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Purpose: The purpose of this study was to evaluate the wear and surviva rates of third-generation ceramic heads
on aconventiona ultra-high molecular weight polyethylene liner.

Materials and Methods: A tota of 160 hips (147 patients with a mean age of 55.9 years) who underwent total
hip arthroplasty using the third-generation ceramic head on a conventional polyethylene liner from March 1998
to August 2003 were reviewed retrospectively. Evaluation of the wear rate for 56 hips (49 patients) followed-up
for a least 15 years was performed using the PolyWare program version 8 (Draftware Developers, USA). The
Kaplan-Meier survivorship was aso evauated.

Results: Linear wear and volumetric wear rates were 0.11+0.47 mm/year and 32.75=24.50 mm?/year, respec-
tively. Nine revisions were performed during the follow-up period because of cup or stem loosening. The
Kapla-Meier survival rate, using cup revision or total revision total hip arthroplasty (THA) as the endpoint of
analysis, was 93.7% at 15 years and 73.6% at 20 years.

Conclusion: Because all revisons were performed between 15 and 20 years in our study, surgeons should pay
greater attention to patients who underwent THA with ceramic-on-polyethylene bearing from 15 years postoper-
atively. Contemporary duminaceramic on highly cross-linked polyethylene could certainly be agood aternative
bearing couple providing better longevity.
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INTRODUCTION

Tota hip arthroplasty (THA) has been one of the most suc-
cessful surgical procedures for treatment of end-stage hip
joint diseases such as severe osteoarthritis, osteonecrosis,
and congenita hip anomdies during the last severd decades®.
With increased life expectancy, the importance of prosthe-
sssurvival isincreasing. World-wide concerns regarding
arapidly expanding burden for revison THA are emerging
asareault of ogteolysis and loosening due to the bearing sur-
face?. Therefore, the bearing surface is a significant fac-
tor in determining the longevity of THA3%,

There are several available options for selection of the
bearing surfacein THA. Although the optimal bearing sur-
faces for THA is still under debate, polyethylene liners
have been mainly used regardless of the artificial head®®.
With the evolution of materials and manufacturing tech-
nologies, the wear resistance and reliability of the bearing
surfaces of artificial hip joints are greater than ever.

Although metal-on-polyethylene (MoP) bearing has been
used for several decades, the main concern was the wear
particle-related periprosthetic osteolysis, resulting in THA
failure. Alumina ceramic with newer polyethylene has been
introduced in an effort to decrease the amount of polyeth-
ylene wear debris. Recent long-term studies have reported
satisfactory results in functional and radiologic outcomes
for use of alumina ceramic with newer polyethylene”.
Therefore, a ceramic-on-polyethylene (CoP) bearing sur-
face is thought to be an excellent bearing couple. Hence,
CoP has become a popular bearing surface used in THA
and accounts for more than half of all THA cases in the
United States’.

Contrary to the USA, ceramic-on-ceramic (CoC) bearings
have been used in approximately 80% of THAsfor the last
two decades in Korea because Korea' s nationa health insur-
ance system allows use of ceramic bearings at arelatively
low cost compared to other countries?. Although CoC bear-
ing isamainstay of THA in Koresg, there are concerns with
regard to complications related to CoC bearing such as
ceramic fracture and squeak. With an increasing interest
in CoP bearing internationally if former CoP shows satis-
factory results, it can be expected that the long-term results
will be better when ceramic is used on a cross-linked poly-
ethylene liner, which is highly resistant to wear.

Ceramic-on-conventional polyethylene bearings have
been used in our ingtitution for along time and promising
clinical results have been obtained. Therefore, the purpose
of this study was to evauate the wear rate and survivorship
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of CoPs bearing for aminimum of 15 years.
MATERIALS AND METHODS

This study was a retrospective review of the outcomes of
consecutive patients who underwent THA using CoP bear-
ing performed by asingle surgeon a Yeungnam University
Medical Center from March 1998 to August 2003. After
approva of the study protocol by the institutional review
board, an assessment of the patient records and serid radi-
ographs were performed. The study was conducted accord-
ing to the guidelines of the Declaration of Helsinki, and
approved by the Ingtitutional Review Board of Yeungnam
University Hospital (approval No. 2019-07-015). Patient
consent was waived due to the retrospective nature of the
study. The medica charts of all patients were reviewed, and
the following items were retrieved: age, sex, laterdity, body
massindex, preoperative Kova grade and the cause of arthro-
plagty. A total of 147 patients (160 hips) with a mean age
of 55.9 years (range, 23-79 years) were reviewed during
the study period (Table 1).

A total of 69 patients (75 hips) were lost to follow-up and
29 patients (29 hips) died due to medica comorbidities before
aminimum of 15 years. The remaining 49 patients (56 hips)
available for radiographic evaluation were enrolled in this
study. Among them, 39 patients were male and 10 patients
were female. The mean follow-up period was 210 months
(range, 180-261 months) (Fig. 1).

Table 1. Patients Demographics

Variable Value
Age (yr) 55.9 (23-79)
Sex

Male 126 (78.8)

Female 34(21.3)
Laterality

Right 74 (46.3)

Left 86 (53.8)
Body mass index (kg/m?) 22.1(14.8-27.8)
Preoperative Koval grade

1 82(51.3)

2 52(32.5)

3 26 (16.3)
The cause of arthroplasty

Osteonecrosis 143 (89.4)

Osteoarthritis 13(8.1)

Femoral neck fracture 4 (2.5)

Values are presented as mean (range) or number (%) of hips.
The sum of the percentages does not equal 100% because
of rounding.

www.hipandpelvis.or.kr



Hip « Pelvis

Bum-Jin Shim et a. Wear and Survivorship of CoP Bearing THA

Patients who underwent total hip arthroplasty
with ceramic in conventional polyethylene
bearing from March 1998 to August 2003

A 4

147 patients (160 hips)
identified

A

Excluded

(1) Incomplete follow-up (75 hips)
(2) Died (29 hips)

v

49 patients (56 hips)
Included in radiographic
evaluation

Fig. 1. The flow chart for the study.

All patients underwent THA using a cementless femoral
stem (CLS® Spotorno [Zimmer, Warsaw, IN, USA]; for-
merly Sulzer Orthopaedics, Winterthur, Switzerland) and
a cementless acetabular component (Wager standard cup®
[Zimmer]; formerly Protek, Bern, Switzerland). All femora
heads were 28 mm in diameter Biolox Forte alumina
(CeramTec, Plochingen, Germany) that articulated with
ultra-high molecular weight polyethylene (UHMWPE)
liner. Patients were followed-up at 1, 3, 6, and 12 months
postoperatively after THA. Subsequently, the patients were
asked to visit every year.

1. Surgical Technique

A posterolateral approach was used in performance of all
surgical procedures with the patient in the lateral decubi-
tus position. All acetabular components were inserted using
a press-fit technique underreaming the acetabulum by 1-2
mm. The socket was fixed in the acetabulum using an acetab-
ular alignment guide, with atarget acetabular position of
20° of ante-version and 45° of inclination. An adjunctive
acetabular screw was used when needed in order to secure
theinitial mechanical stability of the acetabular component.
All cementless stems were inserted using standard press-
fit techniques to ensure longitudina and rotational stabil-
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ity. After implant insertion, repair of the capsule and short
external rotator was performed using the appropriate ten-
sion to prevent dislocation.

2. Radiographic Evaluation

All radiographic evaluations included anteroposterior (AP)
and axial views of the pelvis and were performed by two
independent orthopedic surgeons who did not participate
in the surgery. The evidence of osteolysis, according to the
Del_ee and Charnley zonein the acetabulum and Gruen zone
in the femur, was determined using sequentid radio-graph-
ic views, It aso alowed comparative assessment of com-
ponent position versus immediate postoperative views to
determine the presence of component migration and rota-
tion of more than 3 mm and 8 . Penetration of the femoral
head into polyethylene liners was calculated as two- and
three-dimensional penetrations on AP radiographs using
PolyWare version 8 software (Draftware Developers,
Vevay, IN, USA) by two orthopedic surgeons (C.H.P. and
B.J.S.)). The wear rates were measured twice by two sur-
geons at intervals of one week. Wear rates were regarded
asthe average of two values. The wear rate was cal culated
using the 5-point mark on the edges of the femord head and
acetabular cup; immediate postoperative and final follow-
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Patient Data

Last Name
First Name

D # Gender
Male

Date of Birth

Surgery Type
Unknown

Date of Surgery

Initial X-ray Date
\

Image Scale

100 v | %

Prosthesis

Duraloc

Head Size

28.000 mm

Cup Size

48.000 mm

Fig. 2. For evaluation of wear rate, the PolyWare program compared the initial and final radiographs through detection of the

ceramic head and cup edge automatically.

up radiographs were compared using this program (Fig. 2).
This program aso alowed us to determine volumetric wesr.
The mean annual penetration rates were calculated. Using
this program the result was divided by the number of years
and the annual wear rate was determined automatically.

3. Postoperative Rehabilitation Protocol

The same postoperative protocol was used in all cases.
Patients were allowed to sit on the first postoperative day
and stand with support, according to ability, after blood
drainage removal. There was no limitation of range of motion
immediately after surgery, and no abduction pillow was
used for any patient.

4. Statistical Analysis

Continuous data are presented as means and standard devi-
dions. The paired t-test and Kruskal-Wallis test were used
for comparison of continuous variables, and Kaplan-Meier
survivorship was also evaluated. Statistical analyses were
performed using IBM SPSS Statistics (ver. 23.0; IBM,
Armonk, NY, USA).
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RESULTS
1. Radiographic Results

The mean abduction anglewas 45.01° (range, 29.7-65.9°)
and the mean anteversion was 13.36° (range, 3-37.5°).
Radiolucent lines in the femur were observed in six hips
in zones one and seven. Among them, five hips did not
loosen except for one hip. Cortical porosity was observed
in five hips, however no stem subsidence was observed.
Osteolysis was observed in nine hips, among which five
hips underwent revision surgery dueto loosening. The mean
linear and volumetric polyethylene wear rates were 0.11
+0.47 mm/year (range, 0.001-0.271 mm/year) and 32.75
+24.50 mmé/year (range, 2-95 mm?3/year), respectively.

2. Revision and Survivorship

At the final follow-up, six acetabular components and
three total components were revised due to cup or sem loos-
ening. Except loosening, three hips were revised because
of periprosthetic fracture and recurrent dislocation. There
was no isolated revision of polyethylene wear and ceram-
ic head failure. The modular femora head was exchanged
inal casesinvolving acetabular or femoral component revi-
son.

www.hipandpelvis.or.kr



Hip « Pelvis

Bum-Jin Shim et a. Wear and Survivorship of CoP Bearing THA

Strata

All

1.004

0.751

0.501

Survival probability

0.254

0.004

0 12 24 36 48 60 72 84 96

Number at risk

108 120 132 144 156 168 180 192 204 216 228 240 252

Time (mo)

160 128 119 110 104 100 97 91

84 80 757063 57 B4 53 36

1A=

Fig. 3. Kaplan-Meier survival curve with revision total hip arthroplasty as the endpoint of analysis.

The Kaplan-Meier survival rate, usng cup revison or totd
revision THA due to loosening as the endpoint of anaysis,
was 93.7% at 15 years and 73.6% at 20 years (Fig. 3).

DISCUSSION

Over the ladt five decades, hard-on-soft bearings, especia-
ly cobat-chrome femoral heads articulating with UHMW-
PE liners, have been used in THA. Hard-on-soft bearings
are widely used because of good long-term results?. In addi-
tion, the use of ceramic heads on polyethylene linersis grad-
ualy gaining wider acceptance®. However, the main draw-
back of hard-on-soft bearings is the wear particle-related
periprogthetic ogeolyss resulting in THA failure. Periprogthetic
osteolysis and aseptic loosening are severe problemsin the
durability of THA and are highly rdated to wear and the num-
ber of particulate debris. Wear and osteolysis occur main-
ly with standard polyethylene bearings associated with meta
hewslalél).

In our study the longevity of CoP bearing was satisfac-
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tory within 15 years postoperatively. Compared with the pre-
vious literature, the surviva rates of CoP bearing at 15 years
related to implant loosening and osteolysis did not differ
compared to previously known data regarding MoP bear-
ing™. However, al revision THA procedures were per-
formed from 15 years postoperatively, and the survival rate
was decreased after that. It is considered that periprosthet-
ic osteolysis caused by wear particles for along-term peri-
od induced prosthesis loosening. Although potentia prob-
lems with polyethylene bearing surfaces such as wear and
osteolysis could be decreased with development of new
materials, surgeons should pay more attention to patients
who underwent THA with CoP bearing after 15 years post-
operatively®.

Highly cross-linked polyethylene (HXLPE) was
developed in an effort to address the problem of wear
and osteolysis associated with UHMWPE bearing sur-
faces. Findings from many studies have shown that
HXLPE was significantly reduced and is associated with
a greater implant survival rate regardless of the head
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used compared with conventional UHMWPE™,

Hard-on-hard bearings for THA have improved dramat-
icaly over the past several decades. Ceramic bearings are
an attractive option, particularly in young, active patients
because of the hardness and high resistance of scratches,
and thus, they are tolerant to wear debris™*?. Ceramic bear-
ings have far-reduced volumetric wear debris compared to
other types of bearings®. Findings from previous studies
have shown that the mean linear wear rate was 0.0043
mm/year in the CoC bearing, lower than that of the other
bearings®. Whereas the mean linear wear rate and volu-
metric wear of CoP bearing were 0.22+13.70 mm/year and
136.28.5 mmdlyear, respectively, higher than CoC bear-
ing in the meta-analysis>®. Thus, a previous study showed
that there is little loosening due to low wear rate of third
generation CoC bearing and excellent results were obtained
during the long term follow-up period®. However, the high
cost, squeaking, component impingement, micro-separa-
tion, and prosthesis fracture make the choice difficult®®. In
particular, ceramic fracture can be a devastating complica
tion that affects revision surgery employing the third body
wears from ceramic debris. For these reasons, there has
been concern regarding the increased use of CoC as an
dternative to contemporary CoPs. Therefore, CoP could be
abetter option for elderly patients for whom the longevity
of THA isrelatively lessimportant compared with young
and active patients.

Some efforts have been made to improve the wear rates
through design changes, materia substitution, or polymer
modification in order to decrease the wear of polyethylene
liners. Changes included varying the molecular weight of
the polyethylene or changing the additives, and modifica-
tion of the polyethylene materia itself. Hence, use of newer
materials has resulted in a significant reduction of the wear
rate. Wear rates were lower for HXLPE created by radiating
and re-heeting the polyethylene implants compared with con-
ventiond polyethylene (0.26 mm/year vs 0.05 mm/year)®.

If thereis no significant difference in the wear reate, ceram-
ic fractures can a so be an important factor influencing the
determination of the bearing surface. Although THA with
CoC bearings is expected to increase, ceramic brittleness
remains a major concern for surgeons®?". Regarding the
improvement of ceramic materials, there are few ceramic
head fractures in the fourth-generation ceramic, but
ceramic liner fractures are till a concern due to malseat-
ing. Previous studies have reported that the fracture rate of
ceramic components is between 0.004% and 0.05% for
femoral heads and between 0.013% and 1.1% for ace-tab-

120

ular liners®. On the other hand, reports of ceramic head frac-
tures with polyethylene liners are negligible®. Furthermore,
in this study no cases of squeaking were observed in the
CoP group, whereas a squeak incidence of up to 20% was
reported for CoC bearingsin previous studies®. Thus, CoP
articulation is gradually spotlighted in an effort to reduce
severa problems in ceramic components. However, the
problem with the choice of bearing surface remains con-
troversial, athough our results are relatively consstent with
those of other previous reports.

Several limitations of this study were noted. First, our
study had a retrospective design, with a relatively small
number of patients because the follow-up rate was compa
rably low for 15 years after THA. The analysis was based
on consecutive cases, with no randomization and no power
analysis performed. Nevertheless, we had the advantage of
analyzing the wear rate of the polyethylene liner over 15
yearsin 56 hips.

Second, we did not address patient-reported outcomesin
order to evaluate the function of THA. Although not only
the radiographic results but also the clinical results are
important, because of the retrospective nature of this study
we were not able to collect the patient-reported outcome.

CONCLUSION

Contemporary alumina ceramic on HXLPE could cer-
tainly be a good alternative bearing couple with better
longevity without concern for ceramic fracture, especialy
in elderly patients. However, surgeons should pay more
attention to patients who underwent THA with CoP bear-
ing after 15 years postoperatively.

CONFLICT OF INTEREST

The author declares that there is no potential conflict
of interest relevant to this article.

REFERENCES

1.Learmonth ID, Young C, Rorabeck C. The operation of the
century: total hip replacement. Lancet. 2007;370:1508-19.

2.Raaee SS, Campbdl JC, Mirocha J, Paiement GD. Increasing
burden of total hip arthroplasty revisions in patients between
45 and 64 years of age. J Bone Joint Surg Am. 2018;100:449-
58.

3.Lachiewicz PF, Kleeman LT, Seyler T. Bearing surfaces for
total hip arthroplasty. J Am Acad Orthop Surg. 2018;26:45-
57

4. Zaﬁra L, Gallazzi E. Bearing surfaces in primary total hip

www.hipandpelvis.or.kr



Hip & Pelvis

Bum-Jin Shim et a. Wear and Survivorship of CoP Bearing THA

arthroplasty. EFORT Open Rev. 2018;3:217-24.

5.Heckmann ND, Sivasundaram L, Stefl MD, Kang HP, Badler
ET, Lieberman JR. Total hip arthroplasty bearing surface
trendsin the United Sates from 2007 to 2014 the rise of ceram-
ic on polyethylene. J Arthroplasty. 2018;33:1757-63.el.

6.Grieco PW, Pascal S, Newman JM, et a. New alternate bear-
ing surfacesin total hip arthroplasty: a review of the current
literature. J Clin Orthop Trauma. 2018;9:7-16.

7.Kim YH, Park JW. Eighteen-year results of cementless THA
with alumina-on-HXLPE bearings in patients <30 years old:
a concise follow-up of a previous report. J Bone Joint Surg
Am. 2020; 102: 1255-9.

8.Yoon PW, Yoo JJ, KimY, Yoo S, Lee S, Kim HJ. The epi-
demiology and national trends of bearing surface usage in
primary total hip arthroplasty in Korea. Clin Orthop Surg.
2016;8:29-37.

9.Delee JG, Charnley J. Radiological demarcation of cement-
ed sockets in total hip replacement. Clin Orthop Relat Res.
1976;(121):20-32.

10.Gruen TA, McNeice GM, Amstutz HC. “ Modes of failure’
of cemented stem-type femoral components: a radiographic
analysis of loosening. Clin Orthop Relat Res. 1979;(141): 17-
27.

11. Johnston RC, Fitzgerald RH Jr, Harris WH, Poss R, Miiller
ME, Sledge CB. Clinical and radiographic evaluation of
total hip replacement. A standard system of terminology for
reporting results. J Bone Joint Surg Am. 1990;72:161-8.
Erratumin: J Bone Joint Surg Am. 1991;73:952.

12.Varnum C. Outcomes of different bearingsin total hip arthro-
plasty- implant survival, revision causes, and patient-report-
ed outcome. Dan Med J. 2017;64:B5350.

13.Sukur E, Akman YE, Ozturkmen Y, Kucukdurmaz F.
Particle disease: a current review of the biological mecha-
nismsin periprosthetic ostealysis after hip arthroplasty. Open
Orthop J. 2016;10:241-51.

14.Peters RM, Van Steenbergen LN, Stevens M, Rijk PC,
Bulstra SK, Zijlstra WP. The effect of bearing type on the
outcome of total hip arthroplasty. Acta Orthop. 2018;89: 163
0.

15.MiloSev I, Kovat S, TrebSe R, Levasi¢ V, Pisot V.
Comparison of ten-year survivorship of hip prostheses with
use of conventional polyethylene, metal-on-metal, or ceram-
ic-on-ceramic bearings. J Bone Joint Surg Am. 2012;94:1756-
63.

16.Min BW, Cho CH, Son ES, Lee KJ, Lee SW, Song KS.
Highly cross-linked polyethylene in total hip arthroplasty
in patients younger than 50 years with osteonecrosis of the
femoral head: a minimum of 10 years of follow-up. J
Arthroplasty. 2020; 35:805-10.

17.Skinner JA, Haddad FS. Ceramics in total hip arthroplas-
ty: a bearing solution? Bone Joint J. 2017;99-B: 993-5.

18.Howard DP, Wall PDH, Fernandez MA, Parsons H, Howard
PW. Ceramic-on-ceramic bearing fracturesin total hip arthro-

www. hipandpelvis.or.kr

plasty: an analysis of data from the National Joint Registry.
Bone Joint J. 2017;99-B:1012-9.

19.Kim MW, Kim SM, Chung Y. Total hip arthroplasty using
ceramic-on-ceramic bearing surfaces: long-term assess
ment of squeaking sounds. Hip Pelvis. 2018;30:18-22.

20.Solarino G, Zagra L, Piazzolla A, Morizio A, Vicenti G,
Moretti B. Results of 200 consecutive ceramic-on-ceramic
cementless hip arthroplasties in patients up to 50 years of
age: a 5-24 years of follow-up study. J Arthroplasty.
2019;34(79): 232-7.

21.Higuchi Y, Hasegawa Y, Seki T, Komatsu D, Ishiguro N.
Sgnificantly lower wear of ceramic-on-ceramic bearings than
metal-on-highly cross-linked polyethylene bearings. a 10-
to 14-year follow-up study. J Arthroplasty. 2016;31:1246-
50.

22.Dong YL, Li T, XiaoK, Bian YY, Weng XS. Ceraric on ceram
ic or ceramic-on-polyethylene for total hip arthroplasty: a
systemic review and meta-analysis of prospective random-
ized studies. Chin Med J (Engl). 2015;128:1223-31.

23. Amanatullah DF, Landa J, Strauss EJ, Garino JP, Kim SH,
Di Cesare PE. Comparison of surgical outcomes and implant
wear between ceramic-ceramic and ceramic-polyethylene
articulationsin total hip arthroplagty. J Arthroplasty. 2011;26(6
Suppl): 72-7.

24, Kim HS, Park W, Ha JH, Lee YK, HaYC, Koo KH. Third-
generation ceramic-on-ceramic total hip arthroplasty in
patients with osteonecrosis of the femoral head: a 10- to
16-year follow-up study. J Bone Joint Surg Am. Published
online November 15, 2021; doi:10.2106/JBJS.20.00720.

25.Mutimer J, Devane PA, Adams K, Horne JG. Highly
crosslinked polyethylene reduces wear in total hip arthro-
plasty at 5 years. Clin Orthop Relat Res. 2010;468:3228-
33.

26.Lee YK, Lee JC, HaYC, Koo KH. Effect of neck length on
third-generation ceramic head failure; finite element and
retrieval analysis. J Orthop Sci. 2014;19:587-97.

27.Lee YK, Lim JY, Ha YC, Kim TY, Jung WH, Koo KH.
Preventing ceramic liner fracture after Delta ceramic-on-
ceramic total hip arthroplasty. Arch Orthop Trauma Surg.
2021;141:1155-62.

28.Traina F, Tassinari E, De Fine M, Bordini B, Toni A.
Revision of ceramic hip replacements for fracture of a ceram-
ic component: AAOS exhibit selection. J Bone Joint Surg Am.
2011;93:e147.

29.Blumenfeld TJ, McKellop HA, Schmalzried TP, Billi F.
Fracture of a cross-linked polyethylene liner: a multifacto-
rial issue. J Arthroplasty. 2011;26:666.e5-8.

30. Piriou P, Quenzerfi G, Migaud H, Renault E, Mass F, Serrault
M. A numerical model to reproduce squeaking of ceramic-
on-ceramic total hip arthroplasty. Influence of design and
material. Orthop Traumatol Surg Res. 2016;102(4 Suppl): S229-
3A.

121



