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Background and purpose — This study aims to deter-
mine, for the first time, generalizable data on the longevity
and long-term function of elbow replacements.

Methods — In this systematic review and meta-analysis,
we searched MEDLINE and Embase for articles report-
ing 10-year or greater survival of total elbow replacements
(TERSs) and distal humeral hemiarthroplasty. Implant survival
and patient reported outcome measures (PROMs) data were
extracted. National joint replacement registries were also
analyzed. We weighted each series and calculated a pooled
survival estimate at 10, 15, and 20 years. For PROMs we
pooled the standardized mean difference (SMD) at 10 years.

Findings — Despite its widespread use, we identified
only 9 series reporting all-cause survival of 628 linked TERs
and 610 unlinked TERs and no series for distal humeral
hemiarthroplasty. The studied population was treated for
rheumatoid arthritis in over 90% of cases. The estimated
10-year survival for linked TERs was 92% (95% CI 90-95)
and unlinked TERs 84% (CI 81-88). 2 independent regis-
tries contributed 32 linked TERs and 530 unlinked TERs.
The pooled registry 10-year survival for unlinked TERs was
86% (CI 83-89). Pooled 10-year PROMs from 164 TERs (33
linked and 131 unlinked), revealed a substantial improve-
ment from baseline scores (SMD 2.7 [CI 1.6-3.8]).

Interpretation — Over 80% of all elbow replacements
and over 90% of linked elbow replacements can last more
than 10 years with sustained patient-reported benefits. This
information is long overdue and will be particularly useful to
patients as well as healthcare providers.

The indications for elbow replacement have expanded over
the last 20 years. Initially employed almost exclusively for
inflammatory arthritis, surgeons are now increasingly utilizing
this technology to treat osteoarthritis and unreconstructable
fractures (1).

Elbow replacement is a procedure performed relatively
infrequently in comparison with hip and knee arthroplasty.
This pattern of low-volume practice means that data from
single institutions and randomized trials is scarce, and even
individual countries registries shed limited light on the long-
term outcome of elbow replacement. A global synthesis of
outcome data from multiple sources offers the only currently
practical solution to provide better evidence on efficacy and
longevity of elbow replacement. Such information is long
overdue and is needed by patients and clinicians to aid joint
decision-making. It will also assist commissioners and health-
care providers in understanding the utility and likely revision
burden associated with this procedure.

Ideally, clinicians and surgeons should be able to provide
patients with contemporary outcome data for the specific
implant used. While manufacturers do facilitate the collec-
tion of implant-level data in order to gain relevant benchmark
accreditation (2), detailed and reliable data is not yet available
for elbow replacements. Until such granular brand-level infor-
mation is available, clinicians and patients need, at minimum,
accurate information on the different classes of available
implants. Hip and knee replacement have shown that although
there is variation between brands, classes of implants behave
in broadly similar fashion (34).

© 2022 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing
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In this study we aimed to answer the simple, patient-focused
question: “How long does an elbow replacement last?” We
pooled the estimates of implant survival, categorized by
implant class, 10 years after surgery as a pragmatic compro-
mise between the volume of data available and what patients
would consider “long-term.” As the decision to revise a poorly
performing elbow replacement is multifactorial, with both
patient and surgeon factors influencing the choice, we also
pooled PROMs estimated to answer the question: “Will my
elbow be better 10 years after surgery?”

Methods
Search strategy and selection criteria

We conducted a systematic review and meta-analysis of elbow
replacements’ survival and patient-focused outcomes from
case-series and national joint registries following a pre-regis-
tered protocol (PROSPERO CRD 42020192903). Reporting
complies with PRISMA guidelines (5).

The search strategy used MeSH and keyword terms relat-
ing to elbow replacements and survival (Table 1, see Sup-
plementary data). Databases searched were MEDLINE and
Embase, accessed through OVID Silver Platter (Wolters
Kluwer, Alphen aan den Rijn, The Netherlands). Database
searches were conducted from their commencement to June
8,2021. The search strategy used elbow- and implant-specific
modifications to previously published strategies exploring the
survival of hip, knee, and shoulder replacements (6-8). We
searched full-text articles forwards and backwards.

Studies were included if they encompassed patients who had
undergone an elbow replacement (distal humeral hemiarthro-
plasty or total elbow replacement). Radial head replacements
were included only when in conjunction with total elbow
replacement. The indication for surgery had to be predomi-
nantly inflammatory arthritis, osteoarthritis, or trauma (acute
or chronic manifestations). For inclusion, the case-series had
to report the survival of a specific brand of implant with a
mean or median follow-up of greater than 10 years. With pub-
lished registry reports, implant-level data of at least 10 years’
follow-up was included. It is widely accepted that survival of
hip arthroplasties varies by the brand of implant (3). Although
this has not specifically been assessed in elbow replacements,
we utilized the technique of treating each brand as its own
series (7). This method allows us to treat each series as an
individual study and weight the meta-analysis of survival
results according to the standard error of each series. Aggre-
gate data from multiple implant brands would not allow this
granularity and thus hide the potential variability in perfor-
mance between implant brands. A cut-off of minimum mean
or median follow-up of 10 years was chosen as “long-term”
survival and allowed inclusion of sufficient studies to make
analyses robust, and represents a time period that is relatable
to patients and clinicians.

Studies were excluded if they reported the outcome of
revision surgery, which is more complex and carries differ-
ent survivorship, and if they performed isolated radial head
replacement. Conference abstracts were excluded due to the
limited data available from these reports. Systematic reviews
were assessed for their citations but their pooled data was not
included, to avoid duplication of individual patient data.

We assessed the reports from all available national joint reg-
isters that collect and publish the individual implant-specific
survivorship for elbow replacements with at least 10 years of
follow-up. Reports were identified through a systematic search
of the published literature or accessed through their websites.

Article screening and data extraction

Screening was undertaken in a stepwise manner using the web
application Rayyan (9). JTE and HM screened journal article
titles and abstracts with arbitration of conflict undertaken by
JPE. Full-text review and data extraction were undertaken by
JPE and JTE. Data extracted were: publication date, baseline
population demographics, number of patients (n), surgical
indication proportion (% OA and/or % inflammatory arthritis
and/or % trauma), follow-up duration (if > 10 years), implant
name and construct type (hemiarthroplasty, TEA [linked or
unlinked]), loss to follow-up, survival estimates (including
95% confidence intervals), and all available PROM (e.g. Visual
Analogue Scales (VAS), Disabilities of the Arm, Shoulder and
Hand (DASH), Oxford Elbow Score (OES) etc.) data (outcome
measures used baseline mean score [SD], follow-up mean score
[SD]). Data was not extracted from figures (e.g., Kaplan—-Meier
plots) to avoid potential transcription inaccuracy.

Statistics

For the assessment of the published case-series our primary
exposure was the elbow replacement implant and our primary
outcome was all-cause revision, of any part of this construct,
as guided by our patient group (10). Statistical analysis was
performed with Stata 16 (Stata Statistical Software: Release
16; StataCorp LLC, College Station, TX, USA). Survival
estimates, assuming that survivorship approximated revision
risk, were pooled by meta-analysis. Each series was weighted
according to its standard error (calculated from published con-
fidence intervals). The effect size (standardized mean differ-
ence [SMD]) of the primary PROMs reported in each study
was pooled with meta-analysis with weighting according to
sample size and analyzed using a random effects model as
a more conservative estimate of treatment effect. Effect size
was considered small if it was less than > 0.2, moderate if >
0.5 and large if = 0.8 (11).

Quality assessment

Study quality was assessed using the non-summative 4-point
system (consecutive cases, multi-center, under 20% loss to
follow-up, and use of multivariable analysis) developed by
Wylde et al. (12).
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Included from Potentially eligible case series
forward and backward or cohort studies identified
searches by search of database

n=7 n =935

__| Excluded duplicates
n =260

Non-duplicate citations
n =675

sis. Of these, 8 articles, containing 9 implant series,
were included in the survival meta-analysis. Of the
21 full-text articles reviewed, 11 reported PROMs, of
which only 4 reported in the detail required for the
PROMs meta-analysis (Table 2). Of the included arti-
cles, 5 (including 6 series) reported survival in linked
TER, and 3 (including 3 series) reported survival in

Excluded (n = 559):
- not elbow arthroplasty, 448
- not primary elbow replacement, 52

l— - no survival analysis, 9

- systematic review, 9

- registry data, 7

- study protocol, 1

- not English, 1

- laboratory based study, 1

- conference abstract/case study/editorial, 19
- other diseases than RA, OA and trauma, 12

unlinked TER. There were no articles reporting >
10-year survival in distal humeral hemiarthroplasty.
The proportion of articles with inflammatory arthritis
as the primary indication for surgery was 92%.
Quality assessment revealed that 5 (56%) of the 9
series were consecutive, 3 (22%) were multicenter, all
had > 80% follow-up (mean loss to follow-up 1.5%
ranging from 0% to 7.5%). 2 undertook multivariable

Full-text articles reviewed
n=123

analysis. The proportions do reflect that the quality of
the published case-series is low.

Excluded (n = 102):

- insufficient follow-up, 80
- no survival analysis, 9

- duplicate population, 4

- periprosthetic infection survival, 2
— full-text not in English, 2

- survival chart with no raw data, 1

- different implants in single survival calculation, 2

— comparison of patient characteristics, 1

- reports primary and revision survival together, 1

Case-series

6 unique case-series, published between 1998 and
2020, reported the survival of 628 linked total elbow
replacements (linked TERs) at 9 time points with
follow-up ranging from 10 to 20 years (Tables 3 and
4, see Supplementary data) (13-17). 6 series reported

Full-text articles reporting
survival analysis
n=21

survival at exactly 10 years (616 linked TERs), 2 at
15 years (487 linked TERs), and 1 at 20 years (435
linked TERs). Pooled survival from those studies
reporting at exactly 10 years was 92% (CI 90-95),

Excluded
Survival analysis reported
without confidence intervals
n=13

Excluded (n =17):

95% Cl or 95% ClI, 11

— PROMs reported without SD of

- studies not reporting PROMs, 6

at 15 years 88% (CI 83-92), and at 20 years 68% (CI
57-79) (Figure 2).

Articles included in survival analysis Articles included in PROMs analysis
n = 8 (9 series) n=4

Figure 1. Prisma flowchart.
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Findings

The search of published case-series yielded 935 articles, of
which 260 duplicates were removed, leaving 675 articles for
screening (Figure 1). Following abstract review, 124 full-
text articles were reviewed; dual-reviewer screening isolated
21 full-text articles of case-series reporting greater than 10
years’ mean/median follow-up and reporting survival analy-

3 unique case-series, published between 2010 and
2014, reported the survival of 610 unlinked total
elbow replacements (unlinked TERs) at 7 time points
with follow-up ranging from 10 to 20 years (18-20).
1 series reported survival at exactly 10 years (522
unlinked TERSs), 2 at 15 years (576 unlinked TERs),
and 1 at 20 years (54 unlinked TERs). Pooled survival from
those studies reporting at exactly 10 years was 84% (CI 81,
88), at 15 years 79% (CI 75-83), and at 20 years 86% (CI
75-98). When studies reported survival estimates at between
10 and 15 years, these results were rounded down to 10 years
as a sensitivity analysis. This resulted in a pooled survival of
3 series (610 unlinked TERS) of 84% (CI 81-87) (Figure 3).

Registry data

Implant-level data at 10 years was available from 1 registry
report, the Australian Orthopaedic Association National Joint
Replacement Registry (AOANJRR) 2019 annual report sup-
plemental material (21). Implant-level data at > 10 years from
the Norwegian registry was available from a published article
(22). In combination, these reports provided 10-year survival
of 1 series of linked TER (32 arthroplasties) and 4 series of
unlinked TER (530 arthroplasties). The single implant series
reporting linked TER at 10 years was 79% (CI 51-92) and
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Table 1. Study-level and participant-level characteristics of contrib-
uting data sources, all on total elbow replacement (TER). No series
for distal humeral hemiarthroplasty reported

Individual case

series articles Registry data
TER TER TER TER
Factor linked unlinked linked unlinked
Study-level characteristics
Location USA (x3)  Japan Australia Norway
UK UK
France
Switzerland
Finland
Number of unique implant
series included 6 3 1 4
Year of publication 1998 2010—- 2018- 2018
2020 2014 2020
Participant-level characteristics
Mean age 642 572 71°b 63
Female sex (%) 772 92a 74b 83
Reumatoid arthritis (%) 89 96 100 NA
Arthroplasties at start 628 610 32 530
Lost to follow-up 15 (2.4%) 0
a8 Weighted on number of arthroplasties in the series.
b Estimates from whole-group data.NA = Not available
Author Year Implant n Weight (%)
LINKED
Barco (13) 2017 Coonrad/Morrey 29 7.5
Barco (13) 2017 Coonrad/Morrey 15 1.2
Bigsby (14) 2017 GSBIIl 52 1.5 —_—
Gill (17) 1998 Coonrad/Morrey 78 13.5 —_——
Sanchez-Sotelo (15) 2016 Coonrad/Morrey 435 65.1 —+
Siala (16) 2020 Coonrad/Morrey 19 1.3 —o—|—
Subtotal @
1
UNLINKED |
lkévalko (18) 2010 Souter-Strathclyde 522 100 —L
Subtotal <§
(IJ 2|o 4|o elo slo 100
Survial estimate (%)
Author Year Implant n  Weight (%)
LINKED
Bigsby (14) 2017 GSBIII 52 37.2 s
Sanchez-Sotelo (15) 2016 Coonrad/Morrey 435  62.8 _._:
Subtotal <>
UNLINKED
lkévalko (18) 2010 Souter-Strathclyde 522  86.3 —Oi-
Nishida (19) 2014 SKC-I 54 137 ——
Subtotal <>
T T T T T
0 20 40 60 80 100

Survial estimate

Figure 2. Forest plot estimates for survival of elbow replacements from
case series at 10 years (upper panel) and 15 years (lower panel).

Author Year Implant n  Weight (%)
Barco (13) 2017 Coonrad/Morrey 29 7.5 —+—
Barco (13) 2017 Coonrad/Morrey 15 1.2 < -
Bigsby (14) 2017 GSBII 52 115 —_—l
Gill (17) 1998 Coonrad/Morrey 78 13.5 +
Sanchez-Sotelo (15) 2016 Coonrad/Morrey 435 65.1 —_—
Siala (16) 2020 Coonrad/Morrey 19 1.3 ———
Overall @

T T T T T

0 20 40 60 80 100

Survial estimate (%)

Figure 3. Forest plot of estimates of survival for reported survival of
elbow replacements from case series with rounding to 10 years.

Author Year Implant n Weight (%)
UNLINKED i
Krukhaug (22) 2016 Norway 179 24.6 ——
Krukhaug (22) 2016 Kudo 162 20.1 i
Krukhaug (22) 2016 IBP 135 10.3 ——— :
Krukhaug (22) 2016 NES 54 43.2 —:—0
LINKED :
AOANJRR (21) 2016 Discovery 32 1.9 ———
Overall <>

T T T T

T
0 20 40 60 80 100
Survial estimate (%)

Author Year Implant n Weight (%)
1
Krukhaug (22) 2016 Norway 179 62.4 -
Krukhaug (22) 2016 Kudo 162 37.6
Overall
T T T T T
0 20 40 60 80 100

Survial estimate (%)

Figure 4. Forest plot of estimates for reported survival of elbow
replacements from registry reports at 10 years (upper panel) and 15
years (lower panel).

was not able to be pooled with other implant series, and for
unlinked TER pooled survival was 86% (CI 83-89). At 15
and 20 years, results only for unlinked TER were available
and were 74% (CI 68-80) and 76% (CI 68—84) respectively
(Figure 4).

Patient-reported outcome measures

Of the 8 articles reporting survival analysis with confidence
intervals, only 1 reported PROMs in enough detail to be
included in the meta-analysis (19). Of the remainder of articles
reporting survival without CIs, a further 3 reported pre- and
postoperative PROMs with standard deviation or confidence
intervals (23-25). All studies used the Mayo Elbow Perfor-
mance Score (MEPS). 164 TERs (33 linked TERs and 131
unlinked TERs), with an average follow-up of 12 years, were
included in the analysis. Demographic data was concordant
with the survival outcome series with the indication for sur-
gery as rheumatoid arthritis in 88%, mean age of 57 years
(range 55-59) and 88% female. Average mean preoperative
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Author Year Implant n Weight (%)
Kodama (23) 2017 Kudo type 5 60 25.7 ==
Mansat (24) 2013 Coonrad/Morrey 33 24.4 ——
Nishida (19) 2014 SKC-I 54 25.4 —_——
Nishida (25) 2017 JACE TEA 17 24.6  ——
Overall _

T T T T

0 1 2 3 4
Standardised mean difference (95% CI)

Figure 5. Forest plot of estimates of standardized mean difference
(SMD) in patient reported outcome measures (PROMs) score follow-
ing elbow replacement at > 10 years.

scores were 40 (SD 16) and postoperative scores 80 (SD 17).
Mean difference between preoperative and postoperative
scores was 40 point on the 0-100 scale. Pooled PROMs data
showed a large effect of improved outcome from baseline with
a SMD of 2.7 (CI 1.6-3.8) in this predominantly rheumatoid
arthritis group (Figure 5). No registry reports provide implant-
level PROMs at 10 years or greater follow-up.

Discussion

This study has identified that over 84% of total elbow replace-
ments can last for at least 10 years and that patients receiving
this treatment have a sustained improvement in their patient-
reported outcome measures. Interpretation of the results from
both case-series and registry data for implant type suggest
improved survival for linked compared with unlinked TERsS,
with greater than 90% surviving to 10 years. The generaliz-
ability of this finding is limited, as rheumatoid arthritis was
the treated pathology in over 90% of the included studies.

This study has employed a methodology previously used
in the exploration of hip, knee, and shoulder replacements
(6-8). This has provided a simple and easily interpretable
result. It is notable that the volume of evidence is more lim-
ited for both shoulder and elbow replacements in compari-
son with hip and knee replacements. Although the number
of implants within case-series reports was marginally higher
for elbow replacements than shoulders, there is sparse reg-
istry-level data available for elbows. Encouragingly, the
available evidence from registries and case-series estimates
the same results for unlinked TERs, suggesting that these
case-series were not prone to publication bias, which is a
common criticism.

We have calculated a survival estimate for each individual
implant. This estimate is then pooled to give a construct/class
estimate (linked or unlinked TER), weighted according to the
standard error. The rationale for this process, and the exclu-
sion of multi-implant series, relates to the implant itself being
fundamental to the survival outcome, which may be hidden
in a series including multiple implants. This type of analysis
is unique to our study, and values each series as an individual
cohort, thereby providing an overall estimate based on the fre-

quency of use of the implant. The construct/class chosen for
this study was linked and unlinked prostheses; although fur-
ther granular classification of implant is possible, we wished
to provide a patient-focused and generalizable result. With the
maturity of registry data and improved case-series reporting,
more granular exploration of data may be possible in the future.
This method is dependent, however, on both case-series and
registries reporting implant-level data, without which patterns
of implant failure cannot be accounted for. This restriction on
inclusion resulted in significant attrition of potential data and
we would strongly encourage implant-level reporting in future
long-term survival series.

At 10 years, synthesis of case-series estimates suggests a dif-
ference in long-term survival between linked TER (92%) and
unlinked TER (84 %) in a cohort treated almost exclusively for
rheumatoid arthritis. The survival advantage of linked TER is
maintained at 15 years; at 20 years very limited evidence from
a single series suggests a significant decline in survival. At 10
years the predominant linked TER was the Coonrad/Morrey
(ZimmerBiomet, Warsaw, IN, USA) and unlinked TER was
the Souter-Strathclyde (Stryker Howmedica Osteonics, Lim-
erick, Ireland). As we have asserted, survival and implant
choice are interrelated and therefore the reported implants
need to be placed within the context of contemporary practice.
The Coonrad/Morrey remains a frequently utilized implant,
with the NJR reporting its use in 52% of all primary elbow
replacements (26). However, the Souter-Strathclyde has been
discontinued owing to poor survival, therefore the estimates
within this review may not be representative of contemporary
unlinked designs. Within the registry reports, the most fre-
quently reported implants were the Norway, iBP, and Kudo;
no Souter-Strathclyde prostheses were within this registry
dataset. It is of note that the resultant survival for unlinked
designs was similar between case-series (84%) and regis-
try (86%) data, suggesting that the survival is not explicitly
related to a single brand of implant.

The indication for surgery in the included case-series was
predominantly rheumatoid arthritis (92%). Although this
is likely to have represented practice over 10 years ago, the
emergence of biological drug therapies has significantly
diminished the surgical burden of rheumatoid arthritis (27). In
their review of indications for TER, Samdanis et al. reported
that although rheumatoid arthritis remained the most common
indication for TER, the proportionate use of this procedure
dropped from 77% in 1982 to 50% in 2010 (28). In their
review of registry reports, Macken et al. report inflammatory
arthritis as the primary indication in 44% of TEA, followed by
acute trauma (28%) and osteoarthritis (17%) (1). Differential
survival based on indication at medium-term follow-up has
been found in the Danish National Patient Register where, at
8.7 years follow-up, fracture sequelae were associated with
the highest revision risk (29). Within the Australian Joint Reg-
istry, TER for primary osteoarthritis is reported as conferring
the poorest survival at 7 years, with acute fracture/dislocation
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the best survival (21). Further registry and case-study reports
assessing survival in cohorts representative of contemporary
practice are required to assess for differences between indi-
cations that may change the generalizability of this review’s
survival estimate.

Of the 21 studies that reported survival at > 10 years, 13 did
not include CIs and could not be added to the meta-analysis.
Were these studies included, an additional 594 arthroplasties
would have been included. Excluded studies also reported the
combined survival of multiple implants, and individual com-
ponent failure (ulna or humeral) but not whole-construct or
combined radiographic failure and revision (30).

Only 4 studies reported pre- and postoperative PROMs. All
the included studies used the Mayo Elbow Performance Score
(MEPS), which is a clinician- and patient-completed outcome
measure. The MEPS was developed in 1992 for the assess-
ment of elbow replacement outcomes, has adequate metric
properties, and is the most commonly used PROM for elbow
replacement (31-33). Over 10 years from initial surgery, a
large improvement (SMD 2.7) was observed. This compos-
ite clinician- and patient-reported improvement in pain and
function is of a similar order of magnitude to that previously
reported in shoulder arthroplasty (7). The mean difference
between pre and postoperative scores was 40, exceeding the
estimated 11-point change required to be clinically meaning-
ful to patients (34). Although multiple registries now collect
validated PROMs for elbow arthroplasty, none have reported
results to 10 years’ follow-up.

The limitations of this work are worth noting. Results from
individual case series, as opposed to national registries, may
be altered by differing revision thresholds between surgeons.
The reliance on single-center and design-center case-series
data may alter the representativeness of the findings, particu-
larly when extrapolated to low-volume surgeons and centers.
Our analysis of the data in this study highlights the results
that are possible, but as the majority of data is not nation-
ally mandated data, it cannot be assumed that these results
would be achieved uniformly. As not all implant failures result
in revision, we reported patient-reported outcomes to better
define the overall value of elbow replacement, although the
depth and granularity of this data was poor. We suggest that
a high compliance of reporting of patient-reported outcome
measures that have strong evidence of psychometric valid-
ity is highly desirable. Our pooled registry results are drawn
predominantly from the Norwegian register, which has a pre-
dominance of implants not currently used. As the available
follow-up in other registries increases, a wealth of data will
soon become available, and we would encourage implant-
level reporting by brand and product line. We also assumed
that survival estimates are equivalent to risks for generating
pooled estimates, and although the assumption that no censor-
ing occurs (patients dying with an elbow in situ) is violated,
it provides a useful method of aggregation in the absence of
individual patient data. The aggregated estimates of survival

are, however, the largest possible sample and this is the largest
report of this type and length of follow-up.

The strengths of this study include an inclusive and compre-
hensive design and realistic interpretation of survivorship that
accounts for all revisions and not a limited or biased subset, as
well as a patient outcome focus. From a patient perspective,
all revision surgery carries risk and therefore all-cause revi-
sion should be considered.

Conclusion

Although elbow replacement is performed far less frequently
than hip, knee, or shoulder replacement, its use is increasing
and information for patients and clinicians on the longevity of
implants and impact on quality of life is vital. We pooled esti-
mates from case-series and registry data and found that over
80% of elbow replacements last more than 10 years in rheu-
matoid arthritis. For linked elbow replacements this was over
90%. Patients experienced a sustained improvement in pain
and function for the 10 years following surgery.

JPE and JTE were responsible for study concept, design, screening, data
extraction, data analysis, and writing of this manuscript. HM completed
the primary screening of abstracts and review of the manuscript. JR, AB,
MRW, and AS were responsible for study concept, design, and writing of
the manuscript.
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Supplementary data

Table 1. Search MEDLINE and Embase VIA Ovid SP - 8 June 2021

Table 3. Articles contributing to the meta-analysis of survival

. Arthroplasty, Replacement, Elbow/

2. ((elbow adj2 arthroplast$) or (elbow adj2 replacement?) or

o oW

~

(elbow adj2 hemiarthroplast$)).mp. [mp=ti, ab, ot, nm, hw, fx, kf,

0X, pX, rx, ui, sy, tn, dm, mf, dv, kw, dq]

. (TEA or TER or (TJR$ and elbow$)).mp.

.1or2o0r3

. exp Prosthesis Failure/ or Survival Analysis/

. (cox or proportional?hazard? or proportional hazard?).

mp

or CIF).mp.

. failure.mp.

. (survival or survivor?ship).mp.

. revision?.mp.

. (re?operation or re operation).mp.

. (Kaplan?meier or Kaplan meier or KM).mp.

. (product?limit?method or product limit method).mp.
.50r6or7or8or9ori0ori11ori2ori13

. exp Cohort Studies/

. (follow?up or follow up or series or cohort).mp.

. (registry or registries).mp.

.150r 16 0or 17

. (long?term or long term).mp.

. ((1#* adj1 year?) or (2#* adj1 year?) or (3#* adj1 year?) or (4#*

adj1 year?)).mp. [mp=ti, ab, ot, nm, hw, fx, kf, ox, px, rx, ui, sy,
tn, dm, mf, dv, kw, dq]

.19 or 20
.4 and 14 and 18 and 21
. remove duplicates from 22

. (cumulative?incidence?function or cumulative incidence function

F-U Survival
Author Year Implant years estimate (%) (Cl)
Barco (13) 2 2017 Coonrad/Morrey 10 92 (82-100)
Barco (13) P 2017 Coonrad/Morrey 10 76 (56—100)
Bigsby (14) 2016 GSBIll 10 96 (85-99)
15 96 (85-99)
Ikavalko (18) 2010 Souter Strathclyde 10 84 (80-87)
15 78 (73-82)
19 72 (65-88)
Nishida (19) 2014 SKC-I 12.3 86 (75-98)
15 86 (75-98)
20 86 (75-98)
Sanchez-Sotelo 2016 Coonrad/ Morrey 10 92 (88-94)
(15) 15 83 (77-88)
20 68 (56-78
Siala (18) 2020 Coonrad/ Morrey 10 75 (53-96)
Gill (17) 1998 Coonrad/ Morrey 10 92 (86—99)

2 not rheumatoid arthritis
b rheumatoid arthritis

Table 3. Articles contributing to the meta-analysis of PROMS

F-U Mean score (SD)
Author Year Implant years PROM preoperative postoperative
Kodama (23) 2017 Kudo type 5 12 MEPS 43 (14) 80 (11)
Mansat (24) 2013 Coonrad/ Morrey 11 MEPS 31 (17) 82 (14)
Nishida (19) 2014 SKC-I 13 MEPS 40 (14) 90 (15)
Nishida, (25) 2017 JACE TEA 11 MEPS 45 (18) 69 (28)




