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Background We developed a total hip system using
osseointegration guidelines, a metaphyseal-loading
proximal femoral replacement in the retained neck and
a dual-geometry titanium shell in the acetabulum.

Patients and methods A randomized controlled clini-
cal trial was undertaken in 52 patients (53 hips), using
the cemented Spectron stem and cementless Harris-
Galante II cup as control implants (24 patients in exper-
imental group, 29 control patients). Clinical measures of
Harris Hip Score (HHS), pain score and radiostereomet-
ric analysis (RSA) at regular intervals for up to three
years were used to monitor progress.

Results No statistically significant differences
were found in HHS and pain score; the stability of the
cementless experimental implant was also comparable
to that of the cemented controls by RSA. 3 revisions
were required for migration in the experimental group
and 1 was required for component dislocation in the
control group.

Interpretation Our findings indicate the practical-
ity of osseointegration of titanium implants, but sug-
gest that current performance is inadequate for clinical
introduction. However, the stable fixation achieved in
the retained neck in the majority of patients is indicative
of osseointegration. This finding will encourage techni-
cal and design improvements for enhancement of clini-
cal osseointegration and should also encourage further

study. Periprosthetic osteolysis might be avoided by the
establishment and maintenance of direct implant-bone
connection: “osseointegration”.

Although total hip replacement is a highly effective
treatment for painful joint diseases, the long-term
survival and performance of implant systems con-
tinue to be restricted by periprosthetic osteolysis
(Malchau et al. 2000, 2002). The causes of oste-
olysis are the subject of debate, but activation of
macrophages by wear particles (Schmalzried et al.
1992, 1994, Jasty et al. 1994, Sundfeldt et al. 2002),
pulsatile fluid pressures developed by cyclic joint
loading (Aspenberg and Herbertsson 1996, Van
Der Vis et al. 1998), reduced bone strains due to the
altered mechanics, or stress-shielding (Huiskes et
al. 1989, Engh et al. 1992) have all been implicated.
Periprosthetic osteolysis leads to loss of implant-
bone support, to micromotion and to fibrous tissue
at the implant-bone interface, and eventually to
instability of the prosthetic components.

In dental and maxillofacial practice, “osseoin-
tegration” has been shown to give longstanding,
reliable connection between implant and bone
(Albrektsson et al. 1981, 1988, Branemark 1985,
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Albrektsson and Albrektsson 1987). Adoption
of “osseointegration” principles might therefore
prevent the onset of periprosthetic osteolysis, by
achieving good bone-implant contact early and
maintaining that state (Albrektsson 1993). Secure
implant-bone contact immediately postoperatively
would enable implant design of a more physiologi-
cal nature, and enhance long-term stability, but the
materials and forms required for osseointegration
would require a major shift in design paradigm and
not simply minor adjustments of existing forms.
The introduction of new joint replacement sys-
tems has been justly criticized for unscientific and
unethical experimentation on patients (Murray et
al. 1995). The preferred approach is a methodical,
stepwise investigation of each aspect of the reliabil-
ity and efficacy of any new implant system (Mal-
chau 1995), thus minimizing the risk to patients.
The present work describes such an approach
applied to a novel total hip arthroplasty, enabling
ethical development of an osseointegrated system.

Patients and methods
Preclinical development

Once the applicability of osseointegration princi-
ples to orthopedic implants was established (Carls-
son 1989, Rostlund 1990), a total hip arthroplasty
system was designed and evaluated (Albrektsson
et al. 1998) using laboratory and cadaver tests
(Macdonald et al. 2002, 2003). The postoperative
stability and mechanics of the femoral implant
(Macdonald et al. 2002) and the acetabular com-
ponent (Macdonald et al. 1999a,b) were tested in
cadaver bone, as were the instruments and surgical
procedure.

Clinical development

After thorough preclinical investigations had been
concluded, a limited clinical trial was started
in 1992 at one center with small groups (4 or 5
patients) using radiostereometric analysis (RSA).
Each group of patients was operated on and fol-
lowed for 6-12 months, after which the implant
design and surgical technique were reviewed and
any improvements implemented before starting the
next group. 4 such groups were included consecu-
tively (19 patients in total).

Only after there had been encouraging results
with these pilot studies, a more extensive mul-
ticenter trial was planned using a controlled ran-
domized protocol with the novel Gothenburg
osseointegrated titanium hip (GOT) system Mk. I
(Astra Tech AB, Gothenburg, Sweden) and a con-
trol system consisting of the Harris Galante II cup
(Zimmer, IN) and the Spectron EF femoral com-
ponent (Smith and Nephew Richards, IN). These
control implants were selected because of their
excellent clinical record in the Swedish National
Hip Registry (Malchau et al. 2000). A hybrid hip
(uncemented cup with cemented stem) was recom-
mended by the National Institutes of Health Con-
sensus Statement (NIH 1994) as being the opti-
mal system. Clinical monitoring by RSA enables
reliable prediction of long-term results after only
two years of follow-up with small patient numbers
(Selvik 1974, Karrholm 1989, Valstar et al. 2005).
Groups of 30 patients were considered a good bal-
ance between adequate statistical power and gen-
eral patient safety.

With ethical approval from the Ethics Commit-
tee of the host institution (Sahlgrenska University
Hospital), the study was started in accordance with
US Food and Drug Administration guidelines.
From 1996 to 1998, 52 patients were enrolled under
specific inclusion and exclusion criteria (including
full informed written consent), and were random-
ized by a call-center just before surgery using the
Minimization method (Pocock 1983), to receive
either the GOT or Harris-Galante II/Spectron
arthroplasty. 1 patient was bilaterally operated with
a GOT device on one side and the control for the
contralateral hip. In total, 24 patients received the
experimental system and 29 control systems were
implanted. The mean age at the time of surgery
was 59 (44-71) years.

Patients were included if scheduled for primary
hip replacement due to osteoarthrosis: aged 4075
years old, weighing less than 106 kg, amenable to
regular radiographs on all follow-up occasions, and
on completion of witnessed verbal informed con-
sent. Exclusion criteria were: previous infection
in the affected joint, local or general osteoporosis,
administration of cortical steroids for more than 3
months during the previous year, drug or medica-
tion abuse liable to influence follow-up, mental
disorders or other illnesses normally considered
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contraindications for hip arthroplasty, or current
involvement in other clinical studies.

The operations were performed individually
by the 5 participating surgeons at 4 centers, in a
clean-air theater using personal exhaust gowns.
The patients were operated under spinal anesthe-
sia with antibiotic and anti-thromboembolic pro-
phylaxis. Partial weight bearing with crutches was
required for the first 6 weeks postoperatively.

The condition of each patient was monitored by
clinical evaluation preoperatively, postoperatively,
at 3, 6, and 12 months, and then annually, using a
standard data sheet, the Harris Hip Score (HHS),
and a visual analog scale for pain at rest and one for
pain during activity. An independent physiothera-
pist, unaware of prosthesis type or radiographic
appearance, undertook the clinical evaluation at
each follow-up.

Preoperative radiographs of the whole pelvis,
and true anteroposterior and lateral views of the
hip were taken. These examinations were repeated
postoperatively, at 3, 6, and 12 months, and then
annually. Due to the high precision of RSA, only
radiolucencies and ectopic calcification were eval-
uated on the conventional radiographs. These plain
radiographs were analyzed by an independent
observer (a radiologist not involved in the surgery
or clinical follow-up of the patients) following a
special protocol using an optical measurement
device (X-calliper; Eisenlohr Technologies Inc.,
Davis, CA). Wear of the polyethylene liner was
measured according to Livermore et al. (1990) and
using RSA. Osteolysis and radiolucent lines were
analyzed by Gruen zones for the Spectron femoral
component. The GOT femoral component inter-
face was divided into 8 zones. The bone around
the acetabular component was divided into three
zones (DeLee and Charnley 1976). The presence
of radiolucency was described by the maximal
width and length within a zone.

Migration of the implants was measured with
RSA as described elsewhere (Kérrholm 1989, Kiir-
rholm et al. 1994b, 1997, Valstar et al. 2005). For
this purpose, 8—12 tantalum balls of 0.8 mm diam-
eter were inserted into the proximal femur and
around the acetabulum during the operation. The
prosthetic components were marked pre- or perop-
eratively with 1.0-mm tantalum balls. Radiographs
for RSA were taken postoperatively, after 3, 6 and

Table 1. RSA femoral accuracy at the 95% confidence
interval from repeated examinations. Rotation around
and translation along the cardinal axes for the GOT and
Spectron stems

Rotation (°) Translation (mm)
X y z X y z MTPM?2

GOT 0.3 0.7 03
Spectron 0.3 0.9 0.1

0.3 02 04 0.5
03 04 0.8 0.9

2 maximal total point motion.

Table 2. Acetabular accuracy of RSA at the 95% con-
fidence interval from repeated examinations. Rotation
around and translation along the cardinal axes for the
GOT and Harris Galante Il cups

Rotation (°) Translation (mm)

X y z X y z
GOT 1.0 0.8 0.5 0.2 0.1 0.3
H-GIl 04 0.5 0.4 0.2 0.1 0.3

12 months, and then annually. All RSA radiographs
were then measured and calculated.

Measurements from RSA are calculated as trans-
lations along and rotations about the 3 cardinal
axes of the body (x: transverse or medio-lateral; y:
vertical or cranio-caudal; z: frontal or antero-poste-
rior). The stem translation results are presented as
maximum total point motion (MTPM), the vector
sum of the translations in the 3 cardinal directions
(Table 3).

Precision of the RSA technique was reassessed
by performing repeat observations on patients
during the trial (the patient being dismissed from
the radiography suite after the first views, asked
to walk around for 30 min, and then repositioned
for repeat radiographs). These repeated measure-
ments were undertaken as follows: GOT stem (16
patients), Spectron stem (13 patients), GOT cup
(14 patients), Harris-Galante cup (15 patients)
(Tables 1 and 2).

Description of the test device

The GOT femoral component of commercially
pure titanium (c.p. Ti) is designed to fit a cavity
produced by rotational cutting tools within the
neck of the femur (Figure). Proximally, a collar
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Implanted hip systems, also showing tan-
talum balls for RSA measurement. A. GOT
system. B. Spectron femoral stem and
Harris-Galante Il cup

engages the resected femoral neck and a large-
diameter threaded portion engages the endosteal
surfaces within the femoral neck, reducing to a
smaller diameter (10 mm) thread across the subtro-
chanteric medullary space, engaging and just pen-
etrating the lateral cortex. All bone-contacting sur-
faces were threaded and ceramic bead-blasted to a
roughness of about 1 um Ra. The larger-diameter
sections were produced in diameters of 17-24 mm
in I-mm increments, to ensure optimal fit within
the femoral neck, but all were 40 mm in length.
The distal (10-mm diameter) section length was
varied in 5-mm increments to adjust for anatomi-
cal variation. A conventional taper trunnion above
the collar, nitrogen ion implanted to reduce fret-
ting and corrosion, engages a Partially Stabilized
Zirconia (PSZ) modular head of 28 mm diameter
fitted at surgery.

The acetabular component was also produced in
c.p. titanium: a dual-geometry cup with textured
and bead-blasted surfaces contacting bone. Within
the hemispherical envelope of the anatomical ace-
tabulum, the cup comprised a cylindrical section
at the mouth or opening of the acetabulum and a
spherical segment deeper within the cavity. The
outer surfaces of the cylindrical section include
buttressed threads to enhance the development
of stable fixation, to permit impaction implanta-
tion and to allow bone adaptation by remodeling.

The dual geometry is inherently stable under all
loading modes (Macdonald et al. 1999a) and, in
combination with specially developed reamers,
enables more accurate cavity reaming (Macdonald
et al. 1999b) and intimate contact on implanta-
tion. The modified thread form enables progressive
tightening of the fixation and enhanced torsional
resistance and avoids stress protection at the dome
and stress concentration at the thread edges. The
external surface of the shell was treated to achieve
the same surface texture as the femoral component.
The UHMWPE liner locked inside the cup with
shape and size match, and further retention was
achieved by a textured locking band and thermal
expansion.

Dedicated instrumentation was developed to
enable accurate and reproducible surgical prepa-
ration of the implant site, with minimal bone
trauma, when used by surgeons with a wide range
of skills.
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Table 3. Harris Hip Score and pain using Visual Analog Scale

HHS 2 Pain at rest ® Pain on activity ©
Preop. 36 months Preop. 36 months Preop. 36 months
GOT (n=21°) 48 (28-77) 98 (80-100) 47 (6-81)

Control (n=28°) 48 (17-62) 97 (63-100)

(0-14) 69 (12-93) 5 (0-54)

]
43 (0-95) 1 (0-29) 64 (23-95) 6 (0-74)

2Harris Hip Score: 90—100 = excellent; 80-89 = good; 70-79 = fair.
b Visual Analog Pain Score: no pain = 0; unbearable pain = 100 (mean and range)

¢3 GOT and 1 control revised and excluded.

Surgical technique

The Gothenburg osseointegrated titanium hip. The
optimal positions and sizes of the implants were
estimated by preoperative planning on the radio-
graphs with templates. We used the antero-lateral
approach according to Hardinge (1982). Use of
specially designed instruments for femoral neck
resection level and angle enabled us to ensure res-
toration of leg length and placement of the femoral
component on the calcar in accordance with the
patient’s neck-diaphysis angle. A trephine of 10
mm diameter was guided axially along the femo-
ral neck by a centralizer, and was advanced until
the lateral cortex was penetrated. Then the femo-
ral neck was reamed in one action, reaming to the
endosteal border and leaving at least 4 mm thick-
ness of cortical bone to accommodate the femoral
implant. Reaming diameter confirmed or amended
the preoperative estimate of implant major diam-
eter; measurement of the cavity length as prepared
confirmed the implant length required.

Before acetabular reaming, a trial reduction
was performed to ensure the optimum position of
the cup and to minimize hazards of dislocation or
impingement. A special reamer was used to accu-
rately prepare the cavity geometry and size in the
host bone bed (Macdonald et al. 1999b). The ace-
tabular component was impacted into position, pro-
ducing a “press-fit”. The polyethylene liner, cooled
to 0°C before insertion, warmed to body tempera-
ture after insertion into the metal shell, developing
thermal locking to augment the mechanical fit. The
femoral component was screwed firmly into posi-
tion, a partially-stabilized zirconia (PSZ) head of
28 mm with the appropriate neck length was firmly
fitted onto the taper, and the hip was reduced.

Statistics
The Mann-Whitney U-test was used for compari-

son between groups at 3 years. A repeated mea-
sures ANOVA was used for statistical testing of
RSA results, to cope with multiple comparisons at
different time intervals.

Results
Clinical results

No patients were lost to follow-up, but 1 patient
died from unrelated causes (stroke) 2 years postop-
eratively. The remaining 52 hip arthroplasties in 51
patients were followed according to the protocol.
The present analysis is based on the first 3 years.

There were no intraoperative complications.
In the GOT group (n = 24), 2 patients developed
superficial wound infections, which healed with
antibiotics alone. 3 patients in the control group
(n = 29) had clinically and venographically veri-
fied deep venous thromboses and 1 other patient
developed a pulmonary embolism. 1 patient with
GOT arthroplasty incurred late dislocation twice.

There were 4 revisions, 3 in the GOT group
and one in the control group. In the GOT group, 2
patients were revised for aseptic loosening of the
femoral component at 1 and 2 years. The third was
revised due to resorption of the neck and femoral
component fracture at 1 year. When the component
fracture occurred, the trial was closed immediately
(i.e. no further patients were recruited) and all
radiographs and clinical records were reviewed.

1 patient in the control group was revised when
the insert of the HG II cup dissociated. A new liner
was cemented into the intact metal shell (Bensen
et al. 2000), but the patient still has a considerable
amount of pain 2 years after revision.

There were no statistical differences between the
groups in terms of Harris Hip Score or either of the
pain measures (Table 3).
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Table 4. Femoral component translation measured by RSA; MTPM of the center of the head
for the GOT and Spectron stems. MTPM (maximal total point motion) is the vector sum of
migration measured in the 3 axial directions. In mm, mean (standard deviation)

3 months 6 months 1 year 2 years 3 years
GOT 0.36 (0.036) 0.44 (0.041)  0.57 (0.080) 0.64 (0.10) 0.74 (0.15)
Spectron 0.45 (0.064) 0.52 (0.057) 0.57 (0.062) 0.64 (0.10) 0.84 (0.16)

Table 5. Component rotation as measured by RSA around the x-, y- and z-axes for the GOT
and Spectron stems. In degrees, mean (standard deviation)

3 months 6 months 1 year 2 years 3 years
GOT x 0.25(0.050) 0.27 (0.050)  0.24 (0.056) 0.23 (0.053)  0.40 (0.84)
y 0.28(0.048) 0.38(0.057) 0.39 (0.062) 0.49 (0.11) 0.60 (0.10)
z 0.12(0.020) 0.19(0.028) 0.25 (0.052) 0.24 (0.072) 0.34 (0.12)
Spectron x 0.10(0.015) 0.17 (0.033)  0.15 (0.020) 0.19 (0.26) 0.19 (0.041)
y 0.30(0.055) 0.40 (0.063) 0.49 (0.072) 0.60 (0.13) 0.60 (0.12)
z 0.10(0.024) 0.12(0.028) 0.14 (0.029) 0.16 (0.03) 0.21 (0.042)

Table 6. RSA measures of cup rotation for the GOT and Harris-Galante Il implants. In

degrees, median (standard deviation)

3 months 6 months 1 year 2 years 3 years
GOT x 0.31(0.26) 0.18 (0.25) 0.33 (0.35) 0.20 (0.36) 0.20 (0.40)
y 0.24 (0.25) 0.14 (0.38) 0.15 (0.33) 0.18 (0.47) 0.31 (0.36)
z 0.12(0.17) 0.15 (0.13) 0.26 (0.50) 0.16 (0.72) 0.16 (0.67)
H-G Il x 0.18 (0.15) 0.10 (0.17) 0.31 (0.34) 0.24 (0.27) 0.33 (0.35)
y 0.13(0.30) 0.24 (0.18) 0.11 (0.24) 0.17 (0.31) 0.27 (0.29)
z 0.14(0.17) 0.19 (0.22) 0.27 (0.39) 0.19 (0.59) 0.28 (0.42)

Analysis of plain radiographs

In the GOT group, 14 of the 24 patients displayed a
thin zone of radiolucency adjacent to the proximal
cranial fixation region of the femoral component
(superiorly), accompanied by a “reactive line”.

In the control group, no radiolucencies were
observed around any of the implant interfaces,
although rounding of the osteotomized femoral
neck surfaces just under the implant collar was
often observed.

No radiolucencies were observed around any of
the acetabular components.

RSA measurements

The migration rates for all components, stems and
cups in both groups, were generally very small—of

the same order as the limits of accuracy (Tables 1
and 2). The means were well within the stability
thresholds of 0.85 mm (MTPM) at 6 months or 1.2
mm at 2 years reported by Kirrholm and co-work-
ers (Karrholm et al. 1994a,b). For translations,
there were no statistically significant differences
between the two groups (Tables 4 and 7).

Due to the different component forms, the only
truly comparative feature was the spherical center
of the head, and because of the different migratory
motions of the 2 implants, MTPM of the femoral
head is the most meaningful measure of stem trans-
lation (Table 4).

For rotation, the only statistically significant dif-
ference was rotation about the x-axis at 3 years
(p = 0.004) for the stems (Table 5). The GOT stem
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Table 7. RSA measures of cup translation for the GOT and Harris-Galante Il implants. In

mm; median (standard deviation)

3 months 6 months 1 year 2 years 3 years
GOT x 0.07 (0.084) 0.11 (0.11) 0.16 (0.20) 0.16 (0.14) 0.18 (0.16)
y 0.06 (0.093) 0.05(0.17) 0.11 (0.22) 0.11 (0.46) 0.11 (0.84)
z 0.22(0.11) 0.10 (0.15) 0.20 (0.18) 0.16 (0.28) 0.19 (0.24)
H-G Il x 0.07 (0.14) 0.08 (0.14) 0.10 (0.26) 0.07 (0.34) 0.11 (0.17)
y 0.10 (0.04) 0.11 (0.069) 0.11 (0.10) 0.16 (0.19) 0.11 (0.24)
z 0.14(0.12) 0.11 (0.11) 0.13 (0.15) 0.19 (0.11) 0.20 (0.24)

exhibited a larger rotation (but less than half a
degree), although no difference was seen at the 1-
and 2-year investigations. These rotations are only
just greater than the limits of accuracy (Table 2).
No significant differences were seen for rotation
about the y- or z-axes. No significant differences
were found between the GOT cup and the Harris-
Galante II cup; all the values measured were small
(Table 7).

Discussion

Before the system was put into clinical practice,
laboratory tests were undertaken to verify the
design assumptions and to ensure patient safety
with the Gothenburg osseointegrated titanium hip.
Whilst wear particles are widely accepted as con-
tributing to periprosthetic osteolysis, the multifac-
torial nature of osteolysis gives significant impor-
tance to mechanical redesign to improve the load
transfer to the supporting bone and prevent biome-
chanical resorption (or “stress-shielding”). There
is uncertainty over the balance between increased
component flexibility (inducing optimal bone load-
ing) and excessive component flexibility (causing
unacceptable micromotion or system failure).
Whilst these can be tested in vitro using cadaver
bone or glass fiber-reinforced plastic (GFRP) bone
analogs, there are design decisions implicit in them
which will only be validated in clinical trials.
Likewise, the importance of implant surface
chemistry (“biocompatibility”’) and surface mor-
phology, and their influence on the bone reaction
and hence stability (immediate and long-term)
can only be elucidated in clinical trials. Surgical
accuracy and trauma to bone also affect immedi-
ate stability, and may thus contribute to long-term

outcome. Clinical verification of component stabil-
ity is best achieved by the use of radiostereometric
analysis (RSA) (Kirrholm 1989, Kirrholm et al.
1997, Valstar et al. 2005), which has been shown to
give reliable indications at 2-year follow-up which
are predictive of the 10-year stability of implant
systems (Valstar et al. 2005).

The feasibility of applying osseointegration
principles to orthopedic implants has long been
established (Carlsson 1989, Rostlund 1990), and
we have designed and evaluated such a total hip
arthroplasty system (Albrektsson et al. 1998).
Application of the principles of osseointegration
to prosthetic design offers the possibility of imme-
diate secure fixation (as achieved with cemented
fixation) combined with long-term physiological
loading, but requires forms achievable in bone with
sharp minimally traumatic surgery. Such a form
was designed, and, using finite element analysis,
the stresses induced in the bone and component
and the overall integrity of the femoral compo-
nent were verified and confirmed in laboratory
and cadaver tests (Macdonald et al. 2002, 2003).
Indeed, the immediate stability and micromotion
were shown to be comparable to that of an optimal
cemented femoral system, while the femoral load-
ing was shown to be more physiological than the
cemented system (Macdonald et al. 2002). At each
stage and for both the femoral and the acetabular
component, instruments, procedure and compo-
nent stability were tested in cadaver bone (Mac-
donald et al. 1999a,b).

In the clinical series, we now report that
improved stability of the GOT prosthesis Mk. I was
generally achieved, with less than 1.2 mm migra-
tion in most patients at the 2-year follow-up (the
mean MTPM in this study being 0.65 mm). 1.2 mm
at 2 years, and 0.85 mm at 6 months are the thresh-
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olds suggesting long-term stability (Kédrrholm et
al. 1994a,b). However, at the 1-year follow-up, 5
patients did demonstrate migration above the sig-
nificance level for RSA. Of these, 3 were revised
within 2 years and 2 continue to be monitored. The
latter two have performed well clinically (no pain,
HHS of 100), the migration rates have decreased
and condensation of the bone in the calcar region
has been seen. Thus, the means in the study were
stable, but the statistical outliers went on to insta-
bility and confirmed the predictive value of RSA.

1 of the 3 revised patients showed a stably fixed
device at 6 months, but painful arthritis of the con-
tralateral hip resulted in weight bearing mainly on
the GOT-operated side after 6 months, leading to
the sudden onset of pain at 10 months postopera-
tively. For the second patient, technical difficulties
at operation resulted in the femoral component
being implanted with weak cancellous support
(not the intended cortical support) and experienc-
ing excessive migration. The third was revised due
to resorption of the neck and femoral component
fracture at 1 year. This patient was heavy (105
kg) and actively involved in sports. No revisions
were performed due to cup loosening. When the
component fracture occurred, the trial was closed
immediately and all radiographs and clinical
records were reviewed. The results of the trial were
assessed independently by two separate experts in
hip arthroplasty, both of whom supported closure
of the trial but encouraged redesign on the basis
of the lessons learnt and continuation of system
development.

Because the trial was closed as soon as clinical
failure was experienced, patient exposure was lim-
ited to just 24 patients in the experimental group.
Even so, the accuracy of RSA enables valid con-
clusions with groups as small as 15 (Valstar et al.
2005). Thus, clinical introduction of the system
was undertaken with a minimum of patient risk,
but maximal scientific validity.

The RSA measurements (Tables 4-7) indi-
cated that stability of the experimental cementless
system was comparable to that of the hybrid control
system, with femoral component MTPM (Table
4) and cup rotation (Table 6) less than those of the
controls (without attaining statistical significance).
Likewise, translation and wear of the cups (Table 7)
were not significantly different from the controls.

Rotation of the femoral components about the
x-axis at 3 years showed a significant difference
in favor of the control implant (Table 5). The rota-
tion of the GOT implant was actually less than
half a degree (only just measurable) and showed
no dependence on the side of the hip replacement.
As implanted, rotation about the x-axis is not axial
revolution of the threaded implant; but is movement
into less (or more) anteversion. So, it can be con-
cluded that this motion was not due to unscrewing;
the GOT implants were evenly distributed between
right and left hips (one would unscrew and the con-
tralateral one would tighten with gait loading if this
were the problem).

A common radiographic observation in the GOT
group was a radiolucency adjacent to the cranial
proximal portion of the implant, with a thin “reac-
tive line”. In most cases, this could not be attrib-
uted to subsidence—as the RSA values indicated
migration of well below 0.3 mm (the detection
level for radiolucency of a soft tissue interface
(Carlsson et al. 1986)). Freeman et al. (2003) con-
cluded that such a “reactive line” is evidence of
a fine fibrous tissue layer at the implant surface,
but not associated with particles or osteolysis. In
the present series, we consider that the radiolu-
cency might have been the result of perpendicular
micromotion at the superior bone-implant interface
(movement of the bone away from the implant sur-
face), or hydrostatic pressure in this region.

Although this trial indicated that our implant
could generally achieve good bone-implant con-
tact and secure fixation, the reliability and cer-
tainty of achieving such fixation was not shown in
all cases. Under such circumstances, wider clinical
introduction of the system could not be supported,
and the clinical trial was closed. Nevertheless, the
remaining patients continue to function well. Tech-
nical and design improvements made to the system
components included flared geometry just inferior
to the collar (to better engage the endosteal femo-
ral neck), rougher blasting and fluoride treatment
of the bone-contacting surfaces to enhance bone
reaction (Wennerberg et al. 1998), and an altered
transition between the two threaded diameters
strengthening and stiffening the implant. Changes
in surgical instrumentation were also introduced
to improve the initial apposition to bone and the
development of proximal bone-implant contact.



Acta Orthopaedica 2006; 77 (4): 549-558

557

The present trial and its preclinical preparation
progressively tested the orthopedic applicability
of osseointegrated implant technology, both thor-
oughly and responsibly (Malchau 1995). All the
preclinical indications were favorable, including
small trials involving groups with limited num-
bers of patients (unpublished data), but the clini-
cal trial proved inconclusive. Stable fixation and
good results were achieved for most GOT Mk. I
implants, but the reproducibility was not adequate
so we ended the trial prematurely. Even so, patient
exposure to experimental procedures was mini-
mized and the clinical relevance of the experimen-
tal system could be tested after modification. Then
it was ethically acceptable to embark on a clinical
trial of the improved implant (Mk. II).
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