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Background and purpose — We conducted a system-
atic review and meta-analysis of radiostereometric analysis
studies of primary uncemented femoral stems to investigate
their subsidence and retroversion patterns and the migra-
tion patterns according to implant, patient, and study char-
acteristics.

Methods — A systematic search of PubMed, Web of
Science, Cochrane, and Embase databases to identify all
radiostereometric analysis studies on femoral stem migra-
tion following primary uncemented total hip replacement
was performed. Clinical studies with 2 or more postopera-
tive radiostereometric measurements within 2 years were
included. Subsidence and retroversion at 6 weeks, 3 and 6
months, 1, 2, 5, and 10 years were included for analysis.
Extracted implant characteristics included implant design,
coating, and surgical approach. Data was analyzed using a
random effects model.

Results — 73 studies on 120 cohorts and 2,970 unce-
mented stems were included. 119 cohorts reported on sub-
sidence and 91 on retroversion. The pooled subsidence at 3
months was 0.29 mm (95% confidence interval [CI] 0.19-
0.39) and 0.32 mm (CI 0.21-0.43) at 2 years. The pooled
retroversion at 3 months was 0.51° (CI 0.33-0.70) and 0.70°
(CI 0.48-0.93) at 2 years. Hydroxyapatite-coated stems
showed the least migration (subsidence 0.26 mm; CI 0.13—
0.40; retroversion 0.51°; CI 0.22-0.80) among different
coating types. The anterior approach showed more migration
(subsidence 1.04 mm, CI 0.53-1.55; retroversion 1.52°, CI
1.08-1.95) than other surgical approaches.

Conclusion — Our study shows that most subsidence
and retroversion of uncemented femoral stems occurs during
the first 3 months. Stabilization of subsidence occurred after
3 months, and retroversion stabilized after 2 years. Migra-
tion patterns differ based on stem type, coating, surgical
approach, the time period when inclusion started, and timing
of baseline measurement.

Each year, more than 1 million primary total hip replacements
(THR) are performed worldwide, and this number is expected
to continue to rise [1]. The overall survival of THRs has
improved over the last decades, but aseptic loosening remains
one of the main causes for late revision [2]. Aseptic loosening
can be predicted by early migration patterns measured with
radiostereometric analysis (RSA) [3]. Early migration patterns
have been systematically reviewed for acetabular components
in hip arthroplasty [4]. Van der Voort et al. (2015) examined
the association between early migration and late revision of 14
prosthesis and fixation combinations and found an association
between early subsidence and aseptic loosening for cemented
shape-closed stems, but no clear association was found for
uncemented stems [5]. For femoral stems, subsidence and ret-
roversion are considered the most important types of migra-
tion because known failing stems have shown high subsidence
and retroversion. Subsidence and retroversion are the direc-
tions of the loading of the stem, and are thought to predict
aseptic loosening [5-8]. It is important to first determine the
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RSA migration patterns of femoral stems before they can be
combined with survival data to establish thresholds. There-
fore, in this review, we aim to answer the following research
questions: What is the RSA migration pattern of uncemented
hip stems in primary total hip replacement (THR) in terms of
subsidence and retroversion? What is the RSA migration pat-
tern of uncemented stems according to implant, patient, and
study characteristics?

Methods

This systematic review and meta-analysis is performed in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement and
a protocol was registered online on March 12, 2024, prior
to the start of the review (https://osf.io/bhpr4) [9]. During
data extraction, we added some variables to the final proto-
col (https://osf.io/hze9m). No other changes were made and
the outcomes and analyses described in the protocol are all
reported in this paper.

Literature search

Based on our experience with radiostereometric analysis
(RSA) literature reviews [5,10-12], the search strategy was
composed of a combination of the terms defining “RSA” and
“Joint Replacement” (Appendix A, see Supplementary data).
We searched articles up to February 22, 2024, in PubMed,
Web of Science, Cochrane, and Embase.

Study selection

The inclusion criteria were: (i) primary uncemented THR with
explicitly stated prosthesis; (ii) subsidence and/or retroversion
measured with RSA; and (iii) at least 2 postoperative follow-
up RSA measurements within the first 2 years in addition to
the postoperative baseline. Studies with fewer than 5 THRs
per prothesis, non-clinical studies (e.g., phantom or animal
studies, editorials, and reviews), studies with more than 5%
fractures at baseline and studies not available in full text were
excluded. If the same cohort was reported in multiple publica-
tions, the publication with the longest follow-up was formally
included, while the other publications were used for additional
data if required (e.g., earlier follow-up, baseline information).

All RSA studies that reported on migration after unce-
mented primary THR were identified. All steps of the review
were performed by 1 reviewer and re-examined by a team of
second reviewers. The screening of titles and abstracts and
the full-text screening was performed in duplicate. The initial
screening of the titles and abstracts was performed by LW,
and the second screening was performed by a team of review-
ers (BP and CR) using machine learning software (ASReview
1.5.1; https://asreview.nl/) to determine the order in which
publications were screened [13]. The use of machine learning
assisted reviewing has been validated in orthopedics [14]. In

the case of disagreement, the study remained eligible for the
full-text screening. The full text of the eligible studies was
then reviewed by LW and the team of second reviewers (BP
and CR). Any disagreements were discussed and resolved.

Data extraction

The data from the included studies was extracted by LW. A
team of second reviewers (BK, BP, CR, and TG) checked the
data extraction for any inconsistencies in a subset of 10 ran-
domly selected articles. An SPSS database (IBM SPSS Sta-
tistics 26.0; IBM Corp, Armonk, NY, USA) was constructed
using 5 randomly selected studies that were included in the
review. The implant design was classified according to Radae-
Ili et al. [15], who divided the uncemented stems into 6 design
types (flat taper, quadrangular taper, fit-and-fill, conical, cylin-
drical, and calcar-guided ultra-short neck-preserving stems).
Stems that did not fit in any of the 6 groups were classified as
“Other.” The stems were also categorized based on coating.
A stem was classified as hydroxyapatite (HA) coated if any
part of its surface area was HA-coated. If part of the stem was
coated with a porous coating (not HA), it was classified as
porous coated. Stems with neither coating were classified as
uncoated. The non-weightbearing group had no weightbearing
before the baseline measurement; other studies were included
in the weightbearing group, even with partial weightbearing.
Only precision measurements calculated from double exami-
nations within the sample of the study were included. Data
was extracted from the manuscript text, tables, and figures
(using WebPlotDigitizer version 4.8 [16,17]). The mean RSA
migration, standard deviation (SD), and precision (SD) was
extracted or calculated from reported median, interquartile
range (IQR), confidence interval (CI), range, or standard error
(SE) using internationally accepted methodology [18-28]. Sub-
sidence and retroversion are reported as positive values in this
review. In the rare case that only the mean migration was given
without IQR, CI, range, SE, or SD, the SD was calculated as
the average SD from similar studies [10,19,29]. For this, we
used studies with the same prosthesis, or (if unavailable) stud-
ies with implants of similar design. Instead of excluding data,
which could lead to bias, we performed sensitivity analyses to
check the validity of the imputed data.

Data synthesis and analysis

In line with previous reviews, we determined and plotted the
10th, 25th, 50th, 75th, and 90th percentile of the means up to
2 years. There were not enough study cohorts with follow-up
beyond 2 years to reliably determine percentiles for additional
follow-up moments. A random effects model (restricted max-
imum likelihood estimator) was used to pool the migration
of individual study cohorts in order to estimate the overall
migration for each follow-up and its associated 95% confi-
dence interval [10,29]. We employed a random effects meta-
regression on study level covariates such as coating type,
stem type, and the start of inclusion of RSA studies [30].
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Patient factors such as age and percentage of females were
examined within the most frequently reported stem. All anal-
yses were performed using Metafor Package R statistics (R
Foundation for Statistical Computing, Vienna, Austria) [30].
The influence of publication bias was assessed with funnel
plots and comparison of the results with the revision rates of
the Dutch national joint registry (LROI). According to the
RSA guidelines, the recommended baseline measurement
takes place within 2 weeks after surgery, to avoid missing
initial migration [31]. To examine the possible effect of stud-
ies with a delayed baseline measurement or an imputed SD,
we compared the overall mean subsidence and retroversion at
the 2-year follow-up with and without those studies included.
If studies with a delayed baseline measurement or imputed
SD significantly affected the migration results, these studies
were excluded from the analyses. Studies with similar char-
acteristics were examined to check for overlap of included
patients. If studies had a clear overlap, only the publication
with the largest cohort and longest follow-up was included.
When potential overlap between publications could not be
definitively excluded, we conducted a sensitivity analysis in
which results obtained by including all potentially overlap-
ping reports were compared with those obtained by includ-
ing only the publication with the largest cohort and longest
follow-up.

In the graphs, the uncoated ProxiL.ock migration pattern was
plotted to show an example migration pattern of a failed unce-
mented stem, but should not be used as a threshold [8]. The
ProxiLock was chosen as an example because it shows exces-
sive migration resulting in a high percentage of revisions [8].

Quality assessment

The quality of the included studies was appraised using the
modified Assessment of Quality In Lower limb Arthroplasty
(AQUILA) methodological score [32]. Similar to previous
RSA reviews, we used only the items of the AQUILA score
considered relevant for appraisal of (early) migration: cohort
construction, predefinition of follow-up, and loss-to-follow-
up. For the loss-to-follow-up we did not count study endpoints
such as failures or deaths. Higher scores indicate higher qual-
ity with a maximum score of 7 [5,10-12].

Data sharing plan, funding, use of Al, and disclosures

The database is available at https://osf.io/4w2ut/files/ze7g6.

This study is part of the PhD project of LW, which is funded
by an external funder (Implant Preservation Devices). The
external funder had no influence on this study.

During screening, machine learning software (ASReview
1.5.1; https://asreview.nl/) was used to determine the order
in which publications were screened. ChatGPT was used for
copy-editing author-written sentences, to substitute a limited
number of words in individual author-selected sentences to
improve sentence flow and reduce repetitive use of individual
words. We used Microsoft Word (Microsoft, Redmond, WA)

Records identified from (n = 2,041):
- databases, 2,041
- registers, 0

Records removed before screening (n = 684):

- duplicate records removed, 684

- records marked as ineligible by automation tools, 0
- records removed for other reasons, 0

Records screened
n=1,357

Records excluded (n = 1,153):
- double, 234

- non-clinical, 236

- no primary THR, 35

l— - no stem data, 230

- no RSA, 51

- no abstract found, 33

— more than 5% fractures, 9

- less than 5 THR, 6

Reports sought for retrieval
n =204

Reports not retrieved
n=9

Reports assessed for eligibility
n=195

Reports excluded (n = 103):

-no RSA, 9

- no (individual) stem migration data, 9

- no subsidence/retroversion, 6

— less than 2 RSA follow-up datapoints, 14
- more than 5% fractures, 3

— unknown stem type, 2

—less than 5 THR, 1

- no primary THR, 1

- only cemented hip stems, 58

Reports included in review (n = 92) 2
- unique studies (n = 73):
- single cohort studies, 33
- multi-cohort studies, 40
- reports of same cohort(s) at
different follow-up (n = 19)

Figure 1. PRISMA flowchart with selection process of the review. THR:
total hip replacement; RSA: radiostereometric analysis. @ Some cohorts
are followed over time with findings published in multiple reports; there-
fore, the number of reports exceeds the number of unique studies.
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Results
Inclusion of RSA studies

2,041 records were identified with the search. After full-text
screening, 92 reports on 73 unique studies were included
(Appendix B, see Supplementary data). The included studies
were published between 1988 and 2024 (median 2017). 120
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Table 1. Study characteristics of the included studies. The mean,

confidence interval (Cl), median, and range are calculated across

the study-reported means (unweighted by sample size)

Table 2. Number of hips and cohorts per follow-up measurement

Mean (Cl)

Baseline 1.5 3 6 12 24

Follow-up, months
60 120

Median Range

59.5 (58.3-60.6)
51.6 (47.9-55.3)
88.3 (82.6-93.9)

Age (years)
Female (%)
Primary OA (%)
Precision
subsidence (mm)
retroversion (degrees)
Quality score

0.26 (0.17-0.34)
1.36 (0.97-1.76)
4.6 (4.3-4.9)

Cohorts

59 37.0-70.6 subsidence

119 39 92 82

117 105 36 4
24 68 49 84 79 27 4

2,970 803 2,094 1,925 2,661 2,409 840 66

50 7.7-100 retroversion 91
97.5 0-100 Hips, n

0.15 0.03-1.37

0.95 0.10-4.45

5 2-7

arthritis (OA) (Table 1). The most reported follow-up mea-

surement was at 1 year with 117 cohorts on subsidence and 84
cohorts on retroversion (Table 2).

cohorts with 2,970 stems at baseline and 66 different unce-

mented hip stems were included (Figure 1). The included
studies had a median mean patient age of 59 years, a median
of 50% female participants and median of 98% primary osteo-

Subsidence, mm
3.0

2.5

2.0

uncoated ProxiLock

.....

0.51

Follow-up, years

Figure 2. Mean pooled subsidence pattern of
uncemented stems and percentiles among
included cohorts, with the known failure
uncoated ProxiLock for reference [8].

Retroversion, degree
3.0

2.5

2.0

0.5

2
Follow-up, years

Figure 4. Mean pooled retroversion pattern
of uncemented stems and percentiles among
included cohorts, with the known failure
uncoated ProxiLock for reference [8].

Mean subsidence, mm
3.0

Uncoated ProxiLock
HA-coated

2.5 Porous coated

2.0

—

0.0

r T T
0 025 05 1 2
Follow-up, years
22 20 19 17
1,695 1,168 1,145 1,515 1,357

808 705 517 729 635

Figure 3. Mean pooled subsidence of HA-
coated, porous-coated, and uncoated stems,
with the known failure uncoated ProxiLock
for reference [8]. The error bars represent the
upper limit of the 95% confidence intervals,
and the numbers below the graph indicate the
number of hips per group at each follow-up.

Mean retroversion, degree
3.0

Uncoated ProxiLock
HA-coated
2.5 Porous coated

2.0

L —

0.0~ T T
0 025 05

2

Follow-up, years

22 20 19 17
1,695 835 708 1,109 1,035
808 452 254 449 392

Figure 5. Mean pooled retroversion of HA-
coated, porous-coated and uncoated stems,
with the known failure uncoated ProxiLock
for reference [8]. For error bars and numbers
below the graph, see Figure 3.

Migration results

Subsidence of the uncemented femoral stems occurred mostly
within the first 3 months, after which the stems showed sta-

bilization (Figure 2). The pooled sub-
sidence at 3 months was 0.29 mm (CI
0.19-0.39; 92 cohorts) and 0.32 mm
(CI 0.21-0.43; 99 cohorts) at 2 years.
The subsidence of the uncemented
stems between 3 months and 2 years
was negligible (0.03 mm, CI -0.01 to
0.07; 80 cohorts). The subsidence pat-
tern of the first 2 years showed differ-
ences between coatings; HA-coated
stems showed the least subsidence
(Figure 3 and Table Cl1, see Supple-
mentary data). In the long term, femoral
stems remained stable in terms of sub-
sidence, with a pooled mean subsidence
between 2 and 5 years of 0.03 mm (CI
0.00-0.07; 35 cohorts). Only 3 studies
had a 10-year follow-up (Figure C1, see
Supplementary data).

Retroversion mostly occurred within
the first 3 months and showed a mini-
mal increase until 2 years (Figure 4).
The mean pooled 3-month retroversion
was 0.51° (CI 0.33-0.70; 68 cohorts)
and the mean pooled 2-year retroversion
was 0.70° (CI 0.48-0.93; 75 cohorts).
Retroversion increased with a mean
pooled 0.20° (CI 0.07-0.33; 56 cohorts)
between 3 months and 2 years. Retro-
version within the first 2 years revealed
differences between coatings; HA-
coated stems had the least retroversion
(Figure 5 and Table C1, see Supplemen-
tary data). Long-term results showed a
negligible retroversion of the stems over
time, with a pooled mean retroversion
between 2 and 5 years of —0.05° (CI
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Mean subsidence, mm
3.0

1980s
1990s

257 20108

2.0

0.5 4 J <
T |

T
0 025 05 1 2
Follow-up, years

103

0.0

105 84 103 105
358 252 231 301 253

1,443 1121 1,081 1,276 1,080

Figure 6. Pooled mean subsidence during the
first 2 years based on the start of the inclusion
period. For error bars and numbers below the
graph, see Figure 3.

Mean retroversion, degree
3.0

1980s
1990s

257 20108

2.0

o5/ I ]

B e

0.0 T T T
0 025 05 1 2
Follow-up, years

105 17
358 199 139 197 183
1,443 791 n7 896 742

Figure 8. Pooled mean retroversion during the
first 2 years based on the start of the inclusion
period. For the 1980s studies there was no
retroversion pattern available, so the 2-year
retroversion result only is presented with the
error bar showing the lower limit of the 95%
confidence interval.

Mean subsidence, mm
3.0

Total excluding delayed baseline cohorts
Delayed baseline cohorts
2.5+

2.0

0.5
) hi
I

0 025 05 1 2
Follow-up, years

2,799 2,070 1,765 2,494 2,241
171 136 145 147

0.0

Mean subsidence, mm
3.0

Uncoated ProxiLock
Anterior
2.5- Anterolateral

Posterior
Mixed
2.0

0.5

0 025 05 1 2
Follow-up, years

17 101 101 101 52
405 291 2565 351 290

1,065 708 473 o71 910

Figure 7. Pooled mean subsidence during the
first 2 years per surgical approach, with the
known failure uncoated ProxiLock for refer-
ence [8]. For error bars and numbers below
the graph, see Figure 3.

Mean retroversion, degree
3.0

Uncoated ProxiLock
Anterior

254 Anterolateral

Posterior
Mixed
2.0+

LT
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0 025 05
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Follow-up, years
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17 101 101 101 52
405 275 239 321 297

1,065 637 316 823 780

Figure 9. Pooled mean retroversion during the
first 2 years per surgical approach, with the
known failure uncoated ProxiLock for refer-
ence [8]. For error bars and numbers below
the graph, see Figure 3.

Mean retroversion, degree
3.0

Total excluding delayed baseline cohorts
Delayed baseline cohorts
2.5+

2.0

0.5

0.0 —— T T
0 025 05 1 2
Follow-up, years

2,799 1482 1,055 1,784 1,666
m 64 74 79

Figure 10. Effect of the delayed baseline studies on the pooled mean subsidence (left) and ret-
roversion (right) during the first 2 years. The results of the cohorts with a delayed baseline start
at 6 weeks on the graph. For error bars and numbers below the graph, see Figure 3.

—0.21 to 0.10; 27 cohorts). Only 3 stud-
ies measured retroversion at 10 years
(Figure C2, see Supplementary data).

Subgroups

Different stem types show different
subsidence patterns, but the flat-taper,
quadrangular taper, and fit-and-fill stems
showed a similar pattern (Table C1 and
Figure C3, see Supplementary data).
Figure 6 shows that subsidence has
increased over the last decades; the stud-
ies that started inclusion in the 1990s
showed the least migration, after which
it increased with each following decade
(Table Cl1, see Supplementary data).
Differences in subsidence patterns were
observed between surgical approaches
(Figure 7), with stems inserted through
the anterior approach subsiding most
(Table Cl1, see Supplementary data).
There were no obvious differences in
subsidence patterns based on RSA tech-
nique, randomization, and weightbear-
ing (Figures C4-6, see Supplementary
data). The mean age and the percentage
of females were no effect modifiers on
the subsidence patterns of the most fre-
quently reported stem (Taperloc).

The retroversion pattern of all the
stem types showed considerable varia-
tion (Figure C7, see Supplementary
data); however, the retroversion patterns
of the flat-taper, quadrangular taper, and
fit-and-fill stems were similar (Table
C1, see Supplementary data). Figure 8
presents the retroversion patterns of the
inclusion period per decade; the pooled
mean retroversion was highest in the
1980s and lowest in the 1990s and 2000s
(Table C1, see Supplementary data). The
retroversion patterns of different surgi-
cal approaches are presented in Figure
9, where the anterior approach shows
the most retroversion (Table Cl1, see
Supplementary data). The retroversion
patterns based on RSA technique, ran-
domization, and weightbearing showed
no obvious differences (Figures C8-10,
see Supplementary data). The mean age
and the percentage of females were no
effect modifiers on the retroversion pat-
terns of the most frequently reported
stem (Taperloc).
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Sensitivity analyses and publication bias

The imputed SD and the studies with possible overlap had
no significant effect on the migration results, but the stud-
ies with a delayed baseline measurement had a significantly
lower overall mean subsidence and retroversion (Figure 10),
so these 5 studies (6 cohorts, 171 hips) were not included in
the migration analyses. Including the cohorts with a delayed
baseline would have significantly lowered our results (Figure
10; Table C1, see Supplementary data). To assess publication
bias, we compared our findings with the revision rates of the
Dutch national joint registry (LROI) and used a funnel plot
of subsidence and retroversion at the 1-year follow-up (most
reported follow-up). The revision rates of the LROI were in
line with our migration results; the most-commonly used stem
types (flat-taper, quadrangular taper, and fit-and-fill stems) had
similar migration patterns and also similar revision percent-
ages [33]. The funnel plots were asymmetrical and had fewer
datapoints on the left side of the funnel plot (Figures C11 and
C12, see Supplementary data). In RSA, negative results are
rarely seen for subsidence and retroversion, which should be
considered when interpreting these funnel plots. More spe-
cifically, mean lower migration values tended to have smaller
SDs, which results in greater weight in the funnel plot. This
causes the center line to shift left and an uneven distribution of
the data points. For this reason, the observed asymmetry was
considered not typical of publication bias and most likely the
result of the migration direction.

Reported precision

Precision was reported as SD of double examinations. 50 of
all 73 studies (68%) reported precision data on subsidence, but
only 41 of these studies measured retroversion and reported its
precision. The remaining 23 studies did not report precision
measurements based on double examinations. The median
precision of subsidence was 0.16 mm, and 1.06° for retrover-
sion (see Table 1).

Methodological quality

The included studies had a median quality score of 5 out of 7.
All included studies followed a predefined follow-up sched-
ule. The construction of the cohorts, however, was consecu-
tive in 19 studies, non-consecutive in 9 studies, and unknown
in the remaining studies (n = 45). The follow-up was fully
completed in 27 studies, 20 studies had a maximum of 5%
loss-to-follow-up, 22 studies had more than 5% loss-to-fol-
low-up, and 4 studies did not mention the number of dropouts.

Discussion

In this review, we aggregated subsidence and retroversion data
of 2,970 uncemented hip stems and found that most migration
occurs within the first 3 months. Afterwards, subsidence of
the stems stabilized, whereas retroversion continued until sta-

bilization at 2 years. Our results suggest that most subsidence
and retroversion can be determined at 3 months. The stabili-
zation of subsidence can be determined at a 1- or 2-year fol-
low-up, while the stabilization of retroversion might need an
additional later follow-up moment for assessment. The stems
remained stable up to 5 years.

An interesting finding in this systematic review is that the
femoral stems showed an initial overshoot of subsidence
within the first 6 months. The initial subsidence is not sur-
prising, but it is surprising that the initial subsidence seems
to be followed by a slight proximal migration. This proximal
migration could be caused by incorrect measurements, move-
ment of the markers, or the results of a rotation or migration
along another axis, but these are unlikely on a large scale.
Another (hypothetical) cause is an overshoot reaction of the
bone occurring between 3 and 6 months postoperatively.

Subgroups

We identified different migration patterns for different stem
types, but the most commonly used stem types (flat-taper, quad-
rangular taper, and fit-and-fill stems) showed similar migration
patterns. The coating was the most important effect modifier,
while mean age, percentage of females, and surgical approach
were not associated with the migration patterns of fit-and-fill
stems and Bi-Metric stems. More studies are needed to better
understand the migration patterns of less-common stem types
(cylindrical, conical, ultra-short neck preserving, and the “other”
stems). The different surgical approaches also showed different
migration patterns, where the anterior approach migrated the
most. The longer learning curve associated with the anterior
approach is unlikely to explain this finding, as this approach
was performed exclusively by experienced surgeons, and prior
studies have reported an increased risk of aseptic loosening
for this approach [34,35]. Within the different stem types and
within the most frequently reported stem (Taperloc), the cohorts
with an anterior surgical approach showed more migration than
the other cohorts. The studies that started in the 1980s show
the most migration by far, but the migration seems to increase
over the last decades. There is likely heterogeneity between the
different decades regarding stem type and coating, which show
different migration patterns across their respective subgroups.
The migration patterns of RSA technique, randomization, and
weightbearing showed no obvious differences, which is in line
with previous literature [4,29,36]. The age and the percentage of
females were not effect modifiers on the migration patterns of
the most frequently reported stem (Taperloc).

Sensitivity analyses and publication bias

We imputed SDs for 6 cohorts (3 studies/108 stems) due to
missing SD data, which had no significant effect on our results.
Nevertheless, it is important to present complete results as is
also recommended in the updated RSA guidelines [31].

A delayed baseline missed the majority of early migra-
tion and therefore showed minimal migration, supporting
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the updated RSA guidelines’ recommendation for a baseline
measurement within 2 weeks [31]. We excluded these cohorts
prior to performing the migration analyses to prevent bias. A
delayed baseline can still be used to assess long-term stability,
but the overall migration pattern cannot be compared due to
the missed early migration.

Precision and methodological quality

Many articles had incomplete information, especially regard-
ing follow-up and precision. Reasons for loss to follow-up
were often missing, and sometimes the follow-up and loss-
to-follow-up numbers were not reported at all. Precision was
often missing, reported without specifying the metric (SD,
95% (I, etc.), or not measured according to the RSA guide-
lines (double examinations performed within the study popu-
lation) [31]. To improve the quality and transparency of the
studies, precision should be accurately measured and loss-to-
follow-up should be clearly reported.

Strengths

To reduce the likelihood of human error and enhance the reli-
ability of the data and results, each step of this review and
meta-analysis was completed or verified by at least 2 individu-
als. Data extraction could not be completed in duplicate due to
the substantial workload involved in this part of the review but
was inspected by a team of second reviewers instead. Addi-
tionally, not including the studies with a delayed baseline in
the migration analyses increased the accuracy of our findings.

Limitations of included studies

Overall, the majority of studies reported complete data, although
some studies missed details (e.g., SDs, start of inclusion, loss-
to-follow-up). Another limitation of the included studies is
the substantial heterogeneity in stem type, coating, surgical
approach, and start of inclusion—factors whose respective sub-
groups have shown different migration patterns. Furthermore,
only a few studies reported migration beyond 2 years and there
is potential attrition bias if participants with high migration
dropped out or were revised before the study endpoint.

Limitations of this review

Due to missing data, we had to impute the missing SDs, start of
inclusion, and number of hips at follow-up. Since the missing
SDs occurred in only a small number of studies, its impact on our
results is likely minimal. The imputation of the start of inclusion
was necessary to examine migration trends over time. We mini-
mized the effect of misclassification by grouping by decades. By
imputing the number of hips per follow-up, we likely overesti-
mated the true count, but probably not substantially.

14 studies did not report surgical indications, so the number
of THRs for femoral fractures is unknown. Patients receiving
a THR for a femoral fracture have different long-term results
than osteoarthritis patients, especially regarding revision risk
[37]. Therefore, we excluded studies with more than 5% frac-

ture patients, to avoid bias in our results. Because it is unlikely
that these 14 studies included many fracture patients without
reporting it, the impact on our results is probably minimal.

We included studies that only reported their results in graphs.
Data extracted from graphs is not as accurate as data from tables
or text. However, by using a validated method, we can assume
that the errors are minimal and did not affect our results [16].

Lastly, studies with an unknown timing of the baseline mea-
surement were included for the migration analyses. Therefore,
it cannot be entirely ruled out that some studies may have
had a delayed baseline measurement (beyond 2 weeks post-
operatively). This is unlikely, as it does not align with RSA
practices of the involved research teams, which we know due
to their other publications and international presentations on
RSA studies.

Conclusion

Most subsidence and retroversion occur within the first 3
months, with subsidence stabilizing thereafter and retrover-
sion showing minimal further change up to 2 years. Our study
shows that migration (subsidence and retroversion) patterns
differ based on stem type, coating, surgical approach, start of
inclusion, and whether the baseline measurement was per-
formed within 2 weeks postoperatively or not. These migra-
tion patterns could be used as a reference for future studies
and may be used for the development of thresholds. The next
step is combining these results with survival data to establish
migration thresholds, which can be used to evaluate the safety
of new implants introduced to the market.

Supplementary data

Search strategy, list of included studies, Table C1, and Figures
C1-C16 are available as Supplementary data on the article
page, doi: 10.2340/17453674.2026.45412
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