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ABSTRACT

Background: The annual volume of patients
requiring revision total hip arthroplasty prior to
age 60 is projected to increase considerably. De-
spite this, outcome data for revision THA in these
younger patients remain limited. The purpose of
this study was to define implant survivorship,
identify risk factors for re-revision, and determine
clinical outcomes of revision THA in patients aged
<60 years.

Methods: We identified 191 revision THAs
performed in patients aged <60 years. Minimum
4-year follow-up was obtained in 141 (73.8%) hips
(mean 10.3 years [range, 4-20]). Mean age was
48 years (range, 20-60). Forty-five hips (32%)
had previously been revised. Indications for index
revision included aseptic loosening (28%), polyeth-
ylene wear (26%), dislocation (20%), and infection
(14%). Outcome measures were Kaplan-Meier
survival free from re-revision and patient-reported
outcome scores (mHHS, UCLA).

Results: Survivorship free from re-revision for
any cause was 78% [95% CI=70-85] at five years
and 71% [62-78] at ten years. The most common
indication for re-revision at both five and ten years
was dislocation (12% [8-19], 16% [10-23]), fol-
lowed by infection (6% [3-12]1, 10% [5-18]) and
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aseptic loosening (2% [1-71, 4% [1-11]). Mean
scores were improved from baseline at six (mHHS
+21.4, UCLA +0.9) and twelve years (mHHS
+13.4, UCIA +0.5).

Conclusion: Revision THA in patients less than
60 years of age was associated with consider-
ably lower rates of early loosening-related failure
than historically reported. Recurrent dislocation
and infection appear to remain challenges in this
population. Despite improvements in survivorship
from earlier studies, patient-reported functional
improvements remained relatively unchanged.

Level of Evidence: IV
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INTRODUCTION

Younger age at the time of primary total hip arthro-
plasty (THA) has historically been associated with in-
creased risk for revision surgery.* With contemporary
implants and surgical technique, revision-free survivor-
ship of primary THA in younger patients has approached
that of older patients,* and THA continues to be utilized
increasingly in younger patients.’

With more than half of all primary THAs projected
to be performed in patients <65 by the end of the de-
cade, and with the greatest increase expected among
patients aged 45-55, the volume of patients that can be
anticipated to require revision surgery prior to age 60 is
considerable.>® Understanding the indications and prog-
noses of revision surgery in this population is critical to
providing realistic expectations to these patients and to
mitigating risk for re-revision surgery.

Despite this importance, outcome data for revision
THA in young patients have remained extremely lim-
ited. Ten-year failure rates have ranged from 37-52%,
with high observed rates of early aseptic loosening.*!!
However, the majority of series published to date include
more historical fixation (cemented, early cementless)
and bearing surfaces (conventional polyethylene, early
ceramics). Thus, the purpose of this study was to provide
a more contemporary overview of implant survivorship,
risk factors for re-revision, and clinical outcomes of revi-
sion THA in patients 60 years of age or younger.
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METHODS

Following institutional review board approval, a ret-
rospective review of our institutional total joint arthro-
plasty registry was performed to identify patients who
underwent revision THA at 60 years of age or younger
between 2000 and 2016. Revision THA was defined as
reoperation with exchange of one or more components
of a prior THA. Patients with prior hemi- or resurfacing
arthroplasty were excluded. Oncologic cases were also
excluded. We initially identified 191 revision THAs. Of
these, 141 (73.8%) had minimum 4-year follow-up (mean
10 years [range, 4-20 years]) or were re-revised and
were the focus of this report.

Mean age at the time of index revision THA was 48
years (range, 20-60), mean body mass index (BMI) was
29 (range, 19-53 kg/m?), and 65% were female. Prior ip-
silateral revision THA was noted in 45 (32%) hips (mean
1.7 previous revisions [range, 1-6]). The most common
indications for index revision surgery were aseptic loos-
ening (28%), polyethylene wear (26%), dislocation (20%),
and periprosthetic joint infection (PJI) (14%). Aseptic
loosening was of the acetabular component in 26 (67%)
hips, femoral component in 3 (8%) hips, and of both
components in 10 (26%) hips. Comorbidities included
rheumatoid arthritis (13%), systemic lupus erythematous
(12%), sickle cell anemia (1%), and HIV/AIDS (1%).

Among the 141 included revision surgeries, acetabular
revisions were most common (43%, n=61), followed by
femoral and acetabular revision (25%, n=35), isolated
head and liner exchange (24%, n=34), and femoral re-
vision (8%, n=11), Table 1. Both head and liner were
exchanged in all cases. Heads were predominantly
cobalt chromium (93%, n=121), with ceramic used in
the remainder (7%, n=20). Median head size was 32mm
(range, 22-40) and 86% of polyethylene liners were

Table 1. Components Used in the
141 Included Revision THAs

Components % used

Acetabular

Zimmer Trabecular Metal Modular™ 68%

Zimmer Trilogy® 30%

Howmedica Osteonics 2%
Femoral

Zimmer VerSys® Beaded Fullcoat 72%

DePuy Solution System® 14%

Zimmer VerSys® Heritage® 7%
Howmedica Osteonics 2%

Stryker GMRS™ Global Modular Replacement System | 2%

Smith & Nephew Spectron™ 2%
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highly cross-linked. Constrained liners were used in
39% (n=11/28) of hips undergoing index revision for
dislocation. A posterolateral approach was used in all
cases. Postoperatively, all patients were instructed to
follow posterior hip precautions for three months, and
abduction bracing used selectively.

Clinical follow-up was recommended at 6 weeks, 6
months, 1 year, 2 years, 5 years, 10 years, and 15 years.
Patients with less than 4-year clinical follow-up were
contacted by phone or mail for updates on their clinical
status. Follow-up was completed predominantly in person
(81%). Correspondence by phone or mail was used to
obtain follow-up in 19% of patients.

All intra- and post-operative complications were
recorded, as well as all reoperations and re-revisions.
Re-revision was the primary study endpoint and was
defined as exchange of one or more components and/
or open reduction and internal fixation of the femur
or acetabulum. Survivorship free from re-revision was
calculated at 5 years and 10 years using Kaplan-Meier
survivorship estimation.!? Failure rates at 5- and 10-year
were reported as the difference between 1 and the
Kaplan-Meier survival estimate.

Clinical outcomes were assessed through patient-
reported outcome scores gathered preoperatively, at
minimum 4-year follow-up, and at latest follow-up. These
included the modified Harris Hip- (mHHS)*® and UCLA
Activity' scores. Scores in patients who underwent index
revision for infection were not included in our report or
analysis of scores.

Statistical Analysis

Statistical analysis was performed to assess patient
factor differences (age, sex, BMI, comorbidities, prior
revision history, bone defect, femoral head size, bearing
material) between surviving hips and those that were
rerevised (for any reason, and for each of the most
common re-revision indications). Categorical variables
were compared using Chi-square tests and continuous
variables with two-tailed t tests. A p value less than 0.05
defined significance.

RESULTS

At 10-year mean follow-up (range, 4-20), forty hips
(27.8%) had been re-revised. Indications for re-revision in-
cluded dislocation (13.5%, n=19), PJI (7.8%, n=11), aseptic
loosening of the acetabular (2.8%, n=4) or femoral (0.7%,
n=1) component, periprosthetic femur fracture (1.4%,
n=2), component failure (1.4%, n=2), and polyethylene
wear (0.7%, n=1). The two component failures included
a fractured femoral stem, and a fractured constrained
liner secondary to a fall. As such, the 10-year survivor-
ship free of re-revision for any cause was 78% at 5 years



Table 2. Reasons for Re-Revision

Failure in

Overall Cohort

5-year Failure

10-year Failure

% [95% CI|

% [95% CII

Full Cohort
Any Reason 22.3 [14.830.2] | 29.3 [22.1-38.1]
Loosening 2.4 [0.8-7.4] 3.9 [1.4-10.5]
Instability 12.1 [7.6-19.1] 15.5 [10.0-23.4]
Infection 6.0 [3.0-11.7] 9.7 [5.4-17.8]
Excluding Index Indication: Infection)
Any Reason 20.1 [13.9-28.5] | 27.0 [19.6-36.5]
Loosening 2.8 [0.9-8.5] 4.5 [1.6-12.1]
Instability 11.3 [6.7-18.7] 15.1 [9.5-23.7]
Infection 5.2 [2.4-11.2] 7.8 [3.9-15.2]

Failure by Index Revision Indicati

on

Wear +/- Osteolysis

Revision THA in Patients < 60 Years

(95% Confidence Interval [CI]=70%-85%) and 71% at 10
years (95% CI=62%—78%). When excluding index revisions
performed for PJI, survivorship free of re-revision was
80% at 5 years (95% CI=72%-86%) and 73% at 10 years
(95% CI=64%—80%).

The greatest overall contributor to failure at both five
and ten years was dislocation (12% [95% CI=8-19%], 16%
[95% CI=10-23%]), followed by PJI (6% [95% CI=3-12%],
10% [95% CI=5-18%]) and aseptic loosening (2% [95%
CI=1-7%], 4% [95% CI=1-11%]), Table 2.

Survivorship free from re-revision differed consider-
ably by index revision indication and was greater for
indications of wear/osteolysis (92% at 10 years [95%
CI=77-97%]) and aseptic loosening (88% [95% CI=70-
95%]) compared to dislocation (26% [95% CI=11-43%])
and PJI (58% [95% CI=32-77]), Figure 1.

There were eight (6%) complications that did not re-
quire re-revision. These included: four dislocations that
were closed reduced with no sequelae thereafter, two
hematomas treated with 1&D, one superficial infection

Any Reason 81272311 81272311 treated with I&D, and one DVT. All other complications
Loosening 54 [14199] | 54 [1.4199] were those resulting in re-revision.
Instability 2.8 [0.4-18.1] 2.8 [0.4-18.1]
Infection Factors Associated with Re-revision
Loosening Prior ipsilateral revision surgery was found to be a
significant risk factor for re-revision (Relative Risk [RR]
Any Reason 85282411 | 125 [4.8304] 2.65 [95% CI=1.56-4.50], p<0.005). Hips with at least one
Loosening 31042021 | 3.11[0.420.2] prior revision for dislocation were considerably more
Instability 4.3 [0.627.1] likely to undergo re-revision for dislocation (RR 5.41 [95%
Infection 5.6 [1.4-20.4] 5.6 [1.4-20.4] CI=2.57-11.41], p<0.001), and hips with at least one prior
Instability revision for PJI were more likely to undergo re-revision
Anv R 543 [37.6693] | 743 [56.9.88.9] for PJI (RR 4.33 [95% CI=1.32-14.17], p=0.016). Female
v feason it - s sex was associated with elevated risk for re-revision
Loosening 14.3 [2.1-66.6] for dislocation (RR 3.44 [95% CI=1.06-11.20], p=0.040).
Instability 40.8 [24.6-62.4] | 52.5 [33.4-74.5] There were no associations between failure (for any
Infection 10.0 [3.3-27.9] | 25.7 [10.5-55.0] reason, or for any specific reason) and age, BMI, co-
Infection morbidities, femoral head size, or presence or absence
of an acetabular or femoral defect for which bone graft
Any Reason 35.0 [18.5-59.7] | 42.2 [23.4-67.7] was used, Table 3.
Loosening
Instability 10.8 [2.836.9] | 17.2 [5.8-44.6]
Infection 10.8 [2.836.9] | 20.7 [10.6-54.0]
o 1
- = T Bt ey H — T —— Wiear +/- Osteolysis
g 0.8 \_I_I—‘ + + i it 1 4 0.8| = Aseptic Loosening
a ar +, . T
2 0.6 ; i I e I—G'G —— Infection
é 04 l_‘_\—'—\_|_‘V—\;M
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i} 2 4 3 B8 10
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Figure 1. Survivorship by index revision indication (80% confidence intervals).
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Table 3. Risks Factors for Re-revision

Risk Factors for Re-revision
Re-Revision for: Any Cause Loosening Instability Infection
n=40 n=5 n=19 n=11

Nonrevised Revised p= Revised p= Revised p= Revised p=

Age

Average 48.6 48.0 0.691 44.2 0.276 48.6 0.994 48.1 0.520

>40 81% 85% 0.593 80% 0.380 84% 0.047 73% 0.425

<50 47% 50% 0.365 20% 0.245 63% 0.184 45% 0.946

Sex

Female 60% 80% 0.026 80% 0.380 84% 0.047 73% 0.425

BMI

Average 294 29.2 0.851 27.1 0.454 294 0.728 28.5 0.704

>30 41% 33% 0.437 20% 0.344 40% 0.924 33% 0.700

Comorbities

Any 30% 23% 0.389 20% 06.42 26% 0.766 18% 0.422

Rheumatoid Arthritis 15% 10% 0.447 - 10% 0.620 18% 0.770

Lupus 12% 13% 0.920 20% 0.589 16% 0.637 - -

Prior Ipsi. Revision

Any 27% 60% <0.005 40% 0.516 68% <0.005 82% <0.005

Instability 2% 23% <0.001 20% 0.018 42% <0.001 18% 0.013

Infection 4% 15% 0.021 20% 0.099 11% 0.228 27% <0.001

Bone Deficiency

Acetabular 29% 20% 0.289 50% 0.368 16% 0.234 27% 0.904

Femoral 11% 8% 0.544 - 5% 0.453 9% 0.854

Femoral Head Size (mm)

Median 32 32 - 32 - 32 - 32

Mean 32.3 31.8 0.225 32.6 0.857 325 0.658 32.2 0.708

<32 21% 35% 0.078 20% 0.966 37% 0.129 27% 0.619

Polyethylene Liner*

Conventional 12% 23% 20% 29% -

Highly Crosslinked 88% 77% 0137 80% 0:568 71% 0.086 100% '

*Constrained liners excluded.

Index Revision Indication: Dislocation

Among the 28 patients who underwent index revision
for dislocation, 20 (71%) were re-revised at a mean of 3
years (median 0.75) for dislocation (39.3% [58% of all
re-revisions for dislocation]), PJI (17.9%), and aseptic
loosening (7.1%). Though head diameter was not associ-
ated with failure in the overall cohort, hips that under-
went index revision for dislocation that were re-revised
for dislocation had smaller head diameters than those
that survived (median 28mm vs 34mm, p=0.016). All
non-revised hips in this group had a head size >32mm,
while 55% of those re-revised for dislocation had a head
size <32mm (p=0.012). Rates of re-revision for disloca-
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tion were similar between those with and without a con-
strained liner (36% vs. 41%, p=0.799), though those that
received a constrained liner had more commonly failed
previous revision surgery. No other factors, including
age (4948 vs 48+9, p=0.915) or BMI (30.1+8 vs 29.3+7,
p=0.653), were associated with elevated risk of re-revision
for recurrent dislocation within this group.

Function

Among surviving hips, mean mHHS improved from
49.7 preoperatively to 71.1 at 6 years (n=66, range,
24-100) and 63.1 at 12 years (n=66, range, 15-100). At



these same intervals, UCLA Activity scores had improved
from 4.1 preoperatively to 5.0 (n=66, range, 2-10) and
4.6 (n=66, range, 2-10), Table 4.

Score improvements and final scores were comparable
between index indication groups. Groups were similar
with respect to age, sex, years between primary THA and
index revision, and revision history, Table 5.

Table 4. PRO Scores

PRO Clinical Status Changes (Full Cohort)
Preoperative 6 Years 12 Years

mHHS 49.7 71.1 63.1
Score >70 13% 60% 40%
Score >80 5% 43% 26%
Improvement >20 50% 34%
Imp?g\(«');fnzz(t) 92}3 ) h 48%
UCLA 4.1 5.0 4.6
>5 39% 49% 27%
810 % 19% 19%

Revision THA in Patients < 60 Years

DISCUSSION

As the volume of younger patients undergoing THA
continues to increase,”” the importance of understand-
ing the indications and prognoses of revision surgery
in this population has grown considerably.® Despite
this importance, published outcome data has remained
largely limited to surgeries performed prior to the wide
adoption of more durable fixation techniques and bear-
ings, Table 6.

In our series, re-revision free survivorship was 80%
and 73% at 5 and 10 years, which is notably higher than
rates previously reported. At 10-year mean follow-up,
Stromberg et al. reported on 59 revision THAs performed
for aseptic loosening in patients less than 55 years of age
years with a first-generation cementing technique. Sur-
vivorship free from re-revision for aseptic loosening was
86% at four years and 48% at ten years (acetabular 65%,
femoral 61%).° In a similar cohort of 70 hips, the same
authors reported this rate to be 76% at eight years with
a second-generation cementing technique (acetabular
80%, femoral 85%).° At 11-year mean follow-up, Lee et
al. reported on 151 revision THAs performed primarily

Table 5. PRO Scores and Patient Characteristics by Index Revision Indication Group

Patient-Reported Outcome Scores and Patient Characteristics by Index Revision Indication Group
mHHS UCLA
Baseline 6 12 | Baseline 6 12 n hips (% of | Mean age | %F | Years from THA | Prior n
Years | Years Years | Years | survivors) | at surgery Mean (SD) Revision | (mean)
All 49.7 71.1 | 63.1 4.1 5.0 4.6 66 (72%) 49 65% 11.3 (8) 23% 1.4
Loosening 45.0 70.8 69.6 3.9 4.9 4.5 27 (79%) 47 62% 10.9 (8) 26% 1.7
Wear 52.8 704 | 64.8 4.7 5.5 5.1 25 (73%) 50 65% 13.6 (7) 17% 1.5
Instability 28.9 56.4 48.4 3.0 4.0 3.0 6 (75%) 50 50% 11.9 (12) 50% 1.0
Table 6. Studies Reporting 10-Year Survivorship of Revision THA in Younger Patients
Follow-up (years) Survivorship free from re-revision for:
Study Age (mean) Surgery n . R
Year [rng] Dates | hips | fin. (mean) | [range] Any Cause Aseptic Loosening
5 year 10 year 5 year 10 year
Stromberg 1994 | <55 (47) [31-55] 1979- 59 8 10) [8-13] - - 86% 48%
1982
Stromberg 1996 | <55 (47) [29-55] 1984- 70 4 7) [4-10] - - - 76%
1986
Lee 2013 | <50 (43) [22-50] 1983- 151 2 (@8)) [2-26] - 63% - 74%*
2008
Kuijpers 2020 | <55 (49) [18-54] | 2007- | 1037 | 0.1 4) [0.1- | 78% [75-81] | 72% [67-76] | 95% [92-96] | 90% [85-94]
2018 12]
Present 2022 | <60 (48) [20-60] | 2000- 141 4 10) [4-20] | 78% [70-85] | 70% [62-78] | 98% [93-99] | 96% [90-99]
Study 2016

*Approximated (70% failures due to aseptic loosening).
Survivorship data presented as % [95% CI].
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for aseptic loosening (86%) in patients less than 50 years
of age with cementless components. Survivorship was
88% at five years and 63% at ten years (acetabular 71%,
femoral 80%), with failures again due primarily to aseptic
loosening (70% of failures).! In contrast, we observed
considerably lower rates of failure due to aseptic loosen-
ing, with only a 4% failure rate due to aseptic loosening
at 10 years.

Our results are comparable to those of one of the
only studies to evaluate similarly modern revision THA
outcomes in this younger population. Kuijpers et al.
reported outcomes of 1,037 revision THAs in the Dutch
Arthroplasty Register in patients less than 55 years of age
for index indications aseptic loosening (32%), dislocation
(20%), infection (16%), and cup/liner wear (4%). They
reported re-revision-free survivorship rates of 78% and
72% at five and ten years. Five- and ten-year failure due
to aseptic loosening was 5% (acetabular 3.1%, femoral
2.3%) and 10% (7.0%, 2.7%).°

Owing to these lower rates of early loosening-related
failure, re-revision-free survivorship in the current study
and the study of Kuijpers et al. was considerably higher
than rates previously reported in this younger popula-
tion, and compared favorably to rates reported in general
revision THA populations at both five (81-83%)!6'" and
ten (72%)'® years. Overall 10-year failure rates for both
instability (16%) and infection (10%), were comparable
to rates reported in general revision THA populations at
similar intervals (dislocation 1-27%, infection 1-22%) .1%%2

To our knowledge, the current study is the first to
report clinical outcome scores in a large contemporary
series of revision THAs in this younger population. De-
spite improvements in survivorship from earlier studies,
patients reported similarly modest®*? improvements in
outcome scores at 6 years (mHHS +21.4, UCLA +0.9)
and 12 years (mHHS +13.4, UCLA +0.5). In contrast,
a 2003 meta-analysis of revision THA outcomes in the
general population (mean age 67), noted a mean mHHS
improvement of 37.3 [95% CI 34.7-39.9] at 5-year mean
follow-up.?® This lag of scores behind survivorship
improvements over time was similarly observed by a
meta-analysis of primary THA outcomes in patients
less than 30 years of age, where it was suggested to be
due to the higher incidence of systemic disease in very
young patients undergoing THA. Our similar finding in
this broader age range (<60) of younger patients may
highlight the significance of an independent effect of
higher demands or expectations in younger populations
in limiting felt improvements. We did not observe a
significant relationship between age and reported score
improvement within this cohort. Incidence of previously
studied comorbidities were low and these were not found
to be significantly associated with either re-revision rates
or score improvements.
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There are several limitations to this study. First, THA
surgery is continuously evolving, and it is possible that
outcomes of today’s revision surgeries differ meaning-
fully from those reported by this study. However, in
a recent report on revision THAs performed between
2010 and 2016 in a cohort similar to the current study’s,
re-revision-free survivorship at 5 years (81% [95% CI
76-86%]) was similar to that in the current study (80%
[95% CI 72— 86%]), and instability was similarly the lead-
ing indication for re-revision (44%) in that study (5-year
instability-related failure rate of 8%, vs. 11% in the current
study).?” Second, this patient population was treated at
a high-volume tertiary care center and may represent
comparatively more severe revision cases than the av-
erage young patient undergoing revision THA. Third,
radiographic data may have allowed for detection of
more subtle outcome differences and risk factors for
re-revision. Finally, a larger cohort may have permitted
multivariate determination of risk factors for re-revision,
which would have been valuable given the number of
potentially influential factors and the complexity of their
relationships with one another.

CONCLUSION

Revision THA in patients less than 60 years of age was
associated with considerably lower rates of early loosen-
ing-related failure than historically reported. Recurrent
dislocation and infection appear to remain challenges in
this population for which an improved understanding of
risk factors and mitigation strategies would be of benefit.
Despite improvements in survivorship from earlier stud-
ies, patient-reported functional improvements remained
relatively unchanged.
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