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Abstract

Purpose This systematic review and meta-analysis aimed to compare the outcomes of THA in patients with osteonecrosis
(ON) and those with osteoarthritis (OA).

Methods Four databases were searched from inception till December 2022 for original studies that compared the outcomes of
THA in ON and OA. The primary outcome was the revision rate; the secondary outcomes were dislocation and Harris hip score.
This review was conducted in line with PRISMA guidelines, and the risk of bias was assessed using the Newcastle—Ottawa scale.
Results A total of 14 observational studies with 2,111,102 hips were included, with a mean age of 50.83 +9.32 and
55.51+8.95 for ON and OA groups, respectively. The average follow-up was 7.25 +4.6 years. There was a statistically signifi-
cant difference in revision rate between ON and OA patients in favour of OA (OR: 1.576; 95%CI: 1.24-2.00; p-value: 0.0015).
However, dislocation rate (OR: 1.5004; 95%CI: 0.92-2.43; p-value: 0.0916) and Haris hip score (HHS) (SMD: —0.0486;
95%CI: —0.35-0.25; p-value: 0.6987) were comparable across both groups. Further sub-analysis adjusting for registry data
also showed similar results between both groups.

Conclusion A higher revision rate, periprosthetic fracture and periprosthetic joint infection following total hip arthroplasty
were associated with osteonecrosis of the femoral head compared with osteoarthritis. However, both groups had similar
dislocation rates and functional outcome measures. This finding should be applied in context due to potential confounding
factors, including patient’s age and activity level.

Keywords Avascular necrosis of femoral head - Osteoarthritis - Total hip arthroplasty - Revision - Functional outcome

Introduction hip disease [1]. Driven by the increased life expectancy and

level of activity of the older population, the frequency of

Total hip arthroplasty (THA) has revolutionized the treat-
ment of hip pathologies. It is considered one of the most suc-
cessful and cost-effective surgical treatments for advanced
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THA has been growing substantially. Nowadays, there are
more than 300,000 annual total hip replacements in the USA
alone, and this number is projected to double by 2030 [2, 3].

Different underlying aetiologies alter hip biomechan-
ics differently, and thus, the outcomes of THA might vary
according to the underlying pathology. Hip primary osteoar-
thritis (OA) and osteonecrosis of the femoral head (ON) are
two distinct pathologies that comprise the main indications
for THA [4]. ON of the femoral head is responsible for up
to 18% of all THA [5]. The outcomes of THA in ON remain
controversial, as it has been reported that these patients, who
are usually younger and more active, have higher rates of
complications and revision surgeries [6].

Therefore, the purpose of this study was to compare the
clinical and functional outcomes of THA in patients with
ON to those with hip OA. We hypothesized that there is no
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significant difference between both groups in terms of revi-
sion, functional outcomes, and complication rate.

Materials and methods

This systematic review was conducted in line with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [7]. A protocol registration
was sought in advance on the International Prospective Reg-
ister of Systematic Reviews (PROSPERO) with the registra-
tion number: CRD42022374456.

Search strategy: outcomes of interest

PubMed/Medline, Ovid, Google Scholar, and Cochrane
library databases were searched from inception until Decem-
ber 2022 with the following keywords and their derivatives:
total hip replacement OR total hip arthroplasty, AND avas-
cular necrosis AND osteoarthritis AND outcomes. Two
authors independently screened the search results based on
the title and/or abstract. Conflicts were resolved via a dis-
crepancy meeting with a third, more senior author. A full-
text review of articles that met the eligibility criteria was
performed, and references of included articles were manu-
ally sought to ensure all relevant studies were included.

Revision rate was the primary outcome and is defined as
“Any operation performed to add, remove, or modify one or
more components of a joint replacement” [8]. The Number
of dislocations and validated functional outcome measures,
using the HHS [9, 10], were used as secondary outcomes
of interest.

Eligibility criteria
Inclusion criteria:

1. All original comparative, RCTs, and observational stud-
ies reporting THR indicated in ON or primary OA

2. Studies with a minimum follow-up period of 90 days

3. All types of THR prosthesis designs

Exclusion criteria:

1. Studies with different indications for THR other than OA
or ON

2. Noncomparative or not reporting outcomes or failures

by subgroups (i.e., ON vs OA)

Review articles, cross-sectional, case series, and reports

Preclinical studies

Studies with incomplete or unextractable data

Studies published in languages other than English

A
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Data extraction and items

Two independent reviewers used a predesigned data collec-
tion sheet in Microsoft Excel to extract data. The extracted
demographic data included the first authors’ surnames, study
year, design, and location; the mean age of patients, number
of participants and hip, age, and type of THR (cementless
vs cemented, type of prosthesis, and bearings); follow-up
period, number of revisions, complications, functional and
radiographic outcomes, statistical tests, and conclusion.

Rayyan AI website was used to manage the literature
search results [11]. Searching the databases yielded 518 arti-
cles, and after removing 125 duplicates, 393 records were
screened by title and abstracts, of which 372 were excluded.
A total of 18 papers were eligible for a full-text review.
As a result, 14 studies met the eligibility criteria and were
included in the qualitative and quantitative synthesis. The
PRISMA flowchart is displayed in Fig. 1.

Qualitative assessment (risk of bias)

Two of the authors evaluated the methodological quality
of the included studies using the Newcastle—Ottawa tool,
which is composed of three key domains: patient selection,
comparability, and outcomes [12, 13]. The overall risk of
bias is then judged as “good,” “fair,” or “poor” quality as
per Agency for Healthcare Research and Quality (AHRQ)
standards. Data was assessed by at least two authors, and
if any disagreement arises, it was resolved by a discussion
with a third senior author.

Quantitative analysis (meta-analysis)

A meta-analysis of eligible studies using R (version 4.0.2,
R Core Team, Vienna, Austria, 2020) using the meta pack-
age (i.e., forest_meta, metacont, metabin, and metabias
functions) was conducted. Odds ratios (OR) and their
associated 95% confidence intervals were expressed for
dichotomous variables (e.g., number of revisions). For
continuous variables (e.g., HHP score), standardized
mean differences (SMD) and their associated standardized
errors and deviation values were calculated for all eligible
studies. Studies that have only provided median values
(+range) or isolated mean values, their standard deviation
was imputated per the guidelines of Cochrane (refer to
Chapter 7.7.3.3) and the methods delineated by Shi et al.
(2020), Luo et al. (2018), and Wan et al. (2014). Heteroge-
neity among effect sizes was evaluated using the I-squared
statistic. Definitions for heterogeneity were adapted from
the Cochrane handbook (>25% mild, 25-50% moderate,
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and > 50% severe). Both a funnel plot and Egger’s test of
asymmetry were utilized to assess publication bias.

Results
Studies characteristics

A total of 14 observational studies (2,111,102 hips) were
included in this meta-analysis, with a mean patient age
of 50.83 4+ —9.32 and 55.51+ —8.95 for AVN and OA
groups, respectively. Among these, 12 studies were used
to compare the revision rate between patients with ON and

OA. While 11 studies assessed the dislocation outcome
across both groups, six studies generated a meta-analysis
of HHS functional outcome. Twelve studies were retro-
spective, and two were prospective cohorts. The charac-
teristics of the included studies are summarized in Table 1.

Quality assessment (risk of bias and level
of evidence (LoE))

Based on the OCEBM criteria [14], two studies were level
2b and 12 were level 3a (Table 1), with an overall grade
B of recommendation assigned to the review [15]. The
scores of all 14 studies ranged from 5 to 8, with an aver-
age of 7+ —0.9, indicating a low overall risk of bias.
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Table 2 Risk of bias was

assessed using the Newcastle— Study Selection Comparability Outcome Total score AHRAQ standards
Ottawa scale. A higher overall 1997, Xenakis etk % sk 7 Good
gl o o v .
of 9) corresponds to a high risk 2006, Mont e o e 8 Good
of bias 2008, Dastane ik ik ok 7 Fair
2009, Radl otk * otk 7 Good
2014, Bergh otk * ok 6 Good
2016, Ancelin Fwkck * Hkk 8 Good
2016, Liu ok ok otk 8 Good
2017, Singh okl ok ok 8 Good
2018, Osawa Fawsk * Fkk 7 Good
2019, Hart Fksk *k *E 7 Good
2020, Kumar Fkk * ko 6 Good
2021, Sax sk * * 5 Fair
2022, Moharrami Hkok * ok 6 Good

Twelve (86%) of the included studies were of good qual-
ity, while only two studies (14%) were of fair quality upon
conversion to AHRQ standards. A summary of the quali-
tative assessment, according to the Newcastle—Ottawa
scale, is shown in Table 2.

Revisions

The primary analysis of the 12 eligible studies demonstrated
that patients with (ON) were 1.58 times more likely to have a
revision after THA (OR: 1.576; 95%CI: 1.24-2.00; p-value:
0.0015) [refer to Fig. 2]. Upon removing registry-based stud-
ies, a total of nine studies demonstrated that patients with
ON are 1.84 times more likely to have a revision than their
osteoarthritis (OA) counterparts after THA (OR: 1.847;
95%CI: 1.01-3.34; p-value: 0.0445) [refer to Fig. 3].

The earlier model had a heterogeneity value of 34.4%,
which was insignificant (p-value =not significant (NS)),
while the latter model had a heterogeneity value of 27.9%
at a p-value of 0.1966. Further sub-analysis based on the

Fig. 1 Forest plot comparison

of the overall revision between Study

ON an'd OA patients. CI, COI'lfl- 1997, Xenakis ’

dence interval; OR, odds ratio 1999, Ortiguera 17
2006, Mont 2
2008, Dastane 1
2009, Radl 10
2014, Bergh
2016, Ancelin 19
2017, Singh
2018, Osawa 2
2019, Hart 33
2021, Sax
2022, Moharrami 0

Random effects model

Events Total Events Total

805 11589

70 2271

796 55034

69933

modes of failures was performed to further explore the dif-
ferences in revision reasons across both groups (Table 3).

Dislocations

The number of dislocations was reported by 11 studies for
both ON and OA groups after THA. Patients with ON were
1.5 times more likely to experience a dislocation. However,
that effect was statistically insignificant (OR: 1.5004; 95%CI:
0.92-2.43; p-value =0.0916) [refer to Fig. 4]. This difference
in risk was reduced to near equivalence with the removal of
registry-based studies (OR: 1.02; 95%CI: 0.42-2.46; p-value:
0.9607) [refer to Fig. 5]. Upon the removal of registry-based
studies, heterogeneity was reduced from 88.0 to 19.4%.

HHS

A total of six studies had reported HHS. Our analysis, as
demonstrated in Fig. 6, showed that patients with ON had
slightly reduced HHP scores compared to the OA group, an

Odds Ratio OR 95%-Cl Weight

0 29 ——f————— 3110127943 0.4%

18 94 e 0.93 [0.45; 1.94] 6.4%

1 52 —_— 2.04 [0.18;23.22] 0.7%

4 82 —_— 0.67 [0.07; 627] 0.9%

4 49 — 5.36 [1.50; 19.08] 2.5%
19632 416217 ) 151 [1.40; 1.62] 27.3%
6 133 e 3.09 [1.20; 8.00] 4.2%
1075 45252 : 1.31 [1.02; 1.67] 20.5%
1 86 R e — 202 [0.18;22.74] 0.7%

16 461 - 214 [1.16; 3.95] 8.4%
13932 1577991 1.65 [1.53; 1.77] 27.3%
5 187 ———————1— 0.15 [0.01; 2.82] 0.5%
2040633 S 1.58 [1.24; 2.00] 100.0%

Heterogeneity: /2 = 34%, 12 = 0.0414, p = 0.11 I T T !
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Table 3 Comparison based on failure modes of revision surgeries

ON OA
Mode of THA failure Events/total Events/total OR or MD (95% CI) Heterogenity P-value
00
Aseptic loosening [Fig B] 247/12,622 4034/417,143 OR: 1.69; 95%CI: 0.59-4.83 69% 0.2723
PII [Fig C] 996/70,059 19,835/2,040,528 OR: 1.459; 95%CI: 1.298-1.641 11% <0.0001
Instability [Fig D] 19/729 13/568 OR: 0.804; 95%CI: 0.043-14.92 67% 0.7794
Periprosthetic fracture [Fig E] 111/14,927 1288/462,429 OR: 2.137; 95%CI: 1.769-2.582 0% <0.0001

OR, odds ratio; MD, mean difference

effect that was statistically insignificant (SMD: —0.0486;

primary OA. However, dislocation rates and functional

Fig.2 Forest plot comparison ON OA
of the overall revision between Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
ON and OA patients in registry :
versus non-registry studies. CI, 1997, Xenakis 1 29 0 29 — 311 [0.12;79.43]  0.4%
confidence interval; OR, odds 1999, Ortiguera 17 94 18 94 —t 0.93 [0.45; 1.94] 6.4%
ratio 2006, Mont 2 52 1 52 — 2.04 [0.18;23.22] 0.7%
2008, Dastane 1 30 4 82 4*7 0.67 [0.07; 6.27] 0.9%
2009, Radl 10 31 4 49 —% 5.36 [1.50; 19.08] 2.5%
2016, Ancelin 19 149 6 133 - 3.09 [1.20; 8.00] 4.2%
2018, Osawa 2 86 1 86 74*7 2.02 [0.18;22.74] 0.7%
2019, Hart 33 461 16 461 * 2.14 [1.16; 3.95] 8.4%
2022, Moharrami 0 107 5 187 ———1+— 0.15 [0.01; 2.82] 0.5%
<=
2014, Bergh 805 11589 19632 416217 1.51 [1.40; 1.62] 27.3%
2017, Singh 70 2271 1075 45252 1.31 [1.02; 1.67] 20.5%
2021, Sax 796 55034 13932 1577991 1.65 [1.53; 1.77] 27.3%
S
Random effects model 69933 2040633 < 1.58 [1.24; 2.00] 100.0%
Heterogeneity: 2= 34%, 2= 0.0414,p =0.11 f T T !
Test for subgroup differences: X? =0.49,df =1 (p =0.48) 0.01 0.1 1 10 100

95%CI: —0.35-0.25; p-value=0.6987). Based on the recom-
mendation of Shi et al. (2020), the study titled (2020, Kumar)
was removed as it violates normal distribution of effect size
values. The analysis of this subgroup is provided in Fig. 7 and
did show no deviance from the conclusions of the first model.

Publication bias

Egger’s test of symmetry demonstrated that our set of 12 eli-
gible studies displayed no publication bias (intercept: 0.027;
95%CI: —0.85-0.91; : 0.06; p-value: 0.95) [refer to Fig. 8].
Discussion

The main findings of this review were that the revision

rate, periprosthetic fracture, and periprosthetic joint
infection were higher following THA for AVN than for

@ Springer

outcomes, using HHS, were comparable.
Revision

As demonstrated, patients with ON were statistically more
likely to have revision procedures following their index pro-
cedure than THA for OA [16, 17]. The reasons for this are
not clearly defined within the literature but can be theorized
in relation to patients and surgical and implant factors.

The mean age of those in the ON cohort was lower than that
performed for OA [17, 18]. This, in turn, supports the notion that
patients undergoing THA for ON cycle their prostheses over a more
extended period due both to their age and increased activity level,
thus requiring revision at higher rates than the OA cohort [19-21].

Given the increased revision rate evident in this patient
cohort, an emphasis should be placed on attentive follow-up
of these patients so that complications can be recognized in
a timely fashion.
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Fig. 3 Forest plot compari-
son of the overall dislocation
between ON and OA patients.
CI, confidence interval; OR,
odds ratio

Fig.4 Forest plot comparison
of dislocation between ON and
OA patients in registry versus
non-registry studies. CI, confi-
dence interval; OR, odds ratio

Fig.5 Forest plot comparison
of functional Harris Hip Score
between ON and OA patients.
CI, confidence interval; SMD,
standardized mean difference

Fig.6 Sub-analysis of func-
tional Harris hip score between
ON and OA patients with nor-
mal distribution of effect size
values. CI, confidence interval;
SMD, standardized mean dif-
ference

The inclusion of registry data both adds impetus in rela-
tion to data volume but is also limited due to the nature

Study

1997, Xenakis
1999, Ortiguera
2006, Mont
2008, Dastane
2009, Radl
2014, Bergh
2016, Ancelin
2017, Singh
2018, Osawa
2021, Sax
2022, Moharrami

Random effects model
Heterogeneity: /% = 88%, 12 = 0.1883, p < 0.01
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1997, Xenakis
1999, Ortiguera
2006, Mont
2008, Dastane
2009, Radl
2016, Ancelin
2018, Osawa
2022, Moharrami

2014, Bergh
2017, Singh
2021, Sax

Random effects model
Heterogeneity: 12 = 88%, 12 =0.1883, p <0.01

ON OA
Events Total Events Total
1 29 0 29
10 94 15 94
1 52 0 52

0 30 1 82

6 31 2 49
317 11589 9603 416217
2 149 1 133
13 2271 100 45252
2 86 3 86
602 55034 8051 1577991
1 107 8 187
69472 2040172

ON OA
Events Total Events Total
1 29 0 29
10 94 15 94
1 52 0 52

0 30 1 82

6 31 2 49

2 149 1 133

2 86 3 86

1 107 8 187
317 11589 9603 416217
13 2271 100 45252
602 55034 8051 1577991
69472 2040172

Test for subgroup differences: X? =1.68,df =1 (p =0.20)

Study

2006, Mont
2008, Dastane
2009, Radl
2019, Hart
2020, Kumar
2022, Moharrami

Random effects model 70199
Heterogeneity: 2= 63%, = 0.0505, p =0.02

Study

2006, Mont
2008, Dastane
2009, Radl
2019, Hart

2022, Moharrami

ON

Total Mean SD
52 92.00 4.5800
30 93.00 8.2000
31 85.00 11.5500
461 93.00 12.7000
50 87.01 251.0000
107 94.70  7.1000
ON

Total Mean sSD

52 92.00 4.5800
30 93.00 8.2000
31 85.00 11.5500
461 93.00 12.7000
107 94.70 7.1000

Random effects model 70149
Heterogeneity: 12 =70%, t2 = 0.0659, p <0.01

Total

52
82
49
461
17
187

2040705

Total

52
82
49
461
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2040688

Mean

93.00
93.10
92.00
93.00
78.12
92.20

Mean

93.00
93.10
92.00
93.00
92.20

OA
sb

4.5800
8.5000
11.5500
9.5000
251.0000
9.3000

OA
SD

4.5800
8.5000

11,5500 ———— ||

9.5000
9.3000

Odds Ratio

051 2 10

Odds Ratio

051 2 10

Standardised Mean
Difference

OR 95%-Cl Weight

3.11 [0.12; 79.43]
0.63 [0.27; 1.48]
3.06 [0.12; 76.82]
0.89 [0.04; 22.46]
5.64 [1.06; 30.03]
1.19 [1.06; 1.33]
1.80 [0.16; 20.03]
2.60 [1.46; 4.64]
0.66 [0.11; 4.04]
2.16 [1.98; 2.34]
0.21 [0.03; 1.71]

1.6%
12.5%
1.6%
1.6%
5.2%
24.7%
2.8%
17.1%
4.5%
24.9%
3.6%

1.50 [0.92; 2.44] 100.0%

OR  95%-Cl Weight

3.11 [0.12; 79.43]
0.63 [0.27; 1.48]
3.06 [0.12; 76.82]
0.89 [0.04; 22.46]
5.64 [1.06; 30.03]
1.80 [0.16; 20.03]
0.66 [0.11; 4.04]
0.21 [0.03; 1.71]

1.19
2.60
2.16

[1.06; 1.33]
[1.46; 4.64]
[1.98; 2.34]

1.6%
12.5%
1.6%
1.6%
5.2%
2.8%
4.5%
3.6%

24.7%
17.1%
24.9%

1.50 [0.92; 2.44] 100.0%

SMD 95%-Cl
-0.22 [-0.60; 0.17]
-0.01 [-0.43; 0.41]

-0.60 [-1.06; -0.14]
0.00 [-0.13; 0.13]
0.04 [-0.52; 0.59]
0.29 [0.05; 0.53]

-0.05 [0.35; 0.26]

Standardised Mean
Difference

SMD 95%~Cl
-0.22 [-0.60; 0.17]
-0.01 [-0.43; 0.41]
-0.60 [-1.06;-0.14]
0.00 [-0.13; 0.13]
0.29 [0.05; 0.53]

-0.07 [-0.46; 0.33]

Weight

15.5%
14.4%
18.1%
25.2%
10.7%
21.1%

100.0%

Weight

17.9%
16.8%
15.5%
26.6%
23.2%

100.0%

of registry data [22]. Registry data defines revision as
a one-time set end point and does not accommodate for
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Fig.7 Egger’s test of symmetry o |
displaying publication bias
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decision-making surrounding whether a revision is war-
ranted or not. Elderly patients with multiple co-morbidities
may be candidates for revision on the basis of radiographs
and clinical presentation; however, their medical status
and age may preclude them from an appropriate revision
operation [21, 22]. Similarly, patients in the ON cohort are
younger and more active, and thus revision operations may
be offered more readily in this cohort [18, 21].

Dislocations

The cohort undergoing THA for ON demonstrated a statisti-
cally insignificant higher dislocation rate than OA patients.
Anceilin et al. have postulated that patients undergoing ON
have less soft tissue constraint in comparison to OA patients
[21]. This could be due to a reduction in bone quality lead-
ing to changes in soft tissue quality surrounding the hip and
thus de-tensioning of the soft tissue envelope. No quantita-
tive analysis of this is available to substantiate this theory;
however, other evidence may support this finding. Given
the higher functional status of patients undergoing THA for
ON, the ability to put themselves in the extremes of range of
motion on a consistent basis may indeed confer a higher dis-
location rate [20, 21, 23]. The increased rate of dislocation in
the ON cohort will naturally feed into the overall revision rate
and should be considered a contributory factor in this regard.

Periprosthetic fracture

The rate of periprosthetic fracture (PF) was twice as high
in the ON group compared to the OA cohort, reaching
statistical significance (OR: 2.137; 95%CI: 1.769-2.582;
p-value: <0.0001). The work of Zhu et al. corroborates this
finding, with THR performed for OA deemed a protective
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factor against PF [24]. Zhu et al. have theorized that the
relative deconditioning of a patient undergoing THR for OA
may lead to a lower activity level and, thus, reduced rate of
PF in comparison to a higher-level activity patient undergo-
ing THA [24]. Further, as reported by Al Saleem et al., the
aberrant metaphyseal anatomy of the femur may result in
canal obliteration in ON patients, predisposing patients to a
higher rate of PPF [25].

Periprosthetic joint infection

The rate of periprosthetic joint infection (PJI) was sta-
tistically higher in the ON group in comparison to
the OA cohort (OR: 1.459; 95%CI: 1.298-1.641;
p-value: <0.0001). The work of Ren et al. supports this
notion, demonstrating through their meta-analysis that ON
is an independent risk factor for PJI in comparison to OA,
which was deemed protective [26, 27]. The underlying eti-
ology for the ON of the femoral head may lead to systemic
immunosuppression, for example, chronic corticosteroid
use or irradiation, and thus provide a more suitable envi-
ronment for PJI to manifest postoperatively. An awareness
of this increased clinical risk in ON patients should lead to
heightened awareness of this potentially devasting compli-
cation in the postoperative period for the treating clinician.

Functional outcome (HHS)

The HHS was not statistically different between both
cohorts. The reasons for this were not clearly explained in
the literature. One possible theory relates to the routine,
standardized protocols utilized in the perioperative care
of THA. Emphasis on prehabilitation, physiotherapy, and
postoperative rehabilitation has meant that THA patients
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receive uniform postoperative care, despite the initial sur-
gical indication [20, 23, 28].

Similarly, the technical challenge of performing THA for
ON was not clearly explained in the literature, with multiple
studies reporting grossly similar radiological parameters in
postoperative X-rays. This finding, combined with routine
postoperative protocols, supports the finding of similar
functional outcomes in both cohorts of patients [29].

The huge sample size, long follow-up periods, high
quality (low risk of bias) of the included studies, and the
inclusion of all THR prosthesis designs (hybrid, cement-
less, and cemented) were all strength points that enhanced
the external validity and generalizability of our results.

Although this review has many strengths, several limi-
tations must be acknowledged. First, the ON cohort was
analyzed regardless of the distinct underlying etiology,
for example, steroid use or alcohol consumption [21, 22].
Second, subgroup analysis based on ON etiology would
have eliminated the heterogeneity of this condition and
the potential impact on the overall outcome of THA [30].
However, this was not possible due to limited studies and
inconsistent reporting of ON etiology in the literature.

Considering that the implant type and surgical factors
might influence the outcomes of THR [17, 18], another
weakness was the inadequate reporting of such factors
within some of the pooled studies. Cohort and retrospec-
tive studies were included, representing the highest avail-
able evidence level. Future work should comprise prospec-
tive studies in order to better control these confounders and
evaluate this question in a more statistically robust manner.

Conclusion

This study demonstrated a significantly higher revision rate,
periprosthetic fractures, and PJI in patients with femoral
head osteonecrosis following total hip replacement com-
pared to patients with primary osteoarthritis. However, dis-
location rates and HHS functional outcome measures were
comparable. This finding should be applied in context due to
potential confounding factors and the heterogeneous causes
of ON.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00264-023-05761-6.

Author contribution All authors contributed to the study’s conception
and design. Material preparation, literature review, and data collection
were performed by LAS, AA, and MA. Statistical analysis was per-
formed by AA. The first draft of the manuscript was written by LAS,
ATH, HK, and AA, and all authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Funding Open Access funding provided by the Qatar National Library.

Data availability Not applicable as this is a review article. However,
happy to provide access to any statistical data (coding) upon request.

Materials availability Not applicable as this is a review article. How-
ever, happy to provide access to any statistical data (coding) upon
request.

Code availability Not applicable as this is a review article. However,
happy to provide access to any statistical data (coding) upon request.

Declarations

Ethics approval This is a review article. No ethical approval is required.
Consent to participate Not applicable as this is a review article.
Consent for publication Not applicable as this is a review article.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Agarwal N, To K, Khan W (2021) Cost effectiveness analyses of
total hip arthroplasty for hip osteoarthritis: a PRISMA systematic
review. Int J Clin Pract 75(2):¢13806. https://doi.org/10.1111/ijcp.
13806

2. Lu M, Phillips D (2019) Total hip arthroplasty for posttraumatic
conditions. J Am Acad Orthop Surg 27(8):275-285. https://doi.
org/10.5435/JAAOS-D-17-00775

3. Higgins BT, Barlow DR, Heagerty NE, Lin TJ (2015) Anterior vs.
posterior approach for total hip arthroplasty, a systematic review
and meta-analysis. J Arthroplasty 30(3):419-34

4. Sax OC, Pervaiz SS, Douglas SJ, Remily EA, Mont MA, Delanois
RE (2021) Osteoarthritis and osteonecrosis in total hip arthro-
plasty: 90-day postoperative costs and outcomes. J Arthroplasty
36(7):2343-2347. https://doi.org/10.1016/j.arth.2020.10.039

5. Atilla B, Bakircioglu S, Shope AJ, Parvizi J (2020) Joint-pre-
serving procedures for osteonecrosis of the femoral head. EFORT
Open Rev 4(12):647-658. https://doi.org/10.1302/2058-5241.4.
180073

6. Osawa Y, Seki T, Takegami Y et al (2018) Cementless total hip
arthroplasty for osteonecrosis and osteoarthritis produce similar
results at ten years follow-up when matched for age and gender.
Int Orthop (SICOT) 42:1683-1688. https://doi.org/10.1007/
s00264-018-3987-7

7. Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol 62:1006-1012

8. Registry NJ (2020) National Joint Registry 17th Annual Report.
https://www.njrcentre.org.uk Accessed 01 June 2021.

@ Springer


https://doi.org/10.1007/s00264-023-05761-6
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/ijcp.13806
https://doi.org/10.1111/ijcp.13806
https://doi.org/10.5435/JAAOS-D-17-00775
https://doi.org/10.5435/JAAOS-D-17-00775
https://doi.org/10.1016/j.arth.2020.10.039
https://doi.org/10.1302/2058-5241.4.180073
https://doi.org/10.1302/2058-5241.4.180073
https://doi.org/10.1007/s00264-018-3987-7
https://doi.org/10.1007/s00264-018-3987-7
https://www.njrcentre.org.uk

3052

International Orthopaedics (2023) 47:3043-3052

10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

So€derman P, Malchau H (2001) Is the Harris hip score system
useful to study the outcome of total hip replacement? Clin Orthop
Relat Res 384:189-197

Andersson G (1972) Hip assessment: a comparison of nine differ-
ent methods. J Bone Joint Surg Br 54:621-625

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A (2016)
Rayyan—a web and mobile app for systematic reviews. Syst Rev
5:210. Accessed 16 Jan 2023.

Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos
M, Tugwell P, (2013) The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta analyses.
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
Accessed 29 Jan 2023.

Stang A (2010) Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol 25(9):603—-605. https://doi.org/
10.1007/510654-010-9491-z

OCEBM Levels of Evidence Working Group (2011) The Oxford
levels of evidence 2. https://www.cebm.net/index.aspx?0=5653.
Accessed 10 Dec 2022

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-
Coello P et al (2008) GRADE: an emerging consensus on rat-
ing quality of evidence and strength of recommendations. BMJ
336(7650):924-926

Bergh C, Fenstad AM, Furnes O, Garellick G, Havelin LI, Over-
gaard S, Pedersen AB, Mikeld KT, Pulkkinen P, Mohaddes M,
Kérrholm J (2014) Increased risk of revision in patients with
non-traumatic femoral head necrosis. Acta Orthop 85(1):11-17.
https://doi.org/10.3109/17453674.2013.874927

Salvati EA, Cornell CN (1988) Long-term follow-up of total hip
replacement in patients with avascular necrosis. Instr Course Lect
37:67-73

Xenakis TA, Beris AE, Malizos KK, Koukoubis T, Gelalis J, Sou-
cacos PN (1997) Total hip arthroplasty for avascular necrosis and
degenerative osteoarthritis of the hip. Clin Orthop. 341:62-68
Kumar P, Sen RK, Aggarwal S, Jindal K (2020) Common hip con-
ditions requiring primary total hip arthroplasty and comparison of
their post-operative functional outcomes. J Clin Orthop Trauma
11(Suppl 2):S192-S195. https://doi.org/10.1016/j.jcot.2019.02.009
Zangger P, Gladman DD, Urowitz MB, Bogoch ER (2000) Out-
come of total hip replacement for avascular necrosis in systemic
lupus erythematosus. J] Rheumatol 27(4):919-923

Ancelin D, Reina N, Cavaignac E, Delclaux S, Chiron P (2016)
Total hip arthroplasty survival in femoral head avascular necro-
sis versus primary hip osteoarthritis: case-control study with a
mean 10-year follow-up after anatomical cementless metal-on-
metal 28-mm replacement. Orthop Traumatol Surg Res OTSR
102(8):1029-1034

Hailer NP (2015) Orthopedic registry research — limitations and
future perspectives. Acta Orthop 86(1):1-2

Seijas R, Sallent A, Rivera E, Ares O (2019) Avascular necrosis of
the femoral head. J Investig Surg Off J Acad Surg Res 32(3):218—
219. https://doi.org/10.1080/08941939.2017.1398282

Zhu Y, Chen W, Sun T, Zhang X, Liu S, Zhang Y (2015) Risk
factors for the periprosthetic fracture after total hip arthro-
plasty: a systematic review and meta-analysis. Scand J Surg
104(3):139-145

Alsaleem MK, Alalwan HA, Alkhars AM, Al Huwaiyshil AH,
Alamri WM (2020) Intraoperative periprosthetic fractures in total
hip arthroplasty in patients with sickle cell disease at King Fahad
Hospital Hofuf: a cross-sectional study. Cureus 12(11):e11390.
https://doi.org/10.7759/cureus.11390

Ren X, Ling L, Qi L, Liu Z, Zhang W, Yang Z et al (2021) Patients’
risk factors for periprosthetic joint infection in primary total hip

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

arthroplasty: a meta-analysis of 40 studies. BMC Musculoskelet
Disord 12(22):776. https://doi.org/10.1186/s12891-021-04647-1
Lenguerrand E, Whitehouse MR, Beswick AD, Kunutsor SK,
Burston B, Porter M, Blom AW (2018) Risk factors associated
with revision for prosthetic joint infection after hip replace-
ment: a prospective observational cohort study. Lancet Infect
Dis 18(9):1004-1014. https://doi.org/10.1016/S1473-3099(18)
30345-1

Peter WF, Nelissen RGHH, Vlieland TPMV (2014) Guideline
recommendations for post-acute postoperative physiotherapy in
total hip and knee arthroplasty: are they used in daily clinical
practice? Musculoskeletal Care 12(3):125-131. https://doi.org/10.
1002/msc.1067

Fortier LM, Rockov ZA, Chen AF, Rajaee SS (2021) Activity rec-
ommendations after total hip and total knee arthroplasty. ] Bone
Joint Surg Am 103(5):446-455. https://doi.org/10.2106/JBJS.20.
00983

Guerado E, Caso E (2016) The physiopathology of avascular
necrosis of the femoral head: an update. Injury 47(Suppl 6):S16—
S26. https://doi.org/10.1016/S0020-1383(16)30835-X

Ortiguera CJ, Pulliam IT, Cabanela ME (1999) Total hip arthro-
plasty for osteonecrosis: matched-pair analysis of 188 hips with
long-term follow-up. J Arthroplasty 14(1):21-28. https://doi.org/
10.1016/s0883-5403(99)90197-3

Dastane MR, Long WT, Wan Z, Chao L, Dorr LD (2008) Metal-
on-metal hip arthroplasty does equally well in osteonecrosis and
osteoarthritis. Clin Orthop Relat Res 466(5):1148-1153. https://
doi.org/10.1007/s11999-008-0180-0

Radl R, Hungerford M, Materna W, Rehak P, Windhager R (2005)
Higher failure rate and stem migration of an uncemented femoral
component in patients with femoral head osteonecrosis than in
patients with osteoarthrosis. Acta Orthop 76(1):49-55. https://
doi.org/10.1080/00016470510030319

Liu KL, Wu WT, Wang JH, Yu TC, Wen SH, Chen IH
(2016) When and how do prosthetic hips fail after total hip
arthroplasties?-a retrospective study. J Formos Med Assoc
115(9):786-793. https://doi.org/10.1016/j.jtma.2015.07.014
Singh JA, Chen J, Inacio MC, Namba RS, Paxton EW (2017) An
underlying diagnosis of osteonecrosis of bone is associated with
worse outcomes than osteoarthritis after total hip arthroplasty.
BMC Musculoskelet Disord 18(1):8. https://doi.org/10.1186/
$12891-016-1385-0

Hart A, Janz V, Trousdale RT, Sierra RJ, Berry DJ, Abdel MP
(2019) Long-term survivorship of total hip arthroplasty with
highly cross-linked polyethylene for osteonecrosis. J Bone Joint
Surg Am 101(17):1563-1568. https://doi.org/10.2106/IBJS.18.
01218

Kumar P, Sen RK, Aggarwal S, Jindal K (2020) Common hip con-
ditions requiring primary total hip arthroplasty and comparison of
their post-operative functional outcomes. J Clin Orthop Trauma.
11(Suppl 2):S192-S195. https://doi.org/10.1016/j.jcot.2019.02.009
Moharrami A, Mirghaderi SP, Marzban S, Moazen-Jamshidi
SMM, Shakoor D, Mortazavi SMJ (2022) Total hip arthroplasty
via direct anterior approach for osteonecrosis; comparison with
primary hip osteoarthritis in a mid term follow up. J Clin Orthop
Trauma. 34:102042. https://doi.org/10.1016/j.jcot.2022.102042

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
https://www.cebm.net/index.aspx?o=5653
https://doi.org/10.3109/17453674.2013.874927
https://doi.org/10.1016/j.jcot.2019.02.009
https://doi.org/10.1080/08941939.2017.1398282
https://doi.org/10.7759/cureus.11390
https://doi.org/10.1186/s12891-021-04647-1
https://doi.org/10.1016/S1473-3099(18)30345-1
https://doi.org/10.1016/S1473-3099(18)30345-1
https://doi.org/10.1002/msc.1067
https://doi.org/10.1002/msc.1067
https://doi.org/10.2106/JBJS.20.00983
https://doi.org/10.2106/JBJS.20.00983
https://doi.org/10.1016/S0020-1383(16)30835-X
https://doi.org/10.1016/s0883-5403(99)90197-3
https://doi.org/10.1016/s0883-5403(99)90197-3
https://doi.org/10.1007/s11999-008-0180-0
https://doi.org/10.1007/s11999-008-0180-0
https://doi.org/10.1080/00016470510030319
https://doi.org/10.1080/00016470510030319
https://doi.org/10.1016/j.jfma.2015.07.014
https://doi.org/10.1186/s12891-016-1385-0
https://doi.org/10.1186/s12891-016-1385-0
https://doi.org/10.2106/JBJS.18.01218
https://doi.org/10.2106/JBJS.18.01218
https://doi.org/10.1016/j.jcot.2019.02.009
https://doi.org/10.1016/j.jcot.2022.102042

	The outcomes of total hip replacement in osteonecrosis versus osteoarthritis: a systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Search strategy: outcomes of interest
	Eligibility criteria
	Data extraction and items
	Qualitative assessment (risk of bias)
	Quantitative analysis (meta-analysis)

	Results
	Studies characteristics
	Quality assessment (risk of bias and level of evidence (LoE))
	Revisions
	Dislocations
	HHS
	Publication bias

	Discussion
	Revision
	Dislocations
	Periprosthetic fracture
	Periprosthetic joint infection
	Functional outcome (HHS)

	Conclusion
	Anchor 28
	References


