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Abstract

Background The evolution of total hip arthroplasty
(THA) generally has led to improved clinical results.
However, THA in very young patients historically has been
associated with lower survivorship, and it is unclear
whether this, or results pertaining to pain and function, has
improved with contemporary THA.

Questions/purposes We performed a systematic review
of the English literature on THA in patients 30 years of age
and younger to assess changes in (1) indications; (2)
implant selection; (3) clinical and radiographic outcomes;
and (4) survivorship when comparing contemporary and
historical reports.

Methods Multiple databases were searched for articles
published between 1965 and 2011 that reported clinical and
radiographic outcomes of THA in patients 30 years and
younger. Sixteen retrospective case series were identified.
Surgical indications, implant selection, clinical and radio-
graphic outcomes, and survivorship of patients undergoing
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THAs before 1988 were compared with those performed in
1988 and after.

Results Reported THAs performed more recently were
less likely to be performed for juvenile rheumatoid arthri-
tis than earlier procedures. Cementless fixation became
more prevalent in later years. Although clinical outcome
scores remained constant, aseptic loosening and revision
rates decreased substantially with more contemporary
procedures.

Conclusions This review of the literature demonstrates an
improvement in radiographic outcomes and survivorship of
THA, but no significant differences in pain and function
scores, in very young patients treated over the past two
decades when compared with historical controls.

Introduction

THA is a highly effective treatment for end-stage degen-
erative disease [16]. Various refinements in surgical
technique and implant design such as cementless fixation
and development of highly crosslinked polyethylene have
contributed to improvement in pain, function, and overall
survivorship of the implant [7, 8, 25]. Although THA was
originally intended for elderly, low-demand patients, trends
in contemporary practice indicate an increasing number of
procedures are being performed in much younger patients
[21, 29]. Historically, very young patients (defined as those
30 years of age and younger [4]) have not experienced the
same survivorship as their older counterparts. This has
been attributed to an antiquated surgical technique and the
use of THA in patients with juvenile rheumatoid arthritis
[5, 6, 14, 22, 23, 26]. However, it is unclear whether young
patients have benefitted from improving outcomes afforded
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by contemporary THA. The purpose of this study was to
perform a systematic review of the English literature on
THA in patients 30 years of age and younger to assess
changes in (1) indications; (2) implant selection; (3) clin-
ical and radiographic outcomes; and (4) survivorship when
comparing contemporary and historical reports.

Materials and Methods

Multiple databases, including PubMed, Cumulative Index
to Nursing and Allied Health (CINAHL), EMBASE, and
the Cochrane Library, were searched for articles published
between 1965 and 2011 using the following search filter:
“Hip Replacement Arthroplasties” OR “Hip Replacement

Arthroplasty” OR “Hip Prosthesis Implantation” OR “Hip
Prosthesis Implantations” OR “Total Hip Replacement”
OR “Total Hip Replacements” OR “Hip Prosthesis” OR
“Hip Arthroplasty” OR “Hip Arthroplasties”. A total of
22,817 articles were identified on the subject matter
(Fig. 1). The articles were combined into EndNote and
were reviewed manually, resulting in the exclusion of
12,308 duplicate articles. Of the remaining 10,509 articles,
5766 were excluded because THA was not the main focus
and 3260 did not meet the age criteria of 30 years or
younger. The remaining articles were reviewed indepen-
dently by two authors (MA, AP) for inclusion based on the
following criteria: minimum 2-year clinical followup,
reported clinical outcome measures, and reported radio-
graphic outcomes. Single case reports were excluded.

Fig. 1 This flowchart depicts identifi-
cation of articles included in the
systematic review.

Database Search: Pubmed, CINAHL, EMBASE, and Cochrane Library for
“Hip Replacement Arthroplasties”, “Hip Replacement Arthroplasty”,
“Hip Prosthesis Implantation”, “Hip Prosthesis Implantations”, “Total
Hip Replacement”, “Total Hip Replacements”, “Hip Prosthesis”, “Hip
Arthroplasty”, or “Hip Arthroplasties”

22,817 ARTICLES

|

Elimination of duplicate articles using EndNote

10,509 ARTICLES

l

Elimination of articles that did not focus on THA

4743 ARTICLES

l

Elimination of articles that did not
focus on patients 30 years or younger

1483 ARTICLES

l

@ Springer

Elimination of single case reports and series that Review of bibliographies of included
did not have at least 2-year clinical followup with articles
clinical and radiographic outcomes reported >
12 ARTICLES 4 ARTICLES
‘ 16 TOTAL ARTICLES ‘




Volume 471, Number 8, August 2013

THA in Very Young Patients 2597

Twelve studies met our criteria. The bibliographies of these
articles were then reviewed, yielding an additional four
studies. A total of 16 studies were included in this
systematic review [1-4, 6, 10, 12, 13, 18-20, 27, 28, 30,
32, 33].

Each study was reviewed in detail by one author (MAA)
for level of evidence, study type, demographic informa-
tion, surgical indications, years in which arthroplasties
were performed, surgical details, clinical outcome mea-
sures, and radiographic results. All studies were retro-
spective case series. The studies had an average of 46 hips
(range, 10-102 hips) in 33 patients (range, six to 88
patients). A total of 736 THAs were performed in 542
patients. The average patient age was 21 years (range,
9-30 years). The minimum followup was 2 years (mean,
9.5 years; range, 2-30 years). These studies were then
stratified according to the years when THA was performed.
Two groups were created: studies in which all, or the
majority of, procedures were performed before 1988 (Group
I) and those in which surgeries were performed in 1988 or
later (Group II). The year, 1988, was selected because it is
the midpoint of the overall timespan during which
arthroplasties in this review were performed (1969-2008).

The pooled patient populations in each group were de-
scribed using descriptive statistics. Mean age, followup, and
clinical outcome measures were calculated by weighted

average. The frequency of each primary hip diagnosis,
component fixation technique, and bearing surface was cal-
culated. Acetabular and femoral component loosening rates
were calculated. Overall revision rates as well as rates of
acetabular and femoral component revision were calculated.
Reported indications for THA, component fixation tech-
nique, bearing surface, clinical and radiographic outcomes,
and survivorship were compared between the two groups.
Student’s t-test was used to compare clinical outcome scores
between the two groups. Differences in loosening and revi-
sion rates were assessed with the chi-square test.

Results

Overall, the most common primary hip diagnosis in these
studies was juvenile rheumatoid arthritis (36.3%) followed
by avascular necrosis (22.6%) and developmental dysplasia
of the hip (12.8%). Before 1988 (Group I), THA was
mostly performed for juvenile rheumatoid arthritis
(49.5%). Avascular necrosis (34.8%) became the predom-
inant hip diagnosis for patients undergoing THA in 1988
and later (Group II) (Table 1).

Cemented fixation was used exclusively in four studies,
cementless implants alone were used in four studies, and
eight studies reported on both techniques. In Group I, 69%

Table 1. Primary hip diagnoses in patients 30 years of age and younger undergoing THA

Diagnosis Group | Percent Group 11 Percent Total Percent p value
Juvenile rheumatoid arthritis 164 49.5 103 25.4 267 36.2 1.30 x 107"
Developmental dysplasia of the hip 35 10.6 59 14.6 94 12.8 0.10
Posttraumatic osteoarthritis 27 8.2 11 2.7 38 52 0.0009
Avascular necrosis 25 7.6 141 34.8 166 22.6 133 x 107'%
Other

Ankylosing spondylitis 24 7.3 6 1.5 30 4.1

Perthes’ disease 11 33 22 54 33 4.5

Septic arthritis 10 3.0 6 1.5 16 22

Slipped capital femoral epiphysis 9 2.7 16 4.0 25 34

Acute fracture 0 0 4 0.99 4 0.54
Other skeletal dysplasias

Multiple epiphyseal dysplasia 2 0.60 1.2 7 0.95

Spondyloepiphyseal dysplasia 0 0 0.74 0.41

Proximal focal femoral deficiency 1 0.30 0 1 0.14
Other inflammatory arthropathies

Systemic lupus erythematosus 5 1.5 0 0 5 0.68

Psoriatic arthritis 0 0 0.25 0.14
Other connective tissue disorders

Dermatomyositis 2 0.60 0 0 2 0.27

Ehlers-Danlos 0.30 0 0 1 0.14
Unknown 15 4.5 28 6.9 43 5.8
Total 331 405 736
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of THAs were cemented, whereas THA became mostly
cementless in Group II (69%) (Table 2). A variety of
bearing surfaces were used; however, reporting of bearing
type is lacking in many of these series (45.4%). Specific
reporting of bearing type was absent for 62.8% of THAs in
Group I and 31.1% of THAs in Group II. Alternative
bearing surfaces such as metal-on-highly crosslinked
polyethylene or hard-on-hard bearings were reported more
frequently in later years, accounting for 46.7% of bearing
surfaces in Group II (Table 3).

Reported clinical outcomes at final followup in each
study included either the Harris hip score or Merle
d’Aubigne score in all but one study, which only used the
scoring system of the Hospital for Special Surgery [33].
The Harris hip score was reported in 12 studies with a
mean postoperative score of 84.5 (range, 17-100) at an
average followup of 7.5 years. The Merle d’ Aubigne score
was used in three studies with an average of 16.5 (range, 8—
18) at mean followup of 15 years. Clinical outcomes were
similar between Group I and Group II (average Harris hip
score was 84.4 at mean followup of 7.7 years and 84.6 at
mean followup of 7.4 years, respectively; p = 0.5). Com-
parison of Merle d’Aubigne scores in the two groups was
not feasible as a result of the paucity of studies using this
scoring system. Radiographic evaluation revealed acetab-
ular component loosening in 10.7% of all cases. Femoral
component loosening was present in 3.4%. Rates of both
acetabular and femoral component loosening were

Table 2. Fixation in THA in patients 30 years of age and younger

significantly lower in Group II than in Group I (1.5%
versus 22%, p =29 x 107" and 0% versus 7.6%,
respectively, p = 1.8 x 107%).

Revision of any type (head/liner exchange, revision of
the acetabular component, femoral component, or both)
occurred in 15.6% of patients. Overall revision rates were
lower in Group II than Group I (12.3% versus 19.6%,
p = 0.007). The most common reason for revision was
aseptic loosening (60.9% of all revisions) followed by
polyethylene wear (12.2%) and infection (10.4%). In
Group I, aseptic loosening was the predominant mode of
failure (70.7%). Loosening remained the major reason for
revision in Group II (48%), but it represented a smaller
proportion. Wear emerged as the second most common
cause (24%) (Table 4).

Discussion

This systematic review compares changes in surgical
indications, implant selection, clinical and radiographic
outcomes, and survivorship of THAs in patients 30 years
and younger over time. After 1988 (the midpoint in our
analysis), there has been a relative decrease in THA for
rheumatoid arthritis compared with other indications. In
addition, there has been an increase in use of cementless
fixation along with decreases in aseptic loosening and
revision rates. Despite improved survivorship, clinical

Type of THA Group 1 Percent Group 11 Percent Total Percent p value

Cemented 230 69.5 92 22.7 322 43.5 435 x 1077

Cementless 99 29.9 279 68.9 378 51.3 6.61 x 1072¢

Hybrid 2 0.60 20 49 22 3.0

Reverse hybrid 0 0 14 35 14 1.9

Total 331 405 736

Table 3. Bearing surfaces in THA in patients 30 years of age and younger

Bearing surface Group I Percent Group II Percent Total Percent

Metal on all-polyethylene 83 25.1 0 0 83 11.2
acetabular component

Metal on CPE 15 4.5 90 222 105 14.3

Metal on HXLPE 0 0 52 12.8 52 7.1

Ceramic on Ceramic 25 7.6 54 13.3 79 10.7

Ceramic on HXLPE 0 0 29 72 29 39

Metal on metal 0 0 54 13.3 54 7.3

Not reported 208 62.8 126 31.1 334 454

Total 331 405 736

CPE = conventional polyethylene; HXLPE = highly crosslinked polyethylene.
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Table 4. Revision after THA in patients 30 years of age and younger

Reason for revision Group 1 Percent Group 11 Percent Total Percent p value
Loosening 46 70.7 24 48.0 70 60.9

Infection 8 12.3 8.0 12 104

Instability 0 0 6 12.0 6 52

Lysis 1 1.5 1 2.0 2 1.7

Wear 2 3.1 12 24.0 14 12.2

Periprosthetic fracture 2 3.1 0 0 2 1.7

Acetabular component fracture 2 3.1 0 0 2 1.7

Femoral component fracture 4 6.2 0 0 4 35

Liner fracture 0 0 1 2.0 1 0.86

Acetabular component protrusio 0 0 1 2.0 1 0.86

Impingement 0 0 1 2.0 1 0.86

Total 65 50 115

Overall revision rate 19.6 12.3 15.6 0.007

outcomes, including the Harris hip score and the Merle
d’Aubigne score, have not improved when we compared
THAs done since 1988 THAs with those done earlier.
This study is limited both by our own exclusion criteria
and by the design and quality of included studies. Our
review was restricted to articles written in, or translated into,
the English language. This may exclude some studies that
might substantially contribute to our understanding of the
clinical performance of THA in this patient population.
However, this was necessary for the completion of the study,
because none of the authors were able to critically review
any articles that were not in English. The exclusion of
studies that did not report validated patient outcome mea-
sures and/or radiographic results may also eliminate studies
that might still provide important information on survivor-
ship. Nevertheless, we wanted to include only studies that
provide common end points that could be summarized rel-
ative to other reports on this clinical issue. In addition, lack
of consistency in outcomes of interest reported by some
included studies also limits our results. There was a great
deal of variability in the reporting of patient outcome
measures and bearing surfaces, particularly before 1988,
which make results difficult to synthesize. However, at the
time of those reports, alternative bearings were uncommon,
S0 it is reasonable to assume that most of those unreported
bearings were metal on conventional polyethylene. Overall,
the quality of the articles included in this review may be a
limitation. All articles were retrospective case series, so the
level of evidence is not as strong as some other study
designs. Nevertheless, our aim was to summarize and
compare existing historical and contemporary reports, and
the literature on this topic is only presented in a retrospective
manner. The existing literature may also limit the general-
izability of the findings. For example, relatively rare
indications for arthroplasty are included in this review,

which may not be the experience of the average arthroplasty
surgeon. However, as stated previously, our aims were to
summarize what the literature states about arthroplasty in
young patients; these findings are part of what the literature
states. This study does identify some interesting trends.
Aseptic loosening, traditionally a major limitation in survi-
vorship of THA, was substantially lower in Group II than
Group I. The changing patient population demonstrated in
this study may explain this, at least in part. Historically, the
success of THA has been limited in patients with rheumatoid
arthritis as a result of excessive loosening [5, 28, 33]. The
decrease in patients with rheumatoid arthritis over time,
which has been associated with the introduction of modern
disease-modifying antirheumatic drugs, has been demon-
strated in other studies [9, 17]. Hekmat et al. reported a
nearly 50% decrease in incidence of THA in patients with
rheumatoid arthritis once tumor necrosis factor-alpha
inhibitors were introduced and became the established
treatment for this disease [17]. It is possible that the
decreasing incidence of THA for patients with rheumatoid
arthritis has decreased a population particularly at risk for
aseptic loosening, leading to a decrease in loosening rates
over time. The decrease in loosening may also be attributed
to improvement in implant fixation techniques, because
Group II is predominated by cementless implants. Cement-
less fixation has been associated with decreased rates of
failure as a result of aseptic loosening in multiple studies [7,
8, 11, 31, 34], including a randomized controlled trial [7, 8];
however, this has not necessarily been corroborated with
registry data [15]. It is unclear whether the introduction of
alternative bearing surfaces has contributed to this reduction
in aseptic loosening, because most studies failed to report
the type of bearing surface used. The reduction in revision
over time is most likely reflective of this decrease in aseptic
loosening. This improvement in survival is more evident in
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femoral component survivorship with a 0% stem revision
rate in Group II. This is consistent with improvements in
femoral component survivorship associated with cementless
fixation that has been demonstrated across the literature [11,
15, 24, 31].

It is interesting that despite the major improvements in
radiographic loosening and revision, clinical outcomes
have not improved over time. Perhaps systemic diseases,
which contribute to the majority of the primary hip diag-
noses in this review, play a role in limiting maximal
improvement in clinical outcomes. Most patients in this
series have either inflammatory arthropathy or avascular
necrosis (combined 59.6%), likely related to the patho-
physiology or treatment of other illnesses such as sickle
cell anemia, cancer, and HIV/AIDS. Improvement in pain
and function after THA in these patients may thus be
limited by their overall health status. It was not possible to
assess this theory in this review, because these studies did
not routinely stratify results based on the primary hip
diagnosis.

In summary, radiographic loosening and revision rates
have decreased substantially over time in very young
patients undergoing THA with the advent of contemporary
surgical techniques and implants. However, clinical out-
come scores have remained constant despite these apparent
improvements in durability.
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