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Hip dysplasia is a major cause of secondary ABSTRACT
osteoarthritis (OA) of the hip. Advanced OA

: : : : Objectives: This study aims to compare the long-term outcome
due to hlp dysplasm often requires techmcally of highly cross-linked polyethylene (HXLPE) in hip dysplasia with

. . 12 . 1
demandmg total hlp arthroplasty (THA) 2 Durmg osteonecrosis of the femoral head (ONFH) and evaluate the effect of cup
acetabular reconstruction, limited bone coverage, a inclination on HXLPE wear after total hip arthroplasty (THA) during a

high hip center, and malpositioning of acetabular LR e

hall B4l F tabl Patients and methods: Between January 2000 and December 2012,
cup are common challenges. or stable cup a total of 124 patients who underwent primary THA for hip dysplasia

fixation, 50% to 75% host bone coverage is usually or ONFH with a minimum 10-year follow-up were retrospectively
recommended and it is usual]y measured using analyzed. A total of 62 patients were successfully matched between
various image modalities.*? Although restorin the two groups (ONFH group, n = 62 and hip dysplasia group, n = 62).
& : & & Primary outcomes included acetabular cup inclination, anteversion,
the anatomical hip center is ideal, a higher hip and wear rates of HXLPE. Based on cup inclination, both groups were
center is often acceptable if it ensures sufficient divided into three subgroups, classified as (1) < 45°, (2) < 45° to < 50°,
coverage.®! Malpositioning of the acetabular cup ol () & b Bissominny enlisines sraned iy el meor
. R k radiographic findings of osteolysis, implant loosening, stress shielding,
frequently occurs durlng THA for hlp dySPIaSIa and heterotopic ossification. Kaplan-Meier curve and Cox regression test
were used to compare the implant survivorship in the full cohort prior

to exclusion and matching (178 hip dysplasia and 397 ONFH patients).
Results: There was no significant difference in survival rate without
revision of prosthesis at 10-year between two groups (hip dysplasia:
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the ONFH group (43.9°, 95% CI: 42.3° to 45.5°) (p = 0.002). Steep cup
inclination (> 55°) was significantly more frequent in the hip dysplasia
group (11.3%, 7/62) than in the ONFH group (6.5%, 4/62; p = 0.006).
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remained comparable between groups in the overall cohort. In the
matched cohort analysis, HXLPE wear rates and clinical outcomes
were also comparable between the groups. These findings suggest
that, despite technical challenges in acetabular positioning, the
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Influence of cup inclination on HXLPE wear

due to shallow acetabulum and medial osteophyte.
0101 Efforts to achieve sufficient host bone coverage
can induce a steep cup inclination. Both finite
element-based and clinical studieshave demonstrated
that steep cup inclination, particularly angles
exceeding 55° is associated not only with hip joint
dislocation but also with accelerated polyethylene
liner wear and subsequent periprosthetic osteolysis
following THA for hip dysplasia.1%

Highly cross-linked polyethylene (HXLPE)
has replaced conventional polyethylene owing to
its improved wear resistance. Favorable mid- to
long-term results of HXLPE have been reported for
various clinical setting.'*'”l However, in dysplastic
hips, small cup size, steep inclination, and high
hip center may still affect wear, and the long-term
durability of HXLPE.518

In conventional polyethylene, a cup inclination
of no more than 55° has been recommended.
However, studies demonstrating the effect of cup
inclination on HXLPE wear still remain scarce. In
the present study, we hypothesized that long-term
outcome of HXLPE in hip dysplasia was comparable
to osteonecrosis of the femoral head (ONFH) and
cup inclination had minor impact to wear of HXLPE,
although cup inclination would be steeper and steep
positioning more frequent in hip dysplasia. We,
therefore, aimed to compare the long-term outcome
of HXLPE in hip dysplasia with ONFH and evaluate
the effect of cup inclination on HXLPE wear after
THA during a minimum 10-year follow-up.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Keimyung University Dongsan
Hospital, Keimyung University School of Medicine,
Department of Orthopaedic Surgery between
January 2000 and December 2012. A total of 246 hip
dysplasia and 650 ONFH patients who underwent
primary THA were reviewed. All patients were
evaluated for clinical and radiographic outcomes
at scheduled follow-up visit. Patients with ONFH
were selected as the control group to represent
a non-dysplastic primary THA population.
Anatomical differences between the groups were
expected to result in differences in acetabular cup
inclination. To minimize potential confounding
from demographic variables, we designed a
matched comparative study. First, patients who
underwent ceramic-on-ceramic bearing THA or
cemented/hybrid-type THA were excluded, leaving
178 patients with hip dysplasia and 397 patients
with ONFH. Implant survivorship was analyzed.
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Next, patients with had less than 10-year follow-up
or those who underwent revision operation were
excluded. We, then, attempted to match hip
dysplasia and ONFH patients who underwent
cementless THA with HXLPE for ONFH, with a
minimum follow-up of 10 years during the same
period. The matching criteria included identical
sex, differences in age < 3 years, and body mass
index (BMI) < 2 kg/m?. A total of 62 patients were
successfully matched between the two groups
(ONFH group, n = 62 and hip dysplasia group,
n = 62). At the time of matching, the outcomes
of all patients were still unknown (Figure 1).
A written informed consent was obtained from
each patient. The study protocol was approved
by the Keimyung University Dongsan Hospital
Institutional Review Board (Date: 19.10.2024, IRB
No: 2024-10-012). The study was conducted in
accordance with the principles of the Declaration
of Helsinki.

Surgical procedure and prosthesis

The modified Hardinge approach was used
and the procedures were performed by two
surgeons. Acetabular cup was positioned in the
true acetabulum with sufficient medialization.
In cases of high dislocation, extensive soft
tissue release, and anatomical landmarks such
as bony prominence of the acetabular roof,
obturator foramen were used to identify the
true acetabulum. If needed, we confirmed
location of the true acetabulum with portable
radiograph before start reaming. None of the
patients underwent additional procedures such
as acetabular structural bone grafting to increase
cup contact. Acetabular cup was inserted using
cementless press-fit fixation. In patients with high
dislocation, femoral shortening osteotomy was
considered during preoperative planning based
on leg length assessment and was performed
at the trochanteric or subtrochanteric level.
Three different cementless cup systems from
one manufacturer (Trilogy, Converge cup from
Zimmer; Warsaw; IN and inter-Op cup from
Sulzer Orthopaedics, Austin, TX, USA) were
used in this study due to the evolving inventory
at our center. Longevity® and Durasul® liner
(Zimmer Biomet Inc., IN, USA) were used in all
patients of this study.

Outcome assessment

Revision was defined as any surgical procedure
involving the exchange or removal of any
component of the implant. Cause of revision was
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62 hip dysplasia
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FIGURE 1. The study flowchart.

THA, total hip arthroplasty; ONFH, osteonecrosis of the femoral head; HXLPE, highly cross-linked polyethylene.

investigated and categorized with wear-related
(osteolysis, aseptic loosening) or others.

The primary radiological outcomes included the
inclination and anteversion of the cup, and wear
rate of the HXLPE. Cup inclination was measured
as the angle formed between a line tangential to
the face of the acetabular cup and a line drawn
along the inferior border of the ischial tuberosities,
using anteroposterior (AP) pelvic simple radiograph
taken in supine position. Anteversion of cup
and polyethylene wear were determined using a
computer-assisted method with PolyWare software
(Draftware Developers, Vevay, IN, USA) (Figure 2).
To reduce the effects of embedding and creep, an
initial radiograph was recorded 2-6 months after
surgery. Two orthopedic surgeons measured all
radiological parameters twice to determine the
intra- and inter-observer reliability. Based on cup
inclination, both groups were divided into three
subgroups, classified as (1) < 45° (2) < 45° to < 55°,
and (3) = 55° Subgroup analysis was performed to
investigate the correlation between cup inclination
and wear rate of the HXLPE liners.

Harris Hip Score (HHS), hip joint dislocation,
radiographic signs of osteolysis, implant loosening,
stress shielding, and heterotopic ossification were
evaluated as secondary outcomes. Patients were
followed up regularly, and HHS was assessed at
each visit. Osteolysis was defined as radiographic
findings of any focal area of bone resorption
> 2 mm wide that was not visible on an immediate
postoperative radiograph.'™ An acetabular
component was considered radiographically
loose when migration of the cup had occurred or
radiolucency > 2 mm was observed around the
prosthesis. Rotational changes > 8° or linear changes
> 3 mm on serial radiographs was considered an
indication of cup migration.”” Femoral component
stability and osseointegration were assessed
according to the method described by Zicat et
al.l Stress shielding and heterotopic ossification
were classified according to Engh’s and Brooker’s
classifications.?'??l  Radiographic  outcomes,
including osteolysis and implant loosening, were
described using the DeLee and Charnley zones for
the acetabular component and the Gruen zones for
the femoral component.?324
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FIGURE 2. Cup inclination, anteversion measurement.

Statistical analysis

Study power analysis and sample size calculation
were performed. A power analysis with a=0.05 and a
sample size of 62 in each group was performed. The
power of our study was estimated to be 89.1% for
cup inclination, which was statistically significant.

Statistical analysis was performed using
the IBM SPSS version 26.0 software (IBM Corp.,
Armonk, NY, USA). Continuous data were presented
in mean + standard deviation (SD) or median
(min-max), while categorical data were presented
in number and frequency. The Kaplan-Meier curve
and Cox regression test were used to compare
the implant survivorship in the full cohort prior
to exclusion and matching (178 hip dysplasia and
397 ONFH patients) to maximize statistical power.
The Student t-test was used to compare continuous
variables. Change in HHS was compared by
dependent samples t-test. The chi-square test
was used to compare categorical variables and
the incidence of specific radiographic signs.
Correlation between cup inclination and wear
rate was assessed using the Pearson correlation
analysis. The intra-and inter-observer reliabilities
of the four radiological measures were evaluated
using intraclass correlation coefficients (ICCs).
A p value of < 0.05 was considered statistically
significant with 95% confidence interval (CI).

RESULTS

A total of 124 patients including 62 patients in each
group were recruited. Of the patients, 42 were male
and 82 were female with a mean age of 52.4 + 8.9

(range, 27 to 70) years. No significant differences
were observed between the two groups in terms of
sex, age, BMI, or follow-up period. Forty-nine, nine,
and four patients had hip dysplasia of Crowe type I
or II, III, and IV, respectively. In the ONFH group,
37 patients had Ficat Stage III, 16 had Ficat Stage IV,
and nine had post-traumatic avascular necrosis of
the femoral head (Table I).

Elevated or hooded liner was used in 25 (40.3%)
patients in the hip dysplasia group and 34 (54.8%) in
the ONFH group. Metal or ceramic head was used
in the all patients. No significant differences were
observed in the mean cup size, liner thickness, or
head size (Table I).

The overall survival rate without revision of
prosthesis at 10 year was 94.7% (95% CIL. 91.1%
to 98.4%) in 178 hip dysplasia patients and 95.7%
(95% CI: 93.3% to 98.2%) in 397 ONFH patients.
There was no significant difference in survivorship
between hip dysplasia and ONFH (p = 0.4) (Figure 3).
There was no case of wear-related revision in hip
dysplasia and one case of aseptic loosening in
ONFH. Two cases in hip dysplasia underwent
revision THA following recurrent dislocation and
one case in ONFH. Causes of revision THA are
detailed in Table II.

The mean cup inclination was 47.6° + 6.6° in hip
dysplasia group and 43.9° £ 6.3° in ONFH group. It
was significantly steeper in the hip dysplasia group
compared to the ONFH group (p = 0.002). Cup
anteversion was not significantly different between
the two groups (p = 0.150). Differences of the mean
volumetric and linear wear rate between the two
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FIGURE 3. Kaplan-Meier survivorship
ONFH, osteonecrosis of the femoral head.

groups were also not significant (volumetric wear
rate p = 0.177; linear wear rate: p = 0.702) (Table III).

The incidence of cup inclination less than 45°
was 35.5% in the hip dysplasia group, and 62.9%
in the ONFH group. The number of cases with cup
inclination more than 55° was seven (11.3%) in the hip
dysplasia group and four (6.5%) in the ONFH group
and the incidence of cup inclination more than 55°
was significantly greater in the hip dysplasia group
(p = 0.006) (Figure 4). The volumetric and linear
wear rates among the three subgroups were not
significantly different (Table IV). In addition, no
significant correlation was observed between cup
inclination and volumetric or linear wear rates of
HXLPE (Figure 5).

Preoperative HHS of both groups showed
improvement at the final follow-up. Both the
preoperative and final HHS were not significantly
different between the two groups (Table V).
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TABLE I
Cause of revision
Hip dysplasia ONFH
(n =178) (n=397)

Cause of revision n n
Wear-related

Osteolysis 0 0

Aseptic loosening 0 1
Others

PJI 3 8

Periprosthetic fracture 4 3

Recurrent dislocation 2 1
ONFH, osteonecrosis of the femoral head; PJI, periprosthetic joint infection.

The incidence of hip joint dislocation was
reported in one case in the hip dysplasia group
and two in the ONFH group. The patient in the
hip dysplasia group experienced two episodes of
dislocation following a slip down at three years
postoperatively. One patient in the ONFH group
experienced three episodes of anterior dislocation
beginning six months after surgery following a
slip down. Another patient experienced a single
episode of posterior dislocation at three months
postoperatively during hip flexion. All patients were
conservatively treated with closed reduction and
positional education. No significant differences were
found between the two groups (p = 0.559) (Table V).

No cases of progressive osteolysis or prosthetic
loosening were observed. In the hip dysplasia
group, stress shielding occurred in six cases and
in eight cases in the ONFH group. Heterotopic
ossification was observed in 12 cases in the hip
dysplasia group and 10 cases in the ONFH group.
No limitation of motion or pain, which can be

TABLE Il
Primary outcomes

Hip dysplasia (n = 62) ONFH (n = 62)
n % Mean + SD n % Mean + SD P

Cup inclination (°) 476 +6.6 43.9+6.3 0.002*
Cup anteversion (°) 15.9+£9.2 13.8 £ 6.2 0.150
Volumetric wear rate (mm?/year) 15.392 £ 17.673 10.859 + 10.759 0.177
Linear wear rate (mm/year) 0.026 * 0.021 0.023 = 0.018 0.702
Distribution of cup inclination 0.006"

Cup inclination < 45° 22 35.5 39 62.9

45° < Cup inclination < 55° 33 53.2 19 30.6

Cup inclination > 55° 7 11.3 4 6.5
ONFH, osteonecrosis of the femoral head; SD, standard deviation; *, statistically significant.
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TABLE IV
Subgroup analysis

Volumetric wear rate (mmd/year)

Linear wear rate (mm/year)

Hip dysplasia group ONFH group Hip dysplasia group ONFH group
(n=7/33/22) (n=4/19/39) (n=7/33/22) (n=4/19/39)
Mean + SD Mean + SD p Mean + SD Mean + SD p

19.743 + 17.625
13.680 * 18.605

Cup inclination < 45°
45° < Cup inclination < 55°

12.240 £ 9.847 0.444
9.415 + 12.487  0.121

0.0302 * 0.022
0.0229 + 0.020

0.0205 £ 0.016  0.250
0.0275 £ 0.020  0.304

Cup inclination > 55° 9.931 + 3.112 4.247 + 2.639 0.109 0.0251 £ 0.010 0.0226 + 0.011 0.927
p-value 0.4529 0.1061 0.7114 0.2058
ONFH, osteonecrosis of the femoral head; SD, standard deviation.

considered clinical symptoms of heterotopic DISCUSSION

ossification, was observed in these cases (Table V).

The average of the measurements recorded
by the two investigators. All ICCs of intra- and
inter-observer reliabilities were found to be
satisfactory (> 0.8; range, 0.85 to 0.96).

In the present study, we compared the long-term
outcome of HXLPE in hip dysplasia with
ONFH and evaluated the effect of cup inclination
on HXLPE wear after THA. Our study results
showed that implant survivorship following THA

R M (L

FIGURE 4. Sixty-three-year-old woman in hip dysplasia group was matched with 61-year-old woman in ONFH (osteonecrosis)
group. (a) A radiograph showed left hip OA due to hip dysplasia. (b) Left THA (total hip arthroplasty) was performed; cup inclination
of acetabular cup was 63.1°. (c) A radiograph showed stable fixation of acetabular cup, linear wear rate was 0.0200 mm/year, and
volumetric wear rate was 11.0 mm?®year at 17.2 years follow up period. (d) A radiograph showed left post-traumatic avascular
necrosis. (e) Left THA was performed; cup inclination of acetabular cup was 44.5°. (f) A radiograph showed stable fixation of
acetabular cup, linear wear rate was 0.086 mm/year, and volumetric wear rate was 32.6 mm®/year at 11.1 years follow up period.
ONFH, osteonecrosis of the femoral head; OA, osteoarthritis; THA, total hip arthroplasty.
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(a) Correlation of wear rate with cup inclination in hip dysplasia
100 7 r=-0.11 0.100 A r=-005
p=039 0.090 - . p=068
L]
80 ¢ 0.080 . ®
L]
[0)
T o 0.070 7 .
— ©
g 60+ ¢ = 0.060 - .
2 . 5 :
2 5 0.050 . % o
@ ©
£ 404 . 2 0.040 *
E . 3 %
2 ve oo 0.030 e,
L]
20 : ‘e . 0.020 - W
.W ’ . . ok °
L
o« ': 2 'D.. Je ., . 0.010 . . .....o.oo..:. * .
L]
0 . s 08%0% hd : . 0.000 T °e T 1
30 40 50 60 70 30 40 50 60 70
Cup inclination Cup inclination
(b) Correlation of wear rate with cup inclination in ONFH
50 r=-0.21 0.100 r=0M
. p=0.09 p=0.37
40 . 0.080 - o ®
2 * .
o ° ° Q .
§ 304 . £ 0.060 - R
2 . . 3
L z o
5 g .
E 207 2 00404 ..
= ] ° ° o
g . <L
LN ° ‘ L]
- 0.020 + ° °
10 .l.. :.n. Se
e o S o'.. ®e
o ° o.. o ® .
L]
0 1 0.000 T T T 1
25 65 25 35 45 55 65

Cup inclination

Cup inclination

FIGURE 5. Scatter plot of wear rate and cup inclination. Neither linear nor volumetric wear rate with cup inclination did
not show significant correlation in both groups. (a) Correlation of wear rate with cup inclination in hip dysplasia group. (b)

Correlation of wear rate with cup inclination in ONFH group.
ONFH, osteonecrosis of the femoral head.

in patients with hip dysplasia was satisfactory
compared to ONFH. Between the matched cohort,
the mean cup inclination was significantly steeper
and the cup inclination more than 55° occurred
more frequently in the hip dysplasia compared
to ONFH. Despite the tendency of steep cup
inclination, the wear rate of the HXLPE liner in
hip dysplasia was comparable to that in ONFH
at a minimum of 10-year follow-up. Several other
long-term radiological and clinical outcomes were
also comparable. These findings suggest that
increased cup inclination in hip dysplasia may not
adversely affect HXLPE wear or long-term clinical
outcomes following THA.

Implant survivorship of THA in hip dysplasia
has wusually been reported as promising in
previous studies. Caylak et al.?® reported favorable
survivorship of ceramic-on-ceramic bearing
THA in patients with hip dysplasia. Excellent
survivorship of HXLPE was also observed in a
study with minimum 13-year follow-up.®! These
findings are consistent with our results. However,
a limited number of studies have reported
excessive wear and osteolysis in THA for hip
dysplasia.’®® In those studies, the underlying
causes of wear-related complications were not
clearly elucidated. Although no wear-related
complications were observed in our cohort,



610

Jt Dis Relat Surg

TABLE V
Secondary outcome

Hip dysplasia (n = 62) ONFH (n = 62)
n Median Range n Median Range P

Preoperative HHS 52.2 37-87 54.2 31-72 0.203
Last follow up HHS 91.3 79-97 921 84-97 0.263
Dislocation 0.559

Solitary 0 1

Recurrent 1 1
Osteolysis 0 0
Implant loosening 0 0
Stress shielding (°)

{st 3 3

2nd 1 4

3rd 2 1

4t 0 0
Heterotopic ossification

Grade 1 7 2

Grade 2 4 6

Grade 3 1 2

Grade 4 0 0
ONFH; osteonecrosis of the femoral head; HHS; Harris Hip Score.

this issue remains controversial, and further
investigations are warranted.

Hip dysplasia predisposes patients to a higher
risk of acetabular cup malpositioning. Steep cup
inclination is considered as a potential risk of
THA for hip dysplasia. This inevitably happens to
improve the host bone coverage, which is another
difficulty when performing THA for hip dysplasia.
Several authors have reported frequent incidences
of steep cup inclinations in THA for hip dysplasia.
To illustrate, the average cup inclination in hip
dysplasia was > 45° in Tsukamoto et als study,™
and Georgiades et al.’ reported a cup inclination
of > 45° in 45.5% of cases. In our study, the mean
cup inclination of hip dysplasia was 47° and the
incidence of cup inclination > 45° was 64.5% and
that of > 55° was 11%. These results are consistent
with those of previous studies.

In the literature, several finite element analyses
have investigated the correlation between the
cup inclination and wear rate. Patil et al.'”
demonstrated that the wear rate of a polyethylene
liner significantly increased when the cup
inclination was 55° compared to 45° D'Lima et
al.! reported that optimizing the acetabular cup
position was critical for minimizing impingement

and contact stress. Otherwise, the finite element
analysis suggested an inverse relationship. This
might result from the decreased head coverage,
thereby decreasing the contact surface where wear
occurs.””l The assessment of the factor that is
associated with wear in finite element analysis
might be unreasonable because the wear of HXLPE
is affected not only by cup inclination, but also by
dynamic stability and impingement during joint
motion. Del Schutte et al.® reported an average
of 1.20 mm wear rate with no correlation between
the wear rate of conventional polyethylene and cup
inclination. Although this result agrees with that
of ours, the mean wear rate is higher compared
to our results. Several factors may contribute to
the lower wear rate in our cohort. We believe
that the use of HXLPE is the most important
factor in reducing wear. Previous studies have
demonstrated that accelerated wear is associated
with the use of conventional polyethylene, and
finite element analyses in those studies were

conducted wusing conventional wultra-high-
molecular-weight polyethylene.
Hip joint dislocation and impingement

potentially affect HXLPE wear. Although placing
the acetabular cup in a high hip center is commonly
used in THA for hip dysplasia, it is also a known
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one of the risk factors of hip joint dislocation
and impingement.”! Small cup size may further
contribute to dislocation, impingement, and
implant failure.’® Patients with high-grade
hip dysplasia typically present with abnormal
soft-tissue tension and forces, which experience
rapid restoration during THA. As they adapt to
these new biomechanical conditions, complications
such as hip joint dislocation, impingement and
accelerated wear can occur. Nevertheless, we
believe that elevated liner can be useful option, and
that HXLPE can provide sufficient wear resistance.
Ultimately, restoring the normal hip anatomy
offers the best long-term outcomes and surgeons
should make every effort to achieve adequate
cup positioning, including inclination, anteversion,
sufficient medialization, and positioning in the
true acetabulum. Although cup inclination was
steep, the mean anteversion was within the normal
range, and sufficient medialization was achieved in
our study. The cup was fixed to the true acetabulum
in all cases.

Wear and osteolysis are the representative
problems of HXLPE and some studies have
prevalent osteolysis and a high revision rate in
hip dysplasia.'*!! Alternative bearing surfaces
are occasionally preferred for these reasons.
Metal-on-metal bearing surfaces are known for
their very low wear rates. However, delayed
hypersensitivity reactions and the development
of pseudotumors are inherent complications of
this bearing type. Ceramic-on-ceramic bearing
surfaces, an alternative, have shown successful
outcomes in hip dysplasia.®® Despite this
tribological improvement, risks of ceramic-specific
complications such as squeaking, ceramic
fracture, and malpositioning of components, exist.
Higuchi et al.® reported no difference between
ceramic-on-ceramic bearings and metal-on-HXLPE
bearings on mid-term follow-up. Therefore,
comparison of several bearing surfaces is
controversial. Nevertheless, no cases of osteolysis
or implant loosening were reported.

Nonetheless, this study has certain
limitations that should be acknowledged. Due
to the retrospective design of the study and the
relatively small number of patients included,
selection bias could have occurred in the matching
process, although we attempted to minimize bias
by blinding outcomes before cohort matching.
In addition, although prosthesis survivorship
of unmatched patients was evaluated, there
were a lot of cases which failed to match. The
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statistical power of some analyses is limited by
the small differences in mean cup inclination
and the small sample size, particularly in the
group with cup inclination > 55° Although the
incidence of cup inclination more than 55° was
significantly greater in the hip dysplasia group,
it was challenging to collect enough cases for this
subgroup in our study. Care should be taken to
avoid overinterpreting our findings, and a larger-
scale study could more clearly demonstrate the
correlation between cup inclination and wear
rate. In addition, we did not precisely measure
the postoperative hip center location, which may
influence the wear rate. This was because all
cups were positioned in the true acetabulum
with sufficient medialization, and we considered
cup inclination to be a more critical factor than
hip center location. We primarily focused on
demonstrating the relationship between cup
inclination and the wear rate of HXLPE. We only
performed computed tomography (CT) to evaluate
osteolysis or loosening in patients (84%) who
agreed to undergo CT, although CT is considered
more sensitive to detect osteolysis or loosening
than plain radiographs. We did not detect any
problematic osteolytic lesions on CT scans of the
study group.

On the other hand, to the best of our knowledge,
this study is the first to compare the long-term wear
rate and radiological and clinical outcomes of THA
with HXLPE between hip dysplasia and ONFH
in the literature. In addition, the studies on the
association between cup inclination and the wear
rate of HXLPE liners are limited. We subdivided
each group based on cup inclination, analyzed the
wear rate of the subgroups, and demonstrated that
despite the steeper cup inclination tendency, the
wear rate of HXLPE in hip dysplasia was comparable
to that in ONFH.

In conclusion, although patients with hip
dysplasia demonstrated a steeper mean cup
inclination and a higher incidence of steep cup
positioning compared to those with ONFH, implant
survivorship remained comparable between groups
in the overall cohort. In the matched cohort analysis,
HXLPE wear rates and clinical outcomes were
also comparable between the groups. Furthermore,
no significant association was identified between
cup inclination and HXLPE wear. These findings
suggest that, despite technical challenges in
acetabular positioning, the use of HXLPE in THA
for hip dysplasia provides satisfactory long-term
performance and may alleviate concerns regarding
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cup inclination-related wear. Further multi-center,
large-scale, prospective studies are warranted to
confirm these findings and to better evaluate the
long-term influence of acetabular cup positioning
on HXLPE wear.
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