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Abstract

The number of shoulder replacements performed each year continues to increase, and the need for revision replacements has
grown accordingly. The outcome of a revision replacement may influence which primary implant is selected and the timing of
primary surgery, particularly in younger patients. The aim of this study was to establish the expected improvement in shoulder
function and implant survival following revision of a hemiarthroplasty and revision of an anatomical total shoulder arthroplasty
(TSA). A systematic review and meta-analysis were performed of all studies reporting shoulder scores or implant survival
following revision hemiarthroplasty or revision TSA. MEDLINE, EMBASE, CENTRAL, The Cochrane Database of
Systematic Reviews and National Joint Registry reports were searched. 15 studies were included, reporting on 593 revision
anatomical shoulder replacements. There was large variation in the magnitude of improvement in shoulder scores following
revision surgery. Over 80% of revision replacements last 5 years and over 70% last 10 years. There was no significant differ-
ence in shoulder scores or implant survival according to the type of primary implant. The belief that revision of a shoulder
hemiarthroplasty may lead to improved outcomes compared to revision of a TSA is not supported by the current literature.
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This is particularly true of young patients where a revision
is likely during the patient’s lifetime. In young patients, equi-
poise remains regarding the best implant.” Compared to
hemiarthroplasty, TSA may lead to an improved range of
motion and reduced pain.® A hemiarthroplasty removes the
risk of glenoid implant complications. However revision
may also be necessary due to pain from the native
glenoid.” In principle, maintaining native glenoid anatomy
and bone stock may improve glenoid component implanta-
tion, and this can influence the decision about which
primary implant to use, particularly in younger patients.®*
However no previous review could be found which analysed

Introduction

The demand for shoulder replacements continues to rise.
Broadening indications, technical innovation, and a
growing population have all contributed to an increase in
the number of replacements performed each year. The
volume of revision surgery has also increased. Since 2012,
52,000 shoulder replacements have been performed in the
UK and the rate of revision shoulder replacement is 3.9
—9.9% at 8 years, with similar proportions reported in the
Australian National Joint Registry.'"

For anatomical shoulder replacements the most common
indications for revision are rotator cuff insufficiency, disloca-
tion and aseptic loosening." A further common indication for

revision of hemiarthroplasty is erosion of the native glenoid.’
Glenoid erosion, rotator cuff integrity, and a well fixed
humeral component may all contribute to the challenge of
performing a revision replacement.’ Data on the outcomes
of revision shoulder replacement are steadily increasing.

In patients who are considering a shoulder replacement,
the risk of revision and the outcomes that can be achieved fol-
lowing revision form part of the decision making process.*
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the outcomes of revision hemiarthroplasty and revision TSA.
The aim of this review was to investigate the clinical out-
comes and survivorship of revision hemiarthroplasty and
revision TSA.

Method

The review was completed according to the Preferred
Reporting Items for  Systematic  Reviews and
Meta-Analyses (PRISMA) guidelines.'® The protocol was
registered on the International Prospective Register of
Systematic Reviews (PROSPERO).

The following databases were searched: MEDLINE
(OvidSP, 1946 to present), Embase (OvidSP, 1974 to
present), CENTRAL and the Cochrane Database of
Systematic Reviews. National Joint Registry Reports which
included data on shoulder arthroplasty procedures were
reviewed. The search was performed in September 2021.

Inclusion Criteria

All randomised and non-randomised studies reporting out-
comes of revision anatomical total shoulder arthroplasty
and revision hemiarthroplasty were included. Revision to
the following implant types were accepted: hemiarthoplasty,
TSA and reverse shoulder arthroplasty. All indications for
the primary replacement were accepted, however studies
were excluded where the majority of primary procedures
were performed for trauma, or more than 20% of the revi-
sions were performed for prosthetic joint infection. The spe-
cific surgical indications for each revision procedure are
detailed in the appendix. A minimum of 12 months follow-up
was required for the implant survival outcome.

Outcomes

The primary outcome was the difference in the postoperative
shoulder score compared to the preoperative shoulder score.
All commonly used and validated shoulder scores were
accepted. Secondary outcomes included implant survivorship
and complications.

Data Extraction

The search results were managed using Covidence® sys-
tematic review software. Duplicates were removed and the
remaining abstracts were screened independently by two
reviewers. Full text review was performed of relevant arti-
cles. A third reviewer was available to discuss any conflicts.

Data was extracted onto pre-specified data collection sheets
by two reviewers. Data was collected on the authors, institu-
tions, study design, patient demographics, inclusion and exclu-
sion criteria, number of patients, surgical indication, type of
primary and revision implants, loss to follow-up and the out-
comes of interest. Risk of bias was assessed by two reviewers.

We applied the MINORS instrument which is used to assess
both comparative and non-comparative studies.'’

Data Analysis

We performed a quantitative synthesis of the difference in
shoulder scores and the survival of the revision implants.
Several shoulder scores were used including the American
Shoulder and Elbow Score, Constant-Murley Score, Penn
Shoulder Score, Oxford Shoulder Score and the University
of California, Los Angeles Shoulder Score. To enable
meta-analysis of multiple scores the difference in pre-
operative and post-operative shoulder scores were pooled
using the standardised mean difference and weighted accord-
ing to standard error. The analyses were performed using
Revman® systematic review software using a random
effects model. Sensitivity analyses were performed to
explore the improvement in shoulder scores following revi-
sion of a TSA to TSA, compared to revision of a TSA to
RSA.

Meta-analysis of revision implant survivorship was per-
formed using STATA version 16. Study results were
weighted according to standard error, calculated from confi-
dence intervals and pooled using a random-effects model.
Studies were required to report survival analyses along
with confidence intervals for inclusion in the meta-analysis.
Where few studies were available the results of individual
studies were included in the summary survival graph.

Results

The database searches revealed 5368 studies, 3 further
studies were added following manual review of reference
lists. Duplicates were removed which left 3917 abstracts
for screening. A further 65 studies were excluded on full
text review, 15 studies met our inclusion criteria. The
PRISMA flow diagram is shown in Figure 1.

Of the included studies, 12 were case series and 3 were
cohort studies. They reported on a total of 593 revision ana-
tomical shoulder replacements, of which 557 reached the
final follow-up period for the shoulder scores. A summary
of study characteristics is shown in table 1.

The primary procedure was a total shoulder arthroplasty in
11 studies and a hemiarthroplasty in 4 studies. The type of
revision implant varied across the studies; a reverse shoulder
arthroplasty was the revision implant in 7 studies, and a TSA
in 6 studies. In 2 studies a mixture of revision implants were
used.>'® In the study by Jaiswal and colleagues all the
primary procedures were hemiarthroplasties; 18 were
revised to a TSA, 7 to a RSA and one to a hemiarthroplasty.'®
The large majority of TSA were revised for aseptic loosening
or rotator cuff failure, and the large majority of hemiarthro-
plasties were revised for painful glenoid erosion or rotator
cuff failure. The full list of indications for revision are avail-
able in the appendix.
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Figure |. PRISMA study flow diagram.

Shoulder Scores

Pre-operative and post-operative shoulder scores were reported
in 11 studies. The most commonly used scores were the ASES
and Constant-Murley scores. A meta-analysis of 7 studies
reporting shoulder scores was possible for TSA as the
primary procedure. The mean follow-up duration across all 7
studies was 22-50 months. 2 studies were available for the
meta-analysis of scores following revision of a hemiarthro-
plasty, with a mean follow-up of 40-62 months. The forest
plots of the standardised mean difference in pre-operative and
post-operative shoulder scores are shown in Figures 2 and 3.
A sensitivity analysis was performed comparing the
improvement in shoulder scores for revision of a TSA to a

TSA against revision of a TSA to RSA. The standardised
mean difference in shoulder scores was 2.11 (1.42-2.80)
for a TSA revised to RSA and 0.75 (0.0-1.49) for TSA
revised to a TSA. The forest plots are available in the appen-
dix, the TSA to TSA group was limited to 15 patients across a
single study by Deutsch et al.'®

Survivorship

Survival outcomes were reported alongside confidence inter-
vals in 4 studies; 3 following revision of a TSA and 1 follow-
ing revision of a hemiarthroplasty. The duration of follow-up
ranged from 1 to 10 years. There were sufficient studies for
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Table I. Included Studies. n/r — not Reported. HA — Hemiarthroplasty, m — Months, yr — Years. ASES — American Shoulder and Elbow Score.
Constant — Constant-Murley Score. SST — Simple Shoulder Test.

Included in Included in
Primary Revision Number Mean Mean Shoulder meta-anal. survival

Study Implant implant shoulders age follow-up Scores shoulder scores analysis

Aibinder 2017'? TSA TSA 34 66 8.3 year None No Yes
Bartels 2021 '3 TSA TSA 145 70.2 35m None No Yes

RSA
Castagna 2013'* TSA RSA 8 73.6 31.6m Constant Yes No
Cheung 2008'> TSA TSA 33 65 3.8 year None No Yes
Deutsch 2007'¢ TSA TSA 32 62 4yr ASES Yes No
Groh 20117 HA TSA 15 69 40 m UCLA Yes No
Jaiswal 2019'8 HA TSA, RSA 26 69 5.2 year Constant Yes No
& HA
Melis 2012'° TSA RSA 40 71 47m Constant Yes No
Otte 2020%° TSA RSA 75 64.6 223 m ASES Yes No
Ravenscroft 20092 HA TSA 17 66 52m Constant No No
ASES
Sassoon 201222 HA TSA 71 55 75m None No Yes
Scalise 2008% TSA RSA 16 69 38m Penn Yes No
Shields 2019%* TSA RSA 4 64 50 m ASES Yes No
Walker 20122 TSA RSA 24 68.6 39.6m ASES SST No No
Weber-Spickschen TSA RSA I5 70 43m ASES OSS Yes No
20152 WOOS

UCLA — The University of California at Los Angeles Shoulder Score. OSS — Oxford Shoulder Score. WOOS — Western Ontario Osteoarthritis of the Shoulder
Index. Penn — Penn Shoulder Score.

Post-op Pre-op Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, d 95% CI v, 95% CI
Castagna 2013 459 7.5 B 256 23 B B.IX 3.46 [1.77,5.15]
Deutsch 2007 528 27 15 344 208 15 15.5% 0.75 [0.00, 1.49]
Melis 2012 55.2 17.1 37 243 125 37 17.0% 2.04 [1.47, 2.61] —
Otte 2020 62 25 75 39 15 75 1B.6X% 1.11 [0.77, 1.45] .
Scalise 2008 57.3 25.6 11 225 B& 11 13.0% 1.75 [0.74, 2.77] i
Shiekis 2019 68 26 35 304 17 35 17.1% 1.69[1.14, 2.24] ——
Weber-Spickschen 2015 76.2 193 15 116 109 15 10.6% 4,01 [2.71,5.31] _—
Total (95% CI) 196 196 100.0% 1.89 [1.27, 2.52] <
Heterogenelty: Taw® = 0.52; ChF = 32.50, df = & (P < 0.0001); F = §2% - & 3
Test for overall effect: Z = 5.93 (P < 0.00001) Favours [experimental] Favours [control]

Figure 2. Revision of a TSA. SMD in perioperative shoulder scores.

meta-analysis of survival outcomes at 5 years following
TSA, this is shown in Figure 4.

Implant survival across all studies is summarised in
Figure 5. The majority are of the data points represent
single studies. The data for hemiarthroplasty is taken from
Sassoon et al.** The data for TSA at 1 year is reported by
Bartels et al, and 10 year data were extracted from
Aibinder et al.'>"?

None of the nine national joint registries which include out-
comes for shoulder arthroplasty currently report on patient
reported outcomes or survivorship of revision implants.?’

Risk of Bias

The risk of bias assessment was completed using the 8-point
MINORS instrument for non-randomised studies without a

comparison arm.'! In the large majority of cases the study
aims were clearly stated, and consecutive patients were
included. The methodology of all studies was to retrospec-
tively review the outcomes of revision procedures.
However in the case of shoulder scores, data was collected
prospectively. The follow-up duration was commonly the
most recent point of follow-up rather than a pre-specified
duration. No studies performed a prospective sample size cal-
culation. The full risk of bias table is available in the
appendix.

Discussion

Greater information about outcomes following revision
shoulder replacement is valuable both when considering
whether to perform a revision replacement and when
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Test for overall effect: Z = 1.40 (P = 0.16)

Post-op Pre-op Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Groh 2011 311 27 15 158 23 15 4B.6X 5.94 [4.17, 7.70] ——
Jatswal 2019 60.1 26 15 351 20.2 15 51.4% 1.04 [0.27, 1.81] -
Total (95% CI) 30 30 100.0% 3.42 [-1.37,8.21] |
Heterogenehty: Tau? = 11.48; Ch = 24.82, df = 1 (P < 0.00001); P = 96% v ; 3 i

-4 -2 2 4
Favours [experimental] Favours [control]

Figure 3. Revision of a hemiarthroplasty. SMD in perioperative shoulder scores.

deciding on the type of primary implant. The burden of revi-
sion arthroplasty continues to grow and revision procedures
are expensive.”*?? The risks of revision and re-revision are
important; recovery of function following a revision replace-
ment may be more modest compared to recovery following a
primary replacement,’*>! and revisions can have significant
influence on the cost-effectiveness of an implant.*?

Revision of a hemiarthroplasty may lead to improved out-
comes due to maintenance of the native glenoid at the time of
the primary procedure, but there is limited evidence to
support this assumption. Erosion of the native glenoid fol-
lowing hemiarthroplasty can lead to persistent pain and
asymmetrical glenoid erosion may occur.'” Carrol and col-
leagues demonstrated poor patient satisfaction and unpredict-
able improvement in symptoms following revision of a
hemiarthroplasty to TSA.*® Our systematic review highlights
the broad range of reported improvement in shoulder scores
across studies following revision of an anatomical shoulder
replacement. Despite a satisfactory mean improvement in
shoulder scores there is high variability in outcomes both
within and between studies. Large improvements in shoulder
scores were demonstrated in some patients, whereas in others
it was far more modest. There was no significant difference in
shoulder scores or implant survival between revision of a
hemiarthroplasty and revision of a total shoulder arthro-
plasty. Over 80% of revision implants did not require
re-revision at 5 years. 73% of revisions where the primary
implant was a hemiarthroplasty were free of re-revision at
10 years compared to 79% of revision of a primary total
shoulder arthroplasties. These data were based on a small
number of studies. Further Kaplan-Meier survival estimates
were provided by Sheth et al, but no confidence intervals
were included.’® They showed a significant difference in
revision implant survival at 5 years; the survival of a revision
of a hemiarthroplasty was 94% compared to 30% of revisions
of a TSA.** However the TSA group was limited to 10
patients. Our meta-analysis of implant survival at 5 years fol-
lowing revision of a TSA was 83.4% (73.1-93.7). It should
be noted that these estimates of implant survival are unad-
justed for mortality, rather than crude estimates that are cal-
culated using a competing risks model.*> The unadjusted
estimates report the risk of revision should the patient
remain alive during the follow-up period. This is a relevant
consideration given the revision population are more likely
to be of advancing age.

More recently new bearing surfaces have been intro-
duced.*® Pyrocarbon humeral heads have been developed
with the aim of reducing glenoid wear.>’>® The extent of
glenoid wear has not been shown to correlate with shoulder
function however it may make revision surgery more chal-
lenging.?” Ceramic humeral heads have shown encouraging
wear characteristics and may reduce osteolysis compared to
metal heads in total shoulder arthroplasty,”*® no work
could be found investigating the effect of a ceramic head
on native glenoid wear following hemiarthroplasty.

The choice of revision implant may further influence out-
comes and there is limited work in this area. Our sensitivity
analysis suggests revision to a RSA may lead to superior
shoulder scores at mid-term follow-up, however uncertainty
remains given the small number of included patients and
broad confidence intervals. A previous review demonstrated
superior shoulder scores following TSA revised to a RSA,
compared to TSA revised to a TSA.*' However it is
unclear how the data synthesis was performed and broad
inclusion criteria were used. No work could be found com-
paring implant choices when revising a hemiarthroplasty.

When considering a joint replacement patient’s priorities
may differ.*> A high value is placed on symptom relief and
improvement in function by patients.*** This is an important
consideration given that primary TSA may lead to improved
pain relief and function compared to hemiarthroplasty.®
Patients describe an eagerness to return to function and
regain control of their life, despite the potential need for a
revision in future.* The ability to continue employment is
particularly important for younger patients.*’

Despite the growing importance of revision shoulder
arthroplasty the evidence base centres around relatively
small case series. In comparison the revision knee arthro-
plasty literature is supported by larger and more established
joint registries which provide data on re-revision rates.**
However there remains a relatively small number of articles
which report on the clinical outcomes of revision total knee
arthroplasty.*’

Broad inclusion criteria were necessary in this systematic
review to capture sufficient studies to warrant analysis. The
surgical indication of the primary procedure may influence
outcomes leading to an overestimation or underestimation
of the effect of the primary procedure on the outcome of revi-
sion for different indications. Revision for infection was only
included if the total proportion of revisions for infection in a
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%
Paper Number Effect (95% CI) Weight
Aibinder 20 —:9— 85.40 (71.50, 100.00) 25.89
Bartels 127 —- 75.30 (67.00, 83.60) 38.43
Cheung 33 ++— 90.70 (81.00, 100.00) 35.68
Overall, DL (I? = 66.2%, p = 0.052) @ 83.41 (73.09, 93.73) 100.00
T
0 100
NOTE: Weights are from random-effects model
Figure 4. 5 year survival following revision from a TSA.
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Figure 5. Implant survival following revision of a TSA and HA.

study were a maximum of 20%, due to the poor outcomes
associated with this revision indication. This threshold was
selected as a compromise to capture papers which revised a
small proportion of joints for infection but involved suffi-
ciently few patients that it would not substantially bias the
results. Three studies included any patients revised for infec-
tion, two in the TSA and one in the hemiarthroplasty
group.'®2%2% We did not stratify outcomes by indications
for revision. It should be noted that indications for revision
may overlap, an undiagnosed infection may be present in
cases of symptomatic implant loosening, and persistent

pain may occur in patients with rotator cuff tears or instabil-
ity. A sensitivity analysis was performed for the revision
implant following a primary TSA, however several revision
implants were used across the review leading to additional
heterogeneity. The reporting of loss to follow-up was
mixed, in 38% of articles the loss to follow-up was over
5%. The use of alternative bearing surfaces including
ceramic and pyrocarbon implants may alter the pattern of
glenoid wear following hemiarthroplasty, and influence the
outcomes of revision replacement. Further data on the out-
comes of these implants is necessary.
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Conclusion

Revision of a shoulder hemiarthroplasty and revision of a
TSA leads to improved shoulder scores, however the magni-
tude of improvement varies substantially across studies. The
improvement in shoulder scores following revision of a
hemiarthroplasty was not superior to revision TSA across
included studies, and do not support the rationale that revi-
sion of a hemiarthroplasty will lead to superior outcomes.
Over 80% of revision anatomical replacements last 5 years,
73% of revision hemiarthroplasties and 79% of revision
TSA last 10 years.
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