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Aim To investigate the possible influence of demographic and biomechanical factors on stability of the
Endler cementless polyethylene acetabular cup.

Methods. This was a retrospective cohort study. Seventy-two patients (25 men, 47 women) bearing 82 Endler
prostheses, all of which were implanted by the same surgeon in the period between 1985 and 1991,
were invited for a control visit (final visit) in July 2003. During time between the surgery and the final
visit, the patients were followed-up regularly and assessed for clinical and radiological signs of the
Endler cup instability based on Krugluger and Eyb’s criteria. The Kaplan-Meier product limit method
and the Cox proportional hazard regression analysis were used to investigate the survival of the cup
(time since implantation till the diagnosis of instability) and possible influence of the following factors:
age and body mass index at the time of surgery, gender, achieved acetabular cup inclination angle, and
acetabuloplasty and/or trochanter osteotomy performed during surgery.

Results The median follow-up period was 15 years (range 5-18). Cumulative survival rates at 5, 10, 15, and 18
years were 97.6% (95% CI=94.2-100), 74.4% (95% CI=64.9-83.8), 53.7% (95% CI=42.9-64.5), and
44.5% (95% CI=29.5-59.6), respectively. The median survival time was 18 years (13-18). Unsatisfac-
tory acetabular cup inclination angle (<41 or >49 degrees) was a negative predictor of the cup sur-
vival (P=0.026), whereas the interaction between the inclination angle and an unsatisfactory body
mass index (>upper normal limit) was of borderline significance (P=0.056). The analyzed demo-
graphic and biomechanical factors apparently explained only a minor part of the survival variability
(R2=0.173).

Conclusion This study further documents the impact of the acetabular cup inclination angle achieved at surgery on
the Endler cup survival. However, it also suggests that the prosthesis survival might be influenced by
other, non-biomechanical factors.

Aseptic instability is one of the late com-
plications of the hip joint endoprosthesis surgery.
Numerous factors are involved in the onset of this
complication, one of them being the materials
used in the manufacture of the endoprosthesis
components. The bone reaction is induced by
wear debris with consequent osteolysis (1). The
so-called particle disease develops within 5 to 15
years resulting in aseptic loosening of the joint
endoprosthesis (2). It has long been questioned

whether this host reaction to various foreign parti-
cles around the prosthesis should be attributed to
any particular material component (metal, bone
cement, high molecular polyethylene), or whether
all the components cumulatively contributed to
the onset of the complications (3-6). Additional
factors besides the prosthesis features, like sur-
geon’s skill, patients’ attitude, time, and biome-
chanical conditions, have been shown to influ-
ence the prosthesis survival (7-11). Of the bio-
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mechanical factors, high body weight (12) and an
unsatisfactory acetabular cup inclination angle
achieved at surgery (ie, <41 or >49 degrees) (13)
have been shown to contribute to the prosthesis
instability onset.

The cementless conical polyethylene
acetabular Endler cup is a hip joint endoprosthesis
with a good construction and fixation in bone,
properties that would be expected to contribute to
long-term stability. Its polyethylene structure, on
the other hand, is thought to represent an impor-
tant disadvantage. Polyethylene is a material,
which wears out due to friction after a while in the
area between the acetabulum and the head, and
between the acetabulum and the bone stock. As a
result, small particles appear and, if accumulated
in great quantity, cause inflammation, ie, particle
(polyethylene) disease (14,15).

Several follow-up studies have so far in-
vestigated the survival of Endler cup (12,14-18),
evaluating between 96 (18) and 334 (17) prosthe-
ses for a median follow-up period of 5 (18) to 10
years (14). The present study refers to a cohort with
a minimum theoretical follow-up period for a sur-
viving prosthesis of 12 years (maximum 18), with
the primary objective of evaluating the impact of
biomechanical and demographic factors on the
prosthesis survival.

Patients and Methods

Design

This was a retrospective cohort study un-
dertaken in July 2003. Based on a medical history
data search at the Department of Orthopedic Sur-
gery, Zagreb University School of Medicine, a co-
hort of 100 patients were identified who met the
following predefined criteria: a) had received the
cementless conical polyethylene acetabular En-
dler cup (unilaterally or bilaterally); b) had been
operated on by the same surgeon (to eliminate the
“surgeon’s skill” factor); c) at least 12 years had
elapsed between the time of surgery and July
2003; d) radiographs of the operated hip taken im-
mediately after surgery were available for analysis;
e) data on age and body mass index (BMI) (or
weight and height allowing BMI to be calculated)
at the time of surgery were available; f) a descripti-
on of the surgical procedure was available.

Beside the Endler cup, all patients rece-
ived Zweymueller femoral stem as well. They
were invited for a control visit in July 2003 (final

visit), when a detailed medical history and a clini-
cal exam were taken. For those who had not been
diagnosed with prosthesis instability before the fi-
nal visit, the visit included also clinical and radio-
logical evaluation of the prosthesis. Patients (pros-
theses) were to be included in the analysis set pro-
vided the following criteria were met: a) the pa-
tient attended the final visit; b) the medical history
data documented regular follow-up during the
time since surgery till the prosthesis instability di-
agnosis or the final visit, ie, clinical and radiologi-
cal evaluation of the prosthesis in time intervals of
around 12 months (if not referring spontaneously
due to subjective difficulties); and c) no local bone
infection possibly interfering with the prosthesis
stability had been recorded. Of the 100 patients,
24 did not attend the final visit and the prosthesis
outcome could not be reliably determined (8 had
died and 16 were lost to follow-up), and 4 were ex-
cluded due to the bone infection occurrence. This
left 72 patients with 82 implanted Endler aceta-
bular cups for the final analysis.

Radiological Evaluation Methods

The first post-operative X-ray was usu-
ally taken on the second post-operative day. The
anteroposterior view was used to determine the
acetabulum inclination angle using Delphi Visual
Pascal software (19). The angles were classified as
“satisfactory” if in the range of 41 to 49 degrees
and as “unsatisfactory” otherwise (13). At the later
visits, anteroposterior and lateral views were used
for the following assessment: a) evaluation of the
bone reaction around the cup using DeLee and
Charnley’s method which divides the contact sur-
face of the cup into 3 zones in each projection, al-
lowing for a separate assessment of bone reac-
tions in each zone (20); b) recording of diffuse or
thin sclerotic lines around the cup threads, radio-
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Table 1. Criteria for radiological classification of endoprosthe-
sis stability according to Krugluger and Eyb (14)

Endoprosthesis Criteria

1. Stable sclerotization yes/no

visible threads or radiolucent line of 1 mm
in width in a single area

2. Early instability* visible threads or radiolucent line of 1-2
mm in two areas

3. Probable instability* visible threads or radiolucent line of 1-2
mm in width in two or more areas

osteolytic defect of >2 mm

4. Definite instability* visible threads or radiolucent line of 1-2
mm in width in several areas

osteolytic defect >2 mm

endoprosthesis migration which may be
cranial or medial

*Considered as an unstable endoprosthesis.



lucent lines, osteolytic defects distal to the cup,
changes in the position of the cup and proximal
shaft reactions. Based on these parameters, the
endoprosthesis stability was assessed and classi-
fied according to Krugluger and Eyb’s criteria (14)
(Table 1). Figure 1 illustrates radiological zones
around the prosthesis components, Figure 2 shows
a typical X-ray finding of an unstable prosthesis,
Figure 3 shows a typical X-ray finding of a stable
prosthesis, and Figure 4 shows a typical micro-
scopic appearance of severe polyethylene debris
in the tissue around the implant.

Statistical Analysis

The primary outcome was the prosthesis
survival. For this purpose each implanted prosthe-
sis was considered as an independent case (21,
22). The follow-up period was defined as the time
elapsed from the prosthesis implantation until the
final visit (July 2003) or until the diagnosis of insta-
bility (whichever happened first), and was deter-
mined per prosthesis. Summary statistics is re-
ported for the cohort’s characteristics.

To describe time-to-event data, where
“event” is the occurrence of the prosthesis “fail-
ure”, ie, instability, Kaplan-Meier product-limit es-
timator was used (Greenwood method for confi-
dence intervals). Time to “failure” was calculated
in years, as time elapsed since the surgery until the
actual moment of the instability diagnosis. Since
the patients were followed-up regularly, the time
of diagnosis was treated as the “failure” time al-
though these observations were actually interval
censored. All hips for which good stability was
confirmed at the final visit were considered as
censored observations.

To analyze the impact of demographic
and biomechanical factors on the prosthesis sur-
vival, Cox proportional hazard regression analysis
was used (maximum likelihood estimation solved
by the Newton-Raphson method; ties method:
Efron’s approximation to log likelihood). The fol-
lowing independent factors were considered in
the analysis: age at the time of surgery, gender, in-
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Figure 1. Radiological zones around the hip prosthesis

components used to assess the bone reaction according

to DeLee and Charnley (20).

Figure 2. Radiographs of an unstable total hip endopros-

thesis 15 years after surgery. The anteroposterior (A) and

lateral (B) view show extensive osteolytic destruction at

the caudal part, with migration of acetabulum cup and

subluxation of the head.

A

B



clination angle of the implanted acetabular cup
(dichotomized as “satisfactory” if within the range
of 41 to 49 degrees, “unsatisfactory” otherwise),
acetabuloplasty performed (yes/no), trochanter
osteotomy performed (yes/no), and body mass in-
dex (BMI) (dichotomized as “satisfactory” if below
upper limit of normal, “unsatisfactory” otherwise).
Since BMI was not recorded during the follow-up
and the last visit BMI values were in general agree-
ment with BMI at the time of surgery, BMI at the
time of surgery was considered in the analysis, and
the constant hazard ratio assumption was consid-
ered met. Several regression models were gener-
ated: the main effects model, and then models in-
cluding interaction terms (2-way, 3-way, 4-way,
and all possible interactions). For the models in-
cluding interaction terms, hierarchical forward se-
lection with switching method for subset selection

was applied (with a maximum number of terms in
a subset limited to 8 due to the limited sample
size). In this stepwise algorithm, the model build-
ing starts with no terms in the model. Then, a term
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Figure 4. Microscopic appearance of severe polyethylene

debris in the tissue around the implant. The biopsy was

taken at re-operation of an unstable prosthesis.

Figure 3. Radiographs of a stable total hip endoprosthesis 16 years after surgery. Solid bone at the bone implant site with no

signs of implant migration interface is shown. A. Anteroposterior view of the both hip dysplasia before operation; B. Lateral

view of the right total hip endoprosthesis; C. Anteroposterior view of bilateral total hip endoprosthesis 16 years after sur-

gery; D. Lateral view of the left total hip endoprosthesis.
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B
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is found that, when added to the model, achieves
the largest R2 value. At each step when a term is
added, all terms in the model are switched one at
the time with all candidate terms not in the model
to determine if they increase the value of R2. If a
switch can be found, it is made and the candidate
terms are again searched to determine if another
switch can be made. When the search for possible
switches does not yield a candidate, the subset
size is increased by one and a new search is be-
gun. The algorithm is terminated when a target
subset size is reached or all terms are included in
the model. The selection of the best model for
analysis of data was based on the achieved final
log likelihood. The best model was found to be a
7-terms model (main factors or 2-way interaction
terms). NCSS 2004 software (NCSS, Kaysville, UT,
USA) was used.

Results

The 82 followed-up prostheses were all
implanted between 1985 and 1991, and the me-
dian duration of the follow-up was 15 years (range
5-18). The main characteristics of the analyzed co-

hort are summarized in Table 2. The most com-
mon indications for the endoprosthesis implanta-
tion were the consequences of various develop-
mental anomalies (42.8%), followed by degenera-
tive hip changes (19.1%), post-traumatic condi-
tions (13.6%), idiopathic aseptic necrosis of the
femoral head (18.2%), and systemic disease
(6.5%). All recorded prosthesis failures were due
to instability of the Endler cup, whereas Zwey-
mueller femoral stems remained stable throughout
the follow-up period for all hips.

Cumulative survival rates (product-limit
analysis) for the 82 followed-up prostheses were
97.6% (95% CI=94.2-100) at 5 years, 74.4%
(95% CI=64.9-83.8) at 10 years, 53.7% (95%
CI=42.9-64.5) at 15 years and 44.5% (95%
CI=29.5-59.6) at 18 years. Median survival time
was 18 years (95% CI=13-18) (Fig. 5).

The model for the Cox proportional haz-
ard regression analysis, selected based on the
achieved log likelihood, comprised 7 independent
variables (4 main factors and 3 interaction terms)
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Figure 5. Kaplan-Meier survival curve for the 82 prosthe-

ses with the median follow-up period of 15 years. Dotted

lines represent the 95% confidence intervals.

Table 2. Characteristics of the analyzed cohort of patients with
implanted Endler acetabular cups

Patients/prostheses No. (%)

Patients:

toal 72

men 25 (34.7)

age at the time of surgery (years) (mean±SD, range) 44.6±7.2 (26-59)

patients with normal BMI* at the time of surgery 38 (52.8)

Prostheses:

total 82

post-operative inclination angle (degrees)
(median, range)

45 (20-60)

prostheses with a "satisfactory" inclination angle† 41 (50)

prostheses with performed acetabuloplasty 15 (18.3)

prostheses with performed trochanter osteotomy 13 (15.9)

duration of the follow-up (years) (median, range) 15 (5-18)

*Body mass index. BMI beyond the normal range indicating overweight or obesity

is an unfavorable prognostic factor for prosthesis survival.

†Post-operative acetabular cup inclination angles falling below 41 degrees or be-

yond 49 degrees are considered “unsatisfactory”, ie negative prognostic factor

for the prosthesis survival (13).

Table 3. Summary of the Cox proportional hazard regression analysis of the prosthesis survival*

Independent variable Log Likelihood R2 value R2 change Coefficient P

Start -166.5376 0.0000 0.0000

Acetabuloplasty (yes) -165.9590 0.0140 0.0140 -24.7758 0.9998

BMI (satisfactory) -165.6721 0.0209 0.0069 -0.4605 0.3256

Inclination angle (satisfactory) -164.1423 0.0567 0.0359 -1.2832 0.0260

Trochanter osteotomy (yes) -163.6233 0.0686 0.0119 -24.2045 0.9999

Acetabuloplasty vs inclination angle -163.1266 0.0798 0.0112 1.5094 0.0798

Acetabuloplasty vs trochanter osteotomy -162.3096 0.0980 0.0182 48.6649 0.9998

BMI vs Inclination angle -158.7346 0.1733 0.0753 1.3707 0.0556

*The fitted model was selected based on the achieved final log likelihood (see Patients and Methods for details). The selection of independent variables to enter the model

was closed at 25 iterations. The last three independent variables are interaction terms (vs indicates interaction). Estimated model: Exp(-24.7758-0.4605×BMI)–1.2832×

(inclination angle)–24.2045×(trochanter osteotomy)+1.5094×(acatbuloplasty)×(Inclination angle)+48.6649×(acatbuloplasty)×(trochanter osteotomy)+1.3707×(BMI)×

(inclination angle).



(Table 3). An unsatisfactory inclination angle of
the acetabular cup achieved at surgery (<41 or
>49 degrees) was identified as a negative predic-
tor of the prosthesis survival (as indicated by the
sign associated with the regression coefficient;
P=0.026), whereas the interaction between the
inclination angle and an unsatisfactory BMI (>up-
per normal limit) at the time of the surgery was of
borderline significance (P=0.056) (Table 3). Re-
duction or expansion of the model, or substitution
of any of the independent variables by factors
“age” or “gender” or any other interaction term
yielded poorer final log likelihood (and lower R2).
Although selected as the best one, the model ap-
parently explained only a minor part of the sur-
vival variability (R2=0.173) (Table 3).

Discussion

The analyzed cohort was rather homog-
enous in that it comprised relatively younger
adults (mean age at the time of surgery 44.6 years),
apparently younger than in other studies evaluat-
ing survival of the Endler cup (12,14-18). As com-
pared to these studies, the present study assessed a
lower number of prostheses, ie, 82 vs 96 (18), 103
(14), 115 (16), 260 (12), or 334 (17), but the fol-
low-up period was considerably longer: median
15 years vs 5 years (12,18), 5.4 years (17), 7 years
(16), or 10 years (14). The prosthesis survival ob-
served in the present study was in general agree-
ment (comparable or slightly better) with that re-
ported by others: at 5 years, 97.6% vs 94.8% (18)
or 82.5% (12); at 10 years, 74.4% vs. 70.5% (14).
As illustrated in Figure 4, where instability was di-
agnosed polyethylene wear particles could be
demonstrated in the intercellular spaces, explain-
ing the cup instability by the host’s reaction result-
ing in osteolysis.

The main limitation of the analysis of po-
tential biomechanical/demographic predictors of
the prosthesis survival comes from the retrospec-
tive nature of data, which precluded consideration
of other factors, such as BMI as potentially time-
dependent covariate. Despite this drawback the
present data support the importance of an ade-
quate acetabular cup inclination angle for the
prosthesis survival, a finding reported by others as
well (13). The results further suggest that age (at
least in the range of ages seen in the analyzed co-
hort), gender, and other considered factors had no
significant impact on the primary outcome. The

finding that BMI above the upper normal limit
(found in 47% of the patients) was not a factor rele-
vant for the prosthesis survival is likely due to the
fact that the actual values were, most of the time,
only slightly above the normal values. On the
other hand, it appears that all of the considered
factors explained only a minor portion of the sur-
vival variability. This suggests a role of other po-
tentially relevant factors, likely non-biomechani-
cal/non-demographic that remained unidentified
in this study. The role of inflammation induced by
polyethylene particles in the onset of aseptic pros-
thesis instability has been rather well documented
(23,24). Degenerative changes of the hip joint are
associated with a varying level of local inflamma-
tion even before the endoprosthesis implantation
(25,26). It seems appealing to hypothesize that in-
dividual disposition to pro-inflammatory reaction
may be a factor of interest in polyethylene cup sur-
vival.
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