 11 g 1
BF 17.8 nz 428
TS 86 148 205

Table 2. Results of a corralation study according to Spearman
concering TS and interpretations of radiographs

Weaks Number Corralation P-value
coefficiant

4 11 0.62 0.05

5] 9 0.35 > Q.10

8 1 0.28 =010

lus development take place in the normal way. It is impossi-
ble, however, to assess the degree of fracture consolidation
from one radiograph. One radiograph gives a false impres-
sion of the degree of consolidation and the continuity of the
shaft at the fracture site. Morphologic changes in fracture cal-
lus can be radiographically demonstrated, but this does not
apply to the degree of consalidation {if defined as strength of
the fracture callus).

Comparison of noninfusion and
microcapillary infusion technigue for
pressure recording

Jorma Styf’ and Alan Hargens®

Department of Orthopedics, East Hospital, Gothenburg,
Sweden, and Division of Orthopedics, University of Califor-
nia, San Diego, CA, USA

Introduction: The purpose of this study was to compare twao
techniques for measuring intramuscular pressures at rest and
duringexercise.

Subjects and Methods : Pressure in the anterior tibial mus-
cle was monitored in asymptomatic legs of 3 women and 11
men, witha mean age of 30(17-56) years. A dual-pressure re-
cording system was employed for all comparisons. The sub-
jects were allowed 10 exercise with submaximal constant ex-
ercise during 10 minutes. Skt (noninfusion technique) and
Myopress (microcapillary infusion technique) catheters were
introduced parallel 10 each other and 1010 |5 mm apart at the
same depth into the muscle.

Resuwlts: Pressures at rest were not significantty different
between the methods. Muscle relaxation pressure recorded
with the slit catheter was significantly higher at the start and
after 10 minutes of exercise. Signs of decreased dynamic pro-
petties of the noninfusion method were 1) muscle relaxation
pressure that depended on contraction frequency and 23 dif-

ferent values between the recorded muscle relaxation pres-
sure during exercise and intramuscular pressure at rest after
exercise. The dynamic properties of the Slit catheter were im-
proved when a microcapillary infusion was employed. Two
of the slit catheters and none of the Myopress catheters oc-
cluded.

Drscussion: Diagnosis of chronic compartment syn-
dromes may be difficult using a technique that has low dy-
namic properties, giving erroneocusly high recordings of mus-
cle relaxation pressure. Although both techniques are suita-
ble for measuring pressure at rest, the microcapillary infusion
technique is better for recording pressure during exercise.

Anabolic steroid nandrolone decanoate
therapy in postmenopausal osteoporotic
women

K. Thomsen, J. Ppdenphant, C. Hassager, B. J. Riis, ). §. Jo-
hansen, D. Hartwell and C. Christiansen

Departments of Orthopedics, Rikshospitalet, and Clinical
Chemistry, Glostrup Hospital, University of Copenhagen,
Copenhagen, Denmark

Inrroduction: Postmenopausal osteoporosis and the subse-
quent development of fractures are a major health hazard in
elderly women. Nandrolone decanoate {ND), an anabolic
steroid, has been suggested torestore forearm mineral density
in osteoporotic women (1), and we exarnined, in a double-
blind controlled study, the effect on ND (Deca-Durabolin®
on bone mass and bone metabolism.

Subjects and methods: Thiny-nine posimenopausal wom-
en {(aged 55-75 years) with at least one osteoporotic fracture
(Colles” or vertebral) were allocaled to 1 years’ treatment
with ND, 50 mg i.m. every 3 weeks or placebo injections. In
addition, all the subjects received a daily supplementation of
S00 mg calcium. Thirty-six women completed the study.
Bone mineral content (BMC) was measured at two forearm
sites with single photon absorptiometry: BMCL, uncorrected
for fat, and BMC2, corrected for fat, Bone mineral density of
the spine {BMD) was measured by dual photan absorptiome-
try. Bone tumover measurements were whole body retention
{WBR) of #"Tc-diphosphonate (2), plasma bone Gla pro-
tein, serum alkaline phosphatase, and serum phosphate. All
the variables were measured every 3 months (five examina-
tions) except WBR, which was measured initially and at |
year.

Results:  Bone mass. BMCI increased 7 percent (P <
0.001) in the ND group and was unchanged in the placebo
group. When BMC | was corrected for fat (BMC2}, the differ-
ence between the active group and the placebo group was 3
percent{P < 0.01). There were no significant differences in
the change of BMD between the two groups, although there
was a tendency towards a gain in the ND group.

Boune metabolism. WBR and the biochemical estimates of
bong turnover were not significantly changed by the ND ther-
apy.

Conclusion: We conclude that trearment with nandrolone
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decanoate does increase the bone mineral content. This is not
due to a direct increase in bone formation. The mechanism
may theoretically be a combination of decreased bone resorp-
tion and increased muscle mass.
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Microbubble formation and caisson disease
patterns

M. C. Berverly, I. J. Pflug and T. Gourlay

Department of Surgery, Hammersmith Hospital, London,
UK

Introduction: Patterns of caisson disease osteonecrosis differ
between tunnellers and divers (1).

Method: (A) Intraosseous needles were placed in the low-
er tibia and connected 10 pressure transducers and a chart re-
corder. 8Whole blood in a closed chamber was scanned ui-
trasonically o detect microbubbles while the pressure was al-
tered.

Resulis: (A) Tibial [OP was pulsatile (mean 11 mmHg)
while supine. An anterial tourniquet or elevating the foot low-
ered [OP. A venous toumniquet, lowering the foot, and weight
bearing raised IOP. During brisk walking, IOP fluctuatcd
from —30 mmHg ta +115 mmHg. (B) Lowering the pressure
on whale blood produced showers of microbubbles, The bub-
bles persisted at low pressures, but slowly cleared when the
pressure was raised.

Conclusions: {A) 0P fluctuates and bears a simple hydro-
dynamic relationship to perfusion, drainage, and physical
load, Bone is not rigid, but behaves in vivo as a slighily flexi-
ble perfused sponge within a relatively constrained cortical
membrane. (B} Negative pressure applied to blood encour-
ages the formation of persistent microbubbles. Decompres-
sion microbubbles are selectively trapped in the cancellous
bone. Walking causes a fluctuating IOP: during the brief ne-
gative pressure phase, further microbubble formation accurs
within osseous blood. This accounts for the different patterns

of osteonecrosis seen years later: the “weightless™ diver ex-
petiences a generalized pattern of caisson disease, and the
weight-bearing tunneller has 12 times the incidence of necro-
sis of the femoral head.

Reference
Decompression Sickness Central Registry. Aseptic bone
necrosis in commercial divers. Lancer 1981:;2:384-388.

Personal computers in orthopedics
Goran C. H. Bauer, Kaj Knutsson and Hans Wingstrand

Department of Orthopedics, University Hospital, $5-221 85
Lund.Sweden

Only a few years ago, the personal computer was mainly use-
ful for the onhopedic surgeon as a word processor, whereas
research data processing and statistical analysis required pro-
fessional assistance. Recent developments in hardware costs
and capacity, such as expanded memory and graphical pres-
entation, as well as in user-friendly software, has brought us
10 a point where advanced computer technology has been
made available for the nonprofessional user. The following
applications are presently in use at our department: (1) Word
processing, (2) Research data bases: storing. searching, and
sorting data. (3) Statistical analysis and graphical presents-
tion of research data. (4) On-line communication with medi-
cal references data bases: Medline, Biosis, Cancer, Ortho-
base. (5) Medical illustrations: CAD, picture scanning. (6)
Desk top publishing: books, theses, manuals. (7) Production
of Acta Orthapaedica Scandinavica: text editing, checking
references, keeping track of manuscripts. (8) Administration
of and communication in national multicenter research pro-
jects: The Swedish Multicenter Knee Project and The Swed-
ish Multicener Hip Project. (9 Stock inventory of medical
equipment and implamts. (10) Patient waiting lists with on-
line statistics and graphical presentation.

Future aspects: (1) Comprehensive desk top production
of Acta Orthopaedica Scandinavica. (2} Picture analysis and
stereophotogrammetry. (3) Computer communication,



