RESEARCH * RECHERCHE

Long-term outcomes of total hip arthroplasty
in patients younger than 55 years: a systematic
review of the contemporary literature

Xin Yu Mei, MD

Ying Jia Gong, MD
Oleg Safir, MD

Allan Gross, MD

Paul Kuzyk, MD, MASc

Accepted Oct. 15, 2018; Published online
June 1, 2019

Correspondence to:

X. Mei

Department of Orthopaedic Surgery
Rm 476A Mount Sinai Hospital

600 University Ave

Toronto ON M5G 1X5
xmei@gmed.ca

DOI: 10.1503/cjs.013118

© 2019 Joule Inc. or its licensors

Background: Total hip arthroplasty (THA) is increasingly performed in younger
patients despite the lack of comprehensive assessment of long-term outcomes. We
systematically reviewed the contemporary literature to assess the 1) indications,
2) implant selection and long-term survivorship, 3) complication and reoperation
rates and 4) radiographic and functional outcomes of primary THA in patients
younger than 55 years.

Methods: We searched the Embase and MEDLINE databases for English-language
articles published between 2000 and 2018 that reported outcomes of primary THA in
patients younger than 55 years with a minimum follow-up duration of 10 years.

Results: Thirty-two studies reporting on 3219 THA procedures performed in
2434 patients met our inclusion criteria. The most common preoperative diagnoses
were avascular necrosis (1044 [32.4%]), osteoarthritis (870 [27.0%]) and developmen-
tal dysplasia of the hip (627 [19.5%]). Modular implants (3001 [93.2%]), cementless
fixation (2214 [68.8%]) and metal-on-polyethylene bearings (1792 [55.7%]) were fre-
quently used. The mean 5- and 10-year survival rates were 98.7% and 94.6%, respec-
tively. Data on survival beyond 10 years were heterogeneous, with values of 27%-
99.5% at 10-14 years, 59%-84% at 15-19 years, 70%-77% at 20-24 years and 60%
at 25-30 years. Rates of dislocation, deep infection and reoperation for any reason
were 2.4%, 1.2% and 16.3%, respectively. The mean Harris Hip Score improved
from 43.6/100 to 91.0/100.

Conclusion: Total hip arthroplasty in patients younger than 55 years provides reli-
able outcomes at up to 10 years. Future studies should evaluate the outcomes of THA
in this population at 15-20 years’ follow-up.

Contexte : On effectue de plus en plus d’arthroplasties totales de la hanche (ATH)
chez des patients qui ne sont pas 4gés, malgré absence d’évaluation exhaustive des
issues a long terme. Nous avons procédé a une revue systématique de la littérature
récente pour analyser 1) les indications, 2) la sélection des implants et la survie a
long terme, 3) les taux de complications et de réintervention, et 4) les résultats
radiographiques et fonctionnels des ATH primaires chez les patients de moins de
55 ans.

Méthodes : Nous avons interrogé les bases de données Embase et MEDLINE pour
recenser les articles de langue anglaise publiés entre 2000 et 2018 qui faisaient état des
issues d’ATH primaires chez des patients de moins de 55 ans suivis pendant au moins
10 ans.

Résultats : Trente-deux études portant sur 3219 ATH effectuées chez 2434 patients
répondaient a nos critéres d’inclusion. Les diagnostics préopératoires les plus fré-
quents étaient la nécrose avasculaire (1044 [32,4 %]), I'arthrose (870 [27,0 %]) et la
dysplasie développementale de la hanche (627 [19,5 %]). Les implants modulaires
(3001 [93,2 %]), la fixation non cimentée (2214 [68,8 %]) et le couple métal—
polyéthylene (1792 [55,7 %]) ont été fréquemment utilisés. Les taux de survie moyens
a5 eta 10 ans étaient de 98,7 % et de 94,6 %, respectivement. Les données sur la sur-
vie au-dela de 10 ans étaient hétérogenes, allant de 27 % a 99,5 % apres 10 a 14 ans,
de 59% a 84 % apres 15 2 19 ans, de 70% 2 77 % apres 20 a 24 ans et de 60 % aprés
25 2 30 ans. Les taux de dislocation, d’infection profonde et de réintervention, toutes
causes confondues, étaient de 2,4 %, de 1,2 % et de 16,3 %, respectivement. Le score
de Harris moyen s’est amélioré, passant de 43,6/100 a 91,0/100.

Conclusion : L’arthroplastie totale de la hanche chez les patients de moins de 55 ans
donne des résultats fiables pour les 10 premieres années apres 'intervention. Les pro-
chaines études devraient évaluer les issues de I’arthroplastie de la hanche dans cette
population apres 15 a 20 ans de suivi.
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otal hip arthroplasty (I'HA) reliably decreases pain

and improves function and quality of life in

patients with advanced hip disease at up to 25-30
years of follow-up.'?* Despite early concerns over pros-
thetic longevity in patients with higher activity levels,
improvements in implant design and surgical technique
have led to increased demand for THA in younger, active
patients.>* Kurtz and colleagues® reviewed the American
National Inpatient Sample database from 2006 and
reported the proportion of primary THA procedures per-
formed annually in patients younger than 55 years to be
about 21%, with a projected rise to 28% by 2030. This
proportion is slightly lower outside the United States,
with rates of 11.9%, 6.4% and 13.2% reported by the
2014 Canadian,’ United Kingdom® and Australian’ joint
replacement registries, respectively.

Earlier studies showed high revision rates following
Charnley low-friction arthroplasty in younger patients
compared to older cohorts,*!° with the main modes of fail-
ure being aseptic loosening and wear-induced osteoly-
sis.!b12 Inferior implant survival in younger patients has
been attributed to higher activity levels as well as a higher
proportion of patients with inflammatory arthritis and con-
genital hip disease as their preoperative diagnosis.'
Despite these challenges, recent innovations including
cementless fixation and alternative bearing surfaces have
shown considerable promise in addressing many previous
limitations of THA in younger patients.

Given these technological advances, we performed a
systematic review of the contemporary literature with the
aim of assessing the 1) indications, 2) implant selection and
long-term survivorship, 3) rates of complication and reop-
eration and 4) radiographic and functional outcomes of
primary THA in patients younger than 55 years of age.

METHODS
Literature search and study selection

We performed a literature search according to the Pre-
terred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Eligible studies were iden-
tified through a systematic search of MEDLINE and
Embase databases from inception to April 2018. Database
search terms included “total hip arthroplasty,” “total hip
replacement,” “younger than 55,” “younger than 50,”
“younger than 40,” “younger than 30,” “less than 55,” “less
than 50,” “less than 40,” “less than 30” and “young
patient.” We reviewed the bibliographies of all retrieved
studies for relevant articles.

Two authors (X.Y.M. and Y.J.G.) independently
screened the titles and abstracts of articles identified
through the search strategy for eligibility. The predeter-
mined inclusion criteria were 1) reporting of primary THA
outcomes, 2) series of at least 20 patients, 3) mean follow-
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up of at least 10 years, 4) all patients younger than 55 years
at the time of surgery and 5) reporting of implant selection
and survivorship, complications and functional outcomes.
Articles were restricted to those that were published in full
and written in English. Studies were excluded if they
1) were published before 2000, 2) were conference
abstracts, case reports, reviews or surgical technique arti-
cles, 3) did not adequately report implant selection and
survivorship or 4) reported outcomes of hemiarthroplasty,
hip resurfacing, metal-on-metal bearings or revision THA.
When multiple studies reported on the same study popula-
tion, the article with the longest follow-up duration was
selected, and the other studies were removed. Studies that
passed the initial title and abstract screening were reviewed
in full with the use of the same eligibility criteria. Any dis-
agreement between authors was resolved by consensus.

Data extraction and quality assessment

Two authors (X.Y.M. and YJ.G.) independently extracted
the relevant data from each study and recorded them in an
Excel document. Data collected included study design and
period; patient age, sex and body mass index; mean follow-
up duration and proportion of patients lost to follow-up;
preoperative diagnosis and surgical approach; and implant
selection, type of fixation and bearing surface. Outcome
measures included implant survivorship at 5 years, 10 years
and final follow-up; rates of dislocation, deep infection,
other complications and reoperation; radiographic assess-
ment; and functional outcome scores. Disagreements
between reviewers were resolved by consensus.

Two authors (X.Y.M. and Y.J.G.) independently
assessed the methodological quality of eligible studies.
The Cochrane Collaboration’s tool for assessing risk of
bias in randomized trials'* was used for randomized con-
trolled trials, and the Methodological Index for Non-
Randomized Studies (MINORS) was used for nonran-
domized studies.”” Review Manager (RevMan) version 5.3
(Cochrane Collaboration) was used to construct the risk
of bias summary. Any disagreement between reviewers
was resolved by consensus. Agreement between reviewers
on individual MINORS items was measured with the
Cohen k.16

Statistical analysis

We used descriptive statistics to summarize patient demo-
graphic characteristics, implant selection and outcome
measures. We calculated weighted means for all interval
and ratio data. Stratification by implant fixation was not
performed owing to inconsistent reporting of outcomes
and the small number of studies using cemented and
hybrid fixation. A p value < 0.05 was considered statistically
significant. We performed all statistical analysis using
SPSS version 24.0 software (IBM Corp.).



RESuULTS

The initial search yielded 435 potentially relevant articles
after exclusion of duplicates (Fig. 1). After review of the titles
and abstracts, 384 articles were excluded. T'wenty-three
additional articles were excluded after full-text review, leav-
ing 32 articles eligible for inclusion in the systematic review.

Patient demographic characteristics
A total of 3219 primary THA procedures performed in

2434 patients between 1969 and 2006 were included. The
year of surgery was 1970-1980 for 171 hips (5.3%), 1980—
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1990 for 650 (20.2%), 1990-2000 for 1044 (32.4%) and
after 2000 for 495 (15.4%); 9 studies reporting on 859 pro-
cedures (26.7%) had dates of surgery spanning more than
1 decade and thus could not be sorted into these intervals.
A total of 777 procedures (24.1%) were performed after
1985. Of the 2434 patients, 1144 (47.0%) (standard devia-
tion [SD] 17.2, range 20.5-85.7) were women. The mean
age was 42.0 years (SD 7.4 yr, range 17.9-52.5 yr), and the
mean body mass index was 26.6 (SD 2.7, range 22-29.6).
The mean follow-up duration was 15.5 years (SD 5.9 yr,
range 10-28.4 yr); 185 patients (7.6% [SD 8.1, range
0-39.1]) were lost to follow-up. The most common preop-
erative diagnoses were avascular necrosis (1044 cases

Records identified through Records identified through Additional records identified
Embase MEDLINE through references and
n=2373 n =307 citations

n=9
Y
Records after duplicates
removed
n=439

Records screened
n=439

Excluded after screening title and
abstract n =384

Full-text articles assessed for
eligibility
n=>55
Excluded n=23
« Insufficient follow-up n=6
* Not all patients <55 yr n=6
« Study population already reported n=3
* Poor reporting of implant selection n=3
« Poor reporting of implant survival n=2
* Poor reporting of patient exclusion and follow-up n =1
* Small sample n=1
* Inclusion of patients with revision arthroplasty n =1
Y
Studies included in quality
assessment
n=232
Y
Studies included in final review
n=232

Fig. 1. Flow diagram showing study selection.
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[32.4%]), primary/secondary osteoarthritis (870 [27.0%])
and developmental dysplasia of the hip (627 [19.5%])
(Table 1). A summary of the patient demographic charac-
teristics is presented in Table 2, with full details available
in Appendix 1 (available at canjsurg.ca/013118-al).

Surgical technique and implant selection

A variety of surgical approaches including anterolateral, pos-
terolateral, posterior and transtrochanteric were used. Modu-
lar implants were used in 3001 hips (93.2%) and monoblock
implants in 218 (6.8%). Implant fixation was cementless in
2214 hips (68.8%), hybrid in 540 (16.8%) and cemented in
465 (14.4%). Among the 2399 cementless femoral stems
described, the fixation design was metaphyseal-fitting in
1544 cases (64.4%), metaphyseal-diaphyseal-junction-fitting
in 366 (15.3%), diaphyseal-fitting in 223 (9.3%) and screwed
into the femoral canal in 137 (5.7%); the fixation design was
not reported in 129 cases (5.4%). The bearing surface used
was metal-on-conventional-polyethylene in 1792 hips
(55.7%), ceramic-on-ceramic in 748 (23.2%), ceramic-on-
conventional-polyethylene in 530 (16.5%), metal-on-highly-
cross-linked polyethylene in 147 (4.6%) and ceramic-on-
highly-cross-linked polyethylene in 2 (0.1%). The femoral
head diameter ranged from 22 to 36 mm. Two studies
reported use of acetabular autografts.*** Full surgical and
implant details are presented in Appendix 1.

Implant survivorship, complications and
reoperation

The 5- and 10-year revision-free implant survival rates
were 98.7% (SD 1.5%, range 95%-100%) and 94.6%
(SD 5.5%, range 78.1%-100%), respectively. In studies

Table 1. Preoperative diagnosis in patients younger than

55 years of age who underwent total hip arthroplasty

No. (%) of hips
Diagnosis n=23219
Avascular necrosis 1044 (32.4)
Osteoarthritis (primary/secondary) 870 (27.0)
Developmental dysplasia of hip 627 (19.5)
Inflammatory arthropathy 267 (8.3)
Rheumatoid arthritis 92 (2.9)
Unclassified inflammatory arthropathy 70(2.2)
Ankylosing spondylitis 58 (1.8)
Juvenile idiopathic arthritis 47 (1.5)
Post trauma 105 (3.3)
Congenital dislocation of hip 39(1.2)
Slipped capital femoral epiphysis 36 (1.1)
Tumour 33(1.0)
Legg—Calvé—Perthes disease 32 (1.0
Septic arthritis 21(0.6)
Osteochondritis dissecans 16 (0.5)
Still disease 2(0.1)
Other/not reported 127 (3.9)
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with mean follow-up beyond 10 years, reported revision-
free survival rates were 27%-99.5% (16 studies) at
10-14 years, 59%-84% (2 studies) at 15-19 years, 70%—
77% (2 studies) at 20-24 years and 60% (1 study) at
25-30 years. Rates of dislocation, deep infection and reop-
eration for any reason were 2.4% (SD 2.5%, range
0%-10.9%), 1.2% (SD 1.5%, range 0%-7%) and 16.3%
(SD 13.6%, range 0%-63.8%), respectively. Aseptic loos-
ening was the most common reason for reoperation. A
summary of implant survivorship and complications is pre-
sented in Table 2, with full details available in Appendix 1.

Radiographic assessment and functional outcome

Nonprogressive acetabular and femoral radiolucent lines
were observed in 418 (13.0%) (SD 18.4%, range 0%—
85.2%) and 225 (7.0%) (SD 13.8%, range 0%-90.9%)
components, respectively. Progressive radiolucency was
not commonly reported. Functional outcome at final
follow-up was reported with the use of the Harris Hip
Score or the Merle d’Aubigné Score in all but 1 study,
which used the Western Ontario and McMaster Universi-
ties Osteoarthritis Index.** The Harris Hip Score was
reported in 26 studies, with a mean postoperative score of
91.0/100 (SD 4.8, range 81-98) and a mean improvement
of 47.4 points (SD 4.6, range 32.5-53). The Merle
d’Aubigné Score was reported in 7 studies, with a mean
postoperative score of 16.0/18 (SD 1.6, range 10.5-17.1)
and a mean improvement of 7.1 points (SD 1.5, range 5.6—
8.7). Other reported outcome scores included the Hip Dis-
ability and Osteoarthritis Outcome Score, Oxford Hip
Score and modified UCLA Activity Score.

Study quality

The level of evidence was I in 3 studies!”™!” and IV in
29 studies.?>* The risk of bias summary for each included
randomized trial and the interrater agreement for each
MINORS item are presented in Table 3 and Table 4,
respectively. The overall risk of bias of the randomized
trials was low. The majority of included case series were of
low methodological quality. Agreement between the
reviewers was considered satisfactory for all items. The
mean MINORS global score was 11.0/16 (range 7-14).

Discussion

We found that a large proportion of younger patients
underwent THA for avascular necrosis and osteoarthritis
secondary to congenital, developmental or traumatic ana-
tomic abnormalities. This result is in keeping with the cur-
rent literature.*” These patients often present with major
structural abnormalities such as proximal femoral deform-
ity and femoral head collapse that increase the complexity
of THA. Furthermore, patients who have undergone
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Table 2 (part 1 of 2). Summary of patient demographic characteristics, implant selection, survivorship and outcomes

Length of Implant survival, % Outcome; no. (%) of hips
Age, yr, follow-up,
No. of No. of mean yr, mean Implant Bearing Deep
Study patients hips (range) (range) fixation surface 5yr 10 yr Final Dislocation infection  Reoperation
Choi et al.,?’ 17 20 36.2 1 Cementless,  Metal-on- 95 95 95 1(5.0) 0(0.0) 1(5.0)
2017 (21-40) (10-13.5)  hybrid HXLPE (11 yr)
Philippot et al.,*® 114 137 41 21.9 Cementless ~ MoP NR NR 77 15 (10.9) 1(0.7) 44(32.1)
2017 (18-50) (3.3-30.9) (21.9yr) (intra-
prosthetic)
Schmoulders et 77 81 48 1356 Cementless ~ CoP NR 96.8 93 1(1.2) 0(0.0) 6 (7.4)
al.*12017 (30-50) (9.7-16.9) (13.5yr)
Stambough et 72 75 41.2 10 Cementless Metal-on- 96 92 92 1(1.3) 1(1.3) 5(6.7)
al.* 2016 (17-50) (8.2-11.9) HXLPE (10 yr)
Kim et al.,® 200 400 52.5 11.8 Cementless  CoC 99.5 99.5 99.5 0(0.0) 0(0.0) 2(0.5)
2016 (26-54) (10-13) (11.8yn)
Kim et al.,™® 171 342 48 26.1 Hybrid, MoP NR NR 78.5 cup, 95.5 5(1.5) 1(0.3) 73(21.3)
2016 (21-50) (25-27) cementless stem
(26.1 yr)
McLaughlin et 67 82 36.4 25 Cementless ~ MoP NR NR 90 stem 0(0.0) 3(3.7) 9(11.0)
al.,’” 2016 (20-49) (20-29) (27 yr)
Kim et al.,*® 70 88 45.6 28.4 Cementless MoP NR NR 66 cup, 90 stem 2(2.3) 0(0.0) 39 (44.3)
2014 (19-49) (27-29) (28.4 yr)
Babovic et al.,?! 50 54 38.9 10.4 Cementless ~ Metal-on- NR NR 98.1 1(1.9) 0(0.0) 1(1.9
2013 (15-50) (NR) HXLPE 52, (10.4 yr)
ceramic-on-
HXLPE 2
Chana et al.,?® 100 110 45.8 11.5 Cementless  CoC NR 96.5 96.5 1(0.9) 0(0.0) 4(3.6)
2013 (20-55) (10-13.5) (11.5yr) (late
traumatic)
Schmitz et al.,*° 48 69 25 1.5 Cemented MoP NR 86 75 2(2.9) 4(5.8) 16 (23.2)
2013 (16-29) (7-23) (15 yr)
Yoon et al.,* 62 75 24 1.4 Cementless  CoC NR 98.9 98.9 1(1.3) 0(0.0) 1(1.3)
2012 (18-30) (10-13.4) (10 yr) (with
fractured
liner)
Biemond et 80 93 44 12.3 Cementless  MoP NR 84 84 6 (6.5) 0(0.0) 17 (18.3)
al.,?? 2011 (16-50) (9.8-15.5) (12.3yr)
Faldini et al.,*® 28 34 47 12 Cementless ~ MoP 27, CoC 100 100 100 1(2.9 0(0.0) 0(0.0)
2011 (44-50) (10-14) 7 (12 yr)
Hsu et al.,* 62 80 38.6 101 Hybrid CoC NR 96.3 96.3 0(0.0) 0(0.0) 3(3.8)
2011 (16-49) (10-12.3) (10 yr)
Kim et al.,"” 78 109 43.4 18.4 Hybrid, MoP NR 93.6 85.5 3(1.4) 3(1.4) 38(17.4)
2011 (21-50) (17-19) cementless (20 yr)
79 110 46.8 18.4
(21-49) (16-19)
Pakvis et al.,®® 131 158 42 13.2 Cementless ~ CoP 100, NR 98 80 7 (4.4) 3(1.9 39 (24.7)
2011 (18-50) (10-18) MoP 58 (14 yr)
Boyer et al., 69 76 39 10 Hybrid, CoC NR 92 92 3(3.9 1(1.3) 5 (6.6)
2010 (NR) (7-15) cementless (10yn)
Burston et al.,?* 44 54 39.5 12,5 Cemented, MoP NR NR 79.2 4(7.1) 2 (3.6) 14 (25.0)
2010 (18-50) (10-17) hybrid (12.5yr
Flecher et al.,*' 212 233 42.6 10 Cementless ~ CoP NR 96.7 87 6 (2.6) 4(1.7) 23 (9.9
2010 (20-50) (5-16) (15 yr)
Wrobelewski et 26 35 17.9 15.6 Cemented MoP 25, CoP NR NR 59 0(0.0) 1(2.9 16 (45.7)
al.,*7 2010 (12-19) (2.3-34) 10 (15.6 yr)
Akbar et al., 59 70 35 14 Cementless ~ CoP 100 100 86 0(0.0) 0(0.0) 5(7.1)
2009 (22-40) (10-16) (14 yr)
Lewthwaite et 101 123 42 12.5 Cemented MoP NR 94.4 92.6 1(0.8) 1(0.8) 13(10.6)
al.,*® 2008 (NR) (10-17) (12.5yr)
Utting et al.,*® 53 70 40 13.6 Hybrid MoP NR NR 84 cup/liner 2(2.9) 1(1.4) 13(18.6)
2008 (19-49) (12-16) (stem NR)
(16 yr)
Wangen et al.,* 42 47 25 13 Cementless ~ MoP NR NR 51 3(6.4) 0(0.0) 24 (51.1)
2008 (15-30) (10-16) (13 yr)
Singh et al.,*? 33 38 42 10 Hybrid, CoP 36, MoP  NR NR 90.5 cemented 0(0.0) 0(0.0) 4(10.5)
2004 (22-49) (6.3-14.2)  cementless 2 cup, 96
cementless cup,
100 stem
(12 yr)

Can J Surg, Vol. 62, No. 4, August 2019 253



RECHERCHE

Table 2 (part 2 of 2). Summary of patient demographic characteristics, implant selection, survivorship and outcomes

Length of Implant survival, % Outcome; no. (%) of hips
Age, yr, follow-up,

No.of  No. of mean yr, mean Implant Bearing Deep Reopera-
Study patients  hips (range) (range) fixation surface 5yr 10 yr Final Dislocation  infection tion
Keener et al.,®* 42 57 42 25.7 Cemented MoP NR NR 60 1(1.8) 4(7.0) 22 (38.6)
2003 (18-49) (25-30) (30 yr)
Crowther et 44 56 37 1 Cementless ~ MoP NR NR 87.5 0(0.0) 1(1.8) 7 (12.5)
al., 2002 (22-49) (9-14) (11 yr)
Chiu et al.,?® 33 47 28.8 14.9 Cemented MoP 97.8 84.5 27 2(4.3) 1(2.1) 30 (63.8)
2001 (17-39) (6.9-21.1) (15 yr)
Duffy et al.,?® 72 82 32 10.3 Cementless MoP 96.3 78.1 78.1 1(1.2) 2(2.4) 26 (31.7)
2001 (17-39) (10-14) (10yr)
Garcia-Cimbrelo 58 67 32.4 21.7 Cemented MoP 98.5 88 70 3(4.5) 0(0.0) 19 (28.4)
etal.,® 2000 (18-39) (5-25) (24 yr)
Smith et al.,*® 40 47 41 18.2 Cemented MoP NR 96.8 96.8 1(2.1) 0(0.0) 6(12.8)
2000 (21-50) (17-20) (10yr)
CoC = ceramic-on-ceramic; CoP = ceramic-on-conventional-polyethylene; HXLPE = highly cross-linked polyethylene; MoP = metal-on-conventional-polyethylene; NR = not reported.

Table 3. Risk of bias for each included randomized trial'*

Allocation

Random sequence concealment

Blinding of participants
and personnel

Selective
reporting

Blinding of outcome
assessment

Incomplete
outcome data

Study generation (selection bias)  (selection bias) (performance bias) (detection bias) (attrition bias)  (reporting bias) ~ Other bias
Kim et al.’” + + ? ?
Kim et al.”® + + ? ?
Kim et al.”® + + ? ?

+ = low risk of bias; ? = unclear risk of bias.

Table 4. Interreviewer agreement on Methodological Index for

Non-Randomized Studies items™

ltem Kk coefficient®
1. A clearly stated aim 0.862

2. Inclusion of consecutive patients 0.759

3. Prospective collection of data 0.603

4. Endpoints appropriate to the aim of the study 0.755

5. Unbiased assessment of the study endpoint 0.683

6. Follow-up period appropriate to the aim of the study 1.000

7. Loss to follow-up less than 5% 0.861

8. Prospective calculation of the study size 0.896

*A value > 0.4 is considered satisfactory.

previous surgery may have retained hardware, extensive
scar tissue, heterotopic ossification or limb length discrep-
ancy that require a greater degree of preoperative planning
than routine primary THA in older patients with osteoar-
thritis.*” Although THA had historically been performed
in younger patients for rheumatoid arthritis, only 8.3% of
hips in our review had inflammatory arthritis of any kind as
their preoperative diagnosis. The decreasing demand for
THA in patients with inflammatory arthritis likely reflects
advances in disease-modifying antirheumatic drugs, lead-
ing to improved management of these conditions.”

The predominance of modular, cementless implants in
our review is also consistent with current practice patterns
in North America and Europe. Modular implants have
gained substantial popularity as they allow surgeons to
independently adjust offset, version and limb length both
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preoperatively and intraoperatively.’! In addition, modular
head and liner exchange can be a less invasive revision
option in cases of instability and eccentric polyethylene
wear with well-fixed femoral and acetabular components.*
Although modularity is associated with risk of trunnion
corrosion, adverse local tissue reactions and component
fracture, the only modularity-related complications in our
review were 4 cases of fractured ceramic liner.

The inconsistent survivorship of cemented implants in
younger patients has led to a preference for cementless fixa-
tion in this population.”*** We found that a variety of
cementless femoral component designs were used, with
metaphyseal-fitting stems being the most common.
Metaphyseal-fitting stems are thought to not only increase
proximal load transfer to reduce stress shielding and thigh
pain, but also preserve diaphyseal bone for future revi-
sion,” " thus making them a popular choice in younger
patients, who are expected to outlive their implants. Success
with metaphyseal-fitting stems has furthered interest in
shorter stem designs for additional bone preservation.'®*® In
a within-patient randomized trial, Kim and colleagues'®
reported the outcomes of 200 patients who underwent
bilateral THA and were randomly allocated to receive con-
ventional cementless stems in one hip and short cementless
stems in the contralateral hip. Those authors found
decreased stress shielding in the short stems but no differ-
ence in survivorship or functional outcome between the
implants after a mean follow-up duration of 10.8 years.

The most commonly reported bearings in our review
were metal-on-conventional-polyethylene, ceramic-on-



ceramic and ceramic-on-conventional-polyethylene. This
may be related to our inclusion of only studies with long-
term follow-up. Although highly cross-linked polyethyl-
ene has been shown to improve wear rates compared to
conventional polyethylene,**® long-term data showing a
clear increase in clinical survivorship are not yet avail-
able. The superior wear resistance of ceramic-on-ceramic
bearings offers potential reduction of wear-induced
osteolysis in comparison to metal-on-conventional-
polyethylene bearings, although no study to date has
shown a significant difference in reoperation rates. There
have also been concerns over the risk of ceramic compo-
nent fracture, chipping on insertion and squeaking.! The
incidence of ceramic-related complications in our review
was relatively low, with 4 cases (0.3%) of fractured
ceramic liners and 5 cases (0.4%) of squeaking. Ceramic-
on-conventional-polyethylene bearings have also shown
excellent wear resistance in the long term,% although
studies comparing these bearings with metal-on-
conventional-polyethylene bearings have shown mixed
results.®*¢7 We excluded metal-on-metal bearings from
our review owing to widespread concerns over increased
metal ion levels and adverse local tissue reactions to
metallic wear debris.

The overall revision-free survival rate was 98.7% at
5 years and 94.6% at 10 years. These values are similar
to those reported for THA in older patients. Mikeld and
colleagues® reviewed the Nordic Arthroplasty Registry
for all primary THA procedures performed in patients
older than 55 years between 1995 and 2011. Using the
outcome of revision for any reason, they reported
10-year survivorship rates of 91.8%, 90.0% and 92.2%
for cementless, hybrid and cemented components,
respectively, in patients aged 55-64 years. Similarly,
Hailer and colleagues® reviewed the Swedish Hip
Arthroplasty Register from 1992 to 2007 and reported
10-year survivorship rates of 85% and 94% for cement-
less and cemented THA components, respectively. Sur-
vivorship beyond 10 years was inconsistently reported
because the final follow-up periods varied greatly
between studies. Therefore, we were able to present only
the range of final survivorship rates reported in the
included studies. This reflects the current paucity of stud-
ies with more than 15 years’ follow-up, which is an inher-
ent limitation of newer technology. Only 2 studies?*
showed implant survivorship rates less than 75% at
10-15 years. Chiu and colleagues®® reported acetabular
component survivorship of 27% at 15 years in 47 Charnley
low-friction arthroplasty procedures performed using
early cementing techniques. They found inadequate
cement mantle around 27 components (57%) that cor-
related strongly with subsequent aseptic loosening and
emphasized the importance of good cementing tech-
nique. Wangen and colleagues* reported acetabular
component survivorship of 51% at 13 years in 47 cement-
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less THA procedures using hydroxyapatite-coated hemi-
spherical cups in patients younger than 30 years. They
attributed the high rates of cup loosening to the ten-
dency for dissolution and resorption of the hydroxyapa-
tite coating on the acetabular side, which had been
observed in previous studies.”®”!

Rates of dislocation (2.4%) and deep infection (1.2%) in
our review are comparable to values reported in large reg-
istry studies (1.9% and 1.3%, respectively).”>”* Rates of
periprosthetic fracture were also relatively low in compari-
son to those in the literature (0.3% v. 1%), likely second-
ary to superior bone quality in younger patients.”* The
overall reoperation rate was high, at 16.3%, although
many operations were late revisions for aseptic loosening
more than 10 years after THA.

Radiographic evaluation of implant stability was per-
formed with the DeLee and Charnley” and Gruen’® sys-
tems for acetabular and femoral components, respec-
tively. Progressive radiolucency was rarely reported,
which minimized the risk of a large number of impend-
ing aseptic failures. Substantial improvements and high
postoperative Harris Hip and Merle d’Aubigné scores
suggest that most patients achieved satisfactory func-
tional outcome.

Limitations

This study has several limitations. First, our review was
restricted to English-language studies published after
1999 that had a mean follow-up duration of 10 years or
more. Although having these strict inclusion criteria
allowed us to focus on contemporary, long-term outcomes
that are critical to counselling patients preoperatively,
they may have resulted in exclusion of studies that con-
tribute substantially to the literature on THA in younger
patients. For instance, our minimum follow-up cut-off
may have led to underrepresentation of highly cross-
linked polyethylene in our study owing to its relative new-
ness. Second, most of the included studies were small, ret-
rospective case series of low methodological quality and
were heterogeneous with respect to preoperative diagno-
sis, surgical technique and implant selection. This limited
our ability to perform a meta-analysis and reflects the cur-
rent lack of prospective, standardized, multicentre data in
the orthopedic literature. Third, the paucity of studies
with 15 years’ follow-up limited our ability to draw con-
clusions about implant survivorship beyond 10 years.
Finally, there was considerable variability in outcome
reporting between studies. For instance, many studies did
not differentiate between primary and secondary osteoar-
thritis. Moreover, 6 different clinical outcome scores were
used among the included studies, with 11 studies report-
ing only postoperative scores. These inconsistencies not
only limited statistical analysis but may also have led to
misclassification bias.
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CONCLUSION

Our study provides important trends and data that should
help surgeons counsel younger patients undergoing THA.
The most common preoperative diagnoses appear to be
avascular necrosis, osteoarthritis and developmental dyspla-
sia of the hip. Modular, cementless implants with metal-on-
conventional-polyethylene bearings were used in most cases,
with high survivorship seen at up to 10 years. Rates of dislo-
cation and infection were comparable to those with THA in
older patients, and good functional outcomes were routinely
achieved. Future studies should aim to evaluate the outcome
of THA in this population at 15-20 years’ follow-up.
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