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Purpose: While initid fixation using a press-fit of the acetabular cup is critica for the durability of the compo-
nent, restoretion of the hip center is regarded as an attributable factor for implant survival and successful out-
come. In protrusio acetabuli (PA), obtaining both restoration of the hip center and the press-it of the acetabular
cup smultaneoudly might be difficult during tota hip arthroplasty (THA). We tested the hypothesis that use of a
medidized cup, if pressfitted, will not result in compromise of the implant stability and outcome after cement-
lessTHA of PA.

Materials and Methods A total of 26 cementless THAS of 22 patients with PA were reviewed. During THA,
pressfit of the cup was prioritized rather than hip center restoration. A press-fit was obtained in 24 hips. A press-
fit could not be obtained in the two remaining hips; therefore, reinforcement acetabular components were used.
Restoration of the hip center was achieved in 17 cups; 15 primary cups and two reinforcement components; it
was medidized in nine cups. Implant stability and modified Harris hip score (mHHS) between the two groups
were compared at amean follow-up of 5.1 years (range, 2-16 years).

Results: Twenty-six cups; 17 restored cups and nine medialized pressHitted cups, remained stable at the latest
follow-up. A similar final mHHS was observed between the restored group and the medidized group (83.6*
12.1vs83.8+10.4, P=0.786).

Conclusion: Implant stability and favorable results were obtained by press-fitted cups, irrespective of hip center
restoration. THA in PA patients showed promising clinica and radiologicd results.
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INTRODUCTION

Protrusio acetabuli (PA) is an intrapelvic displacement
of the acetabulum and femoral head*?. Development of
this deformity can occur as aresult of various conditions
that compromise the mechanical properties of the acetab-
ulum?®®, Totd hip arthroplasty (THA) istechnically demand-
ing and its association with a high rate of failure in patients
with PA has been reported®. Obtaining stable fixation of the
acetabular cup is difficult due to deficient medial wall and
thin peripherd edge of the acetabulum. Thereisarisk of fur-
ther migration and loosening of the acetabular cup due to
the deficient bone stalk®.

Various techniques have been proposed for THA of PAS%.
While cemented acetabular components were used in early
studies™*?, cementless acetabular components have been
favored in recent studies®. Studies on cementless acetabu-
lar component have emphasized that restoration of the hip
center is critical for implant survival and successful out-
come after THA™. However, initid fixation using a press-
fit of the acetabular component into the host bone is manda-
tory for the stability and durability of the component. Some
degree of medidization isinevitable in order obtain a press-
fit of the acetabular component into the protruded acetab-
ulum. According to the classic concept of THA proposed
by Charnley®, cup medialization provides biomechanical
benefits, because the medialization increases the abductor
moment arms. In the presence of PA, it might be difficult
to obtain the hip center restoration as well as a pressfit of
the acetabular component simultaneously during THA.
Thus, balance must be achieved between restoration of the
cup center and its trade-off of unstable cup fixation. It is
not certain which of the two, medialized press-fit versus
restoration of the hip center, is more beneficial for implant
survival and better functional outcome in THA of patients
with PA.

The purpose of this study wasto compare cup stability and
functional outcome between medialized acetabular cups and
anatomically restored cups in cementless THAS of patients
with PA.

MATERIALS AND METHODS

The study design and protocol of this retrospective study
were approved by the Institutional Review Board (IRB) of
Seoul National University Bundang Hospital (No. B-2005/
612-102), and the informed consent was waived by the IRB.

A total of 22 patients (26 hips) with PA underwent pri-
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mary THA from June 2003 to December 2017 & asingle ter-
tiary referral hospital. A diagnosis of PA was made when
an intrapelvic displacement of the femora head medial to
theilioischia line (Kohler’sline) was observed on an antero-
posterior (AP) radiograph of the hip (Fig. 1)*. Cementless
prostheses were used in all operations.

These patients were followed up for 2 to 16 years (mean,
5.1 years) dfter theindex THA. There were five mae patients
(7 hips) and 17 female patients (19 hips), with amean age at
thetime of THA of 59.9 years (range, 24.5 to 74 years), and
amean body massindex of 22.5 kg/n? (range, 16.0 to 29.7
kg/m?) (Table 1).

The causes of PA were rheumatoid arthritisin 14 hips,
post-traumatic arthritis in seven hips, ankylosing spondyli-
tisin four hips, and previousinfection in one hip.

The amount of acetabular protrusion was measured on hip
AP view. Theoretically, the inner wall of the acetabulum,
which appears as a pelvic tear-drop on the AP radiograph,
would be the ideal reference structure for measuring the
amount of acetabular protrusion. However, the tear-drop was
not visible or moved medidly in 10 of our patients. Thus, the
method reported by Sotelo-Garzaand Charnley™ was adopt-
ed for the measurement. Therim of the origind pelvis, apro-
jection of the upper margin of the pubic ramus, was taken
as areference line instead of the tear-drop and the distance
between the origina pelvic rim and the quadrilateral plate
of protruded pelvis was measured (Fig. 1).

The amount of acetabular protrusion ranged from 2.8 to
21.9 mm (mean, 9.3 mm). According to the Sotelo-Garza
and Charnley system™, the grade of PA was mild (<5 mm)
in five hips, moderate (6-15 mm) in 19 hips, and severe (>15
mm) in two hips.

1. Preoperative Planning

AP and trans-latera hip radiographs, scanography, and
computed tomography (CT) scans (Mx8000 IDT; Philips,
Eindhoven, The Netherlands) of the pelvis and proximal
femur were taken preoperatively. On-screen templating with
digital radiographs was used in deciding on the size of the
implant®. To guide the cup positioning, abduction and antev-
erson of the acetabulum were measured on the preoperative
CT scan®.

2. Surgical Techniques

All operations were performed by three high-volume (>200
hip surgerieslyear) surgeons using the K ocher-Langenbeck
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Table 1. Demographics of Patients with Protrusio Acetabuli

Overall

Medialized group

Restored group

(n=26) (n=9) (n=17) P-value

Sex 0.674

Male 7 2 5

Female 19 7 12
Age (yr) 59.9£14.8 64.612.7 57.4£16.0 0.247
Body mass index (kg/m?) 22.5£3.3 23.3£2.6 22.0£3.6 0.341
Diagnosis 0.375

Rheumatoid arthritis 14 5 9

Post-traumatic arthritis 7 4 3

Ankylosing spondylitis 4 0 4

Previous infection 1 0 1
Grade 0.104

Mild (<5 mm) 5 0 5

Moderate (6-15 mm) 19 8 11

Severe (>15 mm) 2 1 1
Cup abduction (°) 41.6+5.6 37.4%5.2 43.8%4.5 0.003
Cup anteversion [°) 24.5£9.3 23.7£8.5 24.9£10.0 0.748
Postoperative LLD (cm) 0.5+0.9 0.2£0.9 0.7£0.9 0.286
Follow-up duration (yr) 5.1+4.3 5.3%+3.5 46146 0.364
mHHS 83.7t11.1 83.6t12.1 83.8+10.4 0.786

Values are presented as number only or mean=standard deviation.

LLD: leg-length discrepancy, mHHS: modified Harris hip score.

Fig. 1. Amount of acetabular protrusion was measured by
the distance between the ilioischial line (arrow) and the pro-
truded quadrilateral plate (arrowhead).

approach™. The sciatic nerve was identified and protected
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during the operation in al patients.

The femoral head was not dislocated when there was a
risk of posterior wall fracture of the acetabulum during the
didocation maneuver. Instead, two ostectomies were made;
the first osteotomy was made below the femoral head and
the second one was made at the base of the femoral neck.
Then, excision of athick block of the femora neck measur-
ing 1.5 to 2.5 cm was performed, followed by removal of
the femoral head from the acetabulum?®.

PressHit fixation of the acetabular cup was prioritized rather
than restoration of the hip center. Acetabular preparation was
performed in two stages. Reaming of the peripheral edge of
the acetabulum was performed first and the diameter of the
reamer was gradually increased until the surface had been
reamed enough to obtain a pressHit of the cementless acetab-
ular cup. Although the cup size was planned preoperative-
ly, it was determined intraoperatively because templating
was often mideading in the case of PA. Cartilage and fibrous
tissues of the medid floor inside the acetabulum were then
removed.

A medid acetabular defect was observed after reaming in
18 hips;, the defect wasfilled with autogenous bone graft from
the excised femora head. The bone graft was firmly impact-
ed and was rounded using reverse reaming.

The acetabular cup was positioned using the CT measure-

www.hipandpel vis.or.kr



Hip & Pelvis

Beom Seok L ee et al. Is Restoration of Hip Center Mandatory for THA of PA?

ments of acetabular abduction and anteversion as the aign-
ment-guide®®. The target abduction of the cup was 40° -45° .
Thetarget anteversion of the cupwas 15° until August 2009.
After that, the cup was anteverted according to the concept
of combined anteverson®*®. Cementless implants were used
exdusively due to concern regarding cement-related cardiopul-
monary complications®.

A pressHfit of the acetabular cup was obtained in 24 hips.
A pressit could not be obtained in the two remaining hips
becauise the acetabular rim defect was >50% or the acetabu-
lar rim was too thin. Thus, reinforcement acetabular compo-
nents with ahook and threeiliac flanges were used in these
two hips.

PLASMACUP® SC (Aesculap, Tuttlingen, Germany) was
used in nine hips, Bencox cup (Corentec, Seoul, Korea) in
seven hips, Pinnacle cup (DePuy, Warsaw, IN, USA) in five
hips, G7 cup (Zimmer Biomet, Warsaw, IN, USA) in one
hip, ABT cup (Zimmer Biomet) in one hip, and Delta TT
cup (Limalto, Udine, Italy) in one hip. SPH reinforcement
cups (Limalto) were used in two hips with defective rim of
the acetabulum.

A nonunion found at the transverse acetabular fracture
site in one hip with posttraumatic osteoarthritis was fixed
with a reconstruction plate.

BiCONTACT™ stem (Aesculap) was used in nine femurs,
Bencox M stem (Corentec) in eight femurs, Corail stem
(DePuy) in four femurs, Taperloc Microplasty (Zimmer
Biomet) in two femurs, KAR stem (DePuy) in one femur,
Trilock stem (DePuy) in one femur, and Minimastem (Lima
[to) in one femur.

Delta ceramic-on-ceramic bearing (BIOLOX delta;
CeramTec, Plochingen, Germany) was used in 16 hips, au-
mina ceramic-on-ceramic bearing (BIOLOX™ forte; CeramTex)
in six hips, alumina ceramic-on-polyethylene bearing in
three hips, and a metal-on-polyethylene bearing in one
hip. The diameter of the femoral head was 28 mm in eight
hips, 32 mmin 11 hips, and 36 mm in seven hips.

After implantation and reduction of the hip prostheses,
the posterior capsule and the short external rotators were
tightly repaired to the crest of the greater trochanter?.

3. Postoperative Care
Petients were encouraged to walk with toe-touch weight

bearing with the aid of two crutches for four weeks and
then were allowed weight-bearing.
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4. Follow-up Evaluations

Follow-up evaluations were performed at 6 weeks, 3, 6,
9, and 12 months, and every year thereafter. AP and trans-
lateral hip radiographs were taken and modified Harris hips
score (MHHS) were measured at each follow-up. A post-
operative scanogram was taken at 6-week follow-up.

5. Classification of Medialized Cup and Restored Cup

The restoration or medidization of the cup center was eva-
uated on postoperative 6-week AP radiograph. Hips having
any portion of the acetabular cup protruding medid to Kohler's
line were classified as the medialized group. Hips having
the whole portion of the cup located lateral to Kohler’'sline
were classified as the restored group.

Seventeen cups; 15 primary cups and two reinforcement
components, were classified as the restored group, and nine
cups were classified as the medialized group. In the medi-
alized group, the amount of medialization ranged from 6.8
t0 19.6 mm (mean, 11.8 mm) (Table 2).

6. Cup position and Radiological Evaluations

The cup position was measured on postoperative 6-week
radiographs. Measurement of cup abduction was performed
using the method described by Engh et d., and the method
reported by Woo and Morrey* was used for measurement
of cup anteversion®.

Postoperative leg length discrepancy, migration of the acetab-
ular cup, stability of the acetabular and femoral components,
wear of the bearing surface, and osteolysis were eval uated.

The leg length discrepancy was measured on postoper-
ative 6-week scanogram®. The vertical length between the
ankle mortise and upper body of thefirst sacrd vertebrawas
measured. Both sciatic notches were used as the proximal
reference when the first sacral vertebra was not visudized
in the scanogram.

The 6-week AP and cross-table latera radiographs were
used asthe basdline studies for assessment of cup migration,
implant stability, bearing wear, and osteolysis.

Evauation of the stability of the acetabular cup was per-
formed using the method reported by Latimer and Lachiewicz?,
and that of the femora stem using the method reported by
Engh et a.®. Measurement of the bearing was performed
according to the method reported by Livermore et al. . A
diagnosis of ogteolysis was made according the criteria estab-
lished by Engh et a.*. Location of the osteolytic lesions
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was basad on the three zones reported by Del_ee and Charnley™
on the acetabular Sde, and the seven zones reported by Gruen
et a.* on the femoral side.

Radiologica evaluations were performed by two indepen-
dent observers who did not participate in THAS.

7. Clinical Evaluation

Clinica evauetions were performed using modified Harris
hip score (MHHS)®.

8. Comparison between the Medialized Group and
the Restored Group

The postoperative migration of the acetabular cup, implant
stability, radiological change, and mHHS at the final fol-
low-up were compared between the restored group and
the medialized group.

9. Statistical Analysis

Student t-test or Mann—Whitney U test was performed
for comparison of continuous variables, and the chi-square
test or Fisher exact test was performed for comparison of
dichotomous variables. A P-vaue less than 0.05 was consid-
ered significant. Statistical analyses were performed using
IBM SPSS Statistics for Windows (ver. 25.0; IBM, Armonk,
NY, USA).

WA

RESULTS

The mean abduction and anteversion angles of the acetab-
ular component were 37.4° (range, 29° to 44°) and 23.7°
(range, 10° to 38”) in the medidized group and 43.8 (range,
20° to52°) and 24.9° (range, 5° t042) inthe restored group,
respectively.

Postoperatively, the mean leg length discrepancy was 0.2
cm (range, —1.0 to 2.0 cm) in the mediaized group and 0.7
cm (range, —0.5 to 3.2 cm) in the restored group.

The 24 primary cups (eight medidized cups and 16 restored
cups) and two reinforcement cups (one medialized cup and
one restored cup) had no migration and were regarded as hav-
ing bone-ingrown stability. All of the 26 stems were well-
fixed with bone-ingrowth (Fig. 2, 3).

There was no occurrence of hip didocation in either group
during the follow-up period. No measurable wear of the bear-
ing surface was detected on radiographs. Periprosthetic oste-
olysiswas not observed in any hip.

One patient (patient No. 2) in the restored group sustained
a Vancouver type B periprosthetic femoral fracture after a
fdl. Internd fixation was performed using two plates for treet-
ment of the fracture. Otherwise, there was no hip revision
during the follow-up period.

No statistical difference in the mHHSs was observed
between the two groups at the latest follow-up (mean, 83.8
points, range, 57-100 points in the restored group vs mean,
83.6 points; range, 65-100 pointsin the medialized group).

Fig. 2. (A} A 71-year-old female patient had previous pelvic trauma on the left hip. She had multiple pelvic bone fractures
with intra-articular extension one year ago and received open reduction and internal fixation using a reconstruction plate. (B)
She underwent total hip arthroplasty. The hip center of rotation was restored. Postoperative 6-week radiograph. (C, D)

Radiographs at postoperative one year (C) and eight years (D).

www.hipandpelvis.or.kr
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Fig. 3. (A) A 66-year-old female patient had previous pelvic trauma on the left hip. She had a pelvic fracture and hip joint dis-
location 16 years ago, which were treated conservatively. (B) She underwent total hip arthroplasty. Nonunion of the acetabu-
lar fracture was fixed with a plate and the cup center was medialized. Postoperative 6-week radiograph. (C, D) Radiographs
at postoperative one year (C) and six years (D).

DISCUSSION

Although severa techniques for cup implantation have
been recommended for THA of PA, the best recommen-
dation is still unknown.

Findings of our sudy demondrated that pressfitted cement-
less cups, irrespective of the restoration of the hip center,
showed an association with durable implant stability and
favorable functional outcome.

An emphasis on restoration of the hip center was found in
the literature. In 1980, Ranawet et a.* reviewed 35 cement-
ed THASs performed in patients with PA. In their study,
restoration of the anatomical center of rotation appeared to
be a criticd factor for stable fixation of the acetabular com-
ponent. A radiolucent line was observed in 16 of 17 acetab-
ular components, which was positioned 1 cm superiorly or
medially beyond the anatomical position. No radiolucent
line was observed in 13 acetabular components, which were
positioned within 5 mm of the anatomical center®. Since
this study was reported, restoration of the hip center in THA
of PA has been advocated by other authors®. In 1987, Bayley
et al.™ reviewed 93 cemented THAS in patients with PA;
53% of the cases of PA were treated with cement alone,
36% with mesh or an anti-protrusio shell, and 11% with a
bone graft. A high percentage of radiolucent lines were
observed in all three groups. The highest rate of 50% was

112

observed in the cement a one group, in which the center of
rotation was not corrected to within 10 mm of the anatom-
ic position. They concluded that restoration of the anatomic
cup position was crucid irrespective of combined use mesh,
anti-protrusio shell, or bone graft in cemented THA of PA,
Baghdadi et al.* evaluated survivorship of 127 THAs for
treatment of PA as afunction of restoration of the hip cen-
ter. In their 2- to 25-year follow-up study, an increase in
the risk of cup loosening of 24% was observed for each 1
mm medidlization of the cup from the native hip center of
rotation™. An extension study of 65 hips at longer than 10
years after the THA was conducted by the same authorsin
2015. At 15 years, the estimated survivd rate from revision
was 70% for THA, 85.4% for the acetabular component,
and 83% for the femora component. Evidence of non-pro-
gressive radiolucency was obsarved in five unrevised aceteb-
ular components®.

The medial defect should be filled with bone graft for
restoration of the native hip center. Sufficient contact between
the acetabular component and the host bone is crucial for
achievement of a satisfactory result of bone graft®. Garbuz
et a.* compared results between cementless cups with host
bone contact >50% and those supported by <50% of the host
bone. They reported that the overal success rates were 90%
and 76%, and the revision rates were 14% and 45%, respec-
tively. They recommended the use of areinforcement ring

www.hipandpelvis.or.kr
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in cases where the host bone support was less than 50%*".
On the other hand, one study reported that an intraoper-
ative secure fixation of the cup is mandatory to achieving
durable stability of the cup in THA for treatment of PA®),
Even though medialization of the cup has been scrutinized
by previous authors, the medialization with a respective
increase in the femoral offset is known to have a biome-
chanical benefit of increasing abductor moment arm®.

Restoring the hip center and obtaining a press-fit of the
cup smultaneoudly is difficult in THA of hipswith PA. In
PA, the peripheral rim of the acetabulum is often weak and
thin, and obtaining a press-fit of the acetabular cup is dif-
ficult. In such situations, surgeons have a dilemma regard-
ing which of the two should have priority; restoration of the
hip center with insecure fixation of the cup versus pressfit
of the cup with medialization. In our study of PA patients,
stable fixation and good clinical results were obtained after
cementless THA with use of press-fitted cups, irrespective
of the hip center restoration.

This study had limitations. Firt, it was a retrospective
review including a small number of PA patients without a
control group. The operations were performed by three sur-
geons and the enrollment period was very long (15 years)
and various implants were used. Second, our study was con-
ducted in East Asia, and the mean body mass index of our
patients was 22.5 kg/m?. Our results might not be general-
ized to patients with large constitutions in Western coun-
tries. Third, clinical outcomes might differ for patients who
underwent surgery on both hips compared to those who
underwent surgery on only one hip. Fourth, factors enabling
restoration of the hip center were not identified in this study.
Future conduct of amulti-center study including alarger cohort
might be warranted.

CONCLUSION

THA in PA patients showed promising clinical and radi-
ologicd results in both the medialized acetabular compo-
nent group and the restored hip center group.
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