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Papers

This thesis reviews the following papers, which in the text are referred to by their Roman numerals:

I. Improved radiographic survival of the Charnley prosthesis in rheumatoid arthritis
and osteoarthritis. Results of new versus old operative techniques in 402 hips.
Önsten I, Besjakov J, Carlsson AS.
J ArthropIasty9(l):3-8, 1994.

II. Migration of acetabular components, inserted with and without cement, in one-stage
bilateral hip arthroplasty. A controlled, randomized study using roentgen
stereophotogrammetric analysis. Önsten I, Carlsson ÅS, Ohlin A, Nilsson JÅ.
J Bone Joint Surg 76-A: 185-194, 1994.

III. Cemented vsuncemented socket in hip arthroplasty. A roentgen stereophotogrammetric
study of 60 randomized hips followed for two years. Önsten I, Carlsson AS.
Accepted for publication Acta Orthop. Scand.

IV. Socket migration after Charnley arthroplasty in rheumatoid arthritis and osteoarthritis.
A roentgen stereophotogrammetric study. Önsten I, Bengnér U, Besjakov J.
J Bone Joint Surg 75-B: 677-680, 1993.

V. Periarticular bone mineral content in rheumatoid arthritis and arthrosis of the hip.
Dual photon X-ray absorptiometry in 53 cases.
Önsten I, Åkesson K, Obranl KJ.
Acta Orthop Scand 64:530-532, 1993.

VI. Migration of the Charnley stem in rheumatoid arthritis and osteoarthritis. A roentgen
stereophotogrammetric and histomorphometric study.
Önsten I, Åkesson K, Besjakov J, Obrant KJ.
Accepted for publication J Bone Joint Surg (Br).

VII. Early socket micromotion in relation to the morphology of the periacetabular trabecular
bone in rheumatoid arthritis and arthrosis. A roentgen stereophotogrammetric and
histomorphometric analysis of 81 total Uip replacements.
Önsten I, Åkesson K, Obrant KJ.
Submitted.
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Introduction

The beneficial effects of total hip arthroplasty
(THA) in terms of alleviation of pain and
improvement in function have been vastly
documented. Apart from wear, aseptic loosening
is at present its main limitation. Several methods
can be used for studying the reasons for failure
in THA. By analysing the life span of each
implant from the time of implantation to the end
of its service, i.e to the patient's death or to the
time of a revision procedure, statistical informa-
tion about different prostheses and surgical
techniques can be gained. However, such
survivorship analyses (Ahnfclt 1990, Malchau
1993) have limitations. The decision as to when
implant failure necessitates a reoperation is made
by the individual surgeon, and is therefore
inherently subject to inter-individual variations.
Even if a failure is apparent, patient-related
factors such as co-morbidity might influence
the decision. A clinical failure, i.e a deterio-
ration with pain and dysfunction, is often
preceded by radiographic signs of failure, and
from a scientific point-of-view different
radiographic methods arc required for a valid
comparison of the various implants and surgical
techniques.

In this thesis, serial roentgenographic
examinations of each implant undertaken over
several years, were used to cvalua' the results
of changes in operative technicrjc. Roentgen
stereophotogramnietric analysis (RSA) (Selvik
1974), which has evolved as the most precise
method for predicting failures due to deficiencies
in the primary fixation, has been used in five of

the studies included in this thesis. This method
involves the implantation of small radiodense
markers in the skeleton and the prosthesis, and
by photogrammetric methods, described in more
detail below, micromovements of the implants
can be studied. The validity of this method with
respect to the long-term retention of hip and
knee implants has now been established. Thus ,
Ryd et al. (1993) in a long-term RSA study of
tibial components in knee replacement, found
all implants that were iater to be revised to have
a distinct, abnormal postoperative migratory
pattern. Kärrholm et al. (1994) reached the same
conclusion regarding the femoral component in
hip replacement.

Few reports have addressed the role of the
quality of the recipient bone in terms of implant
retention. In this study patients with arthrosis
were compared with patients suffering from
rheumatoid arthritis, since these two diagnostic
groups represent extremes with regard to bone
quality characteristics. Further, the micromotion
of the implants was related to the characteristics
of the bone in the hip region, as assessed by
histomorphomctric methods.

Today the market is flooded with innumerable
orthopedic implants and concepts which differ
with regard to material, design and surgical
techniques used fortheirimplantation. However,
controlled studies in which such devices are
tested in relation to existing techniques with
reliable documentation arc sparse. Even more
so are prospective and randomized trials. In this
thesis, two of the studies address this issue.
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Alms of the study

To assess the outcome, with respect to radiographic survival, of attempts made to
improve the implantation technique of the acetabular and femoral components in patients
with rheumatoid arthritis and arthrosis.

To study the influence of patient-related factors, notably diagnosis and bone quality in
the hip joint, with respect to the micromotion of the implants.

To prospectiveiy, and in a randomized way, evaluate function and micromotion of
uncemented and cemented acetabular components by roentgen stereophotogrammetric
analysis.
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Patients

A total of 119 men aged 63 (range 24-85) and 358 women aged 64 (24-84) were included in the
seven studies. There were 189 patients (37 men and 152 women) with rheumatoid arthritis (RA)
and 288 patients (82 men and 206 women) with arthrosis (OA). Included in the roentgen
stcreophotogrammetric studies were 120 patients - 35 with RA (7 men and 28 women) and 85 with
O A (41 men and 44 women).
The number of R A and OA palicnts in I-VII is presented in table 1.

Table 1.

1
II
III
IV
V
VI
VII

Number of patients in the seven studies

RA

151
0
0

23
22
25
29

OA

192
21
60
23
31
40
49
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Hip Implants

The Charnley prosthesis (DePuy
International.Leeds, England) was used in (II),
(III), (IV), (VI) and (VII). The femoral
component is made of Ortron 90® and has a
fixed, 22 mm head. The all-polyethylene socket
has flanges that can be trimmed by the surgeon
to fit the rim of the acetabulum, thereby
enhancing the pressurization of the cement and
the intrusion of the cement into the bone during
polymerization.

Figure 1. The Charnley prosthesis.

The Harris-Galante prosthesis (Zimmer,
Warsaw, Indiana, USA) was used in (II), (HI)
and (VII). It has a less than hemispherical shell
made of titanium alloy (Tivanium'*, Zimmcr),
coated with a pure titanium mesh with a fiber
diameter of 0.25 mm and a pore si/e of 0.4 mm.
The metallic shell has multiple ports, whereby it
can be fixed by screws. Cancellous-bone screws
with c diameter of 5.1 mm made of Tivanium

were used. The polyethylene liner is fixed by
three triangular prongs in the opening plane of
the metallic shell.

Figure 2. The Harris-Galante acetabular prosthesis
assembled and disassembled.
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Methods

Roentgen stereophotogram-
metric analysis

Tantalum hall markers with a diameter of 0.8
mm were used in all RSA studies. A spring-
loaded piston (Aronsen 1974) and hypodermic
needles were used for the implantation of the
markers into the bone. In the socket studies, the
tantalum markers were inserted into the outer
convex surface, as well as into the medial and
lateral edges. The technique first used, namely
making a hole in the polyethylene deep enough
to contain the marker with a small awl, was later
abandonded in favour of using a0.9 mm drill bit,
to make a hole about 1.2 mm in depth. With a
knife the polyethylene was pushed back over
the marker.

The patients were radiographc' in the supine
position, using the uniplanar technique (Selvik
1974, Kärrholm 1989). Thus, two roentgen tubes,
angled at about 48 degrees to each other, and run
from two independent generators, were used to
produce simultaneous exposures of a film pair.
The exposures were first made with one ceiling-
suspended telescopic rocnigen tube in
combination with a mobile unit and separate
panels, but these were subsequently replaced by
a system with two ceiling-suspended units with»
independent generators Hut a common panel. A
stretcher with a plexiglass plate was used as an
examination table. The geometry of the
radiographic set-up is presented in Figure 3. In
order toobtaindistinctprojections of themarkcrs,
high voltage technique in combination with
rasters was routinely used. Standard 30 x 40 cm
radiographic film (Lancx 160, Kodak) was used
in all cases.

Figure 3.

Focus 2
-800 mm

Focus 1

1000 mm

270 mm

Film 1 Film 2

Beneath the examination table and above the
films, a plexiglass calibration cage with known
positionsof 0.8 mm tantalum markers w.isplaced
(Figure 4).

Figure 4. The calibration cage.
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In order to optimize the setting exactness of the
roentgen films, .ve used a Hasselhlad measuring
table supplied with a 'idco camera
(magnification factor 16) and linear gauges.
The camera is operated by means of servo-
motors and a joystick (Figure 5).

Figure 5.

The precision of this instrument, expressed as
the coefficient of variation obtained from 113
measurements was determined to be 0.15%. A
small, but negligible error in the precision related
to the distance measured was found for this
instrument, and could be explained by the lack
of true orthogonality between the linear gauges.

The two-dimensional distances between the
measuring points on the films provided the
input data to the photogrammetric and kinematic
algorithms. The computer program XRAY
transforms the measured points on the film into
the laboratory coordinate system and calculates
the 3-D coordinates of the markers in the pa-
tient. The computer program Kinlab is used to
calculate the relative movements between rigid
body segments, and the interactive computer
program Kinerr is used to detect and correct
errors in the different algorithmic processes. All
three computer programs arc marketed by
Unicum, University of Umeå, Sweden,

The quality of the RS A calculations is dependent
on the number, spacing and stability of the
markers (Kurrhoiin 1989). Presented in tables
A-E, appendix, arc the figures pertaining to
these variables in each RSA study. The degree
of marker instability is expressed in mm as the
mean error of rigid body fitting (Selvik 1974,
Söderkvist 1990, Nyström 1990). In general,
only values of less than 0 3 for the mean error
were accepted. The spacing of the markers is
expressed as a condition number, reflecting
how far from a straight line the landmarks are
distributed (Söderkvist 1990, Nyström 1990). A
high condition number indicates an
unsatisfactory scattering of the markers, and
vice versa. The general aim is to keep the
condition number below 150.

The accuracy of the RSA was determined by
double examinations, i.e the patient was
radiographed twice on the same occasion. To
preclude the inclusion of any inducible dis-
placements in the error, the patients remained in
the supine position between the exposures. By
making the assumption that no relative
movement occurred between the prosthetic
components and the skeleton, the standard
deviations from the expected zero could be
calculated for the 6 elfin the socket studies, and
the 3 df in the stem study using the formula

SD =

Using Student's (-distribution, the 99 percent
confidence limits for the smallest significant
movements for each degree of freedom could be
calculated. In the socket studies one double
examination r ach of 50 patients (25 with a
Charnley SCCKL. nd 25 with a Harris-Galante
sockel) was used. Similarly, in the stem study,
30 double exposures were used. The limits of
significani movements arc presented in Table 2,
and the data pertinent to this calculation
procedure are given in the appendix. A distribu-
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tion test of the values for all of the variables
showed that they conformed well with the
Gaussian distribution.of which the best and
worst tits are presented in the Appedix. In

addition, 26 repeat measurements to determine
the centre of the prosthetic femoral head were
performed in 13 hips with an HG socket and 13
with a Charnley socket. Table D/b, Appendix.

Table 2. The levels for significant migration (mm) and
three cardinal axes.

Translation

Socket
Stem

Socket

Transverse
axis

±0.2
±0.2

Transverse
axis

+0.7

Longitudinal
axis

+0.2
+0.2

Rotation

Longitudinal
axis

+0.7

rotation (degrees) at 99% confidenco limits in the

Sagittal
axis

+0.3
±0.5

Sagittal
axis

+0.3

Clinical evaluation

In (II), the Merle d 'Aubigne 'and Postel system
as modified by Charnley was used to evaluate
pain, function and range of movement (Charnley
1979). In (HI) we used the Harris hip score
(Harris 1969). In this scoring system with a
maximum of 100 points, pain is graded from 0
to44, the latter figure representing total absence
of pain. 56 points arc assigned to function,
including a maximum of 5 points for range of
motion.

Bone mineral content (BMC)
measurements

The BMC in (V) was measured by dual photon
X-ray ubsorpiometry (Lunar DPX). A pre-set
algorithm automatically calculated the BMC of
the lumbar spine as the mean BMC of 3 different
vertebrates, as well as 3 different regions in the
proximal femur. Additionally, regions of inte-
rest could be chosen in terms of adjustable
rectangular boxes.

Bone histomorphometric
evaluation

In (VI) and (VII) bone specimens were obtained
during the operation from standardized sites in
the femur and the acetabulum by a Bordier
trephine. In (VI) the biopsies were taken from
the ridge between the two osteotomy surfaces,
in a distal direction, after having detached the
grcatcrtrochanterand resected the femoral head.
In (VII) the biopsies were taken from the
superior, loaded part of the acctabulum. The
cylindrical canccllous bone specimens were
fixed in 70 % ethanol and dehydrated in
asecndingconccntrationsofethanol,defatted in
xylol and subsequently embedded undecalcificd
in melhylmclhacrylatc. Sections, 5 microns
thick, were cut with a Jung hard sectioning
microtome and stained according to Goldncr
(Schenk, 1965). Histomorphometric evaluation
was performed with a microscope equipped
with a Mcrz grid (Mer/, and Schenk, 1970). The
following variables were calculated on the
unclcmincrali/ed stained sections: trabecular
bone volume (TBV%) - the percentage of the
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section surface covered by mineralized or
unmineralized trabecular bone; osteoid volume
(OV%) - the percentage of the trabecular bone
volume consisting of osteoid; the osteoid sur-
face (OS%) - the percentage of all trabecular
surfaces covered by osteoid; resorption surface
(RS%)-the percentage ofalitrabccular surfaces
covered by resorption lacunae with osteoclasts.

Statistical methods

In (II), (III) and (VII) the Mahalanobis distance
(Mahalanobis 1936) was used for data reduction
in the measurements of socket displacement.

The Euclidian distance represents the distance
from n variables to, for example the origin of
coordinates in a coordinate system, and can be
calculated by the Phytagorean theorem. By
taking the variance {a

2) of each variable into
consideration, the standardized Euclidian
distance (E) can be calculated as

1 2
IL V

•+—

a

2
L+
2V

2
,..-r 2

On

The Mahalanobis distance (M) further takes any
correlation ( p ) between the variables into
account

The M has a chi square distribution (Afifi 1972),
and by dividing M by the nuniberof df, i.c in this
application 3, the pertinent chi square values
can be ob'ained. In this way significant outliers
can be identified. This multivariate analysis was
used to reduce the data derived from the six df
generated by the kincmutical analysis in the
RSA into migration and rotation. The M thereby
represents the statistical distance for translation
and rotation.

In (I) the Kaplan-Meier method for survivorship
analysis was used in combination with the log-
rank test and Cox proportional hazard regres-
sion analysis. Otherwise, covariance analysis,
standard bivariatc tests and simple regression
analysis were used.

Radiographic methods

In (I) standard hip and pelvic radiographs were
used for serial examinations. The following
criteria were used to define radiographic
loosening;

Socket -evidenceof migration, corresponding
to grade IV in the Charnley classification
(Charnley 1979) or grade III in the Carlsson-
Gentz classification (Carlsson I984).

Stem - migration with or within the cement,
and/or cement fracture, and/or localized
endosteal bone resorption.

In (II), (III) and (IV) the inclination of the
socket (abduction angle) and the version (angle
of opening) was measured from standard hip
and pelvic radiographs. On the basis of the
pelvic radiographs the inclination was assessed
with the use of the teardrop line as reference.
Whether the socket was ante- or rclroverted was
determined by comparison of the antcroposterior
hip and pelvic radiographs. The version in
degrees was assessed from the anteroposterior
hip radiographs by comparing the twodiametcrs
of the projection of the socket on the films.
(Fackler 1980, Pettersson I982).
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Summary of papers

O)
Objective. In our department the operative
technique before 1981 for implantation of the
Charnley prosthesis in both RAandOA included
the drilling of a pilot hole in the medial wall of
theacetabulum, no compensation foracetabular
protrusion, and cementation with the finger
technique in the femur. In 1981 the technique
was changed to include bone transplants in
cases with acetabular protrusion, flanged sockets
to enhance cement pressurization, preservation
of the medial wall and retrograde cement filling
of the femur with a gun and a distal canal
restnctor. The objective of the study was to
assess these changes with respect to radiographic
survival of the components.

Patients and methods. 201 consecutive, non-
infected and primary Charnley THA's implanted
between 1968 and 1985 due to adult-onset RA,
were matched in pairs with respect to year of
operation, age and sex with 201 Charnley TH A's
implanted due to arthrosis. Serial examination
of the radiographs was performed to reveal
whether and when the components had loosened.
Survivorshipcurves according to Kaplan-Meier
were constructed, and the log-rank test and the
Cox proportional hazard regression analysis
were used to compare the different cohorts.

Results. In R A, the 7-year radiographir socket
survival increased from 87% to 96% (p<0.026)
after the changes in the operative technique. In
OA, the overall 10-year radiographic socket
survival was 95% - a figure which is too high to
admit an evaluation of the changes in the
operative technique. For both diagnostic groups
the 7-year survival of the femoral components
increased from 80% to 96% - the relative risk of
stem loosening was decreased to one fifth.

In the cohort of stems implanted before 1981,
there were two cases of stem breakage, both in
OA patients.

Conclusions. The efforts made to improve
the implantation technique have been rewarded.
It is recommended that the medial acetabular
wall is preserved and that ir. cases of acetabular
protrusion, bone transplants are used. The
improved cementing technique of the femoral
component is likely to reduce the risk of future
revision for stem failure.

(II) and (III)

Objective. Porous-coated sockets, intended for
implantation without cement were introduced
with the aim to achieve bone ingrowth and
thereby a more rigid fixation as compared with
cemented sockets. The aim in (II) and (HI) was
to evaluate the micromotion of the uncemented
Harris-Galante (HG) socket in comparison with
the cemented Charnley socket in two prospective
and randomized trials. A cemented Charnley
stem with a fixed 22 mm head was used in all
cases.

Patients and methods. (II) consisted of 21
patients with bilateral arthrosis who underwent
one-stage bilateral THA. An HG socket was
randomly allocated to one side and a Charnley
socket was used in the contralateral hip. In (III)
60patients underwent unilateral, primary THA
due to arthrosis. A random assignation to either
a Charnley socket or an HG socket was made
before the operation. In both series tantalum
markers were inserted into the pelvic bone and
into the prosthesis. Subsequent RSA was per-
formed with a median follow-up of 27 months
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(range 23-47 months) in (II), and in (III) all but
three cases were followed for 24 months. The
clinical performance was assessed by the
Charnley score in (II) and by the Harris hip
score in (III).

Results. The clinical performance scored
equal in the two prosthesis groups and the RSA
did not reveal any difference in micromotion. In
(II) the results of a covariance analysis revealed
that patient variation, rather than socket design,
was most important with respect to two of the
measures (longitudinal migration and rotation
around the transverse axis) in the RSA. The
polyethylene liner of one of the HG sockets in
(III) proved to have rotated 18 degrees within
its metallic shell.

Conclusions. The uncemented and screw-
fixed, porous HG socket does not produce a
fixation superior to that of the cementedCharnlcy
socket.

(IV)

Objective. In (I) RA implied an increased rate
of" radiographic socket loosening as compared
with OA, indicative of an inherent disorder in
RA, influencing the retention of the acetabular
implant. The aim of this study was to compare
the postoperative micromotion of Charnley
sockets in RA and OA.

Patients and methods. 23 patients with RA
were matched in pairs with regard to age and
gender with 23 patients with OA. All patients
underwent a Charnley THA. Tantalum markers
were inserted into the pelvic bone and into the
prosthesis, and the hips were followed by RSA
for two years.

Results. After two years the sockets in RA
had migrated about six times more in the
proximal direction as compared wilh sockets in
OA. Micromotion in the other directions did not
differ between the two groups. Within the RA
group, a prcopcrativc acctabular protrusion in
five patients was associated with increased mig-
ration and rotation in all directions. In RA a low
body-weight correlated with proximal migra-

tion, whereas no correlation between weight
and micromotion was found in OA.

Conclusion. Socket fixation is less secure in
advanced inflammatory arthritis. The migratory
pattern in RA is suggestive of a mechanism
whereby the acetabular roof fails under load.

(V)

Objective. To assess the BMC in the pelvic
bone and proximal femur in R A and OA patients
prior to a THA. Further, to evaluate the distribu-
tion of BMC by comparing values obtained in
the hip and spine regions.

Patients and methods. 22 RA and 31 OA
patients had their BMC determined by DEXA
prior to a THA. Due to the high proportion of
women in the two groups, most of the
comparisons relate to women.

Results and conclusions. Compared to the
patients with OA, the RA patients had about
20% less BMC in all measured regions, thus
precluding the concept of a relative peri-
acctabular osteoporosis in RA.

(VI)

Objective. To compare the postoperative mig-
ration of the cemented Charnley stem in RA and
OA patients; to assess the influence of the
trabecular bone quality of the proximal femur
on the retention of the implant; to provide
normative data of micromotion of the Charnley
stem implanted by contemporary cementing
techniques.

Patients and methods. Included were 25 RA
and 40 OA patients who underwent a THA
using a cemented Charnley stem. Brushing,
high pressure la vage, a cement gun, polyethylene
canal rcstrictors and vaccuum-mixed, high
viscosity cement were part of the technique
used in all cases. Tantalum markers were
implanted into the proximal end of Ihc femur,
and ihc hips were followed by RSA for two
years with regard to Ihc displacement of the
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prosthetic head. In 43 of the cases a bone sample
was obtained from the proximal end of the
femur during the operation for subsequent
histomorphometric analysis.

Results and conclusions. 22 stems subsided
by a mean of 0.40 mm and 20 were found to have
migrated posteriorly by a mean of 1.25 mm.
There was no difference in migration between
RA and OA. Male gender implied an increased
migration along the longitudinal axis. Although
the RA patients had more osteoid than the patients
with OA, neither this, nor any of the other
histomorphometric variables influenced the
migration.

(VII)

Objective. To assess the influence of the peri-
acctabular trabecular bone quality on the socket
migration as measured by RSA in three patient
cohorts - RA patients with a Charnley socket,
and OA patients with either a Charnley or an HG
socket.

Patients and methods. Included were 32 RA
and 30 OA patients who underwent a Charnley

THA, and 19 OA patients who received an
uncemented HG socket. Tantalum markers were
inserted into the pelvic bone and into the pros-
theses, and the hips were followed by RSA for
two years. During the operation, trabecular bone
samples were obtained from the acetabular roof
for histomorphometric analysis.

Results. Both diagostic groups had greater
bone turnover in the acetabulum as compared
with the femur. About twice the amount of
osteoid tissue was found in the acetabulum in
the RA than in the OA cases, but increased
resorpti ve areas were also present, indicative of
an increased bone turnover rather than an
osteomalacious condition. For all three cohorts
taken together, there was a correlation between
the amount of osteoid and proximal migration.
Wimineach cohort, however, no such correlation
was found, nor was there any correlation between
migration and the resorpti ve areas, or the quotient
of the resorpti ve areas and osteoid.

Conclusion. No evidence was found that the
histomorphometric characteristics of the peri-
acetabular, trabecular bone affects socket
micromotion.
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General discussion

Loosening and migration of the
socket. The influence of peri-
articular bone quality. (I, IV, V
and VII)

Several long-term studies have shown a higher
incidence of radiographic socket loosening in
RA as compared to OA (Agins 1988, Carlsson
1986,Charnley 1979,Sarmiento 1990,Stauffer,
1982). In (I) this finding was confirmed - at 10
years the radiographic survival of the Charnley
socket was 79 % in RA as compared with 95 %
in the OA series. This difference could
theoretically in part be explained by the operative
technique that was used until 1981, which
included drilling a pilot hole in the medial wall
before reaming the acetabulum. In cases with
acetabular protrusion in RA, the socket was
often placed too far medially. Further, the
cementing technique did not include cement
pressurization. In 1981 the operative technique
was changed with the aim to preserve the medial
wall, and the same year autologous bone trans-
plants in cases with acetabular protrusion were
introduced. Also, flanged sockets were
introduced in order to enhance cement
pressurization and intrusion. In (I) it was
concluded that these changes in the operative
technique had indeed led to a decrease in the
incidence of radiographic socket loosening in
RA. "hus, the seven year survival in RA
increased from 87 % in those operated on before
1981, to 95 % in those operated on from 1981
on. It might be argued that this improvement in
radiographic socket survival is part of a
continuous evolution, and this is in some respects
probably true. In Figure 6 (page 19) the
radiographic socket survival is demonstrated
for fourdifferent time strata referring to the year
of operation. However, most of the changes in

the operative technique took place in 1981, and
this is the reason why the sockets were divided
into two cohorts - those implanted before 1981
and those implanted from 1981 on. Two other
studies have shown a decrease in the incidence
of radiographic socket loosening after the
introduction of bone transplants in cases with
acetabular protrusion (Ranawat 1986, Bay ley
1987).

The 95 % survival of the Charnley sockets in
OA at 10 years is noteworthy - the rate of socket
loosening was too low to allow for any
conclusions with respect to the above-mentio-
ned changes in the operative technique.

In (IV) oocket fixation was studied by RSA in
Charnley arthroplasties of matched-paircohorts
of RA and OA patients. In RA, proximal migra-
tion was about 6 times that found in OA. There
was no difference between the diagnostic groups
with regard to medial-lateral or antero-posterior
migration. Within the RA group, a preoperative
acetabular protrusion implied increased migra-
tion in all directions. It is concluded that despite
the improvements in operative technique, as
outlined above, socket fixation is less secure in
advanced inflammatory arthritis. The migratory
pattern, with preference for proximal migration,
suggests that in RA the remaining cortical bone
of the acetabular roof and/or the peri-acetabular
trabecular bone fails under load.

In (V) the BMC was determined in RA and
OA patients by DPX prior to aCharnley total hip
replacement. The RA patients had about 20 %
less BMC in the acetabular roof and in the
innominate bone superior to the acetabulum, as
well as in the spine and the proximal end of the
femur, than the OA patients. The deficit in the
RA patients had a fairly even distribution
throughout the skeleton, thus precluding the
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concept of a relative peri-acetabularos'eopenia
in RA. In the RA patients there was a correlation
between low body-weight and low BMC. This
finding, in combination with a correlation
between low body-weight and proximal migra-
tion in the RA patients found in (IV), would
tentatively lead to the hypothesis of a direct
relation between the degree of socket fixation
and the BMC in :he acetabular region. Quite
surprisingly there is no such strong relationship
(Önsten. Åkesson and Obrant, unpublished data),

In a histomorphomelric study of peri-articular
bone in RA and OA patients tor which the
samples were taken during total hip surgery,
Åkesson,etal.( 1994) found signsof an increased
bone turnover in the aeetabulum as compared
with the proximal end of the femur in both
diagnostic groups. In the acetabulum, the RA
cases had about 2-3 times more osteoid tissue
(unmineralized bone) as compared with the OA
cases. Correspondingly, in the femur RA patients
had about 50 9< more osteoid than those with
OA. The resorpti vc surfaces and theapnosilional
rates were higher in RA than in OA.

In (VII) these histomorphomclric findings of
specimens obtained during surgery were related
to socket migration in three patient cohorts - OA
patients who received eilher a cemented
Charnley socket or an uncemented Harris-Gal-
antc socket, and RA patients with a Charnley
socket. For all three cohorts taken together,
proximal migration of the socket after two years
was related to the percentage of ostcoid in the
trabcrular bone superior to ;he acetabulum,
Trabecular bone volume did not differ between
the diagnostic groups, nor did it correlate with
migration. The failure t > find a correlation
between the histoniorphomclric variables and
the extent of later migration within each
diagnostic group may indicate that no such
relationship exists. However. (IK relatively poor
precision in hislomorphomelric evaluation is a
limiting factor, at its best with a 10 '7< inter-
observer error, which must be added (o (lie
anatomical variations (Keeker 1983).

Loosening and migration of the
stem. The influence of the quali-
ty of the recipient bone bed

Since the introduction of the Charnley prosthe-
sis at our department in 1968, the cementing
technique has undergone a gradual evolution
from the original, in which little attention was
paid to the preparation of the recipient bone bed
and the cement was introduced by the finger
technique without any canal restriction. Further,
the stem design has been changed and the mate-
rial characteristics altered. After 1978 the flat
back and round back designs made of stainless
steel were replaced by the Hanged design made
of the stronger Ortron 90 alloy. Starting in 1981,
canal restrictors in the form of a bone-plug, later
replaced by a polyethylene plug, were
introduced. Also, more attention was paid to the
cleaning of the bone bed, and retrograde cement
injection with a gun was incorporated.

From I9S4 the technique also included
brushing and pulsed lavaging of the femora!
canal, and the high-viscosity cement (Palacos)
used since the start was mixed in vaccuum in
order to reduce its porosity. During cementation,
the proximal end of the femur was scaled off
with a silicone plug to achieve increased
pressuri/ation and cement intrusion into the
remaining trabecular bone. From this it follows
that any improvement in longevity of our pros-
theses can be expected to have occurred
gradually. In (I) we chose to analyse the
radiographic survival of hips operated on before
1981 in comparison to those operated on since
19X1, as the technique with canal restriction and
retrograde filling was introduced in 1981. The
radiographic survival at 7 years increased from
80 to 96 ''/< for both RA and OA, and by using
Cox proportional hazard regression analysis it
was shown that the risk ratio for stem loosening
was decreased to one fifth in hips operated on
since 1981. This increase in the radiographic
longevity should most likely he reflected in a
future decrease in the rale of revisions. From
Figure 7 (page 20) it can be seen that this
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improvement probably reflects a continuum
rather than a distinct event. However, some
caution in the interpretation of these curves is
warranted since the four cohorts are too small to
permit significant statistical conlusions.

Our results indicate that with the present
cementing technique a radiographic failure rate
of 4 % or less within 7 years can be expected.

Similar low rates of radiographic loosening
have been reported by several authors (Roberts
1986, Russotti 1988, Fowler 1988, Mulroy
1990). It is evident that this improvement in the
cementing technique accounts for the single
most important factor in the evolution of total
hip arthroplasty since its introduction.
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Figure 6. Radiographic socket survival in RA. The four different time strata refer to the year of operation.
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Figure 7. Radiographic stem survival. The different time strata refer to the year of operation.

In (I) it was concluded that RA did not differ
from OA with respect to radiographic survival
of the femoral component. In (VI) the migration
of the Charnley stem was prospecti vely evaluated
for two years by RSA in OA and RA patients,
and correlations were made with the
histomorphometric characteristics of trabecular
bone samples obtained from the proximal end of
the femur during surgery. There was no
difference in migration between RA and OA.
Larger migrations along the longitudinal axis
were found in men than in women, whereas age
and body-weight did not influence the results,
either for all patients, or when men and women
were analysed separately. In a long-term RSA
follow-up of cemented Lubinus prostheses.
Kärrholm, et al. (1994) found a combination of
subsidence, and medial and posterior migration
during the initial two years to be deleterious
with respect to future revision. In (VI) none of
the stems had such a migratory pattern. The

finding that age did not influence the results can
probably be explained by the fact that no patient
was below 47 years of age, or, alternatively that
polymethylmetacrylate has a time-and load-
dependent deformation.

Although patients with RA had more osteoid
(unmineralized bone) than those with OA, this
did not correlate with migration of the stem, nor
did any ofthe other histomorphometric variables.
It was concluded that the initial fixation of the
femoral component is equally secure in RA and
OA, and that it seems to be independent ofthe
fact that RA patients had less BMC and more
osteoid than OA patients. This leads to the final
anticipation that, given an optimal surgical and
cementing technique, the issue of femoral
component loosening seems confined to a mat-
ter of mechanical stress, whereas socket
loosening might be explained by metabolic
factors in the recipient bone bed.
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Cemented versus uncemented
socket

Porous-coated, hemispherical sockets, intended
for uncemented fixation, were developed in the
light of an expected increase in the loosening
rate of cemented sockets (Charnley 1979,
Stauffer 1982, Sutherland 1982). At that time
polymethylmetacrylate was considered
dange,ous, and the term "cement disease" was
coined (Jones and Hungerford 1987). Several
retrospective but uncontrolled studies of such
porous implants have been published (Callag-
han 1988, Kim 1992, Lachiewicz 1992,
Schmalzried 1992, Woolson 1992), but to date
no prospective and randomized trial comparing
uncemented and cemented prostheses with
respect to radiographical performance has been
published. One study has in a prospective and
randomized way compared the clinical
performance of cemented and uncemented
Mallory Head arthroplasties - after two years
there was no difference with respect to pain or
function (Rorabeck 1994).

In (II) 21 patients with bilateral primary
arthrosis without any dysplasia were managed
with a one-stage bilateral hip arthroplasty with
an uncemented Harris-Galante (HG) socket
randomly allocated to one side. In the contra-
lateral hip a cemented Charnley socket was
used, and in all hips a Charnley stem was
cemented. The HG sockets were implanted after
reaming the acetabulum to the same size as the
selected prosthesis, and all sockets were fixed
by 2-3 screws according to the manufacturers'
recommendations. Tantalum markers were
implanted during surgery, and the patients were
followed by RSA with respect to socket migra-
tion. In every patient both hips were followcd-
up for the same period, and thus every patient
served as his or her own control. After a median
follow-up of 27 months (range 23 to 49 months)
there was no difference in migration between
the two socket designs, but the HG sockets
rotated more than the Charnley sockets around
both the transverse and the sagittal axes. Two

HG sockets showed progressive migration after
! 2 months, one of which had a directional shift
of migration along the transverse axis, implying
inducible instability.

It was concluded that with respect to skeletal
fixation the two socket designs seemed to per-
form equally well during the observation time.
To date we have, in this series, not seen any
signs of screw breakage or osteolysis around the
screws in the HG sockets.

Polyethylene wear in metal-backed sockets and
subsequent osteolysis is at present a matter of
concern (Rothman 1994, Bono 1994, Buechel
1994, Owen 1994, Hernandez 1994). However,
in (II) and (III) the follow-up time was too short
to draw any conclusions with regard to this
issue.

For HG sockets fixed with three screws there
was larger migration along the transverse axis
and more rotation around the longitudinal axis
as compared with sockets fixed with two screws.
However, since the cases were few and the
study not designed to evaluate the optimum
numberof screws, further conclusions regarding
this issue could not be drawn.

The aim of (III) was to compare the fixation
of the Charnley and HG sockets by the use of
RSA in a series of 60 unilateral hips in patients
with primary arthrosis. There was no difference
in migration between the two designs, cither at
12 or at 24 months. Pain and function scored
equally in the two groups. In one of the HG
sockets the polyethylene liner proved to have
rotated 18 degrees within its metallic sheil. The
rotation took place between 12 and 24 months,
but has to date, after 36 months, not progressed.
No signs of osteolysis have at present been seen
in this case, or in any of the others.

In this scries no difference was found in the
migration of the HG sockets with respect to the
number of screws used.

In (II) the results of the covariancc analysis
proved two of the RSA variables (proximal
migration and rotation around the transverse
axis) to be related to the patient rather than to the



22 Fixation of total hip components in rheumatoid arthritis and arthrosis

type of prosthesis used, i.e in some patients both
sockets migrated similarly. For this reason it
would not be logical to pool the hips in (II) and
(III) when analysing migration with respect to
socket design.

In (VII) the migration and rotation of 19 of the
HG sockets included in (III) were related to the
histomorphometric characteristics of trabecular

bone samples obtained during surgery from the
innominate bone superior to the acetabulum. No
correlation between micromovements and
histomorphometric variables could be
demonstrated, and it was concluded that, in OA
patients, the fixation up to two years of the
uncemented HG socket is independent of the
recipient bone quality, as measured by
histomorphometry.
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Conclusions

A more careful preparation of the acetabulum in total hip replacement in RA, including the
preservation of the medial wall and the use of bone transplants in cases with acetabular
protrusion, has been rewarded with respect to the radiographic longevity of the socket, and
will presumably result in a reduction of the revision rate in the future.

RA carries an inherent risk of early socket migration as well as later radiographic failure in
comparison to OA.

Patients with RA have more unmineralized bone, a higher bone-turnover and less tf MC in
the hip region than patients with OA. The difference in degree of mineralization is more
pronounced in the acetabulum. Although no direct relation between these variables and the
micromotion of the socket could be demonstrated in this thesis, it is still possible that the less
secure socket fixation in RA can be explained by a high metabolic activity in the acetabuium.

Improved preparation and cementing technique in the femur has led to a dramatic reduction
in the loosening rate of the femoral component. Stem fixation, as opposed to socket fixation,
is equally secure in RA and OA, and is probably related to the amount of stress inflicted upon
the hip joint rather than to the condition of the recipient bone bed.

The uncemented, porous-coated Harris-Galante socket with adjunct screw fixation does not
imply a better fixation than a cemented all-polyethylene Charnley socket with flanges.
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Appendix

Roentgen
stereophotogrammetric
determinants in (II)-(IV) and (VI)-
(VII)

The number of markers in each rigid body
segment, i.e the pel vis, the femur and the socket,
refers to the number of stable markers at the
latest examination. Correspondingly, the Mean
Error of rigid body fitting (ME) and the condition
number refer to the values at the latest examina-
tion.

Table A. RSA determinants in (II).
Table B. RSA determinants in (HI).
Table C. RSA determinants in paper (IV).
Table D. RSA determinants in (VI)
a/ Determinants in the femur.
b/ Results from 26 repeat determinations of the
centre of the head. 13 hips with a HG socket, 13
hips with a Charnley socket.
Table E. RSA determinants in (VII).
Table F. Standard deviations in the double
examinations.

Figures 8-9. Distribution test of deviations
obtained in the double examinations of the
sockets for translation along the longitudinal
and sagittal axes.

The precision of the
measurement table

The precision of the measuring table was
evaluated using a flat, rectangular 200x280 mm
test plate of glass, graded in one mm increments
(Wild, Heerbrugg, Switzerland). Repeated,
discrete measurements were performed in six
directions in two opposite corners of the
measurement table (Figure 10). 113 discrete
observations were performed in stepwise
increments along a distance of 200 mm. The
distances ranged from 1 to 200 mm. The
conformance of the values thus obtained to the
"true values" as represented by the gradings on
the glass plate were plotted, Figure 11. As can be
seen from this figure, a small and distance-
related error was recorded. Using the corners of
the glass plate as a template for true
orthogonality, the angle beween the axes of the
measuring table was estimated to be 91.8 degrees.

The above- mentioned distance-related error
in precision could thus be explained by this lack
of true orthogonality between the measuring
axes of the Hasselblad table. To evaluate the
overall precision of the measuring table, a 20
mm distance was measured at 17 intervals along
a 200 mm distance. The reason for choosing a 20
mm distance was that this is in practice a
commonly measured distance on a roentgen
film. 114 such discrete measurements were per-
formed in 6 different directions (Figure 10), and
the coefficient of variance (C V%) was found to
be 0.15.
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Table A.

Number of markers
in the pelvis.

Condition number of
markers in the pelvis

ME of markers in the pelvis

Number of markers in
the socket.

Condition number of
markers in the socket.

ME of markers in the socket.

Harris-Galante
socket
Mean. SD
(range)

5.7 1.5
(3-9)

64.2 32.6
(22-132)

0.19G 0.073
(0.068-0.295)

5.2 2.3
(2-9)

59.1 28.4
(37-158)

0.147 0.038
(0.081-0.208)

p-value*

n.s

0.01

n.s

n.s

n.s

Charnley
socket
Mean. SD
(range)

5.6 1.6
(3-9)

42.9 15.9
(23-78)

0.198 0.06
(0.063-0.306)

6.4 1.5
(5-9)

59.0 37.8
(28-203)

0.02 0.107 0.060
(0.050-0.269)

' At the 0.05 level of significance
" One case excluded due to absence of markers in the socket. The 3-D centre of the ring was computed.

Table B.

Nurriber of markers
in the pelvis

Condition number
of markers in the pelvis

ME of markers in the pelvis

Number of markers in
the socket

Condition number
of markers in the socket

ME of markers in the socket

Harris-Galante
socket
Mean. SO
(range)

6,3 1,7
(3-9)

37,2 3,9
(17-107)

0,21 0,06
(0.079-0.289))

5,9 1,9
(2-9)

49,6 11,2
(35-78)

0,17 0,07
(0.03-0.297)

" At the 0.05 level of significance

p-value*

n.s

n.s

n.s

p=0,003

n.s

n.s

Charnley
socket
Mean. SD
(range)

6,7 1,9
(3-9)

41,0 34,6
(18-184)

0,22 0,01
(0.113-0.299)

7,3 1,5
(4-9)

50,1 28,7
(28-162)

0,14 0,01
(0.028-0.296)
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Table C.

Number of
markers in the pelvis.

Condition number
of markers in the pelvis.

ME of markers in
the pelvis.

Number of markers
in the socket.

Condition number of
markers in the socket.

ME of markers
in the socket.

' At the 0.05 level of significance

RA
Mean. SD.
(range)

5.8 1.5
(4-9)

58.6 30.4
(19-135)

0.214 0.048
(0.106-0.276)

6 1.2
(3-8)

72.4 27.7
(39-144)

0.08 0.C38
(0.037-0.174)

p-value*

n.s

0.006

n.s

n.s

n.s

n.s

OA
Mean. SO
(rang»)

6.3 1.6
(4-9)

38.6 14.4
(18-73)

0.184 0.067
(0.053-0.300)

6.2 1.6
(5-9)

58.8 24.0
(34-125)

0.087 0.039
(0.028-0.171)

Table 0.
a/

Number of markers
in the femur.

Condition number of
markers in the femur.

ME of markers in femur.

b/

Transverse axis

Longitudinal axis

Sagittal axis

Mean. SD
(range)

5.5 1.4
(3-9)

71.7 38.4
(27-187)

0.170 0.066
(0.029-0.284)

SD (mm).

0.069

0.085

0.160
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Table E.

Number of markers in
the pelvis.

Condition number of
markers in the pelvis.

ME of markers in
the pelvis.

Number of markers in
the socket.

Condition number of
markers in the socket.

ME of markers in
the socket.

* Two extreme values excluded.

6.4 1.7
(3-9)

44.7 1X6
(17-184)

0.216 0.058
(0.063-0.298)

6.3 1.6
(3-9)

69.3 62.9 *
(28-162)

0.125 0.068
(0.03-0.297)

Rotations were not evaluated in these cases.

Table F. Results of the 50 double examinations in the studies of the socket and the 30 double
examinations in the study of the stem. Standard deviations from zero in mm and degrees.

Translation Rotation

HG socket
n=25

Charnley
socket
n=25

Both socket
types
n=50

Stem
n=30

Transverse
axis

0.053

0.057

0.055

0.06

Longitudinal Sagittal
axis axis

0.053

0.035

0.045

0.07

0.091

0.095

0.093

0.18

Transverse
axis

0.20

0.21

0.20

Longitudinal
axis

0.20

0.20

0.20

Sagittal
axis

0.093

0.076

0.085
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Figure 8. Observed deviations (millimetres) in the
double examinations of the sockets for translation
along the longitudinal axis, presented in relation to
a normal distribution (standard deviations). The
straight line represents the Gaussian distribution.

Figure 9. Observed deviations (millimetres) in the
double examinations of the sockets for translation
along the sagittal axis, presented in relation to a
normal distribution (standard deviations). The
straight line represents the Gaussian distribution.
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Figure 10. Schematic drawing of the positions and
the directions that were used to assess the precision
of the measurement table.

Figure 11. Precision test of the measuring table.


