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I. INTRODUCTION

The unicompartmental resurfacing prostheses for knee arthroplasty
have now been in use for a decade since they were introduced by
Gunston {(1971). More than half of 1700 arthroplasties perforﬁ%d
for gonarthrosis in Sweden during 1976-1979 were unicompartmen-
tal (Bauer et al. 1980). Reports regarding the results are
controversial. Marmor (1973, 1977 and 1979), Engelbrecht (1976)
and Larsson & Ahlgren (1979) have reported good results in large
series with follow-up for 3-5 years as have others in smaller
series (Skolnick et al. 1975, Dolibois & Mallory 1976 and 1978,
Andrews & Regan 1979). On the other hand, Insall & Walker (1976),
Insall & Aglietti (1980) and Laskin (1978) reported poor results
and concluded that there is no place for the use of unicompart-
mental arthroplasty in the treatment of gonarthrosis.

At the Department of Orthopaedic Surgery, University Hospital in
Lund, Sweden, the resurfacing prosthesis of the unicompartmental
type was introduced in October 1974. A prospective investigation
of the knees operated for gonarthrosis with this technique was
then started. This is a report on the first 102 consecutive cases,
followed for at least 2 years and on average 3 1/2 years. A sub-
group of moderately severe medial arthrosis (Stage III} was
followed for 4 1/2 years on average. Patients with rheumatoid
arthritis were excluded from this investigation but have been
reviewed by Andersen (1979).

The purpose of this investigation was:

(1) to analyse the effect of arthroplasty with the compartmental
endoprosthesis in gonarthrosis;

(2) to develop pre- and postoperative routines and to standardize
operative techniques for this method;

(3) to define the range of indications for the use of the
compartmental endoprosthesis in the treatment of gonarthrosis.

Coded data. A1l observations presented and discussed here are
shown in code form in Chapter X.



DEFINITIONS USED IN THIS WORK

Planes

The frontal plane is vertical and goes through or parallel to the
tangent of the dorsal aspects of the two femoral condyles.

The sagittal plane is vertical and perpendicular to the frontal

plane.
The transverse plane forms a right angle with both the frontal

and the sagittal planes.

Axes

The femoral mechanical axis lies in the frontal plane and con-

nects the centers of the femoral head and the femoral inter-
condylar groove.
The tibial mechanical axis lies in the frontal plane and con-

nects the centers of the tibial eminence and the ankle joint.
The mechanical axis of the lower 1imb 1ies in the frontal plane

and connects the centers of the femoral head and the ankle joint;
normally this axis transects the center of the tibial eminence
(Maquet 1976).

Angles
The PT-angle is the angle between the longitudinal axis of the

diaphysis of the tibia in the frontal plane and the tangent of
the articular surface of the tibial prosthesis in the frontal
plane, the medial angle for medial prosthesis and the Tateral
angle for lateral prosthesis.

The PTS-angle is the posterior angle between the longitudinal
axis of the diaphysis of the tibia in the sagittal plane and the
tangent of the articular surface of the tibial prosthesis in the
sagittal plane.

The angular deviation of the mechanical axis is the angle between

the femoral and tibial mechanical axes in varus or valgus when
the mechanical axis of the lower 1imb falls medial or lateral to
the center of the tibial eminence.



I1. PATIENT MATERIAL

During the period October 1974 through June 1977, 108 primary
arthroplasties for gonarthrosis were performed with unicompart-
mental prostheses in 99 patients at the Department of Orthopaedic
Surgery, University Hospital in Lund. 102 knees in 93 patients
were included in the study (Table 1); 6 knees in 6 patients were
unavailable for follow-up because of death or other reasons.

A1l prostheses used were of the unconstrained unicompartmental
type; the Richard's Modular (Marmor) Knee was used in 99 knees
and the French Lotus Knee in 3 knees.

Table 1. Patient material

Patients Arthro-
plasties
Base material 99 108
Dead within 2 years 4 4
Unsuitable for follow-up
because of hemiparesis 1 1
Not available for follow-up 1 1
93 102
Follow-up material
Women 71 76
Men 22 T 26
Type of arthroplasty
Medial 78
Lateral 14
Medial + Lateral 10

The oldest patient was 88 years and the youngest 52 years with
an average age of 71 years. There were 71 women and 22 men.

Follow-up time was defined as the period of time from the knee
arthroplasty to the last examination (1979) or to the time of
reoperation in 13 failed knees. The shortest follow-up time for
knees not reoperated was 27 months, the Tongest 59 months with
an average follow-up time for all knees of nearly 3 1/2 years.
A subgroup of 31 medial arthroplasties was followed for 4 1/2
years (44-68 months).



GENERAL CONDITION (Figure 1)

At the time of operation most of the patients were in fairly
good mental and physical condition for their age, even though
the majority were on medication for cardiovascular disease.
Three patients had neurologic disease, two diabetes, two renal
disease, two severe spondyloarthritis of tuberculous origin,
and one lung disease. One patient had poor vision because of
glaucoma and one was blind. Two had both diabetes and heart di-
sease and three diverse diseases (pernicious anaemia, insulinoma).

General health (93 patients)
Age Weight

Disease

Figure 1. General health at time of operation

Correlation of age over 70 years, weight over 70 kg (women) or
80 kg (men), and significant general disease.

Obesity was common, especially among the women. The body weight/
length ratio was 76/160 in women and 81/172 in men, with 44 wo-
men weighing more than 70 kg and 13 men weighing more than 80 kg.
The Broca's index (weight in kg divided by cm exceeding 1 meter
of length, Drenick 1979) was 1.27 for women and 1.12 for men.
Only 12 patients had a Broca's index <1.00.
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TYPE OF ARTHROSIS

A1l the 102 knees had femoro-tibial arthrosis, primary in 94
and secondary in 8 (Table 2). In addition, two thirds or 68 had
roentgenographic signs of patellar arthrosis (Figure 2). The
radiographic type and stage of arthrosis was determined as
described on p. 14.

Table 2. Type of gonarthrosis

Primary arthrosis 94
with chondrocalcinosis 21
without chondrocalcinosis 73
Secondary arthrosis 8

osteonecrosis
fracture of tibial condyle
Total 102

Type of arthrosis (102 knees)
Medial Lateral

Patellar

Figure 2. Type of arthrosis

Type of arthrosis was determined roentgenographically according
to Ahlbdck (1968), see p. 14.
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PREVIOUS KNEE OPERATIONS

Twenty-four patients had undergone prior surgery of the affected
knee. Eighteen had had tibial osteotomy for arthrosis, and four
minor surgery as meniscectomy or removal of loose bodies with
four having had both tibial osteotomy and minor operations. Two
knees had been operated for a fractured tibial condyle.

Total hip arthroplasty for arthrosis had been performed pre-

viously in 10 cases; five on the ipsilateral side, three on the
contralateral side and two bilaterally.

12



ITI. METHODS

CLINICAL EXAMINATION

A1l patients were interviewed and examined according to pre-
determined criteria preoperatively and postoperatively at 6 months,
one year and then annually. The patients were instructed to con-
tact the investigator if signs of complications should occur
between the predetermined follow-up dates.

Pain. The major symptom in most knees was pain, and this was the
main indication for surgery in all cases. The pain was usually
of long duration in primary cases; 77 had had pain for more than
5 years and only 10 for less than 2 years; most cases with pain
of short duration were secondary to osteonecrosis.

Three categories of pain were identified. Pain on walking was

recorded as the patient's opinion on walking distance to signi-
ficant pain (Table 10). Pain at rest was recorded as occurring
only after physical activities, or mainly spontaneous (Table 11).
In addition, an attempt was made to assess postoperative

patellar pain, defined as retropatellar pain clearly distinguished
by the patient from the preoperative pain on walking at the
affected femoro-tibial compartment. This pain was considered pa-
tellar in origin when caused by patellar loading activities like

stair climbing, rising from a deep chair, kneeling, etc; it was
assesséd according to how often it was felt (Figure 15).

The requirement of analgesics was recorded (Table 17, p. 53).

Range of motion and stability. The patients were examined in the
supine position. The range of motion and stability were measured
with an international standard goniometer (Zimmer catalogue

No. 337). Medio-lateral stability examined in maximal extension
was recorded as stable (0-40) or unstable (50 or more)(Figure

16). Medial or lateral thrust on walking was noted as was

sagittal stability.

Deformity of varus or valgus type was measured with goniometer,
the patient standing on both legs (Figure 21).

13



Walking ability. The maximal walking distance regardless of pain

was recorded (Figure 19). Use of walking aid(s) and ability to
rise from a chair were recorded separately (Appendix 3). Limita-
tion of walking ability by pain in the other knee, a hip or by
other factors was also recorded.

Stair climbing ability was recorded (Table 18, p. 55).

Activities of daily living. Functional assessment of every day

activities was recorded in five categories from (1) unable to
perform basic activities of daily living (walks only assisted,
needs help for self-care), (2) able to perform only basic acti-
vities of daily living, (3) able to do light domestic work,

(4) able to do all domestic work, including housecleaning through
(5) fully independent, including shopping (Table 16).

Subjective assessment. The patients were asked about their own

opinion on pain at rest, pain on walking and walking ability
after the operation (Table 15, p. 51).

ROENTGENOGRAPHIC EXAMINATION

The diagnosis of gonarthrosis was based on the roentgenographic
appearance using the criteria of Ahlbdack (1968). Three types of
femoro-tibial arthrosis were identified: medial, lateral and
medial + lateral (Figure 2). The knees with medial or lateral
arthrosis were further classified in Ahlbdck's 5 stages from
joint space narrowing to gross bone attrition, and femoro-tibial
subluxation was recorded (Table 19). Radiographic signs of pa-
tellar arthrosis were identified for each facet. Calcification
of soft parts were recorded.

The preoperative examination was performed standing while bearing
weight on both legs. Antero-posterior exposures were taken with
varus and valgus stress for evaluation of the femoro-tibial arti-
culations (Norman 1974). The patellar joint was examined with
axial projection in standing (Ahlbdck 1968).

14



At the postoperative examination, performed in the same way as

the preoperative one, the position of the tibial component and
radiolucent zones were recorded as were signs of loosening, i.e.
buckling of the tibial component, breakage of the indication
wire, and settling (Tables 24 and 25)(Boegdrd et al. 1981).

At the follow-up the mechanical axis of the lower Timb was de-

termined roentgenographically. A whole Teg examination including
the hip, knee and ankle joints was done with the patient standing
only on the examined leg, using a focus distance of 2 meters.
This frontal exposure was taken at a 90° angle from a side expo-
sure defined by a tangential appearance of the posterior aspects
of both femoral condyles observed by fluoroscopy (Egund & Norman
1979). From the whole leg examination the mechanical (weight
bearing) axis (Maquet 1976) was determined as was the angular
deviation of the mechanical axis (see Definitions) or the actual
deformity of the leg (Table 23).

OPERATION

The operation was done through a'single medial parapatellar in-
cision, even in lateral unicompartmental and in medial + lateral

arthroplasties.

Most knees in this series were operated with the technique de-
scribed by Marmor (1973) for his Modular Knee. Thus no positioning
instruments were used and the resection of the proximal tibia

was done with a power instrument leaving the cortical rim of the
bone intact and the tibial component resting on cancellous bone.
Usually neither the joint capsule nor the coilateral ligament

were released.

This method was found to be inadequate in many ways. The narrow
exposure of the bony surfaces made positioning of the tibial
component difficult, the correction of deformity was often in-
sufficient as the contracted structures were not released, and
the positioning of the prosthetic components was often unsatis-
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factory.

This Ted to a change in operative technique during the Tast year
of this investigation. The last 10 cases in this series were
operated with a positioning jig (from the French Lotus prosthe-
sis) by doing an L-shaped (horizontal) resection of the proxi-
mal tibia and using a tibial component of larger diameter resting
on the cortical bone of the tibia as much as possible. Release

on the medial side of the contracted capsule and the deep portion
of the collateral ligament from the tibia made correction of
deformity easier (Jbnsson & Lindstrand 1980).

The operation was done under epidural (58 cases) or neuroleptic
(44 cases) anaesthesia. A tourniquet was always used; it was
released and hemostasis completed before the capsule was sutured.
Suction drainage was maintained for 24-36 hours.

Thorough inspection of the joint was routinely done and the state
of the articular cartilage in each compartment was recorded.
Calcification of soft parts of the joint was recorded and, usually,
a specimen was examined for pyrophosphate crystals with pola-
rized 1light microscopy. The degree of synovitis was recorded as
none, mild, moderate or severe.

Prophylactic antibiotic therapy with Cioxacillin 1 gram four
times daily was used in all but three cases; the initial dose was
given one hour before the operation and the therapy continued for
2 weeks. Prophylactic anti-thrombotic therapy wés administered
using 6 per cent Dextran 70 (Macrodex); 500 ml were infused
during the operation and 500 ml on the following day. 98 arthro-
plasties were done in a conventional operating room and 4 with
vertical laminar air flow.

The average operation time was 90 minutes (60-135 minutes) in-
cluding the time for laying the postoperative bandage, elastic
or plaster. Bleeding in the suction drainage was 360 ml on ave-
rage (100-900 ml). Six different surgeons performed the opera-

tions in this series.
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A

Figure 3. A medial unicompartmental arthroplasty for Stage III
arthrosis with Marmor's (1973) technigue. Good alignment of
both components.

POSTOPERATIVE MANAGEMENT

At the end of the operation the leg was wrapped in a compressive
dressing from the toes to the groin. In the last 22 cases a
Tongitudinally sp]if plaster cylinder was used, with the knee 1in
maximal extension to prevent flexion contracture. This plaster
was bivalved on the following day and the dorsal shell used>at
night only, for one week.

The patients were allowed to sit in bed or in a chair on the
first postoperative day and quadriceps exercises were begun.
Full weight bearing with a walking aid was encouraged on the
second day as were cautious flexion exercises. The patients were

trained twice a day by the physiotherapist and began stair

17



climbing exercises from the seventh day. Manipulation was not
needed in any case. The average hospital stay was 12 days,after
the operation.

ASSESSMENT SYSTEMS

The preoperative condition of the 102 knees was compared to that
at the last examination. This was at 1 year for 7 knees, all
reoperated, at 2 years for 30 knees, at 3 years for 41 knees and
at 4 years for 24 knees. The parameters recorded permitted
assessment of pre- and postoperative knee function according to
four widely used systems:

(1) The Venn Diagram System of Bauer et al. (1969);

(2) The Hospital for Special Surgery {(HSS) Knee Rating Scale
(Ranawat et al. 1976)(Appendix 1);

(3) The London Hospital (LH) Points Scoring System for an Over-
all Assessment of Knee Function (Freeman et al. 1977)
{Appendix 2);

(4) The Assessment Chart of the British Orthopaedic Association
(Aichroth et al. 1978)(Appendix 3).

The Venn Diagram System (Figure 14) was used in the classifica-
tion of results with failure defined as those knees that had not
become painfree, acceptable those that were painfree but not
mobile and/or stable, and satisfactory those that had reached
the conjoined set of mobility, stability and freedom from pain.
Failed knees and acceptable knees were thus subsets of non-satis-
factory knees.

A comparison of the three different assessment systems formed
part of this project and is reported in the Results below. The
results according to the Assessment Chart of the British Ortho-
paedic Association are listed in Appendix 3.

The social function of the patients was assessed by evaluation

of three parameters, viz. independence, requirement of analgesics,

and maximal walking distance {Figure 18).

18



STATISTICS

The Student's t-test and the Chi-square test with Yate's cor-
rection were used. The following levels of significance were

used:

¥%¥k = p < 0.001 (highly significant)

*k = 0.001 < p < 0.01 (significant)

* = 0.01 < p < 0.05 (almost significant)
NS = p > 0.05 (not significant)

The statistical analysis was done by Karl-Gdoran Thorngren.
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IV, RESULTS

EARLY COMPLICATIONS

In the 108 arthroplasties there were no deaths associated with
the operation. Two patients had cerebral vascular episodes,

probably due to hypertensive crises during the anaesthesia; one
resulted in hemiparesis and one in blindness, and these patients
were excluded from the follow-up. Four patients had transient

cardiac arrythmia with heart incompensation, and one had pulmo-

nary atelectasis.

Thromboembolism was diagnosed in 4 patients and adequately

treated in all.

Four knees had signs of superficial wound infection with skin

necrosis in two of these. Culture from the wounds revealed Staphy-
lococcus Albus and Alcaligenes bacteria in one knee while three
cultures were sterile. The drainage from these knees ceased

spontaneously under antibiotic treatment and did not recur.

Peroneal nerve palsy occurred in three cases: two palsies were

transient. The third knee with bicompartmental femoro-tibial
arthrosis and valgus deformity had medial + lateral arthroplasty;
the peroneal palsy has partially recovered but has decreased the
walking capacity to some extent.

The hospital stay for cases with early complications was 17 days
compared to 11 days for those without early complications.

Two patients were readmitted to the hospital within one month

of the operation because they had high ESR and the operated

knee was painful, warm and swollen, and on aspiration the joint
fluid was turbid. Both patients had a history of pyrophosphate
arthritis with intraarticular soft tissue calcifications observed

at operation. In both cases pyrophosphate crystals were found in
the synovial fluid and treatment with Indomethacin was success-
ful.

20



LATE COMPLICATIONS AND FAILURES

There were 15 failures in this series (15 per cent). The cause
of failure was established in 14 cases, 13 of which were re-
operated (Table 3). Fourteen knees, while still symptomfree,
had roentgenographic evidence of late complications that may
lead to failure.

The late complications fell into 6 main categories (Table 6):
(1) loosening of the tibial component, (2) abnormal contact
between the femoral component and bone, (3) degeneration of the
opposite compartment of the knee, {4) deep infection, (5) pa-
tellar arthrosis, and (6) other complications. '

Loosening. Obvious loosening of the tibial component with pain
on Wa]king occurred in four knees, all operated with unicompart-
mental arthroplasty for medial arthrosis. The symptoms started
3-6 months after the operation in two cases, at 1-2 years in one
case and at 2-3 years in one. In three knees (Cases 002, 003 and
012, Table 3) there was significant, almost constant pain on
walking and these knees were reoperated with extraction of the
loose component and exchange to a thicker one.

Case 002 (Figure 4, Table 3), operated with a 6 mm tibial compo~
nent for a Stage I medial arthrosis secondary to osteonecrosis,
was symptomfree during the first year. During the second year
increasing pain developed caused by loosening and settling of

the tibial component with breakage of the indication wire and the
cement. The knee was reoperated after 3 years with revision and
exchange of the lgose tibial component to a 12 mm component. The
result after reoperation was satisfactory (HSS 89).

21
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Figure 4. Case 002. 80-year old male with Stage ! arthrosis se-
condary to osteonecrosis

A.

B.

D.

22

One year after a medial arthroplasty with a 6 mm tibial component. Buck-
ling of the indication wire. Symptoms started during the second year.

3 years after arthroplasty. Increased buckling and settling of the tibial
component.

At revision 3 years after arthroplasty the tibial component was easily
lifted out and exchanged to a 12 mm component. The femoral component was
intact. Normal cartilage in the lateral compartment.

1 year after revision.
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Case 006 operated for a Stage III medial arthrosis with a 6 mm
tibial component developed clear radiographic signs of loose-
ning with pain 2 years after the operation. The symptoms per-
sisted for a period of 3-4 months but thereafter subsided
complietely. A planned reoperation was postponed, and the case

was rated satisfactory (HSS 87) at the last examination 54 months
after the operation (Figure 5).

A B

Figure 5. Case 006. 75-year old female with a Stage III medial
primary arthrosis operated with a 6 mm tibial component. Roent-
genograms four years after the arthroplasty.

A. Breakage of the indication wire and forward displacement of
the tibial component.

B. Buckling of the tibial component and breakage of the cement.
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Three of the 4 clearly loose tibial components were 6 mm and one
9 mm thick. The three reoperated knees all had the preoperative
diagnosis of osteonecrosis while the fourth knee had primary
arthrosis. The end-result after reoperation was satisfactory

in two knees and acceptable in one.

In Cases 027 and 032 (Table 3) Toosening of a tibial component
was observed in combination with other complications. In these
knees loosening was considered to be secondary to instability
of the knee but not the primary cause of complication.

Abnormal contact between prosthesis and bone. Three knees deve-

loped subluxation which in combination with malposition of the
endoprostheses resulted in abnormal contact of a femoral compo-
nent against the tibial intercondylar spine. In all cases pain
developed within 1 year of the operation. This complication was
difficult to diagnose with certainty by radiography in two cases
but radionuclide scintimetry was of diagnostic value in both.

The first knee {(Case 050), previously operated with tibial osteo-
tomy, had a medial arthroplasty for Stage IV arthrosis. Post-
operatively the knee rated unstable, had a varus deformity of
5-10°, and 10° medial sloping of tibial prosthesis. However, the
result was acceptable during the first 6 months but after a minor
accident increasing pain developed. At the one year follow-up an
abnormal contact between a prominent tibial intercondylar spine
and the femoral condyle was suspected radiographically, defi-
nitely diagnosed by Sr-85 scintimetry and confirmed at reopera-
tion (Fiqure 6 ) when exchange of the tibial component was done
16 months after the primary operation. At reoperation there was
an abnormal contact between the tibial spine and the lateral part
of the femoral component and even the intercondylar region of the
femur. Resection of osteophytes and bone in the intercondylar
region was done and exchange of the tibial component to a higher
one. The result of the reoperation was satisfactory (HSS 80).

The second knee (Case 073) had a medial + lateral arthroplasty
for Stage I medial and lateral arthrosis, previously operated
with tibial osteotomy. Pain developed after 3 months, there was
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27

., Figure 6. Case 050. 66-year old
l,i’emale with a Stage V medial

arthrosis previously operated
““with tibial osteotomy.

" The result was good during the
““first months but the patient

.« then had increasing pain after
_a minor accident.

23
17

19

A.

One year after the arthroplasty.
There seems to be no space between
the tibial intercondylar spine and
the intercondylar region of the
femur.

. There is a very prominent tibial

intercondylar spine.

. Sr-85 bone imaging with rectilinear

scanning revealed the highest up-
take in the intercondylar region of
the femur and in the intercondylar
spine of the tibia where there is
normally the Towest uptake.



roentgenographic evidence of abnormal. contact between the late-
ral femoral component and the tibial intercondylar spine, and the
knee was revised with exchange of the lateral femoral component.
This knee rated as failure even after the reoperation because of
sagittal instability caused by insufficient anterior cruciate
ligament and patellar pain from a medial patellar facet arthro-
sis (Table 3).

The third knee (Case 076) had a medial + lateral arthroplasty for
Stage I medial arthrosis with cartilage changes laterally, ob-
served at the operation; instability resulted in dislocation and
severe impingement between the lateral femoral component and the
tibial intercondylar spine within 3 months (Figure 7). The knee

A ' B

Figure 7. Case 076. 73-year old female operated with medial +

Tateral arthroplasty

A. Non-weight Bearing examination the day after the operation.
ThSre is 11" medial sloping of the medial tibial component and
16

medial sloping of the lateral tibial component. Stability
was not obtained.

B. Weight bearing examination with valgus stress 14 months post-
operatively. There is gross subluxation of the tibia and evi-
dence of abnormal contact between the lateral femoral compo-
nent and the tibial spine confirmed at Total Condylar arthro-
plasty 19 months after the primary operation.

27



rated as failure and was converted to Total Condylar arthroplasty
after 19 months with satisfactory result (HSS 82).

Degeneration of the opposite compartment. Seventeen of 78 knees

operated with medial unicompartmental arthroplasty had roentgeno-

graphic evidence of cartilage degeneration in the lateral com-
partment at the follow-up (Table 4). Five of these had early
arthrotic changes in the lateral compartment already preopera-

tively but 12 of the 78 knees had developed secondary degenera-

tion in the Tateral compartment. These secondary changes were,

however, minimal
and Stage III

or Stage I
in 3 knees.

in 8 knees,

Stage I1I

in one knee,

Table 4. Degeneration of the lateral compartment after medial

arthroplasty

Preop.stage No. of knees Assessment Knees with Ratio of Reoperated
of arthrosis with degen. ———— early late- knees knees )
in medial changes in HSS  Venn ral arthro- develop.
compartment lateral com- sis before secondary
partment at op. lateral
last exa- arthrosis
mination
ITI 1 69 1F 0 1/32 1
: 4s
v 10 82 3A 2 8/21 3
3F
3S
v 6 81 3 A 3 3/15 0
Total 17 5 4
Satisfactory, A = Acceptable, F = Failure

S =

Development of secondary lateral

arthrosis occurred almost ex-

clusively in the advanced stages of arthrosis, or in 11 of 36

Stage IV and Y knees, compared to one of 32 Stage III knees

(p < 0.01) and none of the 10 knees in the mildest stages.

The cause of secondary lateral arthrosis was found to be secon-

dary to loose polymethacrylate cement in two knees

(Case 098

Stage III and Case 112 Stage IV). Among other factors analysed

secondary lateral arthrosis was found to be significantly re-
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Figure 8. Case 033 illustrates a
knee with secondary lateral
arthrosis already preoperatively.

A. Stage IV medial arthrosis with a

typical lateral subluxation of the
tibia at weight bearing examination.
There is roentgenographic evidence
of secondary lateral arthrosis with
attrition of the tibial spine and
subchondral sclerosis of the tibia.
Even though there were pathological
changes of the cartilage in the
tateral compartment arthroplasty was
only performed medially.

. Non-weight bearing examination 3
months after the operation showed a
narrowed joint space in the lateral
compartment (standing exposure with
valgus stress, technically not sui-
table for publication, showed Stage
1T lateral arthrosis).

. Weight bearing examination with
valgus stress 43 months after the
operation showed progress of the
lateral arthrosis to Stage III. In
spite of this the knee permitted a
walking distance of more than 500 m,
rated acceptable (HSS 80), and the
subjective assessment was favourable.
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lated to the postoperative alignment of the knee, i.e. under-

and overcorrection, and to femoro-tibial subluxation. Thus
Tateral arthrosis developed in 7 of 18 knees having either >50

of varus or valgus postoperatively, compared to 5 of 60 knees
corrected to at most 5° of varus or valgus (p < 0.01)(Figure 21).
Furthermore, all 11 Stage IV and V knees developing secondary
Tateral arthrosis had more than 0.5 c¢cm femoro-tibial subluxation
preoperatively, compared to 7 of 20 knees that did not develop
secondary arthrosis (p < 0.01). Likewise postoperative femoro-
tibial subluxation more than 0.5 cm was recorded in 7 of the

11 knees compared to 3 of 20 knees {(p < 0.05)(Table 5). Finally,
instability and more than 10° medial sloping of the tibial compo-
nent was more frequent in knees with secondary lateral arthrosis,
compared to knees without. However, this difference was not
significant.

Table 5. Possible causes of secondary lateral arthrosis in 11
knees with Stage IV and V arthrosis

Tibial Unstable Medial sloping
subluxation of tibial
>0.5 cm component
o

Preop. Postop. Postop. >10
Loose cement 1% 0 0 1
Ovsrcorrection
>5" valgus 2 1 0 0
Ungercorrection
>5" varus 4 3 3 3
Uncertain 4 3 2 3
Stage IV and V knees
with secondary
lateral arthrosis 11/11 7/ 5/11 7/
n =11
Stage IV and V knees
without secondary
Tateral arthrosis 7/20 3/20 6/20 6/20
n =20
X

This knee was also overcorrected to >5° valgus.

Among the 17 medially operated knees having arthrosis in the
lateral compartment at the last interview only 4 had had clinical
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symptoms which had started early (1-3 months) in two cases and
late (1-2 years and 2-3 years) in two. These knees were all
reoperated (Table 3). The other 13 knees having roentgenographic
changes in the Tateral compartment did well clinically, 7 rated
satisfactory and 6 accéptable according to the Venn Diagram
System and the average rating on the HSS scale was 89 (75-98).
The mean observation time for these 13 knees was 44 months
(27-55).

Case histories of knees developing secondary lateral arthrosis
Case 098 (Figure 9) operated for a Stage III medial gonarthrosis
without subluxation. At the operation there was degeneration of
cartilage in the patellar articulation while the cartilage in

the lateral compartment was intact. Soft tissue calcifications
noticed at operation contained calcium pyrophosphate crystals.
Radiographic examination at 3 months showed that a piece of
cement had broken loose, and at 6 months it had migrated to the
lateral compartment. At 18 months it was still present in the
lateral compartment, which now was beginning to degenerate. The
patient was almost symptomfree during the first postoperative
year, but then started to have increasingly severe periodic
attacks of pain and effusion. Conversion to a Total Condylar
arthroplasty was done 31 months after the primary operation. Be-
sides considerable synovitis there was obvious degeneratioﬁ of
the cartilage in the lateral compartment and small inclusions
embedded.in the cartilage consisted of inorganic material, pro-
bably methylmethacrylate. Thus progression of arthrosis in the
lateral compartment seemed to be caused by cement in this knee,
perhaps enhanced by pyrophosphate arthritis. The result after
the reoperation was satisfactory (HSS 87).
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A

Figure 9. Case 098. 76-year old female operated with medial
arthropTasty for a Stage III medial gonarthrosis.

A. Non-weight bearing examination 18 months after the operation.
A piece of cement has broken loose and migrated to the late-
ral compartment where it was initially observed 6 months after
the operation. The patient had mild symptoms.

B. At reoperation there was degeneration of cartilage in the
lateral compartment and brown pigmented synovitis in the joint.
Conversion to Total Condylar arthroplasty was done.

Case 112 (Fiqgure 10), who previously had had a tibial osteotomy,
had a medial arthroplasty for Stage IV arthrosis with 0.5-1.0 cm
femoro-tibial subluxation. Postoperative pain was recorded within
3 months and there was roentgenographic evidence of lateral com-
partment degeneration after one year. There was 11° medial stoping
of the tibial component and the knee was overcorrected to almost
10° of valgus. The knee was unstable. At reoperation there were
deep furrows in the cartilage of the lateral femoral condyle
caused by a loose piece of methylmethacrylate cement. The knee
had a Total Condylar arthroplasty with satisfactory result (HSS
90).
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Figure 10. Case 112 at reoperation 18 months after a medial
arthroplasty. Deep furrows in the lateral femoral cartilage
were caused by a piece of cement. Severe brown pigmented syno-
vitis of the nodulary type was observed.

Case 081 had Stage IV medial arthrosis with 0.5-1.0 cm femoro-
tibial subluxation. There was 14° medial sloping of the tibial
component and the knee was slightly undercorrected. After the
arthroplasty the knee was still unstable, but it was painfree
during the initial two years. Pain then started at the lateral
aspect of the knee and roentgenographic examination showed de-
generation of the lateral compartment. The knee had a Total
Condylar arthroplasty with satisfactory result (HSS 86).

Case 008 had Stage V medial arthrosis with severe femoro-tibial
subluxation. The tibial component was placed at a medial slope

of 14° and the knee, initially having 20-25° of varus, was under-
corrected to 5-10° of varus. The subluxation increased and se-
condary lateral arthrosis was evident within one year. However,
this patient was almost asymptomatic at the 4-year follow-up

(HSS 81).

Case 090 (Figure 11), a 73-year old female with general joint
laxity and habitual patellar dislocations, was operated with a
medial arthroplasty for Stage IV arthrosis and a 0.5-1.0 cm
femoro-tibial subluxation, overcorrected to almost 10° of valgus.
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The tibial component had a medial slope of 5°. Roentgenographic
examinations at 2 years showed increased subluxation, severe
wear of the lateral intercondylar spine of the tibia, and secon-
dary arthrosis of the lateral compartment (Figure 11). However,
the patient was asymptomatic at the last interview and rated
satisfactory (HSS 94).

A

Figure 11. Case 090. Development of secondary lateral arthrosis.
in an overcorrected Stage IV knee

A. Several weeks postoperatively. Weight bearing examination with
valgus stress. Normal lateral cartilage but attrition of the
tibial spine. The knee has been overcorrected to almost 10
of valgus.

B. Weight bearing examination with valgus stress 2 years after
the operation shows development of secondary lateral arthro-
sis with increased valgus deformity.

Extended follow-up of Stage III knees with medial arthrosis

When the results of the roentgenographic examinations had re-
vealed the clear tendency of secondary lateral degeneration in
the more advanced stages (IV and V) it was decided to extend the
follow-up of Stage III knees. The average follow-up time of these
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31 knees (one was reoperated) initially being 41 months (29-53)
was extended on average 15 months making the follow-up time 56
(44-68) months or 4 1/2 years. Roentgenographically a beginning
(Stage 1) lateral compartment degeneration may have developed in
one knee (Case 057) 5 years postoperatively (Figure 12). The knee

A

Figure 12. Case 057. 57-year old female operated for medial
arthrosis Stage IIT.

A. Weight béaring examination with valgus stress one year after
the operation. Normal lateral joint space.

B. Weight bearing examination with valgus stress at extended
follow-up 5 years after the arthroplasty. A beginning narrowing
of the lTateral joint space is suspected.

was stable and had alignment of 0-5° valgus. The patient had no
clinical symptoms, and rated satisfactory (HSS 93).

Thus lateral arthrosis has developed in only 1 of 32 Stage III
knees during 4 1/2-year follow-up and was caused by a loose metha-

crylate cement.

In the 14 lateral arthroplasties degeneration of the medial com-

partment occurred in one Stage IV knee (Case 027) with a preopera-
tive valgus deformity of 25%. The tibial component was placed at
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90°. The valgus deformity of nearly 30° was corrected to 5-10° of
valgus. The knee was unstable but the result was acceptable during
the first 2 years. After an accident, instability increased with
severe degeneration of the medial compartment, and finally the
tibial component Toosened. The knee had a Total Condylar arthro-
plasty with acceptable result (HSS 66).

Infection. Deep infection occurred in one knee (Case 017) ope-
rated with medial + lateral arthroplasty after a failed tibial
varus osteotomy done for incipient lateral arthrosis. No infec-
tion had been observed after the osteotomy. Prophylactic anti-
biotic was used and the operation was done in a conventional
theatre. There was no early complication and the wound healed
uneventfully., Within 6 months there was roentgenographic and
scintimetric evidence of infection which was confirmed by cul-
ture of Propionibacterium Acne in 5 of 8 samples at reoperation.

Extraction and exchange to Guépar hinge arthroplasty was done

but the infection recurred and the knee eventually was arthro-
desed by the Adrey-Vidal double frame technique (Connes 1973)

(Table 3).

Patellar arthrosis. Patellar pain was the main reason for failure

in one knee (Case 036) operated with medial arthroplasty for
Stage II arthrosis. Severe pain developed in the knee after 3-6
months, apparently patellar in origin; there was no evidence of
other complications. A patellar arthroplasty (Bechtol II) was
performed 30 months after the primary operation. There was severe
cartilage wear on both facets of the patella at the reoperation.
The pain was considerably but not completely relieved; spinal
stenosis that was confirmed later might have aggravated the pain
that developed in the knee region.

Patellar pain was accessory to failure in two other knees.

Other complications. In one knee instability and increased sub-

luxation, associated with recurrent attacks of synovitis, caused
pain leading to failure.

This knee (Case 055) had medial arthroplasty for Stage V arthro-
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sis with more than 20% varus deformity and more than 1 cm sub-
luxation. Stability was not achieved and correction of the de-
formity was poor with 5-10° of varus. The tibial component
sloped 19° medially (Figure 13). There was a clinical history
of pyrophosphate arthritis, and intraarticular soft tissue
calcifications were observed. The knee never became painfree
and the symptoms periodically increased, associated with
attacks of pyrophosphate arthritis. The knee rated as failure
(HSS 60). Reoperation was contemplated but the patient died of
heart disease before the 3-year follow-up.

In one knee (Case 040) the cause of failure was uncertain. This
knee was operated for Stage IV medial arthrosis with 0.5-1.0 cm
femoro-tibial subluxation. A 10° varus deformity was corrected
to_0—50 varus, the knee was stable, but the tibial component
sioped 20° medially. The patient enjoyed a good result for 3
years but then developed pain in the knee, the cause of which
was not found as the patient died shortly thereafter of unrelated
causes, This patient had, however, a clinical history of pyro-
phosphate arthritis and had soft tissue calcifications with
pyrophosphate crystals identified at the operation. The pain in
the knee at the last interview may thus have been related to
this but synovial fluid was unfortunately not examined at that

time.
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Figure 13. Case 055. 83-year old
male with longstanding symptoms
from both knees. Previously ope-

rated in the right knee with a
hinge prosthesis with poor result.

A. Preoperative non-weight bearing exa-
mination showing Stage V arthrosis
of the left knee with lateral sub-
luxation of the tibia.

B. On weight bearing with varus stress,
the subluxation increased substan-
tially.

C. Non-weight bearing examination one
year Sfter the arthroplasty. There
is 19° medial sloping of the ti-
bial component and a moderate sub-
Tuxation of the tibia. The knee
was unstable and was rated as
failure.



Summary of the types of causes in 1ate_comp]ications and failures

There were altogether 29 Tlate compiications in the whole series.
Fifteen knees were rated as failures and 13 of these were reope-
rated while 14 had insignificant clinical symptoms (Table 6}.
Analysis of the late complications revealed that not less than 24
of the 29 cases were caused by mechanical failure, technical error
or were unsuitable for the type of arthroplasty performed.

Table 6. Late complications

Type Total Failures Reop. Not failures Confirmed or probable
causes of preventible
origin

Loosening 4 3 3 1 Mech. failure 3
Malposition 1

Abnormal Malposition of

contact 3 3 3 0 prosthesis 3
and instability

Degeneration Degen. preop. 5

of lateral 17 4 4 13 Overcorrection 2

compartment Undercorrection 4
Loose cement 2
Instab. + med.
sloping 2

Degeneration

of medial 1 1 1 0 Instability ]

compartment

Uncertain | 1 1 0 0

Infection 1 1 1 0

Patellar

arthrosis 1 1 1 0

Instability

+ recurrent 1 1 0 0 Instability 1

synovitis

29 15 13 14 24

Thus, in the categories of loosening and abnormal contact three
were caused by mechanical failure of a thin tibial component and
four by malposition in combination with instability. In the 17
cases of degeneration of the lateral compartment after medial
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arthroplasty five knees had degeneration laterally already pre-
operatively, two were associated with overcorrection and four
with undercorrection, two caused by loose cement in the joint
and two by combined instability and medial sloping of the tibial
component, In another 2 knees instability was supposed to be the
cause of failure (Table 6).

Reoperations

Thirteen knees were reoperated (Table 3). At reoperation prophy-
lactic antibiotic therapy was not started until at least 5 spe-
cimens had been taken for bacterial culture according to the
recommendations of Kamme & Lindberg (1981).

The extracted tibial components did not show excessive wear ex-
cept in two cases, namely the infected knee, where gross dis-
Tocation had occurred several months before, and in one tibial
component with loosening not reoperated until nearly 2 years
after symptoms had begun. A1l femoral components extracted were

intact.

In five knees a revision with exchange of components was done. In
three of these the end-result was satisfactory (HSS 89, 99 and
80), in one acceptable (HSS 72), and one knee remained in the
group of failures because of sagittal instability and patellar
pain (HSS 67).

Five knees had Total Condylar arthroplasty with satisfactory end-
result in four (HSS 86, 87, 90 and 82) and acceptable in one
(HSS 66).

Two knees were converted to Guépar hinge arthroplasty with satis-
factory end-result in one (HSS 77) while the other knee, re-
operated for an infection, became re-infected, rated as failure

and eventually went to arthrodesis.

In one knee a Bechtol II patellar arthroplasty was done 30 months
after the first operation with satisfactory end-result (HSS 72).
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The average HSS score in these 13 knees before reoperation was
57, and after reoperation 78 (Table 3). The average observation
time after reoperation was 22 months with a range of 6-40 months.

Late complications in chronologic sequence. The arthroplasties

performed in the first, second and third year of the study were
analysed separately in terms of late complications and failures
(Table 7).

There was a clear trend to improved results with increased ex-
perience. Complications occurred in 15 of 34 knees operated
during the first year compared to 14 in 68 operated during the
second and third years (p < 0.05). Other differences in Table 7
were, however, not statistically significant.

Table 7. Late complications and failures after arthroplasties
performed in the Ist, 2nd and 3rd year

A1l 1late A11 failures Failures appearing within
complications 2 years of operation
Ratio Fraction Ratio Fraction Ratio Fraction

st year 15/34 .44 7/34 .20 6/34 .18

2nd year 8/39 .21 6/39 .15 4/39 .10

3rd year 6/29 .21 2/29 .07 2/29 .07

Preoperative subluxation and postoperative instability of knees
with medial arthrosis were analysed and are listed in Table 8.
The number of knees in Stage IV-V with femoro-tibial subluxation
more than 1.0 cm decreased from 6 during the first year to none
during the third year (p < 0.05). Likewise the number of knees
with postoperative instability decreased from 9 of 23 in the
first year to 3 of 27 in the third (p < 0.05). The results ex-
pressed as postoperative varus deformity improved. Thus, 8 of

23 knees operated during the first year had a varus deformity
more than 5° postoperatively but only 3 of 27 operated during

the third year.
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Table 8. Preoperative subluxation and postoperative instability
of knees operated with medial arthroplasty

Preoperative Postoperative
subluxation instability
>1.0 cm
Tst year
23 arthroplasties 6 (.26) 9 (.39)
2nd year
28 arthroplasties 2 (.07) 5 (.18)
3rd year
27 arthroplasties 0 3 (.11)

ASSESSMENT BY VENN DIAGRAM SYSTEM (Figure 14)

When the three factors mobility, stability and freedom from pain
were evaluated in combination, 65 knees or two thirds were satis-
factory, i.e. normal or near normal after the arthrplasty versus
none before (p < 0.001). Similarly the worst category of unstable,
painful knees with impaired range of motion contained 32 knees
before and only 2 after the operation (p < 0.001).

Results in different types of arthroplasty. The 65 knees that

rated satisfactory included 53 of 78 medial arthroplasties, 9
of 14 lateral arthroplasties, and 3 of 10 medial + lateral arthro-
plasties (Table 9).

The 15 knees rated as failures consisted of 11 of 78 medial
arthroplasties, one of 14 lateral arthroplasties, and 3 of 10
medial + lateral arthroplasties. No statistical differences were
found between the different groups.
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Knee function (102 kpoes)
Before arthroplasty After arthroplasty
Mobile Stable

32

Pain- free Pain- free

/2

Numbering of
subsets

Figure 14. Knee function before and after the arthroplasty

A1l knees were evaluated in terms of the three basic characte-
ristics of a weight bearing joint: mobility, stability and
freedom from pain. Mobile meant at least 90~ flexion and exten-
sion defect of no more than 5°. Stability was rscorded when the
varus and/or valgus instability was less than 5 . Freedom from
pain was recorded when the patient had no walking pain or could
walk at least 500 meters without pain.

Table 9. Results assessed by the Venn Diagram System

S A F Total Fraction
failures
Medial arthroplasty 53 14 11 78 __i}j;__“ﬁﬂ
Lateral arthroplasty 9 4 ] 14 .07
Medial + lateral
arthroplasty 3 4 3 10 .30
Total 65 22 15 /7{52 o T]SV“—~

5 = Satisfactory (subset 5, Figure 14)
A = Acceptable {subsets 4, 6 and 7)
F = Failure (subsets 1, 2, 3 and 8)
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Pain on walking. Only one knee was relatively painfree before

the operation while 87 had no pain on walking after the opera-
tion (Table 10). This difference was highly significant. Fifteen
knees had significant pain on walking after the arthroplasty and

were rated as failures; 13 of these were reoperated.

Table 10. Pain on walking before and after knee arthroplasty
n = 102

None Only >1000 m 500- 100- <100 m At first
starting 1000 m 500 m step
pain

Before 0 0 0 1 4 10 87
Af ter 68 3 6 10 3 2 10

Pain at rest. Preoperatively nearly one third or 33 had spon-
taneous pain at rest, usually disturbing sleep, 50 had pain at
rest after physical activities, and only 19 had no pain at rest
(Tabie 11). Postoperatively two thirds or 72 had no pain at rest,
26 only after physical activities, and 4 knees had spontaneous
pain, all of them categorized as failures. A1l these changes in
pain at rest, before and after the operation, were highly signi-
ficant.

Table 11. Pain at rest in gonarthrosis

Preop. Postop.
None 19 72
Only after physical activities 50 26
Spontaneous even at night 33 4
Total 102 102

Patellar pain. Postoperatively 36 knees had symptoms judged to

come from the patellar articulation (Figure 15); the majority
had only occasional discomfort, but 11 knees had frequent though
mild pain and 5 had always pain at special patellar loading acti-

vities.
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There was a poor correlation of cartilage changes observed at
the patellar articulation at operatién and the clinical symptoms
at follow-up (Figure 15); only 8 of 36 knees with major carti-
Tage changes at the patellar articulation had major symptoms at
patellar loading activities, whereas 28 of these 36 knees had
minor or no symptoms. Eight of the 52 knees having minor carti-
lage changes had major symptoms while 44 had not. None of the
knees with normal patellar cartilage had clinical symptoms from
the patellar joint.

Pain at patellar

loading activities 14 23 29 29
Always 4} . o s a 5
Often 31 o 839 4§00 o M
o]
Occasionally 2 38 38 §§§ o 20
gogo 8838 3883 933,  oa
Never 11 §§XR §§°° §§§2 geda oo 66
1 2 3 a 5
None Super- <50% >50% Total
ficial

Cartilage changes at the patellar articulation

Figure 15. Patellar pain in gonarthrosis

Pain judged to come from the patellar articulation after resur-
facing knee arthroplasty in relation to changes found at opera-
tion.
Symbols: medial arthroplasty

lateral arthroplasty

medial + lateral arthroplasty

illed symbols: failed knees

Stability. Two knees were rated as stable before and 75 after
the operation (Figure 16).

0f the 15 knees rated as failures, 9 were unstable after the
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operation and thus two thirds of the failed knees had both in-
stability and pain. Remaining instability was most common in
knees with large preoperative deformities, 12 having had more

than 15% of varus or valgus.

100 2
After 8398
operation §8§3§3
Stable §§§ o 75
(0-49 888e328
9858328
00000 N
DAaD 7
Unstable 4 (] 2
(=5°) 395550
Unstable Stable
(259 (0-4°)

Before operation

Figure 16. Stabjlity before and after knee arthroplasty
The stability was measured with goniometer at full extension.

Symbols: o = medial arthroplasty
A = Tateral arthroplasty
o = medial + lateral arthroplasty

Filled symbols: failed knees

Both the stable and unstable knees improved significantly by the
operation (p < 0.001). However, overall results in the 75 knees
that acquired full stability by the operation were significantly
better (p < 0.001) than in the unstable knees {(Table 12). Thus,
the 75 stable knees had an average postoperative HSS score of 87,
while the 27 unstable knees scored 73. Six of the 75 stable knees
were rated as failures compared to 9 of the 27 unstable knees.
The risk of failure thus increased four times with instability

(p < 0.01).
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Table 12. Relation of postoperative stability to overall
results

Postoperative No. HSS-score No. Fraction
stability knees Preop. Postop. failures failures
Stable (0-4°) 75 42 87 6 .08
Unstable (>5°) 27 40 73 9 .33
Total 102 15

Mobility. Two thirds or 70 knees were mobile before the opera-
tion and more than nine of ten or 94 after the arthroplasty

{p < 0.001)(Figure 14). O0f the eight knees not rated as mobile
after the operation five had greatly impaired range of motion
preoperatively and were improved, while three failed knees rated
as mobile before had decreased mobility after the operation. The

average postoperative range of motion was 110°, a gain of 13°.

The postoperative flexion was on average 1120, a gain of g°.
Flexion increased in three fourths of the knees, but 23 knees
had decreased flexion postoperatively, in most cases only by
5-10° but more than 10° in four knees.

The average preoperative flexion deformity (extension defect)

was 72 and was diminished to 2% after the operation. Forty-four
knees had had a flexion deformity of more than 50 preoperatively.
After the operation only 5 had a flexion deformity of more than
50 (Figure 17}, This difference was highly significant.

The 22 knees where plaster cylinder was used postoperatively had
a 9% flexion deformity before and 3% after the operation on
average, or the same correction as in the whole series. However,
according to the physiotherapist, maximal extension was obtained
easier and earlier in these knees.
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Figure 17. Flexion deformity

o = medial arthroplasty

A = lateral arthroplasty

o = medial + lateral arthroplasty
Filled symbols: failed knees

Symbols:

ASSESSMENT BY THE HSS KNEE RATING SCALE

The average HSS score for the entire series was 42 preoperatively
and 83 postoperatively (Table 13). There was no significant dif-
ference in pre- and postoperative scores in the different types
of arthroplasties.

ASSESSMENT BY THE LH POINTS SCORING SYSTEM
The average LH score for the entire series was 40 preoperatively
and 97 postoperatively. The postoperative rating according to

this system was similar for the medial and the lateral arthro-
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plasties, and somewhat lower for the medial + lateral arthro-
plasties (Table 13).

Table 13. Results at 2-5 year follow-up expressed in terms of
two different scoring systems

Medial Lateral Medial + Total

lateral material
Number of knees 78 14 10 102
HSS score
Preoperatively 42 42 43 42
Postoperatively 85 83 75 83
Excellent (85-100) 50 7 4 61
Good (70-84) 14 6 3 23
Fair (60-69) 9 0 1 10
Poor ( < 60) 5 i 2 8
LH score
Preoperatively 40 42 40 49
Postoperatively 98 100 86 g7
"Acceptable" (>95) 65 13 7 85
Not "acceptable" 13 1 3 17

Comparison of Assessment by the Three Different Systems

As regards the 65 knees rated as satisfactory by the Venn Diagram
System there was good agreement between the different assessment
systems. Thus all these knees (subset 5, Table 14) rated 70 or
more (good and excellent) by the HSS score and 95 or more
(acceptable in all parameters) by the LH score. As regards the
category of failure by the Venn Diagram (subsets 1, 2, 3 and 8)
there was good agreement with the LH score with an average score
of 45, no knee rating higher than 65. However, by the HSS score
the 15 failed knees rated 56 on average with no less than 7
"fair" (60-69 points). Thus nearly half of the knees rated as
failures by the Venn Diagram System rated as "fair" by the HSS

score,

Only two of the 22 acceptable knees in the Venn Diagram System
(subsets 4, 6 and 7) rated below 95 on the LH score (60 and 75);
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the HSS score for this category was below 70 for only 3 knees
("fair") while 12 rated 70-84 ("good") and 7 rated 85 or more
("excellent").

The mean HSS score of the three groups, satisfactory, acceptable
and failures, was 91, 81 and 56, respectively, highly signifi-
cant differences. The LH score in the same groups was 107 for
satisfactory knee, 101 for acceptable knees {p < 0.01) while

the failed knees only scored 46, separated from the other groups
by high significance.

Table 14. Three systems of assessment of results of the 102
arthroplasties

Assess- E%Jmsgl;]:]ng ,Aeg

ment by Diagram vﬂ 4

Venn Type of arthroplasty subsets

Diagram

Subset Medial Lateral Medial + HSS LH

lateral m  (range) m (range)

1 6 1 0 7 55 (35-69) 46 (35-60)
2 4 0 1 5 62 (46-69) 55 (45-65)
3 0 0 1 1 48 25
4 11 4 2 17 82 (68-95) 101 (60-110)
5 53 9 3 65 91 (76-99) 107 (95-110)
6 3 0 1 4 76 (69-86) 99 (75-110)
7 0 0 1 1 73 105
8 1 0 1 2 51 (48-54) 35 (20-50)
b2 78 14 10 102

HSS = Hospital for Special Surgery Knee Rating Scale

LH = The London Hospital Points Scoring System

The Venn Diagram: subset 5 was satisfactory, 4, 6 and 7 accep-
table, and 1, 2, 3 and 8 failed; for definition of parameters,
see Figure 14.

Subjective Assessment

The patient's own opinion Targely agreed with the rating sys-
tems (Table 15); knees considered to be improved had high ratings
in all systems and knees that were considered unchanged or worse
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had low ratings. However, in the 15 failed knees pain at rest
was much improved in 2 knees and better in one; three of the
fajiled knees were improved as regards pain on walking, and no
less than 5 of the 15 failed knees were considered by the pa-
tients to permit better walking ability than before the opera-
tion.

Table 15. Patients' opinions on final result of compart-
mental arthroplasty for gonarthrosis

Venn Diagram HSS LH
S A F
Pain at rest
Much better 80 61 17 2 88 105
Better 9 3 5 1 78 90
Unchanged 12 1 0 11 55 46
Worse 1 0 0 1 52 60
Pain on walking
Much better 79 62 17 0 89 106
Better 11 3 5 3 78 89
Unchanged 10 0 0 10 54 45
Worse 2 0 0 2 48 30
Walking ability
Much better 80 62 18 0 89 105
Better 11 3 3 5 70 78
Unchanged 8 0 1 7 55 52
Worse 3 0 0 3 55 35
S = Satisfactory
A = Acteptable
F = Failure
HSS = Hospital for Special Surgery Knee Rating Scale
LH = London Hospital Points Scoring System

SOCIAL FUNCTION

More than half or 52 knees permitted satisfactory social function
after the operation while only 3 were in this category pre-
operatively (Figure 18). Likewise 69 knees were in the worst
category before and only 14 after the operation (p < 0.001); 10
of these were rated as failures. All the functions independence,
walking ability and analgetic consumption improved significantly
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by the arthroplasty (p < 0.001}).

Independence. Eleven knees permitted independence preoperatively
while 63 or nearly two thirds of the knees were rated in this
group after the arthroplasty (p < 0.001)(Fiqgure 18). Of the 39
knees not belonging to this group, 12 were rated as failures

and the other 27 were associated with disease, senility and/or
pain from other joints. Eleven patients were disabled by pain
in the other knee joint, 6 in combination with a major disease.

Social tunction (102 knees)
Before arthroplasty After arthroplasty

No anal- | |indepen- No anal-
gesic| |dence gesic

Indepen-
dence

14

Walking ability Walking ability

Figure 18, Social function before and after arthroplasty

A1T knees were evaluated according to the patients' independence
of other people, use of analgesics and to their ability to walk.
Independence was recorded when the patient was able to take care
of his/her household, including housecleaning, and could shop

alone. No analgesics was recorded when the patient did not re-

quire any analgesics for the affected or operated knee. Walking
ability was recorded when the patient was able to walk at Teast

500 meters regardless of pain.

The ability to perform every-day activities improved after 76 of
the 102 operations (Table 16). Thirty-eight knees did not permit
more than basic activities of daily living before the operation
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while only 7 did not after the operation, and 6 of these were
failures. Twenty-six knees were unchanged; 11 permitted inde-
pendence already preoperatively, 10 were rated as failures and
5 knees did not improve independence because of other diseases.

Table 16. Ability to perform every-day activities before and
after knee arthroplasty

n = 102
Indepen-  All Light Can only Cannot even
dent domestic domestic  perform perform ADL
work work ADL
Before 1 16 36 38 1
Significance  *** NS i Rk NS
After 63 16 16 7 0

Analgesics. The requirement of analgesics was substantially di-
minished after the operation (Table 17). Of the 30 knees still
requiring analgesics postoperatively, 11 were failures, and of
the remaining 19, 9 took analgesics occasionally for patellar
pain, while 10 required analgesics after longer walking distances.
A11 but one of these 19 patients were taking analgesics only
occasionally (Figure 18 and Table 17).

Table 17. Requirement of analgesics

Every day Occasionally None

Preoperatively 56 31 15
Significance kK NS * ok
Postoperatively 8 22 72

Walking ability. Before the arthroplasty only 18 knees permitted
a walking distance of 500 m or more, compared to 79 or 77 per
cent at the last interview (Figure 19). 0f the 23 knees with wal-

king restricted to less than 500 m after the operation, 13 were
failures and the other 10, associated with senility, disease or
pain from other joints, still had an improved walking ability.
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Three knees had shorter walking distance after the operation and
were all failures.

oherion 15 31 38 13 5 0
>3km, g g8 E8 88 8/ 32
00AL
rakm| oo %38 88 o 7 2

o /
>500 m - 3 °§g §°A ac 23
oe

og 2 °
<500 m | % §§ L 18
<100m+ ) . 2
Indoors |
only o . 3
indoors  <500-  1-3km
only <100m >500- >3km

Before operation

Figure 19. Walking ability regardless of pain before and after
resurfacing knee arthroplasty

Symbols: o = medial arthroplasty
A = lateral arthroplasty
o = medial + lateral arthroplasty

Filled symbols: failed knees

Stair climbing ability. There was significant improvement in stair

climbing ability. Preoperatively 10 were unable, 49 had great
difficulty and only 4 could climb stairs normally (Table 18).
After the arthroplasty 68 could climb stairs normally with or
without support; only one was unable and 9 had great difficul-
ties. The improvement was similar after medial (p < 0.001) and
lTateral (p < 0.01) arthroplasties while only 2 of 10 (p > 0.05)
could climb stairs normally after medial + Tateral arthroplasty.
There was a good agreement between the HSS score and stair clim-
bing ability both pre- and postoperatively. Seven of 10 knees
with great difficulty or inability to negotiate stairs post-
operatively and 6 of 24 who climbed stairs with one foot at a
time were rated as failures in contrast to only 2 of 68 who

climbed normaliy.
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Ability to rise from a chair. The ability to rise from a chair

was improved in most patients and only those rated as failures
had great difficulty in doing so after the arthroplasty
(Appendix 3).

Table 18. Stair climbing ability. Pre- and postoperatively.

Medial Lateral Medial + Total HSS- No.
lateral material score fai-

Pre Post Pre Post Pre Post Pre Post Pre Post lures

1. Normal with or
without support 3 57 1 9 0 2 4 68 66 90 2

2. One foot at a

time 31 13 4 4 4 7 39 24 45 77 6
3. With great

difficulty 37 7 8 1 4 1 49 9 39 58 6
4. Unable 7 1 1 0o 2 0 10 1 29 46 ]

78 78 14 14 10 10 102 102

Walking aids. The dependence on walking aids diminished clearly
by the operation even if many patients continued to use walking
stick(s) postoperatively ejther on the doctor's recommendation
or by long-term habit (Appendix 3).

OPERATIVE FINDINGS

Synovitis. The condition of the synovia at the operation was re-
corded in 97 knees. There were no signs of synovitis in 13 knees,
mild synovitis in 64 knees, moderate in 17, and severe in 3 knees.
Synovectomy was done in 3 knees. Assessment by the HSS score in
the different groups showed no relation between synovial condi-
tion at operation and the final results. One knee with severe
synovitis at operation rated as failure (Case 027, p. 35), but
this was supposed to be caused by postoperative instability and
later degeneration of the unoperated medial compartment.
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Pyrophosphate arthritis. Twenty-one knees had had a clinical

history of suspected or confirmed pyrophosphate arthritis. All
these knees had soft tissue calcifications at operation and in
13 a specimen was sent for crystal analysis showing calcium
pyrophosphate crystals in all. Only 7 of these knees had de-
finite soft tissue calcification roentgenographically. Thirteen
of the 21 knees with calcific deposits rated as satisfactory
and 5 rated as failures.

The mean postoperative HSS score for this group of 21 knees was,
however, the same as the average for all knees or 83. The failed
knees in this group had all been operated with medial arthro-
plasty; 3 had had signs of recurrent synovitis (Cases 055, 081
and 098); in one the cause of failure was unknown (Case 040) and
one (Case 032) had early degeneration of the lateral compartment
already preoperatively. Recurrent attacks of pyrophosphate
arthritis may thus have been an important cause of failure in
these knees.

ROENTGENOGRAPHIC OBSERVATIONS

By definition all knees in this series had roentgenographic evi-
dence of arthrosis with structural changes involving the sub-
chondral bone, not associated with rheumatoid arthritis. Further
details of the roentgenographic technique and observations will
be published by Boegdrd et al. (1981).

Types of Arthrosis

The types of arthrosis and the combination of different types in
each knee is shown in Figure 2. Medial arthrosis only was found
in 29 knees, lateral arthrosis only in 4 knees, and medial +

lateral arthrosis only in one knee.

patellar arthrosis was combined with medial femoro-tibial arthro-
sis in 45 knees, with lateral arthrosis in 12 knees and with
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both medial and lateral arthrosis in 11 knees, for a total of
combined patellar and femoro-tibial arthrosis in 68 knees or
two thirds of the entire material.

The pre- and postoperative HSS score in the different subsets

and the number of failures according to the Venn Diagram System
were recorded in each group. In medial gonarthrosis, the 29 knees
without arthrosis in the other compartments rated 43 preopera-
tively and the 45 knees with medial and patellar arthrosis rated
40. The postoperative score in these groups were 84 and 85, and
the number of failures 5 and 6, respectively.

The 4 knees with lateral arthrosis only rated 49 preoperatively
and 90 postoperatively, while the 12 knees with combined lateral
and patellar arthrosis rated 40 before the operation and 80 after
the bperation. There was no failure in the first group and one
failure in the second.

The 11 knees with arthrosis in all compartments rated lowest of
all knees both pre- and postoperatively or 37 and 72 points,
respectively, and there were 3 failures in this group. It is
noteworthy that 5 knees in this group were operated with medial
arthroplasty only.

Stage of Gonarthrosis

In the 78 knees operated with medial arthroplasty all stages of
arthrosis were represented (Table 19), Stage III being the most
common with 32 knees, while 21 knees were in Stage 1V, 15 knees
in Stage V and Stage I and II were the most infrequent with 4
and 6 knees, respectively, most of these secondary to osteo-
necrosis. In general the amount of femoro-tibial subluxation in-
creased with increasing stage of arthrosis; minor subluxation
was found at all stages but femoro-tibial subluxation of more

than 1 cm was only found in Stages IV-V.

In the 14 knees operated with lateral arthroplasty 3 had Stage I,
2 Stage II, 6 Stage III, 2 Stage IV, and one Stage V femoro-
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tibial arthrosis (Table 19). Femoro-tibial subluxation was rare
in these knees; 9 had no signs of subluxation, 4 had 0.1-1.0 cm
subluxation and only one more than 1 cm.

Table 19. Stage of medial gonarthrosis

Subluxation (cm) Patellar arthrosis
0- 0.6- Both Insuff.
None 0.5 1.0 >1.0 None Med. Lat. facets exam.
Stage I 4 2 1 1 0 3 0 1 0
Stage 11 6 2 3 0 2 0 2 2
Stage IIT 32 5 16 11 0 10 8 3 9 2
Stage IV 21 0 7 8 6 5 2 5 7 2
Stage V 15 0 8 2 4 2 0 8 1
Total 78 9 33 28 8 24 12 11 26 5
Stage of lateral gonarthrosis
Subluxation (cm) Patellar arthrosis
0- 0.6- Both
None 0.5 1.0 >1.0 None Med. Llat. facets
Stage I 3 2 0 1 0 1 0 1 1
Stage I1 2 1 1 0 0 1 0 1 0
Stage III 6 4 2 0 0 2 0 4 0
Stage IV 2 1 0 0 1 0 0 0 2
Stage V 1 1 0 0 0 1 0 0
Total 14 9 3 1 1 4 1 6 3

For radiographic classification standing X-ray projections were taken with
varus vs. valgus stress (Norman 1974). Ahlbdck's classification (1968) was
used.

Stage I Joint space narrowing

Stage I1 Joint space obliteration

Stage III Minor bone attrition 0-0.5 cm
Stage IV Moderate bone attrition 0.6-1.0 cm
Stage V Severe bone attrition >1.0 cm

The Relation between Stage of Arthrosis and Varus Deformity

The average varus deformity in medial gonarthrosis increases with
the degree of arthrosis (Figure 20)}. Thus in Stage I and II
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the varus deformity was approximately 99, in Stage III ]10, in
Stage IV 120, and in Stage V 16°. However, the individual amount
of varus deformity varied greatly within each stage.

s Average
tage of varus
arthrosis deformity
Vi x o0oox 933% oo 16°
IV e og5 gl 8% ox 12
O X [o] oxX
m §383 8388% o 17°
o (o]
i g o 8°
B 000 [} g°

1-5°  5-10° 10-15° 15-20° 20-25°

Vvarus deformity measured with a goniometer in standing

Figure 20. The relation between stage of arthrosis and varus de-
formity in knees with medial gonarthrosis

Symbols: = previously osteotomized knees

X
0 not osteotomized knees

RESULTS OF MEDIAL ARTHROPLASTY IN RELATION TG SEVERITY OF
GONARTHROSIS

Preoperatively the knees scored between an average of 37 in Stage
V to 48 in Stage I on the HSS Rating Scale. The postoperative
score was significantly higher in Stage III or 90 points compared
to Stages IV+V 32 points (Table 20); the postoperative scores

in Stages I-I1 could not be evaluated on comparative grounds be-
cause the cases were few and had disproportionately high inci-
dence of postoperative complications due to material failure
(1Toosening of thin tibial components). The pattern of the LH
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score was the same for the different groups. The number of
failures by the Venn Diagram definitions and knees with post-
operative instability were again lTower though not statistically
significant in Stage III arthrosis compared to Stage IV-V. Thus
there was only one failure in 32 Stage III knees while there

were 6 failures in 36 Stage IV-V knees. Postoperative instability
was more frequent in Stage IV-V than in Stage III or in 13 of

36 and 2 of 32, respectively (Table 20).

There were 8 knees with medial arthrosis that had preoperative
femoro-tibial subluxation of more than 1 cm (Table 19), all in
Stage IV-V. The average preoperative HSS score in these knees was
39 and the average postoperative score was 79. Not less than 7

of these 8 knees had postoperative complications and 3 of these
were rated as failure.

Table 20. Results of medial knee arthroplasty in relation to
preoperative stage of radiographic classification

Stage III Stage IV + V
Number of knees 32 36
Postoperative instability 2 *x 13
Failure 1 NS 6
Preoperative HSS score 44 NS 39
Postoperative HSS score 90 *k 82
Preoperative LH score 43 NS 39
Postoperative LH score 105 * 96

See Table 19 for radiographic classification.
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CORRECTION OF DEFORMITY

In medial arthroplasties the correction of varus deformity was
rather poor (Figure 21). In 28 of 78 knees the alignment of the
knee to 0-5° valgus was achieved; 32 had 0-5% varus, 15 had
5-10° varus, and 3 knees were slightly overcorrected to 5-10°

of valgus. The mean pre- and postoperative deformities were
correlated; the 28 knees in the best category had an average
preoperative varus deformity of 13% and the least corrected
category (remaining more than 50 varus) had a preoperative varus
deformity of 199, However, the correlation between severe pre-
operative deformities and postoperative failure was low.

Postoperative
309
25°
20

Valgus 15°
10°4 )

]
5% 8 §§§§ 8 . ba ass
o°
T I

et e S e —————

10°
Varus 15°f
20
25°;

0+——————— — —————
3 30°25°20°15° 10° 5° Q° 5° 10° 15° 20°25° 30°
Varus Vaigus
Preoperative

Figure 21. Goniometer recorded deformities before and after com-
partmental knee arthroplasty (n = 102).

Symbols: o = medial arthroplasty

A = lateral arthroplasty

o = medial + lateral arthroplasty

Filled symbols: failed knees

6 = medial arthroplasty with degeneration of the lateral
compartment at the last examination

o = failed medial arthroplasty with degeneration of the
lTateral compartment at the last examination
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On the other hand there was a correlation between the postopera-
tive deformities and the overall results. Thus, if the 15 under-
corrected knees (>50 varus) and the 3 overcorrected knees (>5O
valgus) operated with medial arthroplasty are considered as an
entity and compared to the 60 better corrected knees (<5o varus
or valgus) the failure rate was significantly different or 6 of
18 compared to 5 of 60 {p < 0.05, Table 21). The postoperative
HSS score in these groups was 77 and 87, respectively (p < 0.01).
The best result was achieved in knees corrected to 0-5° valgus
with an average HSS score of 90 and a failure rate of .07, and
the poorest in knees with more than 59 of varus postoperatively,
an average HSS score of 76 (p < 0.001) and a failure rate of

.33 (Table 21).

Table 21. The correlation between postoperative alignment and
results after medial arthroplasty

Postoperative Venn Diagram HSS
alignment Knees S A I3 Pre Post
6-10° valgus 3 2 1 49 85
0-5° valgus 28 23 2 42 90
0-5% varus 32 24 3 41 84
6-10° varus 15 4 6 5 40 76
S = Satisfactory

A = Acceptable (non-satisfactory but painfree)

F = Failure

HSS = Hospital for Special Surgery

In knees operated with Jlateral arthroplasty all except one of 14
knees were corrected to 0-10° of valgus; one knee (Case 027) with
initially the same postoperative alignment failed because of in-
stability, degeneration of the medial compartment, and developed
a varus deformity. In medial + lateral arthroplasty only three
knees were corrected to 0-10° valgus (Figure 21).

The risk of failure after medial arthroplasty was higher in un-
stable compared to stable (6/17 versus 5/61) and poorly corrected
compared to corrected (6/18 versus 5/60) knees {p < 0.05). When
these unfavourable factors existed in combination the risk of
failure increased significantly as 5 of 10 unstable and poorty
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corrected knees rated as failures compared to 4 of 53 stable and
corrected knees {p < 0.01, Table 22).

Table 22. The correlation of postoperative instability, poor
correction of deformity and failure in medial arthropTlasty
(n =78)

Ratio of

failures
Unstable Poorly corrected [Stable 5/61 .08
(250) (>5° varus or Unstable 6/17 .35
valgus) Corrected 5/60 .08
AVA Poorly corrected 6/18 .33
v 49 Corrected + stable 4/53 .08
Failed Uncorrected + unstable 5/10 .50

The Mechanical Axis of the Lower Limb after Knee Arthroplasty

In the normal knee joint the mechanical axis transects the center
of the tibial spine (Maquet 1976). During the period of investi-
gation a whole leg roentgenographic examination including the

hip and the ankle joint was introduced as a routine examination
before and after operations for gonarthrosis (Egund & Norman
1979). Thus the mechanical axis was determined in only a few knees
preoperatively but in nearly all knees at the Jast examination.

In the knees operated with medial arthroplasty the average post-
operative angular deviation of the mechanical axis was 7° varus
(Table 23); the angular deviation changed from 10° varus in the
knees operated during the first year to 5% of varus in those
operated during the third year (p < 0.05). In the knees operated
with lateral arthroplasty the postoperative angular deviation of
the mechanical axis was 6° of valgus on average and in the
medial + lateral knees it was 6° of varus on average.

The correlation of goniometer recorded deformities and the more
exact roentgenographic determination of deformity expressed as
angular deviation of the mechanical axis was generally good

(Figure 22).
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Table 23. The anqular deviation of the mechanical axis after

arthroplasty of the knee

No. No. Ang. dev. Range S.D.
op. roentg. of the
analyses mech. axis
Medial
Year 1 23 18 108 varus 22 valgus - 172 varus 5.4
Year 2 28 25 7o varus 40 valgus - 130 varus 4.6
Year 3 27 24 5% varus 107 valgus - 20" varus 7.2
Lateral o 0 o
14 12 4% yalgus 10° valgus - 147 varus 4.1
Medial + lateral o o o
10 6 6 varus 3 valgus - 177 varus 7.7
Goniometer
6-10 1 e
Varus 4 - e ]
0-5 1 4 10 | 10
o —
0-5° 4 15 8 1
Valgus L . B
6-10°| 1
]

>10' 610 0-5.0-5" 6-10° >10
Vaigus

(o}

Varus

Angular deviation of the mechanical axis

Figure 22. Correlation of roentgenographically determined angular

deviation of the mechanical

axis and goniometer recorded defor-

mities after medial arthroplasty (n = 67).
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THE TIBIAL COMPONENT

Position. There were great variations in the orientation of the
tibial component. Thus in medial arthroplasty the tibial compo-
nent sloped on average 9° medially (range 22° medially to 39
Taterally) and 40 posteriorly (range 26° posteriorly to 130
anteriorly). In the Tateral compartment there was a medial
(central) slope of 2° (range 4° medially to 9° laterally) and a
posterior slope of 8° (range 21° posteriorly to 4° anteriorly)
{(Table 24).

The zone of the bone-cement interface was recorded at the last

roentgenographic examination. No zone was observed around 26
components, a small zone of 0-1 mm around 69 components, between
1-2 mm around 11 components, and 2-5 mm in one case {Table 25).
The zone could not be determined in 5 knees.

Evidence of-loosening with fracture of the indication wire and
buckling was observed at 26 tibial components (Table 25), more
often at the thinner components (6 and 3 mm) or in 21 of 62
compared to 5 of 50 at the thicker components {(p < 0.01}.

Settling of the tibial component was observed in 16 cases (14
medial, 2 lateral). The magnitude of settling could not be mea-
sured with the roentgenographic technique used (Boegdrd et al.
1981).
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Table 24. The inclincation of the tibial components in the
frontal and sagittal pTanes in medial and Tateral arthroplasties

A. Antero-posterior projection

Number  Number Mean PT  Range SD
opera- roentg. angle
tions analyses

Medial
Year 1 23 21 81] 70-91 5.3
Year 2 28 28 80 81 68-90 5.7
Year 3 27 25 82 ] 73-93 4.6
Lateral

14 14 92 86-99 4.2

B. Lateral projection

Number  Number Mean PTS Range SD
opera- roentg. angle
tions analyses
Medial
Year 1 23 21 821 66-97 9.0
Year 2 28 28 86 86 64-103 7.5
Year 3 27 24 89] 74-99 5.3
Lateral
14 14 82 69-94 7.2

See Definitions for PT and PTS angles.
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Table 25. Thickness of tibial components used, roentgeno hi
evidence of loosening and radiolucent zones g graphlc

Thickness No. of No. with Clin.symp. Re- Zon
of tibjal compo- roentg.evi- because of op. e (m) égi:ff'
component nents dence of loosening None 0-1 1-2 2-3
loosening
(fraction)
6 mm 1 5 (.5) 3 2 1 7 2 0 1
9 mm 51 16 (.3) 1 1 17 29 4 0 ]
12 mm 30 4 (.1) - - 7 19 3 0 ]
15 mm 13 T (.1) - - 1 10 1 0 1
18 mm 4 - - - 0 2 1 0 1
21 mm 3 - - - 0 2 0 1
112 26 4 3 26 69 11 1 5
Medial 88 24 (.3) 4 3 24 52 8 0 4
Lateral 24 2 (.1) 0 0 2 17 3 1 1
Total 112 26 (.2) 4 3 26 69 11 1 5

RESULTS IN VARIOUS PATIENT GROUPS

Knees previously operated with tibial osteotomy. Eighteenlknees
underwent arthroplasty (15 medial, 3 medial + lateral) after a
failed tibial osteotomy done 1-7 years earlier. The resu]tsiin
this group were somewhat inferior to virgin operations; only 10
knees rated satisfactory and four were failures. The failures
did not seem to be directly related to the prior osteotomy as
such (2 impingements between the femoral component and the ti-
bial spine, 1 infection, and 1 degeneration of the contralateral

compartment caused by loose pieces of cement), but not less than
8 were rated as unstable postoperatively. The average HSS score
was 39 before and 76 after the operation. The infected knee had
not had any sign of infection prior to the arthroplasty.

Knees with arthrosis secondary to osteonecrosis. There were 6
knees operated with medial arthroplasty for arthrosis secondary

to osteonecrosis of the medial femoral condyle. Three of these
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knees rated as failure, all because of technical complications
(Table 3). The mean HSS score for this group was 78. However,

2 of the reoperated knees rated satisfactory after the operation
and one acceptable. The average HSS score after reoperation was
90 points.

Overweight patients. In a group of 27 patients that weighed 85 kg
or more the failure rate was somewhat higher than in the group
as a whole or 6/27. However, the failures did not seem to be due

to overweight as such.

Eight patients weighed 100 kg or more. In this group there was
no failure and all knees rated satisfactory after a follow-up
period of more than 4 years in 3 cases, 3 years in 2 cases and
2 years in 3 cases.

The oldest patients. There were 33 knees in patients 75 years

or older. The rate of failure was stightly higher than in the
whole group or 7/33 (fraction .2). The increased failure rate
was due to the higher proportion of Stage IV-V arthrosis.

Remarkable Cases

A 79-year old woman (Case 054) had a medial arthroplasty for
Stage V arthrosis of her left knee. Preoperatively she had a
varus deformity of 10-15°, pain at walking from the first step
and a maximal walking distance of 100-200 m. The result of the
arthropltasty was satisfactory and the walking distance at the
one year follow-up was more than 3 km. Two and a half years
after the arthroplasty the patient was treated at the Depart-
ment of Internal Medicine for thyrotoxicosis with heart incompen-
sation. Soon after discharge the patient fell and got a pertro-
chanteric fracture of the left femur. This was operated with
open reduction and internal fixation with a MclLaughlin plate and
nail but after the operation she became icteric because of bile
stasis and hemolysis of unknown origin. Her general condition
was poor for several weeks and she had to be fed parenterally.
During this poor condition she developed a gangrene of her left
foot which necessitated a left-sided below knee amputation. The
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hemolysis and the patient's jaundice were successfully treated
and the amputation stump healed uneventfully. The patient could
thereafter be rehabilitated with a below knee leg prosthesis

and was at the 4-year follow-up and at the age of 83 years in
full activity, taking care of her own household and able to walk
500-1000 m. Her knee still rated satisfactory and the HSS score
was 82.

A 70-year old woman {Case 106) with Parkinson's disease got an
osteonecrosis of the medial condyle of her right femur, deve-
loping to a Stage III medial gonarthrosis within a year and a
half. She was then totally wheel-chair bound and completely de-
pendent of others. She was operated with a medial arthroplasty
(Case 6 in Bauer 1978). After a transient state of confusion
postoperatively the patient was rehabilitated rather rapidly. At
the 2-year follow-up she was living alone, taking care of her own
household and had a walking distance of over 3 km. The knee rated
satisfactory with range of motion 0—1300, full stability and no
pain. The HSS score was 95 compared to 24 preoperatively.
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V. DISCUSSION

Ahlbdck (1968) observed that cartilage destruction in primary
gonarthrosis is confined to one or two but almost never involves
all the three articulations of the joint. The same pattern was
found in this series (Figure 2); however, bi- and tricompartmen-
tal engagement was more common because this series consisted of
knees with severe arthrosis chosen for arthroplastic surgery
while Ahlbick's series consisted of knees in an unselected out-

patient material.

The focal nature of the disease was confirmed by Hernborg and
Nilsson (1977) who found main involvement of the femoro-tibial
compartment, medial or lateral, where it was initially observed
10-18 years earlier; the opposite compartment became involved as
a late, secondary phenomenon in medial arthrosis, but this did

not occur in lateral arthrosis.

The origin and mechanism of pain in gonarthrosis are still a
matter of dispute. However, there is mounting evidence that cor-
rection of a varus deformity by tibial osteotomy in medial arthro-
sis can relieve pain and arrest progress of the disease (Bauer

et al. 1969, Coventry 1973, Insall et al. 1974, Hagstedt 1974,
Tjornstrand 1981). Residual pain from simultanecus patellar
arthrosis or late degeneration of the lateral femoro-tibial arti-
culation has not been a matter of serious concern according to
most authors.

Precisely because of the focal nature of arthrosis, as distinct
from rheumatoid arthritis, unicompartmental replacement is an
attractive alternative for patients with gonarthrosis not sui-
table for osteotomy because of age, medical condition, type,
and/or stage of gonarthrosis.

During the period of introduction the technical pitfalls of a
new technology are often slowly revealed in a process of trial-
and-error, in retrospect interpreted as more or less obvious
errors in the selection of patients and surgical technique. In
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the treatment of gonarthrosis both indications for surgery and
surgical technique have changed continuously during the 1960's
and 1970's. The effect of this process has been dramatic. By
today's standards one half of the patients reported by Bauer

et al. (1969) should have had a prosthetic arthroplasty rather
than an osteotomy because they had severe bone loss, gross in-
stability or lateral arthrosis. The arthroplasty methods have
been thoroughly modified in the search for stability without
overburdening the bone stock; fixed hinge stem endoprostheses
have lost ground to new devices.This trend is clearly evident in
this report as in others on unicompartmental arthroplasties.
Some authors have changed their indications and improved the
operative technique (Marmor 1973, 1977, 1979, Dolibois & Mallory
1976, 1978, Larsson & Ahlgren 1979) while others have abandoned
the technique and condemned the use of it (Insall & Walker 1976,
Insall & Aglietti 1980, Laskin 1978).

ASSESSMENT SYSTEM

It is not easy to evaluate the effects of arthroplasty of the
knee, and criteria for comparing different series of patients
have not been universally accepted. The different nature of
rheumatoid arthritis and gonarthrosis and in general very dif-
ferent aims of the treatment by knee arthroplasty in these groups
of conditions make it difficult to assess them in the same terms.

For practical use the optimal assessment system should allow the
examiner to assess the result by using only a few parameters
included in the routine clinical examination. The Venn Diagram
System of Bauer et al. (1969) answers this demand by combination
of the three basic characteristics of knee function: mobility,

stability and freedom from pain.

Mobility and stability are relatively easy to define (Hallén &
Lindahl 1965) and examine relative to pain, which cannot be mea-
sured directly. The subjective nature of pain invites imprecise
and vaguely described terms of characterization, e.g. none, mild,
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moderate-severe, etc. This may be one reason for the large dis-
crepancy in the results reported in different series of uni-
compartmental arthroplasty. However, pain can be defined in more
precise terms. We have found an endurance test,the walking dis-
tance, to be a reasonably precise and relevant expression of
knee function in patients with gonarthrosis. A painfree walking
distance of 500 meters would allow most patients in urban areas
to reach public transportation (Hernborg & Nilsson 1977). It
seems reasonable therefore to assess a knee as painfree if it
allows a walking distance of 500 meters without disturbing pain
in spite of transient pain after longer walking distances or
occasional patellar pain at special activities. This definition
of a painfree knee is more taxing than one based on requirement
or non-requirement of analgesics (Bauer et al. 1969); it reflects
the higher ambition of surgeon and patients permitted by im-
proved techniques for treatment of gonarthrosis.

Comparison with other assessment systems

By definition the central subset in the Venn Diagram contains
"satisfactory" knees. The "non-satisfactory" knees were in turn
"acceptable" if painfree, the most important objective of an
arthroplasty for gonarthrosis; when this was not achieved the

knee was a "failure".

Comparison of this assessment system with the HSS and LH systems
revealed important similarities and dissimilarities, mainly based
on different numbers of categories in each system. The 65 satis-
factory knees were all included in the best categories of the
other systems (Figure 23 A). However, these categories also in-
cluded aimost all those knees in this series which were painfree
but had impaired mobility and/or stability, i.e. were non-satis-
factory although acceptable. At the other end of the scale there
was almost perfect agreement between the Venn Diagram system and
the LH system whereas the HSS system rated no less than 7 of our
failures as "fair" rather than "poor" (p. 49), indicating a too
generous definition of “fair". However, if the categories of
"failure" in the Venn Diagram System, "not acceptable” in the LH
system and “"fair + poor" 1in the HSS system, were evaluated in
combination there was a very good agreement (Figure 23 B).
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Figure 23 A-B. Comparison of knee assessment (102 knees)

With reduction of the 4 HSS and the 3 Venn Diagram System cate-
gories into 2 categories each not less than 99 knees had the same
rating with 84 good and 15 poor results. The three systems there-
fore seem-to be equivalent in separating the poor from the good
knees.

However, in interpreting the results within each of these cate-
gories the HSS and LH systems give only marginal differences in
numerical values without further information, while the Venn
Diagram System illustrates which of the basic characteristics of
the knee are normal and which are not. This feature and its
simple construction of only 3 parameters easily observed at rou-
tine clinical examination makes it superior for use in assessment

of arthrotic knees.
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Simplified assessment system

In the majority of cases arthrosis does not cause disabling 1i-
mitation of knee motion, and gross instability is usually asso-
ciated with severe pain on walking. Comparison of Figure 14
with Table 18 shows a goond fit between the pre- and postopera-
tive Venn Diagrams and the different degrees of stair climbing
ability; 13 of the 15 failed knees permitted at best climbing
stair with one foot at a time, and only 2 of the failed knees
were included in the 68 knees which permitted normal stair
c¢limbing; 64 of these 68 knees had improved their climbing

ability at follow-up.

Very probably stair climbing ability would be an easy test to
apply in multicenter investigations of arthroplasty for gon-
arthrosis; it is virtually free from subjective evaluation and

it is not timeconsuming, a common complaint of participants in
such investigations. With reference to the multicenter investi-
gations of arthroplasty of the knee organized by the British
(Aichroth et al. 1978) and the Swedish (Bauer et al. 1980)
orthopaedic societies the examination of arthrosis patients could
probably be simplified considerably without loss of information.
Such simplified function assessment is clearly not suited for

rheumatoid arthritis.

WHY FAILURE?

Pain

The definition of failure in this series was pain on walking
within a distance of 500 m., Fifteen knees were rated as failures
while the other 87 all had relief of walking pain.

In this series patellar arthrosis was found roentgenographically
and/or visually in almost two thirds of the cases (Figure 2),

and in Ahlbdck's (1968) series the patellar articulation was
roentgenographically abnormal in one third of his 257 cases of
medial femoro-tibial arthrosis. Some symptoms from the patellar
joint are thus to be expected. The same situation arises in knees
operated with osteotomy (Tjornstrand 1981).
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The opinion on the frequency and sevérity of patellar pain after
knee arthroplasty differs widely. Flynn (1978) stated that 30
per cent had significant patellar complaints after 200 U.C.I.
arthroplasties. Insall et al. {1976) found residual pain after
arthroplasty to be most frequently attributed to the patellar
articulation in their comparison of 4 models of arthroplasties
without patellar replacement. Marmor (1977) reported 5 cases of
69 having patellar symptoms following unicompartmental arthro-
plasty which he, however, ascribed in all cases to impingement
of the femoral component upon the patella rather than to a pro-
cess of the patellar articulation. Engelbrecht et al. (1976)
reported a 10 per cent frequency of patellar pain after resur-
facing arthroplasty; in most cases the pain was well tolerated;
patellectomy was done in 1 per cent of their cases. Neither
Larsson & Ahlgren (1979) nor Andrews & Regan (1979) reported any
disabling symptoms from the patellar articulation after 75 and
23 unicompartmental arthroplasties, respectively.

Insall & Walker (1976) did not find patellectomy to be a good
solution in a series of 24 unicompartmental arthroplasties where
four of the eight knees that rated "fair" or "poor" had patellar
pain., However, in their series not less than 19 were patellecto-
mized indicating that the state of the patellar articulation was
poorer than usual compared to other series, and that patellar

pain might have been the major source of pain even preoperatively.

Contrary to Miller et al. {(1973) who found a clear relation bet-
ween roentgenographic changes and clinical patellar symptoms in

a group of non-operated patients, patellar symptoms in this series
were unpredictable and not correlated with preoperative roent-
genographic changes, and the same was observed by Insall et al.
{1974). Neither could patellar symptoms in this series be pre-
dicted with any certainty by the macroscopic pathologic changes

found at the operation (Figure 15).

Although patellar replacement may improve the results of arthro-
plasty in femoro-tibial arthrosis associated with patellar
arthrosis (Finerman et al. 1979), this additional procedure
carries a risk which is probably not indicated in the majority

of cases.
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It is an important question whether symptoms from the patéllar
joint are severe enough to spoil the result of a femoro-tibial

knee arthroplasty.

In this series one third or 36 knees had patellar symptoms to
some extent postoperatively. In 20 of these 36 knees patellar
symptoms were negligible, occurring only occasionally and only

at special patellar loading activities like stair climbing,
rising from a chair, etc. In 11 cases patellar pain occurred
rather frequently but mostly at special patellar loading acti-
vities. This pain was in some cases annoying but in no case se-
vere enough to alter the patient's opinion of an otherwise good
result since in most cases she/he was able to walk long distances
and was socially independent. Only 5 knees had more constant pa-
tellar pain at this type of activities (Figure 15); two of these
had femoro-tibial pain on walking as well and were rated as fai-
lures. One knee was rated as failure because of pain coming
solely from the patellar articulation while two knees did well on
occasional treatment with analgesics for the patellar pain making

surgical treatment unnecessary.

Although patellar symptoms are quite common after femoro-tibial
arthroplasty our conclusion is that in most cases it is mild and
occasional and in general well tolerated by the patient, espe-
cially after explanation of its source and nature. Patellar pain
is seldom disabling or of such severity that it spoils the over-
all result.

Instability

ATthough attainment of full stability is considered essential for
good results with the newer types of endoprostheses (Freeman et
al. 1978, Moreland et al. 1979) surprisingly few authors have
commented on the postoperative stability after unicompartmental
arthroplasty, and instability has not been stated to be a major
cause of failed arthroplasties.

Engelbrecht et al. (1976) reported that about 10 per cent of 226
knees operated with sledge arthroplasty had "slight" instability
(less than 200) and 4 per cent had severe instability postopera-
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tively; seventy-five of their cases had rheumatoid arthritis and
they did not relate the incidence of postoperative instability
to diagnostic categories. They ascribed instability to improper
selection of cases but stated at the same time that most defor-
mities of up to 20° may be overcome by implantation of a sledge
prosthesis.

Larsson & Ahlgren (1979) reported instability in 8 of 75 knees
operated with the St. Georg sledge prosthesis for gonarthrosis
but they did not define stability in terms of degrees.

Postoperative stability as a parameter and its definition varies
widely in different assessment systems used for arthroplasty.
Bauer et al. (1969) used the existence or non-existence of thrust
on walking; the Weinefeldt evaluation system (Andersen 1979)
accepts instability up to 10°; the HSS scoring system gives 10
points for a stable knee, 8 for mild instability (0—50) and 5

for moderate instability (6-150) of 100 possible points; the LH
score does not assess stability at all (Appendix 1-2).

In this series instability, examined in extension according to
Hallén & Lindahl (1965) was evaluated by rather strict criteria
and was observed postoperatively in as many as 27 knees; insta-
bility was the single most important denominator associated with
failure (Table 12) as 9 of 15 failures were rated unstable.
Further instability was frequent in knees developing secondary
arthrosis after unicompartmental arthropiasty. Instability was
found significantly more often in knees with the most severe
stages of arthrosis or in 13 of 36 Stage IV and V knees compared
to 2 of 32 Stage III knees (Table 20).

The failure to obtain stability in this series was mainly ascribed
to the operative technique used, especially in medial arthro-
plasties (p. 16). Sagittal stability recorded both pre- and post-
operatively (Coded data) was uncommon and was not associated with
late complication except in one case (073) where the primary cause

was abnormal contact.
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Restricted motion

Knees eligible for resurfacing arthroplasty usually have a fairly
good range of motion. In this series the range of motion was 97°
preoperatively and it increased on average 13° after the opera-
tion. Only three knees deteriorated, all because of postoperative

complications.

Severe flexion deformity is also uncommon in this group of knees;
in this series only 8 knees had a preoperative flexion deformity
of 20° or more (Figure 17). However, mild and moderate flexion
deformities are rather common; 44 knees had a preoperative
flexion deformity of 10° or more and 69 knees of 5% or more.

Insall & Walker's (1976) opinion that flexion deformity cannot
be corrected by unicompartmental arthroplasty does not seem to
apply to arthrosis. In this series flexion deformity decreased
on average from 7% to 2° and only five knees had a postoperative
flexion deformity of >59. A slight postoperative flexion defor-
mity was, however, common in this series; 27 knees had a flexion
deformity of 1-5% but this did not seem to influence the func-
tional result and was usually not noticed by the patient.

The effect of the operation on the flexion capacity is more un-
certain. Even if flexion increased in three fourths of the knees
in this series and the average gain was 80, 19 knees had 5-10°
decreased flexion postoperatively, and 4 knees 10°

It can be concluded that the mild or moderate flexion deformity
common in gonarthrosis suitable for compartmental akthrop]asty
is not a contraindication to this operation. Although moderate
flexion deformities are not eliminated with certainty, the re-
maining deformity is usually negligible. In this series of 102
knees only 4 knees were unsatisfactory because of restricted mo-
tion only (Figure 14).

Loosening of the tibial component

Loosening of the tibial component has been a major cause of com-
plication in most series of unicompartmental or condylar replace-
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ments with reported incidence between 3 and 20 per cent. Thus
Marmor (1979) had 11 loosenings of 6 mm tibial components in a
series of 56 unicompartmental arthroplasties followed for more
than 4 years, 6 of which needed reoperations. Mallory & Dolibois
(1978) reported one in 21 cases, Engelbrecht et al. (1976) a
loosening incidence of 3 per cent, Larsson & Ahlgren (1979) four
in 75 cases, Insall & Walker (1976) 3 in 24 cases and Laskin
(1978) one loosening in 37 cases. In bicompartmental arthroplasty
Lacey {1978) using the UCI-prosthesis reported loosening of ti-
bial components requiring reoperation in 7 per cent, and Freeman
et al. (1978) reported Toosening or tilting of the tibial compo-
nent in 13 per cent with the ICLH-prosthesis.

The most obvious cause of Joosening of the tibial component in
unicompartmental arthroplasty is material failure, i.e. use of
thin (6 mm) polyethylene components that on weight bearing show
plastic deformation and cold flow of the component which breaks
loose from the underlying cement fixation. Other causes that
may lead to loosening of a tibial component are giving way of
the underlying cancellous bone, caused by overloading that may
be due to insufficient correction of deformity or deficient ce-

mentation technique.

Frank loosening of tibial components in this series occurred only
in arthroplasties done during the first year, and all involved
thin tibial components. Since 1977 components thinner than 9 mm
have not been used and no new cases of frank loosening with
clinical symptoms have occurred. As long as polyethylene is the
material of choice for Tow friction arthroplasty it might be
reasonable to put plastic components thinner than 10-12 mm on a
metal tray for minimizing the deflections of compressive and de-
structive type between the component and the bone as suggested

by Marmor (1979). Metal trays are used for bi- and tricompartmen-
tal arthroplasties. Further, the problem of loosening and sett-
ling of the tibjal component can to some extent be solved by
placement of the component on cortical bone as shown experimen-
tally by Bargren et al. (1978), and clinically by Freeman et al.
(1978). Shearing is one of the most important forces applied to
the non-constrained surface replacements. Walker et al. (1976)
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pointed out the risk for the anterior part of the tibial compo-
nent to tilt when shearing forces are applied posteriorly. This
force can be countered effectively by anchoring holes of suffi-
cient size in the underlying bone improving the cementation
bonds of the prosthesis.

Roentgenographic signs of loosening such as breakage of the
marking wire, fracture of cement and buckling of a polyethylene
component, were observed more often than clinical symptoms of
loosening (Table 25). These signs were seen in as many as 5 of
11 6 mm components and in 16 of 51 9 mm components but occurred
only in 5 of 50 cases in which thicker components were used
(Table 25). These roentgenographic signs of Toosening were seen
far more frequently at the medial compartment as opposed to the

lateral compartment.

The cTlinical importance of these findings is still uncertain as
the majority of the knees were symptomfree. Similar findings with
even higher frequency of roentgenographic signs of loosening were
found in a series of compartmental arthroplasties for rheumatoid
arthritis (Knutsson et al. 1981).

Radiolucent zones at the tibial component is a common finding
after knee arthroplasty; Laskin (1978) reported findings of a
zone in 86 per cent in unicompartmental arthroplasty, Ahlberg &
Lindén (1977) in all of 40 St. Georg sledge prostheses and Lacey
(1978) in 90 per cent after arthroplasty with the UCI prosthesis.
In this series zones were found in 75 per cent of 112 tibial
components examined (Table 25). A zone exceeding 2 mm was, how-
ever, found in only one case. The development of a radiographic
zone around the polyethylene component of most knee prostheses
thus seems to be rather a rule than an exception and is accepted
as the normal course as long as the zone does not exceed 2 mm
and the patient is symptomfree. A film of granulation tissue has
been shown to develop between the cement and bone which probabliy
is the explanation of this radiographic zone (Willert et al.
1974, Vernon-Roberts & Freeman 1977).

There is considerable evidence that micro-movements and migration
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of polyethylene prostheses occur after total arthroplasty. By
using stereophotogrammetry, with small tantalum markers placed in
the polyethylene component and bone, Jdénsson et al. (1981) showed
that small but significant movements occurred in all 7 unicompart-
mental prostheses during the two first years after the operation.
Baldursson et al. (1980) found significant migration of the aceta-
bular cup in total hip replacements for rheumatoid arthritis.

Degeneration of the Opposite Compartment

Laskin (1978) reported degeneration of the lateral compartment

in 4 of 34 unicompartmental medial arthroplasties. He suspected
polyethylene particles to be the cause of cartilage degeneration
as such particles were found ground into the surface of the
cartilage at microscopic examination. He also considered over-
correction of a preoperative varus deformity as a possible cause.
Engelbrecht et al. (1976) reported degeneration of the non-
operated compartments in 16 of 243 unicompartmental arthroplasties.
They did, however, not report how many of these occurred in the
20 unicompartmental arthroplasties done for rheumatoid arthritis
in the same series. They warned against unicompartmental arthro-
plasty when even minor involvement of the opposite cartilage is
observed.

Marmor (1979) reported degeneration of the opposite compartment
in 2 of 56 unicompartmental arthroplasties followed for more

than 4 years. Mallory & Dolibois (1978) and Larsson & Ahlgren
(1979) reported no complication of this type in their series of
21 and 75 unicompartmental arthroplasties followed for 2-4 years.

Insall & Aglietti (1980) reported progress of arthrosis in the
contralateral compartment in 11 of 22 knees & years after uni-
compartmental arthroplasty.

In this series of 92 unicompartmental arthroplasties 13 knees
developed definite changes in the opposite compartment. Five of
these were rated as failures while 8 were still symptomfree
(Table 6). The majority of these knees or 11 had Stage IV and V
medial arthrosis and all had subluxation of the tibia of more
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than 0.5 cm before the operation which thus seems to be an
especially unfavourable factor. The cause of secondary lateral
arthrosis occurring in the present series could be explained in
most cases. Thus it was, in addition to femoro-tibial subluxa-
tion, apparently related to overcorrection (more than 59 valgus)
in 3 cases, the danger of which has been pointed out previously
by many authors (Laskin 1978, Sledge & Ewald 1979, Cartier 1979,
Insall & Aglietti 1980, Goutallier 1981).

Loose cement in the joint was the obvious cause in 2 cases, a
condition earlier described by Robins (1977). In 4 cases under-
correction (more than 5° varus) was considered to be the cause
of a secondary lateral arthrosis which occurred in significantly
higher proportion in this category of knees compared to those
corrected to a more desirable alignment (<5o valgus or varus).
In other knees development of secondary lateral arthrosis was
associated with combined instability and sloping of the tibial
component more than 10° medially.

Thus secondary arthrosis occurred almost only in knees with
severe stage of arthrosis with femoro-tibial subluxation that had
had a technically unsatisfactory operation,while it occurred in
only one Stage III knee after follow-up for 4 1/2 years.

In knees operated with osteotomy for medial arthrosis there were
only occasional and non-symptomatic cases with degeneration of’
the uninvolved compartment even after 5-10 years (Tjornstrand
1981). From the theoretical point of view, unicompartmental

arthroplasty should give the same result.

Polyethylene has neither caused severe foreign body reactions in
the form of synovitis during more than a decade's extensive
clinical use in arthroplasties in different joints nor have there
been reports on its detrimental effect on cartilage in the pa-
tellar articulation in bicompartmental knee replacements. In nor-
mal rate of wear (Charnley & Halley 1975) the synovia is con-
sidered to be able to cope with the small particles released from
the joint surfaces (Willert & Semlitsch 1975, Vernon-Roberts &
Freeman 1977, Revell et al. 1978, Wroblewski 1979}. The theory
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of Laskin (1978) and Insall & Aglietti (1980) that particles of
polyethylene from prosthetic wear cause the degeneration of the
opposite compartment in unicompartmental arthroplasty is not pro-
ven. Detrimental effects of the polyethylene on the bone have been
associated with abnormal rates of wear where large particles of
polyethylene have been released(Mendes et al.1972, Wroblewski 1979).

The risk of degeneration of the opposite compartment in unicom-
partmental arthroplasty can probably be eliminated by the
following measures: (1) careful selection of cases by thorough
preoperative compartmental evaluation of the arthrosis by weight
bearing radiography with varus and valgus stress, which in doubt-
ful cases can be compiemented by radionuclide bone imaging
(Bauer & Smith 1969, Thomas et al. 1975); (2) avoidance of knees
with significant femoro-tibial subluxation; {3) attainment of
full 'stability and correct positioning of the prosthesis;

(4) avoidance of overcorrection and gross undercorrection of the
knee; (5) avoidance of excessive bone cement around the prosthe-
tic component.

Abnormal contact between prosthesis and bone

Abnormal contact between prosthetic components and bone is essen-
tially caused by malposition and incongruence of the prosthetic
components, usually associated with instability and sub]uxat%on.
The most frequently reported complication of this type is im-
pingement of the patella on the anterior edge of the femoral com-
ponent which was reported in 7 of 56 knees by Marmor (1979) and
in 10 of 86 rheumatoid knees by Andersen (1979).

In this series impingement on the patella occurred in only one
knee but it was not associated with pain. However, abnormal con-
tact between a femoral component and the tibial spine occurred in
3 knees with reoperations in all (Table 3). This type of abnormal
contact, often described under other headings of complications
such as instability or dislocation, have been described by Sledge
% Ewald (1979) and Shoji et al. (1976). The unconstrained design
of most unicompartmental prostheses implies that good congruence
between the prosthetic components and full stability are impera-
tive; otherwise there is a risk of the components gliding off
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each other resulting in abnormal contact.

Infection

Deep infection is a rather infrequent complication after uni-
compartmental arthroplasties; in this series only one knee had
deep infection. The incidence of deep infection in the Swedish
multicenter study of 1700 arthroplasties for gonarthrosis since
1976 is lowest for the unicompartmental arthroplasties or 1 per
cent, compared to 4 per cent for bi- and tricompartmental arthro-
plasties, and 8 per cent for the hinged knees (Bauer et al. 1980).

In summary this series illustrates the teething problems of a
new technique. The analysis of failures has revealed that the
majority were caused by material and technical failure and/or
improper selection of knees for this type of arthroplasty. Not
less than 12 of 15 failures could have been prevented with know-
ledge gained from this study (Table 6). Thus only 3 failures,
viz. one of unknown origin, one infection and one patellar
arthrosis were not directly preventable. Likewise 12 of the 14
late complications without clinical symptoms could have been pre-
vented. Most of the failures occurred in knees operated during
the first year, decreased substantially during the second year
with the lowest complication rate in arthroplasties done during
the third year. The improved operative technique and stricter
indications for this type of arthroplasty from the third year of
this series has lowered the incidence of complications.

IMPROVEMENT OF UNICOMPARTMENTAL ARTHROPLASTY

The importance of correct prosthetic placement, good alignment

of the extremity and acquirement of stability, has become evident
by increased biomechanical research and analyses of failures
(Lotke & Ecker 1977, Rand & Coventry 1980, Kagan II 1977,
Ducheyne et al. 1978, Freeman et al. 1978). The statement of
Swanson (1978) that standards of precision are becoming a condi-

tion for success in joint replacement is indeed true.
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Stability and alignment

Instability in knees with gonarthrosis eligible for unicompart-
mental arthroplasty is usually moderate with only a slight
lengthening of the coilateral ligament on the convex side of the
deformity and contracture principally of the capsular structures
on the concave side, most often resulting in a mild fixed defor-
mity. The cruciates are more or less intact with fairly good
sagittal stability.

Theoretically correction of deformity with good Tateral stabi-
1ity by spacer effect of the prosthesis should be relatively easy.
This series has shown, however, that the operative technique of
Marmor (1973) should be modified as follows:

(1) Release of the contracted capsule and its connection to bone
through the menisco-tibial ligament (deep portion of the col-
1atéra1 Tigament) simplifies the correction of varus deformity;
(2) Position of the tibial component on cortical bone gives better
access to the operative field and simplifies putting in a compo-
nent of sufficient height to ensure good alignment of the compo-
nents and stability of the collateral ligaments during cementa-
tion. The optimal alignment of the extremity appears to be in the
vicinity of a normal mechanical axis. In medial unicompartmental
arthroplasty both overcorrection and gross undercorrection were
unfavourable in this series, while slight undercorrection, ‘or

0-5° valgus (corresponding to an angular deviation of the mecha-
nical axts by a few degrees of varus), seemed to be the most fa-
vourable. The desired alignment can be obtained by using a
straight bar as described by Freeman et al. (1978) or by pre-
operative roentgenographic analysis (Villers & Cartier 1978).

Component positioning

The danger of improper component orientation resulting in exces-
sive loads, component loosening and stress fractures have been
demonstrated by Lotke & Ecker (1977), lLacey (1978) and Rand &
Coventry (1980). It is becoming universally realised that posi-
tioning by eye is unreliable, and several newer designs are
marketed with a set of positioning instruments.

In unicompartmental arthroplasty 2 types of orientation have to
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be controlled: (1) orientation in relation to the long axis of
the bones, and (2) orientation in the transversal plane and con-
gruence between the femoral and tibial components.

In unconstrained arthroplasty inclination of the prosthesis is
probably better tolerated than in constrained arthroplasty. In
the present series inclination of the prosthesis in the frontal
plane has not proven to be the direct cause of failure but was
suspected to be an associated factor in several cases, especially
development of secondary lateral arthrosis, where insufficient
stability was associated with sloping of the tibial component
medially maintaining the preoperative subluxation. The roentgeno-
graphic analyses of tibial component alignments showed great
variations of position (Table 24), indicating that positioning

by eye is difficult even for the experienced surgeon.

A definite source of failure in this series was malposition of
the tibial component in the transversal plane with improper con-
gruence between the femoral and tibial components which in com-
bination with instability caused abnormal contact in 3 cases and
lToosening in one (Table 3).

There appears thus to be a need for a positioning instrument not
only to control the position of the components in relation to the
long axes of the femur and tibia but especially for controlling
the articulation between the components (Figure 24).

During the last months of this series a positioning jig from the
French Lotus prosthesis was used for the resection.of the tibial
condyle and this has later been developed for positioning of the
femoral component and ensurance of full congruence between both
components (Jdnsson & Lindstrand 1980).

Component wear

Wear of the polyethylene components in knee prostheses appears to
be somewhat more extensive than has been reported in hip prosthe-
ses (Shoji et al. 1976, Charnley & Halley 1975, Cullen et al.
1977). Extensive wear rates in the knee are probably closely
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Figure 24. Modified operative
technique .

A.

Preoperative projection shows
arthrosis secondary to osteo-
necrosis of the medial femoral
condyle.

. 1 year after unicompartmental

arthroplasty with the aid of

a guiding instsument. The
PT-angle is 90 and the tibial
component lies on cortical
bone. There is good congruence
between the femoral and tibial
components. The varus deformi-
ty has been corrected and good
alignment has been obtained.

. The PTS-angle is 87°. There is

good congruence and no flexion
deformity.
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related to the design of the prosthesis and enhanced by defor-
mations or cracks in the polyethylene as well as malposition of
components that can lead to erratic loading. There is evidence
that the most severe cases of wear are due to entrapped particles
of acrylic bone cement abrading the softer polyethylene (Revell
et al. 1978). This type of wear can be avoided by thorough re-
moval of excessive cement at the operation.

Recent research on polyethylene wear by Rose (1977) and Rose et
al. (1979) has on the other hand shown a great variety of wear
mechanisms, the most important of which are associated with de-
fective fusion of the plastic in the moulding procedure which is
difficult to avoid. Consequently, relatively wide variations in
wear rate can be expected in polyethylene components. Although
polyethylene has many disadvantages and an alternative material
with better physical properties is highly desirable, such material
with sufficiently high biocompatibility is apparently not avail-
able at present. '

In the present series extensive wear of polyethylene components
was only seen in one 6 mm prosthesis extracted because of lcose-
ning and in two because of infection. All were highly deformed
and had acrylic particles embedded in the surface (Figure 25).

Stability of femoral components of the Marmor or St. Georg type,
having large contact areas on cortical or subcortical bone, seem
to be very good as only sporadic cases of femoral component loose-
ning or settling have been reported. In this series one femoral
component was found to be loose at recgperation done for secondary
lateral arthrosis but there was preoperatively no suspicion of
this by clinical and roentgenographic examinations. Failures
connected with loosening or sinking in of the femoral component
described by Williams et al. (1979) must be ascribed to the de-
sign of the femoral component used (the Manchester prosthesis).
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Figure 25. Wear of tibial components

A. A6 mm tibial component extracted from a knee operated for medial arthro-
sis secondary to osteonecrosis three years earlier (Case 002, Figure 4).
The patient had had clinical symptoms and evidence of roentgenographic
loosening for two years. The indication wire was broken and the component
is highly deformed with signs of heavy wear caused by methacrylate em-
bedded in the polyethylene surface.

B. A 12 mm tibial component extracted three years after a medial arthro-
plasty for Stage IV arthrosis because of recurrent synovitis and secon-
dary degeneration of the lateral compartment (Case 081). There is no
excessive wear and no deformation of the component. This was typical for
most tibial components extracted after reoperation in this series.

INDICATIONS FOR COMPARTMENTAL ARTHROPLASTY

The course of untreated gonarthrosis is usually progressive
(Hernborg & Nilsson 1977); treatment by definite surgical inter-
vention is indicated at an early stage (Tjdrnstrand 1981). The
possibilities of surgical treatment and hence indications for
surgery have changed dramatically during the last two decades.
Thus joint debridement and arthrodesis being the only alterna-
tives during the fifties Tost ground to the osteotomies during
the sixties which in turn were superseded by the arthroplasties
during the seventies. The pattern for choice of treatment of
gonarthrosis has, however, taken different courses at different
centres. The preference at some institutions border on a mono-
therapy by one type of prosthesis (Insall et al. 1979) while
differentiated treatment for the different types and stages of
arthrosis is advocated by others. In Sweden half of the arthro-
plasties performed for gonarthrosis during 1976-1979 were of
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the compartmental type (Bauer et al. 1980). The development at
the Department of Orthopaedic Surgery in Lund during the seven-
ties is illustrated in Figure 26.

721 OPERATIONS FOR
GONARTHROSIS

TIBIAL OSTEOTOMY

1970 1975 1980

Figure 26. Operations for gonarthrosis in Lund during the period
- Osteotomy decreased when the knee prostheses were
introduced; since 1977 the osteotomy fraction has constantly been

one quarter of the operations. The unicompartmental prosthesis
was almost the only one used during the operation period of this
series but has lost ground to the tricompartmental prosthesis.’
Uni-, bi- and tri- stand for unicompartmental etc endoprostheses
(Knutsson & Lindstrand 1980). Hinge means hinge endoprostheses.

Thus, by today's standards the choice of surgery dépends on the
type and stage of arthrosis, and by the general condition of the

patient. Osteotomy gives long-lasting pain relief and prevents
further progress of the disease provided adequate correction is
obtained (Tjornstrand 1981). However, rehabilitation following
osteotomy is strenuous for older patients, full correction is
difficult to achieve in medial arthrosis Stage IV and over, and
lateral arthrosis is not suited for osteotomy (Shoji & Insall
1973). Osteotomy must therefore be considered the operation of
choice in younger patients with Stage I-ITI medial gonarthrosis.
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The results after medial arthroplasty in the early stages of
medial arthrosis have been good in this series, even after 5
years. Similar results have been reported by many authors
(Mallory & Dolibois 1978, Marmor 1979, Larsson & Ahlgren 1979).
The rapid recovery after a unicompartmental arthroplasty there-
fore makes this method attractive for the elderly and weak pa-
tients. Contrary to Rozing et al. (1980) we have had good results
of unicompartmental arthroplasty for arthrosis secondary to
osteonecrosis.

Even pronounced critics of unicompartmental arthroplasty (Insall
& Aglietti 1980, Laskin 1979) have accepted this method for
lateral gonarthrosis and this was confirmed in this series.

Sound strategy for attacking problems should include the possi-
biTity for honourable retreat. Salvage operations for non-union
after high tibial osteotomy can be performed with good result
(Tjornstrand et al. 1978) and tate complications in this series
could be adequately treated. On the other hand the rate of fu-
sion, after arthrodesis done for failed arthroplasties in 80 knees,
in the Swedish multicenter study was significantly lower for

both bi-tricompartmental and hinged than for unicompartmental

cases (Lidgren et al. 1981).

Based on the experience gained from this series and recent re-
ports of others, the following range of general indications for
unicompartmental arthroplasty in gonarthrosis can thus be re-
commended.

Medial arthroplasty for patients older than 65 years with medial

unicompartmental arthrosis Stage I-III and minor tibial sub-
lTuxation.

Lateral arthroplasty for patients with lateral unicompartmental

arthrosis Stage I-I1V, even in middie aged persons; tibial sub-
luxation does not seem to be a problem in these cases.

Contraindications. In this series the results for Stage IV-V

medial gonérthrosis operated with unicompartmental arthroplasty
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were significantly poorer than for the earlier stages when ma-
terial failures of the thin tibial components were excluded. The
incidence of secondary progressive arthrosis in the opposite
compartment was significantly higher in Stage IV-V knees. Even

if the majority of these knees were inadequately operated, it
must be concluded that medial arthroplasty is contraindicated

in Stage IV-V arthrosis with coexisting femoro-tibial subluxa-
tion while non-subluxed knees seem to be eligible for this tech-
nique. In these knees we feel, like Ahlberg & Lindén (1977), that
arthroplasty of the tricompartmental type is the method of choice
rather than medial + lateral unicompartmental arthroplasty. The
former operation is simpler and the patellar joint is included

in the arthroplasty; we have had good experience with the Total
Condylar endoprosthesis in this type of severe arthrosis including
the 4 reoperations reported here (Jbnsson et al. 1980).

In addition to the stages of arthrosis where unicompartmental

arthroplasty is clearly contraindicated, the following condi-

tions may constitute a relative contraindication or need for

special consideration before a decision is made as to which

treatment is to be chosen.

(1) Pyrophosphate arthritis. Knees with known recurrent pyro-
phosphate arthritis may continue to have such attacks after

" the arthroplasty.
(2) Patellar arthrosis. Femoro-tibial arthrosis associated with
severe patellar symptoms probably should be operated with

tricompartmental arthroplasty.
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VI. SUMMARY

102 knees in 93 patients, age 71 (52-88) years, operated during
a 3-year-period with compartmental endoprostheses for arthro-
sis were followed prospectively for 3 1/2 (2-5) years. A sub-
group of 31 knees was followed for 4 1/2 years.

A11 stages and types of arthrosis were represented and most knees
had severe symptoms with longstanding pain as the main indica-
tion for the operation. There were 78 medial, 14 lateral and 10
medial + lateral arthroplasties.

The operative technique described by Marmor (1973) was used in
the majority of cases. Prophylactic antibiotic and antithrombo-
tic treatment was administered routinely. Suction drainage for
24-36 hours was used. Early mobilisation with full weight bearing
was p?actised. The average hospital stay was 12 days. Postopera-
tive follow-ups were done at 6 weeks, 6 months, one year and then
annually.

Three wellknown systems were used in assessment of the results:
(1) the Venn Diagram System of Bauer et al. (1969), (2) the
Hospital for Special Surgery (HSS) Knee Rating Scale, and (3) the
London Hospital (LH) Points Scoring System, and these were com-
pared. The Venn Diagram System rated 65 knees satisfactory, 22
acceptable {lack of mobility or stability, but painfree) and 15
failures (mot painfree). Pain on walking was relieved in 87 knees.

The majority of failures were caused by material and technical
factors and improper selection of knees for this type of arthro-
plasty. Poor results were related to postoperative instability,
inadequate correction of deformity, and malposition of the
prosthetic components.

The range of motion was improved on average by 13° and the
flexion deformity decreased from 7% to 2°. Stability was im-
proved in most knees but 27 knees did not get full stability;
deficient stability was the most common denominator in knees with
late complications and failure.
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Social function expressed in terms of independence, requirement
of analgesics and walking ability was dramatically improved.

Comparison of different types of arthroplasties showed similar
results in medial and lateral unicompartmental arthroplasty with
the highest rate of satisfactory knees in the former and the
lowest rate of failures in the latter. The results in medial +
lateral arthroplasties were somewhat inferior.

In medial arthroplasty the results were related to the stage of
arthrosis, being clearly superior in Stage IIIl arthrosis cam-
pared to Stage IV and V. Results in Stage I and II arthrosis were
spoiled by a high incidence of Toosening of the thin tibial
components used in these knees.

Progressive arthrosis in the contralateral compartment after
unicompartmental arthroplasty occurred in 12 of 78 medial arthro-
plasties and in one of 14 lateral arthroplasties. This complica-
tion occurred, however, almost exclusively in Stage IV and V
arthrosis knees with femoro-tibial subluxation.

Co-existing patellar arthrosis did not seem to influence the
results of the operation to any significant degree.

Reoperations were performed in 13 knees with revision in 5, con-
version to another prosthesis in 7, and patellar arthroplasty

in one. The end-result was satisfactory in 9 knees, acceptable
in 2 and failure in 2. The final results in the 102 knees after
reoperation of failures were 74 satisfactory knees, 24 accep-
table, and 4 failures.

It was concluded that:

(1) Unicompartmental arthroplasty is a good operation for uni-
compartmental femoro-tibial arthrosis, i.e. in the medial
type through Stage III and in the lateral type through

Stage IV.

(2) There is a considerable risk of progressive lateral arthro-
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(5)

sis after medial arthroplasty in Stages IV and V with
femoro-tibial subluxation.

It is important to achieve stability and correction of de-
formity in compartmental knee arthroplasty.

The operative technigque {(Marmor 1973) used in this series
can be improved by the use of guide instruments for posi-
tioning of the tibial component on cortical rather than on
cancellous bone only, and correction of deformity by release
of soft structures.

Thin tibial components should not be used.

Late complications after compartmental arthroplasty can be
adequately treated by salvage operations.
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VII. APPENDIX

1. THE HOSPITAL FQOR SPECIAL SURGERY (HSS) KNEE RATING SCALE

(Ranawat & Shine 1976)

1. PAIN - 30 points

1. No pain at any time 30
2. No pain on walking 15
3. Mild pain on walking 10
4. Moderate pain on walking 5
5. Severe pain on walking 0
6. No pain at rest 15
7. Mild pain at rest 10
8. Moderate pain at rest 5
9. Severe pain at rest 0
2. FUNCTION -~ 22 points
Al. Walking and standing unlimited 12
2. Walking distance of 5 to 10 blocks and standing
ability intermittent (more than 1/2 hour) 10
3. Walking 1 to 5 blocks and standing ability up

to 1/2 hour 8

4. Walk Tess than 1 block 4
5. Can't walk 0
B1. Climb stairs 5
2. Climb stairs with support 2
3. Transfer activity 5
4. Transfer activity with support 2

3. ROM - 18 points o
1. 1 point for each 8~ of arc of motion-maximum of
18 points

4. MUSCLE STRENGTH - 10 points
1. Good-Can't break quadriceps power 1
Good-Can break quadriceps power
Fair-Moves through arc of motion
Poor-Can't move through arc of motion

OO

DEFORMITY - 10 points

No deformity 1
Few gegrees

5-10

117 or more

(82}
SN =T Ppwn
P AN
SO

NSTABILITY - 10 points
N

Mild - 0-5°
Moderate - 8-150
Severe - 16~ or more

W N
oo

Remarks: Substract 1 point for uging a cane, 2 points for 1 crutch S"d 3 points
for 7 crutches. Two points for 5° of extepsion lag, 3 points for 10 and
5 points for 15~ or more. One point for 5 valgus and varus deformities.

Excellent 85-100, Good 70-84, fair 60-69, Poor < 60.
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2. THE LONDON HOSPITAL (LH) POINTS SCORING SYSTEM FOR AN
OVERALL ASSESSMENT OF FUNCTION (Freeman et al. 1977)

Points
Pain None 50
Mild 40
Moderate 15
Severe 0
Ability to walk OQutdoors, 30+ minutes 20
Qutdoors, 0-30 minutes 15
Indoors 5
Unable 0
Range of movement 80° *o 30
60-79o 20
30-58 5
0-29 0
Acceptablie function Pain 40-50
' Function 15-20
Movement 30
If "acceptable” in all above
categories 10
Overall assessment 95-110

3. THE BRITISH ORTHOPAEDIC ASSOCIATION KNEE FUNCTION ASSESSMENT
CHART (Aichroth et al. 1978)

The knees in this series were assessed according to the British
Orthopaedic Association Knee Function Assessment Chart. The
preoperative status and that at the last interview are tabulated
beneath, except for subjective assessment, gait and extension
lag.

PAIN

(4) None

(3) Mild pain, not interfering with activities or sleep

(2) Moderate pain, either reducing activities or disturbing

sleep
(1) Severe pain

n?



ABILITY TO WALK

Distance on
} >1 kilometre (unlimited)

) Up to 1 kilometre

) Up to 500 metres

) 50-100 metres (outdoors)

) Indoors only
} Unable

KING AID

L
) None

} Stick outside

} Stick always

) Two sticks/crutches/frame
) Unable to walk

XION DEFORMITY

FLE

{(5) 0 degrees

(4) <10 degrees
(3) 11-20 degrees
(2) 21-30 degrees
(1) >30 degrees

IMUM FLEXION

AX

(4) >100 degrees
(3) 81-100 degrees
(2) 61-80 degrees
1) <60 degrees

VALGUS ANGLE

When the tibia is stressed
Taterally

0-10 degrees
<20 degrees
<30 degrees
>30 degrees

e~ e~
— N W
e e e e

ABILITY TO GET QUT OF CHAIR

(4) with ease

) With difficulty

) Only by using arms
) Unahle

. —
- N

ABILITY 7O CLIMB STAIRS

(4) Normal
(3) One step at a time

(

98

Time

>60 minutes
30-60 minutes
10-30 minutes
5-10 minutes
Indoors only
Unable

VARUS ANGLE

When the tibia is stressed
medially

(5) 0 degrees

<10 degrees
<20 degrees
<30 degrees

4
3
2
1) >30 degrees

e e St et

(
(
(

(2) Only with a bannister, stick or both
1) Unable or only by bizarre method



Clinical assessment pre- and postoperatively in 102 knees

Grade of assessment
0 1 2 3 4

Pre Post|Pre Post| Pre Post| Pre Post|{Pre Post
Pain - - 89 1N 13 5 0 22 0 64
AbiTity to walk 2 0 14 3 30 2 38 19 18 78
Walking aid 1 0 32 10 34 14 23 33 12 45
Gait = | mommmememepememee - e Dl B tal
Flexion deformity | - - 0 0 3 0 42 1 57 101
Maximal flexion - - 2 1 12 5 29 17 59 79
Extension lag = | --=-=-==-=-f-c-c-eu-- e E R P CEEE LI LTS EEE T L e L
Valgus angle - - 2 0 3 0 10 3 0 44
Varus angle - - 0 0 4 0 51 0 32 55
Get out of chair |- - 1 0 61 8 36 48 4 46
Climb stairs - - 9 1 89 31 4 43 0 27

Iﬁ the assessment of, ability to walk, flexion deformity and

varus angle, grades 4 and 5 of the chart are here united to

one grade 4.
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X. CODED DATA

A1l data used in this series are given in code form in this
chapter. The coded data and the key to these had to be di-
minished for space saving reasons. For using the coded data
the next three pages thus have to be magnified to readable
size.
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KEY TO DATA
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15
16

32

33

34

35

36

Number of patient

Sex

Site

Weight in kilograms
Length in cm exceeding T m
Age in years

Diagnosis

Disease

Medicine

Previous operations in the ope-

rated knee

Previous operations in the other

knee

Previous operation in the right

nip

Previous operation in the left

hip
fiumber of years with symptoms
from the operated knee

Years of foliow-up
Type of arthroplasty

Size of femoral prosthesis
Size of tibial prosthesis
Changes of patellar cartilage
Osteophytes

Synovitis

Calcifications of soft parts

Operation theatre
Anaesthesia

Operation time

Bleeding in the suctjon drainage

Antibiotics
Postoperative cast

Hospital stay after the operation

Early complications

Generai complications

Late complications

Treatment of camplications

Range of motion before arthro-

plasty

Range of motion after the arthro-

plasty
Stability before the operation

Stability afier the operation

Pain on walking before the ggera-

tion

Fain pr

Patellar gain etc, after op
Varus-valqus deformity, bef op

(001, 002 etc.)

1= Male, 2 = Female

1= Right (dx), 2 = Left (sin)
{076 e.q.)

= Primary arthrosis
= Primary arthrosis with pyrophosphate arthritis

= Posttraumatic arthrosis

= Arthrosis secondary to osteonecrosis

= Heart disease, 2 = Renal disease, 3 = Malignant disease,

4

5

6

7

1

4 = Disbetes, 5 = Collagenosis, 6 = Lung disease,

7 = Arterial hypertension, § = Neurologic disease,

9 = Other disease

1 = Cortisone, 2 = Digitalis, 3 = Aatihypertensive drug,
4-2+3, 5= Antiepileptic drug, 6 = Psychotropic drug
7

= more than three medicines

= Arthrotomy, 2 = Synovectomy, 3 = Medial meniscectomy,

1

4 = Lateral meniscectomy, 5 = Medial + lateral meniscectomy,
6 = Removal of free body, 7 = Recomstruction of Tigament,

8 = Wigh tibial osteotomy, 9 = Previous arthroplasty,

10 = High tibial osteotomy + 1-7, 11 =8 +9 ,

12 = 8 + 9 + 1-7, 13 = Previous fracture of tibia,

14 = Previous fracture of femur, 15 = Other operations

(same as for 10)

1 = Fracture of the femoral neck, 2 = Trochanteric fracture,
3 = Osteotomy, 4 = Hip replacement, § = Other operation

(same as for 12)

= Jess than one year, 2 = 1-2 years, 3 = 25 years,
5-10 years, 5 = more than 10 years

= Medial arthroplasty, 2 = Lateral arthroplasty,
= Medial + lateral arthroplasty
Column 1 denotes medial prosthesis, Column 2 denotes lateral

1

4=

1 =1 year etc.
1

3

prosthesis. 1 = Small, 2 = Medium-small, 3 = Medium, 4 = Large
Column 1 denotes medial prosthesis, Column denotes lateral prosthe-
sis. 1=6mm, 2=9m, 3=12mm, 4=15m, 5= 18 m, & - 21 mm
? = Normal, 2 = Superficial flaking, 3 = less than 50 % cartilage
degeneration, 4 = more than 50 % cartilage degeneration. 5 = total
degeneration of the cartilage, 6 = bone attrition

1 = None, 2 = Moderate, 3 = Large

1= None, 2 = Slight, 3 = Moderate, 4 = Severe, 5 = 3 + synovectomy,
6
1= Mo, 2 = Yes, 3 = Yes sent for crystal analysis with negative

4 + synovectomy

result, 4 = Yes sent for crystal analysis with positive result
1 = Laminar airflow, 2 = Usual theatre

% = Epidural anaesthesia, 2 = Epidural anaesthesia with catheter,
3 = Neuroleptic anaesthesia, 4 = Other anaesthesia

1 = 15 minutes, 2 = 30 minutes, 3 = 45 minutes etc.

1= 106 ml, 2 = 200 m] stc.

1= None, 2 = 1-7 days, 3 = 7-14 days, 4 = more than 14 days
Yes, 2 = No

number denotes days

0 = None, 1 = None evacuated haematoma, 2 = Evacuated haematoma

3 = Wound rupture, 4 = Wound necrosis, 5 = 1 + 4, 6 = Superficial
wound infection, 7 = Deep wound infection, 8 = Paresis

1 = Vein thrombosis, 2 = Lung embolus, 3 = 1 + 2, 4 = Coronary
infaction, 5 = Cerebral insult, 6 = Other complication

1 = Loosening, 2 = Secondary arthrasis, 3 = Subluxation/instability
4 = Patellar arthrosis, 6 = Suture granuloma, 7 = Abnormal! contact,
8 = Late infection

1 = Nome, 2 = Revision aad exchange of component, 3 = Conversian to
another prosthesis

The first two columns denote extension deficit in degrees, and
the three last columns denote maximal flexion capacity in degrees

(same as 34)

o
1= No instability, 2 = Varus instability U-4 , 3 = Varus instabili-
ty >4% & = valgus instability 0-4%, 5 = valgus instability w42,

6 = Positive drawer sign + 2-3, 7 = Positive drawer sige + 4-5

(same as 36

1 = None, 2 = Only starting pain, 3 = More than 1 kilometer, 4 =
506-1000 m, 5 = 100-500 11, & ¢ less thaw 100 i, 7 = from the first
step
{same as

' S o

48}

The first column denotes varus deformity, the second colurn denotes



65
66

67

Varus-valgus deformity aft op

Stair-climbing ability, bef op

oo . after op
Rising from chair, before op

" v " after op
Walking aid, before op

" " after op
Limitation by other joint, bef op '

" W e after op
Other limiting factor, before op

“ " " after op
Venn diagram assessment. Knee func-
tion, before op

Venn diagram etc., after op

Venn diagram assessment, social
function, before op

Venn diagram etc, after op

London Hospital Scare before
arthroplasty

London Hospital Assessment after
the arthroplasty

HSS score before the arthroplasty
HSS score after the arthroplasty
Subjective assessment of pain at
rest

Subjective assessment of pain on
walking

Subjective assessment of walking
ability

Roentgenographic classification
before the operation

Roentgenographic classification
after the arthroplasty

Roentgenographic cbservations
at the patellar articulation

Roentgenographic signs at the pa-
tellar articylation after the
arthroplasty

Structural changes seen on roent-
genographic examination

Roentgenographic changes in the
central part of the joint

Roentgen calcifications

Mechanical axis of the Jower limb
PP-angle in medial prosthesis
PP-angle at lateral prosthesis
PTS-angle at medial prosthesis
PTS-angle at lateral prosthesis
ifferent roentgenographic obser-
vatiors at medial tibial prasthes,

First column denetes varus deformity, second column denotes valgus
deformity. (Same as 50)

1 = Normal, 2 = Gne faat at a time without support, 3 = Normal with
support, 4 = One foot at a time with support, 5 = With great diffi-
culty, & = Unable

(same as 52)

1 = Normal, 2 = Without support with difficulty, 3 = With support
withour difficulty, & = With support and with difficulty, 5 = Unable
(same as 54)

1 = None, 2 = One stick outdoors, 3 = One stick always, 4 = Two sticks,
5 = Crutches, 6 = Wheel-chair bound

(same as 56)

1 = The other knee, 2 = A hip, 3 = 1 + 2, 4 = Both hips, 5 = Poor balance
6 = Poor general condition

(same as 58)

0 = None, 1 = Heart-lung disease, 2 = Hips, 3 = Back, 4 = Foot, § = Ver-
tigo, 6 = Other limiting factor

{same as 60}

1 = Subset 1, 2 = Subset 2 etc.
{sane as 62)

1 = Subset 1, 2 = Subset 2, etc.
(same as 64)

Preoperative score

Postoperative score
Preoperative HSS scare
Postoperative score

1 = Much better, 2 = Better, 3 = Unchanged, 4 = Worse
(same as 70)
(same as 70)

The first column denotes arthrosis in the medial compartment, the
second column denotes the arthrosis in lateral compartment

1 = Stage I according to Ahlbdck, 2 = Stage 11 according to Ahlbick etc.
Column three denotes femoro-tibial subluxation, O = None, 1 = 0-0.5 cm,
2 =0.6-1.0 cm, 3 = 1 cm or more.

First columm denotes arthrosis in the medial compartment, second
column denotes stage of arthrosis in the latera) compartment.

P = Prosthesis, 1 = Stage I according to Ahlbick, 2 = Stage Il accor-
ding to Ahlbéck ete

Column three denotes femorotibial subluxation with the same defi-
nitions as in 73

Column one denotes arthrosis on the medial facet, 1 = Stage of arthro-
sis according to Ahlbdck etc, columns two denctes arthrotic changes
at lateral facet with same definition as in first column, third colume
denctes lateral dislocation of patella, 0 = None, 1 = 1 cm, ete.

First colunm is not used. Second column denotes arthrotic changes at
medial facet, third column demotes arthrotic changes at the lateral facet
of the patella

First column denotes subchondral sclerosis medially with O = None,

1= in tibia, 2 = in femur, 3 = in both, 4 = triangulary formed scle-
rosis,

Column two denctes subchondral sclerosis laterally (same definitions as
first colum), Third column denotes osteophytes medially, O = None,

1 = Small, 2 = Moderate, 3 = Large

Column four denotes asteophytes laterally {same definitions as column 3),
Column five denotes cysts in the bone 0 = None, 1 = Small, 2 = Moderate,
3 = Large

Cotumn six was not used

Column ) denotes changes on the tibial intercondylar spine

1 = Sclerosis, 2 = Reduction of cartilage, 3 = Attrition,
4=1+2,5=14+3.

Column 2 denotes changes at the central part of the lateral

or medial condyle (same definitions as colums two).

Column 3 is not used.

Different preoperative observations. ! = Chondrocalcinesis,

2 = Qsteonecrosis, 3 = Loose bodies

Gives the numerical value of the lateral hip-knee-ankle angle.

Column one denotes the position of the tibial prosthesis au latus i.c,
distance from the medial cortical bone in im,

Column twn denotes the postition of the centre of the tibial prosthesis
rostewior to the lengitudinal axis of the diaphysis of the tibia on side
view,

Column three denotes roentgeaographic zone argund tre finis? prosthesis,
U = fione, 1= 1 nm etc.

Column four denotes fracture of the indication wire, 0 = no, 1 = Suspec-
ted, 2 = Broken wire.

Column five denotes settling of the tibial prasthesis or fracture of tre
spongious bone. 9 = No, 1 = Fracture, 2 = Settling, 3 = } + 2.

Colum six denotes buckling of the tiblal prosthesis, O = #o, 1 = Yes.
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