ACTA CHIRURGIAE ORTHOPAEDICAE
287 ET TRAUMATOLOGIAE CECHOSL., 80, 2013, p. 287-294 O R I G I NAL PAP E R

PUVODNI PRACE

Acetabular Component Position of the
Noncemented Total Hip Endoprosthesis after
Previous Chiari Pelvic Osteotomy

Postaveni acetabularni komponenty necementované totalni endoprotézy kycle po
predchozi Chiariho osteotomii panve

N. SLAVKOVIC'2, Z. VUKASINOVIC'2 , |. SESLIJA', Z. BUKUMIRIC?, Z. BASCAREVIC'?,
D. SPASOVSKI'?2

" Institute of Orthopaedic Surgery “Banjica”, Belgrade, Serbia
2 Faculty of Medicine, University of Belgrade, Belgrade, Serbia
3 Institute for Medical Statistics and Informatics, Faculty of Medicine, University of Belgrade, Belgrade, Serbia

ABSTRACT

INTRODUCTION
The aim of the study was to determine the validity of acetabular component position of the noncemented total hip endo-
prosthesis after Chiari pelvic osteotomy.

MATERIAL AND METHODS

The study involved 75 patients operated on at the Institute of Orthopedic Surgery ,Banjica“ in the period from 1990-2009.
The first group consisted of 39 patients (46 hips) who underwent Chiari pelvic osteotomy and also later the implantation of
a noncemented total hip endoprosthesis. A control group consisted of 36 patients (47 hips) who underwent total hip arthro-
plasty due to degenerative hip dysplasia.

RESULTS

In the previously operated patients the centre of rotation of the hip was on the average placed more proximally, while
in the control group of patients the position of the acetabular component was closer to the anatomical one. In the group of
patients after Chiari osteotomy the mean acetabular cup abduction angle rated 41.8° + 9.8°, while in the control group this
value was on the average higher (45.4° + 8.6°).

DISCUSSION

There was a significant difference between the studied groups in relation to the distance between the acetabular com-
ponent of endoprosthesis and the acetabular teardrop (t = -2.763; p = 0.007). No statistically significant difference was de-
termined in the mean value of the angle of acetabular abduction component of endoprosthesis between the studied groups
of patients (t = 1.878; p = 0.064).

CONCLUSIONS
Acetabular component position of the total hip endoprosthesis was not compromised by anatomic changes of the
acetabulum caused by Chiari pelvic osteotomy.
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INTRODUCTION

The adequate acetabular component position can be
a highly demanding procedure in cases of altered ana-
tomic relationships that are to a lesser or higher degree
present in patients with congenital hip dysplasia (3, 9).

During surgical procedure of total hip endoprosthe-
sis implantation it is our goal to place the acetabular
component into a bearing created at the site of the true
acetabulum. If this position does not render sufficient
implant coverage to provide its stability and longevity,
the use of acetabular augmentation is recommended
(18, 25, 26). Patients with congenital hip dysplasia
may not have sufficient bone tissue at the site of the
true acetabulum to provide a good support and cov-
erage of the implant. In such cases one is forced to
position the acetabular component at the site with suf-
ficient bone tissue quantity, most often superiorly and
laterally in relation to the position of the true acetabu-
lum. Laterally and/or superiorly dislocated center of
rotation of the hip increases the longitudinal loading
of the acetabular component during activities, which
accelerates insert wear and shortens endoprosthetic
longevity (1, 26, 31).

It has been revealed that the acetabular component
position of endoprosthesis can significantly influence
the longitudinal loading that is transferred onto the in-
sert thus thinning it with time (1). The recommended
position of the acetabular component is from 30°-50° of
abduction from the horizontal plane (21).

Femoral head medialization by Chiari pelvic osteo-
tomy was a frequently used procedure in the second half
of the 20" century. Chiari surgery is nowadays recom-
mended in patients with insufficient femoral head cover-
age when a full reconstruction of anatomic correlations
cannot be expected even by utilization of other more
efficient and technically more challenging pelvic oste-
otomies (14, 19). It is desirable that the patient has good
strength of abductor musculature, preserved hip joint
mobility, as well as absence of advanced degenerative
disorders. A technically precisely performed Chiari os-
teotomy can result in the patient’s good clinical and ra-
diographic outcome over the next postoperative 10-20
years (24). Despite improvement of joint congruency,
degenerative disorders of the hip joint develop over
time, so that the implantation of total hip endoprosthesis
becomes inevitable (Figs 1 and 2).

The aim of the study was to determine the validity of
acetabular component position of the noncemented total
hip endoprosthesis after Chiari pelvic osteotomy, as well
as the purposefulness of bone graft usage that could ad-
ditionally improve this position.

MATERAL AND METHODS

The included 75 patients (97 hips) with implanted
noncemented total hip endoprosthesis due to a diag-
nosed degenerative disease. Thirty-nine patients (52%),
i.e. 46 hips (49.5%) previously underwent Chiari pelvic
osteotomy because of insufficient femoral head cover-
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age. The control group was composed of 36 patients
(48%), i.e. 47 hips (50.5%), in whom the degenerative
disease also developed as the consequence of insuffi-
cient femoral head coverage but where no attempt was
made to improve anatomic correlations by surgery. All
total hip arthroplasties were performed at the Institute of
Orthopedic Surgery (IOS) ,,Banjica“ in the period from
1990 and 2009.

In the study we used only complete and with fully
conducted follow-up medical records and radiographies
of the pelvis and hips in antero-posterior direction in
standing position. In the evaluation of patient’s func-
tional status Harris Hip Score was applied (24).

Immediately after the Chiari procedure, using radio-
graphies of the pelvis with hips in the antero-posterior
direction, we also measured and calculated osteotomy
parameters: osteotomy angle, percentage of medial dis-
placement of inferior pelvic fragment at the level of the
osteotomy and the distance of the osteotomy from the
acetabular edge. After performed total hip arthroplasty,
the acetabular component abduction angle was mea-
sured, as well as the distance between its distal edge and
the acetabular teardrop.

In all Chiari pelvic osteotomies the original surgical
technique was respected (2). In nine patients (19.6%)
the occurrence of postoperative complications were re-
corded. The most frequent problem presented hardware
breakage (55.6%), while osteotomy non-union, femoral
head avascular necrosis, wound healing delay and joint
contracture were equally represented (11.1%).

All surgical implantations of noncemented total hip
endoprosthesis were performed via a posterolateral ap-
proach. We used various primary implant models with
noncemented fixation available in a corresponding time
period.

All observed and calculated parameters were used in
the formation of database and further statistical analy-
sis. Descriptive statistical methods and methods for
statistical hypothesis testing were used in the analysis
of primary data. Statistical hypothesis testing involved
the use of t-test, ¥* test, Fisher test of exact probability,
Wilks’Lambda test and variance of repeated measure-
ments analysis (ANOVA). Statistical hypotheses were
tested at the level of statistical significance of 0.05.

RESULTS

Of 93 operated hips only one (1.1%) belonged to
a male patient who had previously undergone Chiari pel-
vic osteotomy. In the study lower extremities were ap-
proximately equally represented (47 right, 46 left), while
arthroplasty was performed bilaterally in 18 patients (in
7 patients after Chiari osteotomy and in 11 control group
patients). There was no statistically significant differ-
ence in the frequency of bilateral incidence of lower ex-
tremities between the two studied groups (y*> = 0.529;
p=0.467).

The mean patient’s age at the time of performed Chi-
ari pelvic osteotomy was 37 + 9.4 years. The youngest
patient was aged 15 years and the oldest one 52 years.
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Fig. 1. Severe hip arthrosis 15 years after bilateral Chiari osteotomies.

Fig. 2. Bilateral total hip arthroplasty performed 16 years after Chiari pelvic osteotomies. Acetabular
cup positions are in the ,,safe zone as described by Lewinnek with HHS above 90 bilaterally. Follow-
up period of 4 years and 9 months after last surgery.

The mean pelvic osteotomy angle was 10.3 + 8.6 de-  procedure rated 41.5 + 11.3%. The lowest recorded me-
grees. In five (10.9%) patients osteotomy was performed  dialization was 20% and the highest 66.7%. The mean
completely horizontally (0°), while in one case the max-  distance from the osteotomy site to the acetabular edge
imal determined value was 38 degrees. The mean value  was 10.5 £ 5.8 mm. The greatest measured distance of
of femoral head medialization obtained after Chiari 26 mm was present in one patient. During triple surger-



290/ ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE CECHOSL., 80, 2013

ies (6.5%) osteotomy was initiated at the very acetabular
edge through the joint capsule. No case of joint penetra-
tion was recorded.

The calculated mean time elapsed from the Chiari
procedure to the implantation of total hip endoprosthe-
sis was 194.2 + 75.8 months, ranging from 48 to 423
months.

The observed mean patient’s age at the time of arthro-
plasty was 54.6 & 8.5 years; it rated 53.4 + 9.5 years in
patients who had previously undergone Chiari pelvic os-
teotomy, i.e. 55.7 = 7.3 months in the control group pa-
tients. By statistical analysis it was determined that there
was no significant difference in the mean patient’s age
at the time of total hip endoprosthesis implantation be-
tween the studied groups (t = 1.306; p = 0.195).

Femoral head autografts were used in 18 (19.35%) ar-
throplasties; of these, in 8 hips after Chiari pelvic osteot-
omy (17.4%), i.e. in 10 control group hips of previously
unoperated patients (21.3%). No significant difference
was determined in the frequency of autograft utilization
between the studied groups (}* = 0.225; p = 0.635).

During 43 operations (19 times in patients who had
previously undergone Chiari procedure, 24 times in pre-
viously unoperated patients), the acetabular component
of the total hip endoprosthesis was placed at the site
of true anatomic position. In 53.8% cases (27 times in
patients after Chiari procedure and 23 times in control
group patients) the center of rotation of the hip migrated
more often proximally in relation to the teardrop (total
47 hips) than distally (in 3 patients previously unoper-
ated by Chiari osteotomy). No statistically significant
difference was found between the studied groups in rela-
tion to the position of the acetabular component to the
acetabular teardrop (}* = 0.891; p = 0.345). In 10 cases
(55.6%) the use of bone autograft resulted in the ana-
tomically desired position of the acetabular component,
but statistical significance of its utilization was not con-
firmed (3> = 0.780; p = 0.377).

The mean distance from the acetabular component dis-
tal edge to the acetabular teardropwas 7.1+ 9.6 mm. In 18
cases the use of bone graft decreased this distance to 4.7
+ 7.7 mm, but without statistical significance (t = 1.158;
p = 0.250). In the patients previously operated on by the
Chiari method the center of rotation of the hip was on
the average positioned more proximally (9.8 £ 11.1 mm;
the most proximal position was measured 43 mm from
the acetabular teardrop), while in the control group of
patients acetabular component position was closer to the
anatomic one (4.5 £ 6.9 mm; ranging from 3 mm below
the acetabular teardrop to 24 mm above the acetabular
teardrop). There was a significant difference between
the studied groups in relation to the distance between
the acetabular component of the endoprosthesis and the
acetabular teardrop (t =-2.763; p = 0.007). By using the
bone autograft, the center of rotation of the hip was posi-
tioned even closer to that of the true acetabular position
(5.9 £ 7.1 mm in the patients previously operated on by
the Chiari method, i.e. 3.8 = 8.5mm in the control group
patients). There was no confirmed statistical significant
difference in the frequency of autograft use and the dis-
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tance from the acetabular component to the acetabular
teardrop (t=1.055; p=0.297 in the group of patients op-
erated on by the Chiari method, i.e. t =0.373; p=0.711
in the group of previously unoperated patients).

The mean value of the acetabular component abduc-
tion angle was 43.6° = 9.3° In the group of patients
previously operated by Chiari osteotomy the mean ab-
duction angle of the acetabular component was 41.8° +
9.8°, while in the control group it was on the average
higher (45.4° + 8.6°). There was no significant differ-
ence in the mean acetabular component abduction angle
of endoprosthesis between the studied groups of patients
(t=1.878; p=10.064). In 18 cases autograft use slightly
decreased acetabular component abduction angle (43.3°
+ 6.8°), but without statistical significance (t = 0.130;
p=0.897).

In all 93 patients the mean value of HHS before the
implantation of hip endoprosthesis was 51.9 + 12.7,
and after performed surgery and rehabilitation it was
83.0 = 11.1. In the patients who had previously under-
gone Chiari osteotomy even more increased improve-
ment of the functional status was observed (from 46.5 +
12.0 preoperatively to 84.0 + 13.4 postoperatively). In the
previously unoperated patients the mean value of HHS
before hip endoprosthesis implantation was 57.2 + 11.1.
Postoperative functional status after rehabilitation period
was improved to mean values of 82.1 + 8.3. There was
a statistically significant increase of postoperative HHS
values in both patient groups (Wilks’Lambda = 0.170;
p <0.001). In the observed time period there was a statis-
tically significant difference in the HHS values between
the studied groups (F = 5.663; p = 0.019). There was
a statistically significant interaction in the patients oper-
ated on by Chiari osteotomy and previously unoperated
patients in relation to HHS values during the observed
period (Wilks’Lambda = 0.833; p < 0.015).

After implantation of hip endoprosthesis the patients
were under clinical follow-up for the mean 66.6 = 38.3
months. The shortest follow-up period was 36 and the
longest 222 months.

DISCUSSION

Surgical procedure of Chiari‘s capsular arthroplasty
has been applied, more or less frequently, for over 50
years. In the up-to-date orthopaedic practice Chiari pel-
vic osteotomy is considered a good alternative to total
arthroplasty in patients with dysplastic hips and poor
joint incongruence, particularly in the adolescent period
(13, 14, 28).

Insufficiently good anatomic correlations between the
femoral head and acetabulum nevertheless lead to the
development of degenerative hip diseases in these pa-
tients. It has been observed that the implantation of total
endoprosthesis after a previously performed Chiari oste-
otomy increases with the a longer follow-up period (Ito
— 9% after 20.3 years, Kotz — 40% after 32 years) (14,
19). Decreased possibility of sufficient quality and long-
term clinical follow-up of patients operated on by Chiari
osteotomy most probably represents the major reason of



ACTA CHIRURGIAE ORTHOPAEDICAE
291 ET TRAUMATOLOGIAE CECHOSL., 80, 2013 ORIGINAL PAPER

PUVODNI PRACE

Fig. 3. Total hip arthroplasty performed 15 years after Chiari pelvic osteotomies. Bulk femoral head autograft
was used during right hip arthroplasty. Acetabular cups positions are without any significant differences. HHS
= 90, follow—up period of 7 years.

Fig. 4. Left hip osteoarthrosis 24 years after Chiari pelvic osteotomy. Right hip arthrodesis is evident.
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such a low number of articles dealing with the problems
of delayed implantation of total hip endoprosthesis. The
group of 39 patients, i.e. 46 hips treated at the IOS “Ban-
jica® over the past 22 years represents the largest group
among those we have found in the up-to-date literature.

The mean age of patients at the time of Chiari pelvic
osteotomy in our series was 37.0 years, which is signifi-
cantly higher in relation to other similar studies (8, 14).
Such data is not surprising having in mind that only pa-
tients who underwent implantation of total hip endopros-
thesis are presented. In the study, conducted at the 10S
»Banjica“ which involved 86 patients (99 hips) of adoles-
cent age ranging from 10—19 years, no case of hip arthro-
plasty was observed after Chiari pelvic osteotomy (28).

By analysis of obtained results in our series, it can be
observed that the osteotomy angle and the distance be-
tween the site of osteotomy initiation and acetabular edge
was wider, while the percentage of medialization was
lower if compared to similar studies conducted in adoles-
cent patients (28, 17). Those are exactly these differences
that can explain different anatomic characteristics of bone
and soft tissues among different age groups (thicker joint
capsule, stronger and less elastic pelvic ring).

Fig. 5. Total hip arthroplasty of the left hip. Medial cotyloplasty of the ac-
etabulum was performed. Follow-up period of 3 years with HHS = 83.
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In our study the mean time between Chiari pelvic oste-
otomy and implantation of total hip endoprosthesis was
16.2 years. Ito et al. reported practically identical data
(16.4 years), while other authors reported a considerably
longer time period (Ohashi et al. 25 years, Kotz et al. 26
years) (14, 19, 24). Nevertheless, a delay in exchang-
ing the biological joint with an artificial one of over 15
years should not be considered failure, particularly if
Chiari’s capsular arthroplasty is indeed utilized as the
salvage procedure in cases where a significant anatomic
improvement by the use of some other pelvic osteotomy
is not expected.

The mean age at the time of total hip arthroplasty was
nor statistically significantly different between the two
groups of patients. On this basis it is possible to con-
clude that Chiari osteotomy considerably prolongs the
time of biological hip longevity and that, if performed
correctly and timely, it enables a relatively favorable
outcome in patients with insufficient femoral head cov-
erage. Such a conclusion is of major significance, par-
ticularly if also kept in mind the patient’s poor functional
status immediately prior to performed Chiari pelvic os-
teotomy (HHS = 62.6 = 14.2).

Bulk autografts are often used in arthro-
plastic surgery of the hip with the basic goal
of providing a good and reliable bearing for
the acetabular component of endoprosthe-
sis. Numerous authors insist on the recon-
struction of the anatomic centre of rotation
of the hip, with or without autograft, which
decreases the possibility of accelerated
polyethylene and alumina ceramic insert
wear and the consequent implant loosening
(3, 5, 6, 18, 25, 31). Georgiades et al. has
proved increased frequency of loosening of
the femoral component of endoprosthesis
if the acetabular cup is placed more proxi-
mally than 25 mm in relation to the acetabu-
lar teardrop (9). Bicanic et al. reported that
longitudinal load on the acetabular cup in-
creases by 0.1% for each millimeter of its
proximal migration in relation to the posi-
tion of the true acetabulum (1). Schofer et
al. consider that the autograft transplant
and later loosening can be expected in ap-
proximately 50% of cases after 11.8-year
period. The authors consider that the recon-
struction of the anatomic rotation centre of
the hip, bone quality, graft orientation and
screws used for its fixation are the main
factors which provide longevity of the non-
cemented acetabular component of total
hip endoprosthesis positioned with the aid
of autograft (26). Kim et al. insist on the
achievement of the primary initial stability
of the implant and the use of a component
of the largest possible diameter (18).

It should not to be discarded that there
is a number of published papers by authors
reporting the opinion that the use of bone
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autografts in dysplastic degeneratively altered hips is not
justified (12, 16, 18). Positioning the centre of hip rota-
tion more proximally in relation to the true anatomic po-
sition (Kim et al. defines the position of high hip centre
as the position that is over 35 mm more proximal in rela-
tion to the acetabular teardrop) is considered a more fa-
vorable and permanent solution if primary stability and
sufficient bone coverage of the implant can be achieved
(18). Wan et al. report that the distance between the ac-
etabular component and acetabular teardrop has no in-
fluence on the wear speed of polyethylene and ceramic
inserts of hip endoprosthesis (29).

In our series, bulk structural bone autografts were used
in approximately 20% patients, more or less identically in
both groups of patients. In this way the anatomically de-
sired position of the acetabular component was achieved
in over 50% of cases (Fig. 3). Nevertheless, according to
statistical analysis the use of bone grafts in order to place
the acetabular cup into the bearing created at the site of
the true acetabulum is not justified. Statistical analysis
indicates that by increasing the frequency of autograft
utilization such a conclusion could be different and in ac-
cordance with the reports in the literature (3, 5, 18, 25, 26,
30, 31). In our study, neither autograft resorption nor loos-
ening of the acetabular cup placed in close proximity to
the bone graft was recorded. Regarding the position of the
acetabular component of endoprosthesis in relation to the
acetabular teardrop, there was no statistically confirmed
significant difference between the two groups. Neverthe-
less, it was noted that a slightly higher number of ana-
tomically precisely positioned implants was present in the
group of previously unoperated patients. The mean dis-
tance between the acetabular component distal edge and
the acetabular teardrop was considerably greater in the
patients operated by Chiari pelvic osteotomy (9.8 mm).
In the control group of patients this distance was 4.5 mm,
which is considerably lower compared to the data pub-
lished in the literature (6, 16, 18, 23). In a study, Fousek
J. recorded that in patients with a degenerative disease,
following a congenital disorder of the hips, the acetabular
component was on the average positioned by 15 mm more
proximally in relation to the acetabular teardrop (7).

Undoubtedly, acetabular anatomy, after Chiari pelvic
osteotomy, can be the aggravating factor in the proper
positioning of the acetabular component of hip endo-
prosthesis (Figs 4 and 5).

Over 30 years ago Lewinnek identified a ,,safe zone*
in positioning of the acetabular component of total hip
endoprosthesis in order to lower the risk of postoperative
hip dislocation (21). Numerous papers have confirmed
the original hypothesis according to which it should be
insisted that the acetabular cup is to be placed in 40° +
10° abduction and 15° = 10° anteversion (4, 32). Ac-
cording to the recent reports, abduction of over 45° is
considered responsible for increased wear of polyethyl-
ene inserts (4, 9, 29). In patients included in our study,
the acetabular component was positioned by free-hand
technique. The calculated values of abduction implant
did not significantly differ between the two groups of
patients and were positioned within the recommended
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range. These results are in accordance with similar stud-
ies (20). It is interesting to mention that in 18 cases the
use of autograft did not significantly alter the values of
the acetabular component abduction of endoprosthesis.
The altered acetabular anatomy has more influence on
the height of the acetabular cup in relation to the tear-
drop than on its abduction.

According to most authors, altered acetabular anat-
omy after Chiari pelvic osteotomy does not represent
a significant problem in arthroplastic joint reconstruc-
tion surgery (11, 24, 27). Based on 10 implanted hip
endoprostheses, Minoda et al. reports that the recorded
prolonged time of surgery involves higher intraoperative
blood losses as well as a poorer position of acetabular
components (22).

By the implantation of total hip endoprosthesis and
later rehabilitation, the functional status of patients with
degenerative disease of the dysplastic hip is consider-
ably improved. Preoperative and postoperative values
obtained in our study are within the range recorded in
the up-to-date literature dealing with similar topic (5, 23,
30). Johansson et al. points out that, after the implanta-
tion of total hip endoprosthesis, better functional results
have been achieved in patients with a higher preoperative
HHS (15). The author suggests a timely surgical inter-
vention so as to provide best possible postoperative func-
tion. Results published by Fousek et al. are contrary to
the aforementioned data (7). According to his study, after
the implantation of total hip endoprosthesis patients with
poorer preoperative functional status had higher HHS val-
ues (HHS = 38.6 preoperatively, 80.3 postoperatively in
group [; HHS = 35.5 preoperatively, 84.9 postoperatively
in group II). Similar results were also recorded by analy-
sis and processing of our data. After the implantation of
total hip endoprosthesis the patients had a considerably
higher functional improvement (HHS from 46.5 preoper-
atively to 84.0 postoperatively) in relation to the control
group of previously unoperated patients (HHS from 57.2
preoperatively to 82.1 postoperatively). Such results con-
firm the significance of technically properly performed
arthroplasty, by which, despite preoperative anatomic
relations of different complexity, a practically equally
favorable postoperative outcome can be achieved. In the
process of making conclusions one should not leave out
the fact that the preoperative functional status of patients
operated on by the Chiari method was considerably in-
ferior in relation to the group of patients who had not
previously undergone surgical treatment.

CONCLUSION

Chiari pelvic osteotomy postpones degenerative pro-
cesses in patients with insufficient femoral head cov-
erage but it also considerably changes anatomy of the
acetabulum. Positioning of the acetabular component
during a delayed arthroplasty is not compromised by
such anatomic changes. The use of bulk bone autographs
decreases the distance between the centre of rotation of
the hip and the acetabular teardrop, but it does not have
influence on the abduction of the acetabular cup.
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