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Background  Bone morphogenetic proteins (BMPs)
have the potential to improve incorporation of allograft
bone in revision surgery. This could result in improved
fixation and graft incorporation.

Patients and methods We evaluated the effect of
mixing OP-1 (BMP-7) with morselized allograft in hip
revisions. In a case-control study, 20 acetabular revi-
sions (10 in the study group, 10 controls) and 41 femo-
ral revisions (11 in study group, 30 controls) were done
using impaction allografting. The migration of the cups
and stems was studied with radiostereometric analysis
(RSA) for up to 5 years. Changes of bone mineral den-
sity around the femoral component were measured with
dual energy X-ray adsorptiometry for 2 years. Bone
remodeling and the extent of radiolucent lines were
evaluated on conventional radiographs after 5 years.
The clinical results were documented using Harris hip
score.

Results In the cup study, there was no significant
difference in implant migration between the study and
control groups. 4 sockets in the study group were classi-
fied as radiographically loose after 5 years and 2 of them
were revised after 5 years. After 2 years, the stems in
the study group showed slightly increased posterior tilt
(0.3%, p = 0.03). 1 stem in the study group loosened and
was revised during the third year of observation.

Interpretation The sample size and study design
in our evaluation did not allow any firm conclusions.
Absence of any trend to improved fixation and early
revisions in the study group prompted us to stop recruit-
ment to this study.

Implant loosening is associated with loss of bone
mass and the remaining surrounding bone is often
osteoporotic. During surgery, poor bone stock
may be addressed by the use of bigger or longer
implants, transplantation of bone tissue or bone
substitutes, or various combinations of these meth-
ods. To facilitate healing of the graft and additional
regeneration of host bone, local use of hormones,
osteoclast inhibitors or growth factors may be
attractive options (Bolder et al. 2003, Cook et al.
2003, Astrand and Aspenberg 2004). Mixing of
such substances with bone chips may be one way
of facilitating postoperative rehabilitation and
long-term results after revision surgery. BMP-7 is
one of several growth factors with the potential to
improve incorporation of allograft bone; it became
available for clinical trials during the late 1990s.
BMP-7 or Osteopontin (OP, Stryker Biotech,
Montreux, Switzerland) belongs to the transform-
ing growth factor family. It stimulates recruitment
of stem cells and vascular ingrowth, resulting in
bone formation. It has proved to be effective in
animal models, and as effective as autograft in the
treatment of tibial nonunions and posterolateral
fusions of the spine (Friedlaender et al. 2001, Blat-
tert et al. 2002, Johnsson et al. 2002, Cook et al.
2003, Einhorn 2003). Case reports have indicated
that the use of BMPs may also be beneficial in
conjunction with use of allograft bone in revision
surgery (Cook et al. 2001), and that this substance
may possibly improve the results of impaction allo-
grafting of the femur. In a pilot study, we evaluated
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Table 1. Cup study. 10 hips with OP-1 mixed into the allograft (study  gion were chosen. The control cases

group) and 10 controls. Median (range)

(C) were matched for sex, age, type
of defect, type of implant (cemented/

Study group Control

p-value®  yncemented) and volume of allograft

Men/women P 5/5 5/5
Age 68 (51-78) 65 (48-75)
Osteoarthritis

primary/secondary 5/5 5/5
Weight (kg) 69 (58-85 72 (48-98)
Bone defect ©

Radiographic evaluation 3 (2-4) 3 (2-4)

According to surgeon,

after cup removal 3 (3-4) 3 (2-4)
Cemented/uncemented 3/7 3/7
Cup size (mm) 56 (54—60) 56 (52—64)
Cup/living bone contact (%) 5 (0-60) 28 (0-65)

Allograft volume (mL)
Harris hip score

100 (50-250) 80 (50-140) 0.3

_ used, as measured or estimated by the
0.6 surgeon during the operation.

On the acetabular side, the per-
centage contact between implant and
living host bone was also considered
0.4 when looking for suitable control
04 cases. Because of the high number of
- variables used at this procedure, only
0.7 1 control case with revised socket was
0.4 found for each study case. On the fem-

oral side, control cases were selected

0.6

Togzll | 5 PRy 09 from the same database based on use

reoperatively 5 — — g . .

2 years 98 (72-100) 84 (72-98) 002 of the szilme implant design (Spfectron
5 years 94 (68-99) @ 83 (76-100) 1.0 EF; Smith & Nephew, Memphis, TN,
Difference, 0-2 years 42 (15-75) 28 (-9-81) 0.3 USA), use of impaction grafting and

Pain ..
Preoperative 20 (0-44) 20 (10-44) 06 at least 55 mL bone graft (the mini-
2 years 44 (30-44) 44 (30-44) 0.7 mum for the study group) and pres-
5 years 44 (40-443) 44 (40-44) 0.8 ence of postoperative DEXA and
Difference, 0-2 years 17 (-14-30) 17 (0-44) 1.0

radiostereometric examinations. 30

2 Mann-Whitney test

b humbers of hips and patients.

¢ Gustilo and Pasternak (1988).

d 1 patient missing (revised femoral component).

the effects of BMP on component fixation and bone
remodeling after mixing OP-1 (Stryker Biotech)
with morselized allograft bone during impaction
grafting in hip revision surgery. We hypothesized
that addition of this growth factor would facilitate
implant fixation and improve mineralization of the
transplanted graft.

Patients and methods

During a period of 1 year, 14 consecutive patients
(10 acetabular and 11 femoral revisions) were
treated with impaction allografting (study group S,
Tables 1 and 2). After each procedure, the surgeon
filled in a form concerning the amount of allograft
used and estimated the implant/living bone contact
for the acetabular component. From a database
including 160 revisions followed with radioste-
reometry, 1 control case for each acetabular revi-
sion and 2-3 control cases for each femoral revi-

femoral revisions fulfilled these crite-
ria (Table 2).

On the acetabular side, a plate was
used in one patient (control group,
cemented fixation) with a rim defect.

Central defects were covered with a metallic net
(1 study, 1 control case) or a bone bloc (5 S, 3 C)
from the donated femoral head, which was shaped
using chisels and an air-powered saw. The bone
blocs were used to cover defects in the medial wall
of the acetabulum and were not meant to carry any
substantial amount of load.

The femoral heads were milled using a Tracer
mill (maximum aperture barrel, Ossano, 9 S, 9 C)
or an air-powered mill (Synthes-Stratec, Switzer-
land; 1S, 1 C). 1 unit of BMP-7 (3.5 mg) was added
to each femoral head used. Impaction grafting was
done using a combination of impactors, punches
and the reversed reaming technique. Cemented
Reflection (Smith & Nephew) and Palacos with
gentamicin (Schering Plough, Belgium) or unce-
mented and hydroxyapatite/tricalcium phosphate-
coated Harris-Galante II/Trilogy cups (Zimmer,
Warsaw, IN, USA) with additional screw fixation
were used (Table 1). In 1 case, the pubic bone frac-
tured during removal of an uncemented cup with
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Table 2. Stem study. 11 hips with OP-1 mixed into the allograft (study  not available to us for a short period.

group) and 30 controls. Median (range)

In four stems operated during this
period (4 C), we could only study the

Study group Control

p-value®  migration of the center of the femoral

Men/women P 6/5 18/12
Age 68 (51-77) 67 (37-79)
Osteoarthritis

primary/secondary 6/5 19/11
Weight (kg) 70 (54-85) 75 (58-10)
Bone defect P

Radiographic evaluation 2 (1-4) 2 (1-4)

According to surgeon,

after stem removal 2 (2-4) 2 (1-40)

Allograft volume (mL)
Harris hip score
Total

110 (55-230) 100 (60-250) 0.9

head. Radiostereometric examinations

82 were done postoperatively (median 8
days, range 3-10 days) after 3 and 6

8; months, and 1, 2 and 3 years after the
operation.

1.0 During the initial part of this study,

06 we measured analog radiographs

manually. Later on, a new technique
based on measurements of digital
radiographs was used. This tech-

Preoperatively 49 (18-82) 49 (11-95) 0.8 K . R

2 years 93 (68-100) 85 (46-100)  0.17 nique is more precise than manual

5 years 89 (75-99) ¢ 85 (55-100)  0.09 measurements (Borlin et al. 2002).
PaIiDr;fference, IR =, ey L Computation of the three-dimensional

Preoperatively 20 (0-44) 20 (0-44) 02 marker positions and implant motions

2 years 44 (30-44) 44 (20-44) 0.9 between examinations was done using

5 years 44(40-443)  44(2044) 0.1 UMRSA (RSA Biomedical, Umea,

2 Mann-Whitney test

b humbers of hips and patients.

¢ Gustilo and Pasternak (1988).

d 2 patients missing (revised femoral component).

pelvic osteolysis. The fracture healed without any
signs of instability (proximal migration according
to RSA of 0.1 mm at 5 years).

On the femoral side, defects were covered with
metallic net in 9 cases (3 S, 6 C). Our impaction
technique corresponded to the one described by Gie
et al. (1993), except for the use of polished rotat-
ing reamers during the initial phase of impaction
in 24 cases (11 S, 13 C) (Hostner et al. 2001). In
2 cases (control group), whether this technique or
the conventional technique was used had not been
recorded. The air-powered bone mill was used in
2 cases in each group, and the Tracer mill in the
remaining cases. The patients were mobilized
the day after the operation. They were instructed
to bear partial weight using two crutches for 3
months.

During the operation, tantalum markers were
inserted into the acetabulum, the polyethylene cup
or liner, and the proximal femur. 37 of the stems
were supplied with titanium towers inserted into
the prosthetic shoulder, tip and collar. In these
stems, both proximal/distal migration and stem
rotations could be studied. Premarked stems were

Sweden).
The precision of our radiostereo-
metric measurements of the acetabu-
lar component was studied in 60
examinations repeated at an interval
of about 15 min. 30 measurements were manual
and 30 were digital. The error was expressed as
99% confidence interval. The data obtained—
medial/lateral, proximal/distal, anterior/posterior
translations and rotations around the correspond-
ing axes—were 0.29, 0.17 and 0.47 mm and 0.92,
1.21 and 0.35°, respectively, using the manual tech-
nique. The corresponding data for the digital mea-
surements were 0.15, 0.15, 0.28 mm and 0.70, 0.27
and 0.41°, respectively. The precision of manual
measurements on the stem side has been studied
previously (Kéarrholm et al. 1999). On the femoral
side, measurements of bone mineral density (Lunar
DPX-1Q, GE Healthcare, Diegem, Belgium) were
done postoperatively after 6 months, 1 year and
2 years. The precision of these studies has been
reported (Kérrholm et al. 1999).

Conventional radiographic examinations (AP,
lateral and pelvic views) were done postopera-
tively and at 1, 2, 3 and 5 years. In this paper, only
the results of comparison between the postop-
erative examination and the 5-year follow-up are
described. We evaluated the presence of radiolucent
lines and graft remodeling in the 6 cup and 14 stem
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Table 3. Cup study. Migration data in OP-1 treated hips (study group, n = 10) and controls

(n =10) at 5-year follow-up. Median (range)

Study group Control p-value 2
Translations
Medial (+) / Lateral (-) 0.1 (-9.3-2.4) -0.1 (-0.25-1.2) 0.7
Proximal (+) / Distal (-) 0.7 (0.0-8.1) 0.3 (-0.1-1.1) 0.5
Anterior (+) / Posterior (-) -0.1 (-2.1-3.1) -0.2 (-1.6-1.2) 0.9

Rotations
Posterior (+) / Anterior (-) tilt
Anteversion (+) / Retroversion (-)
Decreased (+) /Increased (-) inclination

04 (-97-1.9)  0.2(-1.0
0.0 (-7.0-6.2) 0.0 (-1.5-1.7) 0.4
0.8 (-26-6.6) 0.0 (-1.2-1.4

.0-2.0) 0.7

4) 0.3

2 Mann-Whitney test

regions according to Hultmark et al. (2003) and
Gruen et al. (1979). To reduce the amount of data
presented, the results for each implant were simpli-
fied to represent the entire interface on the AP and
lateral view of the corresponding periprosthetic
regions. The implants were classified as “definitely
loose” if there was complete radiolucency on one
or both projections, obvious displacement and/or
visible fracture of the cement. Clinical evaluation
was done preoperatively after 1, 2, 3 and 5 years.
The preoperative results and those obtained after 2
and 5 years are presented. On the acetabular side,
statistical evaluation of results obtained at 5 years
and on the femoral side at 2 years (before any revi-
sion) and 5 years was done. Non-parametric tests
were used.

Results
Cup study

During the study period there were no cup revi-
sions. In both groups, there was an early proximal
migration (median values of 0.4 and 0.2 in study
and control groups, respectively, at 3 months)
followed by stabilization of most implants. At 5
years, the median migration had increased to 0.7
and 0.3 mm in the two groups, without any statisti-
cally significant difference (p = 0.4). There were
no statistically significant differences between the
other migration parameters either (medial/lateral,
anterior/posterior translations and rotations) (p >
0.6, Table 3).

At 2 years, 5 cups in the study group and 3 in the
control group had migrated 0.5 mm or more proxi-

Proximal cup migration, mm

8 UCe

Ce - revised
Ce - revised

UCe

0 T T T T 1

0 1 2 3 4 5
Years

Figure 1. Proximal migration of cemented (Ce) and unce-
mented (UCe) revision sockets used with impacted allograft
mix with OP-1 (black) and without OP-1 (green). 8 cases
with at least 0.5 mm of migration at 3 years are illustrated.

mally (Figure 1). 2 of these, both cemented cups
in the study group, were subsequently revised—1
after 5 years and 3 months and the second after
6 years—because of loosening. At 5 years, these
2 cups had migrated 5.5 and 4.2 mm proximally.
Both patients developed moderate pain during
activity. 1 of them showed progressive tilting (26
degrees increased inclination according to RSA)
and also had a feeling of instability. Conventional
radiographs showed graft resorption and displace-
ment, but the radiolucent lines only embraced
about 50% of the interface. In the second loose
cemented socket the cement had fractured at the
pool of the cup, which, with the proximal-lateral
part of the cement mantle, dislodged proximally
and somewhat laterally (Figure 2). The proximal
part of the graft had resorbed, whereas the medial
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Figure 2. Acetabular revision in a 78-year-old man operated with impaction grafting mixed with OP-1, and
a cemented Reflection cup. Upper left and right: postoperative AP and lateral views. After 5 years (lower
left and right) the graft had disappeared proximally and medially (see lateral view), the cement mantle had
fractured (arrow), and the metallic indicator had loosened and become deformed. The center of the socket
migrated 4.8 mm laterally and 4.2 mm proximally. At revision, the cup was found to be loose and the proximal
graft bed had resorbed. Distal to the cement fracture, the cement mantle was fixed to the graft bed, which
seemed to have integrated into the underlying host bone.

and distal parts of the graft bed seemed to be inte-
grated with no radiolucency between the remaining
part of the cement mantle and/or the host bone and
the graft. Both of these revised cups were found to
be extremely loose at the revision.

The patient with the most pronounced proximal
migration at 5 years (8.2 mm) had a loose unce-
mented cup radiographically and moderate hip
symptoms, but no revision has been planned to
date. In addition, 1 uncemented cup in the study
group was classified as loose from conventional
radiographs (Table 4). These 2 press-fit cups had
complete or almost complete radiolucent lines on
the AP or lateral view.

At 2 years, the Harris hip score was higher in the
study group (p = 0.02), but the gain value (differ-
ence preoperatively — 2 years) and the pain score
were similar (Table 1).

Stem study

In both groups, the mean and median subsid-
ence increased up to 2 years after the operation
(Figure 3, Table 5). Between the 2-year and 3-year
follow-up, 2 stems were revised in the study group.
Between 3 and 5 years, the remaining 9 cases dis-
played proximal-distal migration of less than = 0.1
mm. In the control group, 9 of 30 stems subsided
above our detection limit for RSA measurements
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Table 4. Cup study. Radiographic results at 5 years. The
4 cups classified as loose, including the 2 subsequently
revised cases, had radiolucent lines to various extents
with or without pronounced migration or cement frac-
ture (1 case, see Figure 2). Values are number of hips

Study Control
group group

Radiolucent lines

AP view (% of total interface)
none
<50
50-99
100

Lateral view (% of total interface) 2
none
<50
50-99
100

Graft remodeling

AP view
resorption
no change
mixed or various
trabecular remodeling +
cortical repair 7 7

Lateral view
resorption 3
no change 4 1
mixed or various 1 1
trabecular remodeling +
cortical repair 2 7

=N oN
onNOoON

- NN W

o WwWN U

N O =
-

21 or 2 lateral views had quality that was too poor for
evaluation of bone remodeling.

b classified depending on most common appearance
(pattern found in at least 2—3 of 3 modified Charnley-
Delee regions with equal size. Mixed appearance
implies that none of the patterns observed (resorption/
no change/trabecular remodeling + restitution of inner
pelvic cortex) appeared in more than 1 region.

(observed range: —0.2 to —6.1). In both groups, the
stem showed small median rotations posteriorly
(around the transverse axis) and into retroversion
(around the longitudinal axis). In both groups,
the varus/valgus rotations were close to or zero.
Increased retroversion was observed in the study
group, both before (at 2 years) and after (at 5 years)
exclusion of the 2 revised cases (p = 0.03).

Both patients who were subsequently revised
had experienced sudden pain during the postop-
erative year. RSA revealed continuous subsidence,
which increased from 0.8 and 3.2 mm at 6 months
to 10.9 and 16.1 mm at 2 years. At this follow-up,
both stems showed posterior tilt (-0.65°, —4.5°) and
retroversion (23.7°, 29.5°), whereas one had tilted

Proximal stem migration, mm

0 study group

-1 controls

-2

A

-4 I I

L] f 'f

-5 — (distal)

n=11 11 11 1 11 9 9

n=30 30 30 30 30 30 30
T T T T T T
0 1 2 3 4 5

Years

Figure 3. Proximal/distal migration of the stem (mean, SE).
Because of massive subsidence, the 2 loosenings have a
considerable influence on the mean values before revision
(arrows). Black: study group; green: controls.

into varus (-5.1°) and the other into valgus (3.8°).
Both were revised before the 3-year follow-up.
Radiographs at 2 years showed allograft resorption
and fracture of the cement combined with a medial
or lateral dislocation of the stem tip.

At the revision the stems were easily removed.
There were small traces of loose particles in the
canal, and the inside of the femur was rougher than
during the first revision because parts of the bone
graft seemed to have healed to the endocortex. 1
stem was revised using a longer cemented stem
and impaction grafting. The other patient received
a longer cemented stem without any grafting.

2 patients in the control group suffered femoral
fractures distal to the tip of the stem after a fall on
plain ground. Both fractures occurred between 3
and 6 months after the index operation. They were
treated with open reduction and plates. RSA up to
5 years revealed proximal (+)/distal (—) migration
of 0.5 and -0.4 mm.

At 5 years, none of the 9 remaining stems in the
study group were classified as loose. In the con-
trol group, 2 of the stems in the 29 patients who
attended were classified as loose. According to
RSA, these stems showed the most pronounced
distal migration of the 38 remaining cases (13.5
and 6.6 mm). The first case showed proximal
cement-stem separation, cement mantle fracture
and progressive osteolysis. Despite having symp-
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Table 5. Stem study. Migration data in OP-1 treated hips (study group) and controls before
any revision (2 years) and after 5 years. Median (range)

n Study group n Control p-value @
Translations
Proximal (+) / Distal (-)
2 years 11 -0.4 (-16t0-0.1) 30 -0.2(-43t00.5) 0.2
5 years 9 -0.2(-1.0t00.0) 30 -0.3(-141t00.5) 0.6
Rotations @
Anterior (+)/Posterior (-) tilt
2 years 11 -0.4 (-4.5t00.1) 27 -0.1(-24t00.7) 0.03
5 years 9 -0.3(-1.6t00.1) 27 -00(3.1t01.2) 0.08
Retro- (+) / Anteversion (-)
2 years 11 1.4 (-0.1 to 30) 27 0.7 (-1.1t012) 0.09
5 years 9 1.5(-0.4t06.1) 27 0.7 (-2.8t0 19) 0.2
Valgus (+) / Varus (-) tilt
2 years 11 -0.1(-5.1 t0 3.8) 27 0.0(11t00.3) 0.1
5 years 9 -0.2(-1.2t00.1) 27 0.0(-3.3t00.7) 0.09

a8 Mann-Whitney test

b 3 control stems without markers could not be analyze

toms, the patient was not interested in revision but
changed his mind 2 years later. The second patient
had complete lines in 5 of 7 Gruen regions on AP
view and a complete line on the lateral view, but no
symptoms (Table 6).

After 6 months the median bone mineral den-
sity had decreased proximally (Gruen regions 1-4)
in the controls, whereas the study group showed
a more variable pattern (Table 7). In region 6, the
study group showed a minimum median increase
(study vs. control group: p = 0.04) and less bone
loss in region 7 (p = 0.03) than seen in the con-
trols. Distally, there were no differences. After 2
years and before any revision, the divergent pattern
of bone mineral changes in regions 6 and 7 had
disappeared. In the study population the density
did, however, continue to decrease distal to the tip
of the stem (region 4), whereas it increased in the
controls (study vs. control group: p = 0.04).

The Harris hip and pain scores and the gain
values 0-2 years were similar (Tables 1 and 2).

Discussion

Graft remodeling after the impaction procedure
involves a complicated sequence of biological
events which have only been partly characterized
to date. According to biopsy and retrieval studies
(Ullmark and Obrant 2002), minimum bone forma-

tion may be initiated 1 month after implantation.
After 8—11 months, the osteoid/bone layer might
have a thickness of 3—-5 mm. After 2 years, there is
mainly bone with hematopoietic marrow (Ullmark
and Linder 1998, Linder 2000). The grafted bone
will thus be slowly replaced with living bone. At
some locations—and probably those that do not
carry load—the graft will be resorbed and may
not be replaced with living bone. Sorensen et al.
(2003) used PET to study bone metabolism and
blood flow in the impacted area around cemented
femoral stems up to 1 year after the operation. As
early as 8 days after the operation, blood flow and
bone formation were demonstrated adjacent to the
allograft. After 1 year, bone formation was found
close to the cement mantle.

The key to success with the impaction grafting
technique is to obtain sufficient primary stability, and
to make sure that this stability is maintained during
the phase of revitalization of the graft. According to
the studies that have been published, this remodel-
ing phase takes at least 1 year, and probably longer
depending on the thickness of the graft bed. If there
is rapid revascularization, resorption that is too fast
might jeopardize the stability. According to Jensen
et al. (2002), OP-1 may enhance bone formation
in dogs, but also accelerates bone resorption in the
early phase after grafting.

Jeppson et al. (2003) studied bone formation in
rats using a conduction chamber. They observed
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Table 6. Stem study. Radiographic results at 5 years.
Values are number of hips

Study Control
group group

Table 7. Stem study. Change of bone mineral density (%)
in 11 OP-1 treated hips (study group) and 27 controls.
Three hips in the control group could not be analyzed
because of plates and screws (n = 2) or technical fail-
ures. Median (range)

Radiolucent lines 2
AP view (% of total interface)

none 2 9
<50 7 18
50-99 0 12
100 0 12
Lateral view (% of total interface)
none 5 11
<50 4 11
50-99 0 2¢
100 0 i
Graft remodeling 9
AP view
resorption or no change 1 7
mixed 0 2
trabecular remodeling 6 14
cortical repair +
trabecular remodeling 2 6
Lateral view
resorption or no change 5 19
mixed 1 0
trabecular remodeling 0 6
cortical repair +
trabecular remodeling 0 2

2 missing observations caused by poor quality of lateral
view or missing radiographs. 1 control patient did not
attend this conventional radiographic examination.

b classified as loose.

¢ 1 classified as loose, the second as uncertain because
of partial lucencies only in the 2 proximal AP regions.

d classified depending on most common appearance =
present in at least 2-3 of 3 modified Gruen regions of
equal size. Mixed appearance implies that none of the
patterns observed (resorption/no change/trabecular
remodeling/cortical repair + trabecular remodeling)
appeared in more than 1 region.

reduced ingrowth into graft mixed with OP-1 if the
bone graft had also been treated with clodronate,
and they concluded that resorption of the graft is
necessary before any substantial new bone forma-
tion can take place. Sgballe et al. (2004) studied the
effects of mixing allograft with OP-1 in a canine
revision model. Interestingly, they found improved
implant fixation without any addition of OP-1 on
the side simulating a primary arthroplasty, but they
found the opposite on the other side where they
had created a situation that was meant to simulate
a revision. They speculated that the impaired bone
bed changed the balance between resorption and

Gruen region Study Control p-value 2
Time n group n group
(vear)
1 05 1 (-22-33) -6 (-33-17) 0.3
2 11 5(-46-41) 27 4(-26-33) 0.7
2 05 -2 (-24-36) -6 (-32-21) 0.2
2 11 1(-34-26) 27 -1(-33-33) 0.4
3 05 -3 (-11-50) -1(-43-12) 0.9
2 11 1(-10-17) 27 1(-27-39) 0.9
4 05 -5 (-17-10) -2 (-24-14) 08
2 11 -9 (-21-24) 27 3(-17-44) 0.04
5 05 -1 (-14-17) 0(-23-34) 0.9
2 11 2(-16-43) 27 2(-21-75) 1.0
6 05 9 (-17-29) -3(-23-34) 0.04
2 11 7 (-22-49) 27 3(-20-25) 0.8
7 05 -4 (-10-13) -7 (-26-8) 0.03
2 11 -4(-16-12) 27 -4(-25-13) 0.4

a8 Mann-Whitney test

formation in favor of more rapid bone formation
and mineralization.

Our study was not quite conclusive concerning
the effect of OP-1, but our data do not indicate any
positive effect of clinical relevance. When perform-
ing impaction grafting in a clinical revision situa-
tion, more micromotions of the stem were found
with use of OP-1, resulting in 2 early re-revisions.
On the acetabular side, there was no significant
difference. At 5 years, the magnitude of median
proximal migration was nonetheless more than
twice as high mainly due to outliers, which sub-
sequently loosened. To date, 2 of these cups have
been revised because of clinical symptom:s.

Changes of bone mineral density (BMD) in the
graft bed could be an effect of revascularization,
resulting in either resorption or increased miner-
alization of the graft—or a combination of these
two events. Theoretically, resorption may also
be caused by dissolution in an acid environment,
but any substantial dissolution of the graft in the
proximal femur during the postoperative year for
this reason is probably rare. In a previous study,
we observed that revision stems operated with
impacted bone graft and cement lose BMD in the
proximal regions up to 6 months. Thereafter, the
BMD increases up to roughly postoperative values
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between 6 months and 1 year, suggesting revital-
ization of the graft by a process of resorption fol-
lowed by formation of new bone.

Measurements of bone mineral density in our
study group indicated increased density in Gruen
regions 6 and 7 after 6 months, but this effect dis-
appeared with longer follow-up, making the rele-
vance of its clinical importance uncertain. Interest-
ingly, the part of the graft bed that might be sup-
posed to carry least load (Gruen region 4) had lost
more density at the last follow-up.

The comparatively small effect of OP-1 when
used in our clinical application can probably
be explained by a more rapid revascularization
and faster graft resorption. The graft remodeling
and new bone formation that follows may not be
fast enough to secure implant stability in some
patients.

We used one package (device) of OP-1 for each
femoral head, according to the instructions of the
manufacturer. During the first operation, a repre-
sentative of the company was also present to make
sure that the mixing procedure was done accord-
ing to the instructions. The size and bone qual-
ity of femoral heads may, however, vary as well
as the impaction technique. It may be that choice
of another dosage would have yielded a different
result, but as far as we know, the effect of dose
variations in humans has not been studied.

Other variables such as type of stem or socket
implanted, graft size and treatment, and (not least)
impaction technique may have more or less of an
influence on the results (Hostner et al. 2001, van
Doorn et al. 2002, Bolder et al. 2003, Cornu et al.
2003a,b, Jeffery et al. 2003). In this study we tried
to reduce the effect of these confounders by use of
a control group. Even if the matching was not per-
fect, we believe that it was acceptable—not least
because of the complexity and high numbers of
variables to consider in these cases.

Even so, some influence of bias cannot be com-
pletely ruled out. From a theoretical standpoint,
our study could be influenced by selection, surgi-
cal bias and evaluation bias. More difficult cases
could have been selected to one of the groups and
surgeons with less experience could have been
over- or under-represented in the study and con-
trol groups, respectively. We tried to address these
possible problems by performing the study cases

consecutively and by other measures such as clas-
sification of bone defects and measurements of
graft volume described above. Another—and per-
haps more important—confounder in our study is
that the observations on the acetabular and femo-
ral sides were not independent, since many hips
were operated on both sides. Thus, if the patients
in the study group were more or less susceptible
to loosening for any reason, this patient-related
effect could influence the observations positively
or negatively on both sides. This problem can only
be properly addressed using two completely dif-
ferent study populations, which are evaluated in a
randomized comparison.

The background variables in our study were
strictly related to the patient demographics and
surgical technique used at our hospital. It may be
that the results could have been different if we had
used harder impaction or—as suggest by Bolder et
al. (2003)—bigger bone chips in the acetabulum.
Use of harder impaction may increase the risk of
fracture, however (Ornstein et al. 2002). In our first
100 cases with impaction grafting of the femur, and
with at least 5 years of follow-up, the overall re-
revision rate due to loosening was 3%, suggesting
acceptable surgical technique (unpublished obser-
vation). On the acetabular side it is higher, which
has made us change to the use of larger hand-made
chips.

Mixing of OP-1 with morselized allograft did
not improve the early fixation of either the acetabu-
lar or the femoral component. The dosage of OP-1
used was as recommended by the manufacturer, but
even so, could not have been optimal. Despite the
fact that more cases, longer follow-up and a ran-
domized study design are desirable in order to be
able to reach definite conclusions, the early clinical
failures prompted us to stop this study.
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