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Background and purpose — We conducted a systematic 
review and meta-analysis of RSA studies to investigate the 
early and long-term migration patterns of acetabular cups 
and the influence of implant factors on cup migration over 
time.

Methods — We performed a systematic search of 
PubMed, Embase, and Scopus databases to identify all RSA 
studies of cup migration following primary total hip replace-
ment (THR). Proximal migration at 3 and 6 months, 1, 2, 
5, and 10 years were considered for analysis. Implant fac-
tors investigated included fixation type, head size, bearing 
surface, uncemented coating design, and the decade of RSA 
introduction.

Results — 47 studies reported the proximal migration of 
83 cohorts (2,328 cups). Besides 1 threaded cup design, no 
implant factor investigated was found to significantly influ-
ence proximal migration. The mean pooled 2-year proxi-
mal migration of cemented cups (0.14 mm, 95% confidence 
interval [CI] 0.08–0.20) was not significantly different from 
uncemented cups (0.12 mm, CI 0.04–0.19). The mean pooled 
proximal migration at 6 months was 0.11 mm (CI 0.06–0.16) 
and there was no significant increase between 6 months and 
2 years (0.015 mm, CI 0.000–0.030). 27 of 75 cohorts (36%) 
reported mean proximal migration greater than 0.2 mm at 2 
years, which has previously been identified as a predictor of 
implants at risk of long-term loosening.

Conclusion — Our meta-analysis demonstrated that the 
majority of cup migration occurs within the first 6 months. 
With one exception, no implant factors influenced the 2-year 
proximal migration of acetabular cups. 36% of studies with 
2-year migration were considered at risk of long-term loos-
ening. Further investigation and comparison against long-
term survivorship data would validate 6-month and/or 1-year 
proximal migration measurements as an earlier predictor of 
long-term loosening than the current 2-year threshold.

Aseptic loosening of the acetabular cup is one of the main 
causes for revision of primary total hip replacement (THR). The 
2022 annual report from the Australian Orthopaedic Associa-
tion National Joint Replacement Registry (AOANJRR) and the 
2022 annual report of the Dutch Arthroplasty Register indicated 
that in 2021, 21% and 34% respectively of revision in primary 
THR was caused by loosening of the implant [1,2]. Early migra-
tion of the acetabular cup has been shown to have an associa-
tion with long-term risk of revision due to aseptic loosening [3]. 
Radiostereometric analysis (RSA) is the most sensitive tech-
nique to measure in vivo cup migration and is suggested to be 
used as an early qualitative tool for the phased introduction of 
new orthopedic hip implants internationally [4-6]. 

The current RSA migration threshold for predicting future 
loosening of acetabular cups used at primary THR was estab-
lished in 2012 when a systematic review compared 49 long-
term survivorship studies against 26 RSA studies of cup 
migration [3]. Acetabular cups that migrated greater than 1.0 
mm proximally at 2 years were associated with poor survi-
vorship at 10-years (> 5% revision) and classified as “unac-
ceptable.” Mean proximal cup migration between 0.2 mm 
and 1.0 mm proximally at 2 years was classified as “at risk” 
because some cup designs had poor long-term survivorship in 
this range. Currently, RSA measurements at 2 years are 1 of 
2 validated surrogate methods to predict long-term outcomes 
[6]. Identifying migration thresholds earlier than the current 
2-year timepoint would be advantageous for the orthopedic 
community. Earlier assessment of new implant designs is ben-
eficial as it can minimize the risk of patients receiving poor 
performing implants whilst also promoting continuous devel-
opment of new implant designs.

As new acetabular cup designs continue to be introduced to 
the clinical setting, the number of RSA studies evaluating early 
and long-term cup migration have subsequently increased 
over time. Often RSA studies investigate only the migration 
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of 1 cup design, which makes comparison of the migration 
pattern difficult between different designs. It is important to 
investigate the migration patterns of acetabular cups and iden-
tify the period where most migration occurs as this allows the 
ideal time point at which cups stabilize to be identified. 

Therefore, the primary aim of our systematic review and 
meta-analysis was to investigate the early and long-term 
migration patterns of acetabular cups using RSA. The second-
ary aim was to investigate whether implant factors influence 
early migration patterns of the acetabular cup. 

Methods
Search, screening, and selection
This systematic review is reported in accordance with the 
PRISMA statement [7]. A systematic literature search was con-
ducted on February 28, 2022 and the following databases were 

used: PubMed, Embase, and Scopus. Articles in languages 
spoken by the review team were considered (English, German, 
Dutch, French, Italian, Spanish, and Korean). The search strat-
egy consisted of the following components, each defined by a 
combination of controlled vocabulary and corresponding mesh 
terms: (1) hip replacement, (2) acetabular cup, (3) migration, 
and (4) RSA (see Appendix 1 in Supplementary data). 

Covidence systematic review management software (https://
www.covidence.org/) was used to export the searches to con-
duct a blinded review on the inclusion of the studies. The title 
and abstract screening were performed by 4 reviewers (CHC, 
AR, BP, and AB) independently. If the reviewers disagreed, 
the study remained eligible, and the full text was screened. 
The full texts of the eligible studies were screened by the same 
4 reviewers and any disagreements were resolved by discus-
sion or after consulting with 2 referees (SC and BP).

The inclusion criteria were any studies that reported: (1) pri-
mary THR, (2) migration measured using RSA, (3) proximal 
migration pattern of acetabular cup. A migration pattern was 
defined as the reporting of cup migration at 2 or more follow-
up moments [8,9]. Studies were excluded if they did not report 
acetabular implant migration; reported on fewer than 5 ace-
tabular cups; acetabular implant migration was not measured 
using RSA; the cohorts integrated the migration of acetabular 
cups used at revision THR; the studies were conference pro-
ceedings, thesis manuscript, or used languages not spoken by 
the review team; the studies used in vitro or animal models; the 
studies did not separate acetabular cup migration via implant 
types (Figure 1). Proximal cup migration was chosen as the 
primary outcome because it is the most commonly reported; 
has the best resolution; and has previously been associated 
with late aseptic loosening in primary acetabular cups [3]. The 
references of the records assessed for full-text review were 
also examined for additional inclusion of studies.

Data extraction
Data was extracted by 4 reviewers (CHC, AR, BP. and RK). 
Any disagreements were resolved by discussion or after con-
sulting with a referee (SC and BP). Data that was extracted 
included the year of publication, number of hips at each 
timepoint, implant fixation, surgical factors, RSA factors, 
and proximal migration (mm) of the acetabular implant at all 
timepoints. The mean proximal migration with correspond-
ing standard deviation (SD) was extracted or calculated from 
reported median, interquartile range (IQR), or range using 
internationally accepted methodology [10]. When the data 
was represented only through a graph, Webplotdigitizer (ver-
sion 4.6) (https://automeris.io/WebPlotDigitizer/) was used 
to extract the data [11]. In the rare case that only the mean 
migration was given without range, IQR, SE, or SD, the SD 
was calculated as the average SD from similar studies [8,9].
The rationale for this is that it is more important to include 
data that can later be subjected to sensitivity analyses, rather 
than to exclude data, which could lead to bias [9]. If multiple 

Records identified in
PubMed, Embase and Scopus

n = 387

Records screend on
title and abstract

n = 184

Records assessed for eligibility
after full text review

n = 127

Records preliminarily
 included in review

n = 56

Records finally included in review (n = 47):
– Baseline: 83 cohorts 2,328 cups
– 3 months FU: 63 cohorts 1,476 cups
– 6 months FU: 48 cohorts 1,143 cups
– 1 year FU: 71 cohorts 1,765 cups
– 2 years FU: 75 cohorts 1,875 cups
– 5 years FU: 23 cohorts    523 cups   
–10 years FU:   8 cohorts    147 cups

Excluded
Duplicate records

n = 203

Excluded based on
title and abstract

n = 57

Records excluded (n = 74):
– stem study, 18
– no cup migration, 18
– wear study, 12
– conference paper, 5
– does not use RSA, 5
– does not di�erentiate cups, 4
– same cohort as previous study, 4
– precision study, double exams only, 3
– other language, 1
– cadaver study, 1
– wrong study design, 1
– revision component used, 1
– no proximal cup migration reported, 1

Excluded
No migration pattern

n = 9

Additional records added
References from studies

(n = 3)

Figure 1. PRISMA flowchart for inclusion and exclusion of the literature.
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studies re-reported on the same cohort’s acetabular migration 
only the original study was included. Cohorts in this system-
atic review were separated by the type of acetabular implant 
and their implant factors. Data concerning patient demograph-
ics, RSA technique, and prosthesis characteristics (i.e., type of 
prosthesis, fixation, uncemented coating designs, and bearing 
surfaces) was extracted to allow for sub-cohort analyses. The 
year of initial patient recruitment of the first RSA study of 
each implant was extracted and categorized into “decade of 
RSA introduction” for further analysis.

Migration pattern was defined as the reporting of cup migra-
tion at 2 or more follow-up timepoints post-operation [8,9]. 
For example, a study with a migration pattern is when the 
study reports the mean proximal cup migration at 2 or more 
timepoints following a baseline postoperative measurement, 
e.g., “3 months” and “2 years” and/or other timepoints. A 
study without a migration pattern is when the study reports 
proximal migration at 1 timepoint following a baseline post-
operative measurement, e.g., only “3 months” or only “2 year” 
timepoint. Studies without a migration pattern were not fur-
ther analyzed, to minimize the effect of possible reporting bias 
in the literature. 

Data synthesis and analysis
A study cohort was defined as a predefined set of patients that 
reported the mean cup migration collectively to investigate a 
study question. The cohorts investigated in each study are also 
presented in Appendix 3 (see Supplementary data). A study 
cohort typically represents the treatment cohort of a trial. 
For example, a trial comparing conventional polyethylene 
(PE) cups versus highly crossed-linked PE cups has 2 study 
cohorts. Up to 2-year follow-up we determined and plotted the 
10th, 25th, 50th, 75th, and 90th percentile of the means (there 
were not enough study cohorts with follow-up beyond 2 years 
to reliably determine the percentiles).

A random effects model was used to pool the proximal 
migration of individual study cohorts in order to estimate the 
overall proximal migration for each follow-up and its asso-
ciated 95% confidence interval (CI) [8,9]. Random effects 
meta-regression on study level covariates such as cup fixation, 
PE type, and the starting date of RSA studies was employed. 
Proximal migration at 2 years was used for this meta-regres-
sion because it was the most reported value and there was not 
enough data at later time points. Although proximal migration 
at 3 and 6 months, 1, 2, 5, and 10 years was considered for 
analysis, pooled analysis could not be performed after 5 years 
due to the small number of long-term RSA studies. All analy-
ses were performed using Metafor Package R statistics [12]. 

Ethics, registration, data sharing, funding, and disclosure
No ethical approval was required for this study as the data was 
retrieved from previous published studies. A request for the 
compiled review can be made by contacting the correspond-
ing author and will be available upon reasonable request. The 

protocol of this review was not registered. The study was not 
funded by any external or internal party. There are no conflicts 
of interest for any of the authors. Completed disclosure forms 
for this article following the ICMJE template are available on 
the article page, doi: 10.2340/17453674.2023.24580

Results
Inclusion of RSA studies
After full text assessment, 56 studies were included in this 
systematic review [13-69]. However as 9 studies did not 
report a migration pattern at more than 1 follow-up timepoint 
(Appendix 2 in Supplementary data)) only 47 studies were 
analyzed (Figure 1). Overall, there were 83 study cohorts and 
2,328 cups from 28 different cup designs that were followed 
up at least at 2 timepoints (Figure 1). The median percent-
age of female patients in each study cohort was 54% (range 
11–100). The median percentage of patients with primary 
osteoarthritis (OA) was 100% (0–100). 47 study cohorts were 
restricted to primary OA. The mean age of the study cohorts 
varied between 47 and 77 years with a median of 64 years. 
Of the 47 studies, there were 11 single-cohort studies (see 
Appendix 3 in Supplementary data). The remaining 36 stud-
ies had 2 or more cohorts investigating the effects of surgi-
cal techniques, surgical factors, and/or implant factors on cup 
migration (see Appendix 3 in Supplementary data). 10 studies 
compared the migration of different acetabular cup designs, 8 
of which compared new cups against a well-documented and 
recognized control implant. Interestingly, only 1 study investi-
gated the effect of patient factors (BMD) on the migration (see 
Appendix 3 in Supplementary data) [22]. 

Reported precision
The mean precision of each study was reported as the CI (SD 
x 1.96) of the difference between 2 examinations taken on the 
same day. 30 of 47 RSA studies reported original precision 
data as determined by double examinations within each study. 
The average precision was 0.14 mm of proximal migration 
(range 0.00–0.39).

Migration results
Early migration in percentiles of the 83 study cohorts is 
depicted in Figure 2. The majority of the mean pooled proxi-
mal migration was recorded at 6 months with a mean of 0.11 
mm (CI 0.06–0.16). The pooled increase in proximal migra-
tion between 6 months and 1 year was 0.007 mm based on 
43 study cohorts. The pooled increase in proximal migration 
between 1 year and 2 years was 0.015 mm (CI 0.001–0.028) 
based on 63 study cohorts. The pooled increase in proximal 
migration between 6 months and 2 years was 0.015 mm (CI 
0.000–0.030) based on 43 study cohorts. The proximal migra-
tion pattern of 2 known poorly performing acetabular cups 
(the Link V cup and the ReCap [metal-on-metal] hydroxy-
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apatite coated cup) are plotted in Figure 2. Only 8 cohorts 
presented 10-year data on acetabular cup migration (Figure 
3). Although the majority of the migration of acetabular cup 
occurred within the first 6 months, 3 of the 8 studies showed 
an increasing migration pattern greater than 0.1 mm between 
5 and 10 years (Figure 3). 

Notably, of 75 cohorts that reported 2-year proximal migra-
tion, 27 cohorts (36%) were considered at risk (> 0.2mm at 
2 years). 64 cohorts reported the mean proximal migration 
of acetabular cups at both the 1-year and 2-year timepoint 
(Figure 4). There were 25 cohorts that were considered at risk 
at 2 years. 22 of the 25 cohorts were already above the thresh-

old at 1 year. Of the 64 cohorts, 43 cohorts also reported the 
mean proximal migration at 6 months. 12 of the 43 cohorts 
that were above the threshold at 2 years also reported 6-month 
proximal migration results, 11 of which were already above 
the recommended threshold at 6 months (92%) (Figure 4).

Implant fixation, head size, and liner
The pooled 2-year proximal migration of cemented cups and 
uncemented cups was 0.14 mm (CI 0.08–0.20) and 0.12 mm 
(CI 0.04–0.19), respectively (Figure 5). There were 4 differ-
ent types of uncemented cups identified in this review (Figure 
6). At 2 years, proximal migration of threaded cups was 1.4 
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Figure 4. Reported mean proximal 
migration from RSA studies that reported 
proximal migration at 6 months, 1 year, 
and 2 years. The green dashed line rep-
resents the 0.2 mm threshold.

Figure 2. Early migration in percentiles of 
83 study cohorts, 2,328 cups. The migra-
tion of 2 known acetabular cup failures 
is also plotted as they were outliers: the 
Link V cup and the ReCap hydroxyapa-
tite coated cup.

Figure 3. Long-term migration of 8 study cohorts. A significant 
number of patients are often lost at long-term follow-up (10 
years); therefore the mean migration may be significantly influ-
enced by an outlier. For example, a patient in the cemented 
Opticup cohort (retention of sub-subchondral bone) had been 
radiologically diagnosed with acetabular cup loosening, which 
may have significantly influenced the mean migration of the 
cohort. PE = standard polyethylene liner, XLPE = crosslinked-
polyethylene liner, CSF = cancellous screw fit.
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Figure 5. The mean pooled migration overtime 
(CI) for cemented and cementless acetabular 
cups.

Figure 6. Mean pooled migration overtime (CI) 
according to the cementless cup surface type. 
The threaded cup is only 1 study cohort compris-
ing the Link V cup. TCP = tricalcium phosphate. 

Follow-up	 0	 3 m	 6 m	 1 y	 2 y	 5 y

Hydroxyapatite	 595	 361	 177	 417	 427	 159
Porous coated	 699	 538	 398	 650	 590	 26
Hydroxyapatite-TCP	 101	 63	 95	 95	 95	 –
Threaded	 20	 –	 14	 20	 18	 –

Figure 7. Mean pooled migration overtime 
(CI) by decade of RSA introduction (1990s, 
2000s, and 2010s).
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mm (CI 0.27–2.5), porous coated cups 0.17 mm (CI 0.08–
0.25), hydroxyapatite coated cups 0.11 mm (CI 0.02–0.19), 
and hydroxyapatite tricalcium phosphate (TCP) coated cups 
0.13 mm (CI –0.24 to 0.50) (Figure 6). The RSA study that 
used the Link V threaded cup (smooth surface) reported the 
highest amount of proximal migration [58].The pooled mean 
2-year proximal migration of acetabular cups first studied with 
RSA in the 1990s was 0.15 mm (CI 0.05–0.25), in the 2000s 
was 0.11mm (CI 0.05–0.17), and in the 2010s was 0.16 mm 
(CI 0.07–0.26) (Figure 7). 

There were 4 different head sizes, 36 mm, 32 mm, 28 mm, 
and 22 mm, identified in the review. The 2-year proximal 
migration of acetabular cups with different head sizes was 
0.15 mm (CI –0.21 to 0.50], 0.14 mm (CI 0.04–0.23), 0.10 mm 
(CI 0.02–0.18), and 0.22 mm (CI –0.02 to 0.45), respectively 
(Figure 8). The 2-year proximal migration for non-crosslinked 
(non-XLPE) was 0.16 mm (CI 0.07–0.25), for crossed-linked 
(XLPE) 0.11 mm (CI 0.02–0.20), and for crossed-linked with 
antioxidants (XLPE+AO) 0.18 mm (CI 0.05–0.32) (Figure 9). 
The migration of patients in RCTs did not differ from patients 
in observational studies (Figure 10).

Discussion 

The earliest validated RSA timepoint to predict long-term 
acetabular cup loosening is 2 years post-surgery [3]. RSA 
cup migration studies have increased in the last decade. For 
example, in our systematic review, we identified 2,328 cups 
from 83 study cohorts compared with 700 cups and 26 study 
cohorts in the previous RSA cup review [3]. Our meta-analysis 
showed that the majority of acetabular cup migration occurs in 
the first 6 months. Besides the higher migration of 1 threaded 

cup design, none of the investigated implant factors had a sig-
nificant influence on migration within the first 5 years. Given 
the small difference in pooled migration at 6 months, 1 year, 
and 2 years, there is the potential to validate an earlier time-
point than the current 2-year threshold. Earlier assessment of 
new implant designs may reduce the risk of patients receiving 
a poor performing implant and encourage ongoing implant 
design improvement. 

Our review demonstrated that 27 of 75 study cohorts (36%) 
reported proximal migration at 2 years that would classify 
them as “at risk” (> 0.2 mm proximal migration at 2 years) 
[3]. Further analysis of these cohorts is required to determine 
the association with long-term survivorship in clinical studies 
or registry reports. Additionally, we found that most of the 
acetabular cups that were “at risk” at 2 years were already 
above the recommended threshold at both 6 months and 1 
year. Further investigation is required to confirm the use of 
these earlier timepoints as a benchmark in the future. 

Despite the majority of migration occurring early, it is still 
important to monitor implant stabilization over time as con-
tinuing migration may be suggestive of loosening. Hence 
the continued cup stability beyond 2 years can be used as 
an extra safeguard during the phased introduction of THR 
implants. Unfortunately, we were unable to analyze pooled 
proximal migration beyond the 5-year timepoint as only 8 
RSA studies reported proximal migration at 10 years. 3 of the 
8 long-term cohorts reported increasing migration between 5 
and 10 years [19,25,31], suggesting that more long-term RSA 
studies are required to investigate the patterns of continued 
migration. 

Initially, implant factors and fixation methods were hypoth-
esized to influence early cup migration. However, the results 
of this meta-analysis suggested that implant factors and 

0

0.5

1.0

1.5

Follow-up (years)
0 1 2 3 4 5

Proximal migration, mm

36 mm
32 mm
28 mm
22 mm

0

0.5

1.0

1.5

Follow-up (years)
0 1 2 3 4 5

Proximal migration, mm

Non-XLPE
XLPE
XLPE + AO

0

0.5

1.0

1.5

Follow-up (years)
0 1 2 3 4 5

Proximal migration, mm

Randomized controlled trial
Observational study

Follow-up	 0	 3 m	 6 m	 1 y	 2 y	 5 y

36 mm	 53	 50	 50	 50	 50	 –
32 mm	 451	 324	 188	 407	 375	 125
28 mm	 784	 562	 387	 563	 613	 92
22 mm	 204	 50	 27	 58	 198	 114

Follow-up	 0	 3 m	 6 m	 1 y	 2 y	 5 y

RCT	 1,776	 1,252	 873	 1,350	 1,492	 415
Observarional s.	 552	 224	 270	 415	 383	 108

Follow-up	 0	 3 m	 6 m	 1 y	 2 y	 5 y

Non-XLPE	 929	 553	 488	 627	 696	 282
XLPE	 533	 417	 263	 430	 466	 127
XLPE + AO	 318	 177	 52	 261	 229	 39
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Figure 8. Mean pooled migration overtime (CI) 
according to femoral head size.
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the majority of fixation methods did not influence the early 
migration of acetabular cups. Of the uncemented cups, one 
threaded cup with a known history of poor performance (Link 
V) was observed to have greater early migration than porous, 
hydroxyapatite, and TCP coated cups. As cemented and unce-
mented acetabular cups did not have a significant difference in 
migration pattern in the first 5 years, this allowed the pooled 
analysis of migration patterns of all cups regardless of fixa-
tion type. While the early proximal migration patterns were 
similar in this study, there may be differences in migration 
patterns between cup fixation methods in translational and/or 
rotational axes not investigated in this meta-analysis. In addi-
tion, future migration thresholds may also differ between cup 
fixation methods due to differences in cup long-term registry 
loosening rates. This was evident in a previous threshold vali-
dation study where only 1 of 6 cemented cups investigated had 
“acceptable” migration at 2 years [3]. 

Our meta-analysis found similar early migration patterns 
independent of bearing surface. In contrast, long-term registry 
results report an improved survivorship of THR with XLPE 
bearings and it is likely this benefit will only be seen in long-
term RSA migration studies. The use of larger heads did not 
result in increased migration; however, there was only one 
randomized RSA study to investigate the influence of larger 
heads on cup migration [66]. In our study, 22-mm heads were 
the only head size that had increasing migration between 2 
and 5 years. However, 22-mm heads are no longer commonly 
used in THR and confounding factors such as the type of 
liner material and cup design limited statistical comparison 
between head sizes. This is supported by the finding of no 
migration difference between cups introduced with RSA in the 
1990s, 2000s, and 2010s, although the authors acknowledge 
there may be improved stability of new cup designs within the 
pooled results.

It is important to note that the mean proximal migration 
of each cohort was analyzed and not individual cup migra-
tion. Only 8 RSA studies reported individual cup migration 
[23,29,31,32,35-37,44]. Reporting the mean migration of a 
cohort may not be representative of the individual outliers 
within the cohort and different interpretation of individual 
results against thresholds is required. For example, Aspenberg 
et al. have indicated that excessive migration of acetabular 
cups is a product of a dichotomy and only a small propor-
tion of cups that are identified at risk of loosening may require 
revision surgery [70]. 

The majority of RSA studies investigate implant or surgi-
cal factors and only 1 study investigated the effects of patient 
factors on proximal migration of acetabular cups. Therefore, 
future RSA studies should investigate the effects of patient 
factors on the migration of cups. However, it is not feasible 
for all future RSA studies to report migration by factors for 
each patient as this can result in excessive manuscript length. 
Nonetheless, a thorough analysis of individual patient fac-
tors would require inclusion of larger patient cohorts, more 

resources, and associated costs. Such an analysis would pref-
erably be based on a meta-analysis like ours if information on 
an individual level were to have been available. 

Limitations
Our review has several limitations. First, we investigated only 
pooled proximal migration as it was the most reported mea-
surement, and it has previously been used to predict loosening 
of acetabular cups [3]. We did not investigate the maximum 
total point motion (MTPM) or other axes of translation and 
rotation. Second, 45 of 47 RSA studies reported the migration 
as signed proximal values, which is acknowledged to result in 
a lower mean when compared with absolute values. Signed 
migration values are important as distal (negative proximal) 
migration can occur in cases that lose superior fixation [71]. 
RSA guidelines recommend reporting signed values to mini-
mize methodological errors [72]. Third, it would be advanta-
geous to investigate the individual cup migration patterns as 
this will allow further investigation of patient factors that may 
influence cup migration. The outliers and the different number 
of patients included at each follow-up timepoint in RSA stud-
ies may influence mean migration [70,73,74]. Currently, it is 
difficult to determine the full extent of the influence of patient 
factors on cup migration with the mean of the cohorts as there 
is already significant variability of patient factors (age, sex, 
BMD, bone quality, and the rate of activity). Many RSA stud-
ies have recruited patients with OA who may not have equal 
bone quality to those diagnosed with other conditions such as 
rheumatoid arthritis or fractured neck of femur. As the major-
ity of the RSA studies did not report the BMD of individual 
patients or their comorbidities, it is difficult to assess the effect 
of bone density on implant migration. Therefore, the results of 
this systematic review may not be equal under different bone 
quality and healing conditions. It was not possible to perform 
subgroup meta-analysis to directly compare implant or sur-
gical factors (e.g., to perform meta-analysis between studies 
that only randomized the same cup with different head sizes) 
as there were not enough RSA studies. Additionally, in our 
review, there were not enough studies of the same cup design 
to allow comparison of the migration patterns measured using 
different RSA techniques. Only 1 study investigated the effect 
of RSA methods on cup migration and found significantly 
higher migration when using model-based RSA compared 
with marker-based RSA [55]. Finally, we did not compare our 
results with the long-term survivorship studies of the same 
acetabular cup designs. Therefore, we were not able validate 
whether 6-month or 1-year RSA measurements could be used 
as a surrogate method to predict long-term loosening. How-
ever, this initial meta-analysis of cup migration patterns was 
required to identify the period where most migration occurs 
prior to the validation of new thresholds. A strength of this 
meta-analysis is that all the phases of the review have been 
completed by 2 to 4 reviewers and a relatively large number 
of studies were identified.
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Conclusion
This meta-analysis suggests that the majority of the proximal 
migration of acetabular cups used at primary THR occurs 
within the first 6 months. Besides higher migration of 1 
threaded cup design, no implant factors influenced the 2-year 
proximal migration of acetabular cups. Pooled analysis of ace-
tabular cup migration beyond 5 years was not possible due to 
the limited amount of RSA studies. Further investigation and 
comparison against long-term survivorship data is required to 
determine whether 6-month and/or 1-year proximal migration 
measurements may be used as a predictor of long-term loos-
ening.
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