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ABSTRACT

Objectives This study aims to review whether both
clinical and Patient Reported Outcome Measures (PROMs)
of Reverse Shoulder Arthroplasty have improved over time
using the National Joint Registry (NJR).

Design This study is a population-based cohort study
using the NJR and Hospital Episode Statistics for England.
Setting Publicly funded hospitals and procedures in
England from 1 January 2013 to 31 December 2021.
Participants All patients that received a reverse shoulder
arthroplasty (RSA) in the specified time period. Patients
were excluded if they had less than 1 year of follow-up.
Main outcome measures Primary outcome was revision
at one year. Secondary outcomes were non-revision re-
operation and mortality at one year, length of stay (LOS)
and mean change in Oxford Shoulder Score (0SS) from
pre-operatively to 6 months post-operatively.

Results There were 24 411 RSA cases available for
analysis. There was no significant improvement in revision
rates over time; however, there was a significant reduction
in non-revision re-operations (OR 0.93 (0.86-0.99)
p=0.03) and mortality (0.96 (0.92—1.00) p=0.04). LOS
over time improved with an average reduction of 0.24 days
per year, ranging from a mean of 3.94 days in 2013 to
2.44days in 2021 (p<0.001). There was also a significant
improvement in 0SS preoperatively to 6 months as time
progressed (p<0.001) with an average improvement of
0.51 points per year with a mean improvement in 2013 of
15.84 improving to 20.29 in 2021.

Gonclusion Over the 9-year period recorded in the NJR,
revision rates were low and remained similar. There

has, however, been an improvement in other clinical
outcomes such as non-revision reoperation and mortality
as well as functional outcomes and reduced LOS, which
demonstrates progress in the quality of care provided

to shoulder replacement patients and is suggestive of
advancements in surgical techniques, perioperative
management and rehabilitation strategies.

INTRODUCTION

Reverse shoulder arthroplasty (RSA) is the
most commonly used shoulder replace-
ment in the UK and despite being originally
designed for cuff tear arthropathy, the range
of indications as well as patient demographics
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is the largest study to date looking at out-
comes over time of reverse shoulder arthroplasty.

= The study is reflective of the population given the
mandatory reporting to the National Joint Registry.

= Due to a merging of the NJR and Hospital Episode
Statistics database, there was a reduction in the
sample size; however, this study still includes the
outcomes of over 24 000 patients.

= The Patient Reported Outcome meas Measures data
set had a large proportion of missing data and there-
fore the results should be interpreted with caution.
The low completion rates were, however, consistent
across years.

has expanded substantially.' Since the
commencement of the National Joint Registry
(NJR) in 2012, the percentage of shoulder
arthroplasties that are RSAs has increased
from 25.7% to 63.4% in 2023.* Case numbers
of RSA increased up until the pandemic with
a peak of 4621 cases per year in 2019 and
case numbers in 2023 have exceeded pre-
pandemic levels with 5212 cases performed.”
Case numbers both in the UK and worldwide
are expected to continue to increase with
an associated significant financial burden to
healthcare systems.”*

The current RSA design was conceptual-
ised in the 1970s and this design reversed
the anatomy so the socket was placed on the
proximal humerus and the humeral head on
the glenoid.” In order to reduce complica-
tions of the original design, several modifica-
tions in the implants design have taken place,
such as lateralisation at the glenoid compo-
nent to reduce scapular notching, shortening
of the humeral component as well as stemless
designs to preserve bone stock and reduce
metaphyseal stress and changes in the neck
shaft angle to improve stability.” As well as
implant design, advances in technology such
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as navigation systems and patient specific implants have
changed the way an RSA may be implanted.7 8

With this development in implant design as well as
increasing surgical experience and case numbers, there
is limited evidence on whether both clinical and patient-
reported outcomes are improving over time. A systematic
review looking at Patient Reported Outcome Measures
(PROMs) and re-operation rates from 1990 to 2015 found
there was no improvement in reported outcomes in more
recent RSA studies.” However, a single centre study in
the USA reported an increased American Shoulder and
Elbow score (ASES) at 5 years by each subsequent year of
surgery between 2008 and 2018."

This study aims to assess at population level if the
outcomes of RSA both clinically and in terms of PROMs
are improving over time using data from the NJR of
England, Wales, Northern Ireland, Isle of Man and the
States of Guernsey.

METHODS

Data source: the NJR has been routinely collecting data
in England, Wales, Northern Ireland, Isle of Man and
the States of Guernsey since 2012. The dataset contains
pseudo-anonymised patient details, patient demo-
graphics, procedure type and the outcome of the patient
in terms of ‘unrevised’, ‘revision’ or ‘death’. The NJR
dataset can be linked to the Hospital Episode Statistics
(HES) database using the primary NJR index number.
The HES database contains medical comorbidities in
the form of ICD-10 (International Statistical Classifi-
cation Of Diseases 10th Revision) codes and operation
details in the form of OPCS-4 (Office of Population,
Census & Surveys Classification of Surgical Operations
& Interventions 4th Revision) codes. Mortality data
are obtained from the Office for National Statistics
mortality register which is regularly updated and linked
to HES data.

Patient and public involvement

Shoulder arthroplasty has been deemed a high research
priority by the James Lind Alliance. Research priori-
ties and results are regularly discussed at quarterly PPI
(Patient & Public Involvement) meetings at Imperial
College London.

Inclusion

Data were requested from the three databases for patients
of all ages receiving a reverse shoulder arthroplasty proce-
dure from 1 April 2012 to 31 March 2022. Following the
collection of these databases, the files were routinely
cleaned and linked. In order to complete an analysis
of an annual caseload, patients who had a procedure
between 1 January 2013 and 31 December 2021 were
included. Patients were excluded if they had less than
l-year follow-up.

Outcomes

Primary outcome was revision at 1 year. Revision was
defined as any operation where one or more compo-
nents are added to, removed from or modified in a joint
replacement or if a debridement and implant reten-
tion with or without modular exchange is performed."
Secondary outcomes include non-revision re-operation
at 1 year, mortality at 1 year and length of stay (LOS).
Patient reported outcomes from pre-operatively to 6
months postoperatively using Oxford Shoulder Score
(OSS) will also be compared between years. To iden-
tify re-operation procedures, OPCS-4.9 codes were used
(appendix 1); re-operations on the same shoulder not as
part of a revision procedure were included. Re-operations
included subacromial decompression, rotator cuff repair,
stabilisation, relocation, manipulation under anaesthesia
+/- capsular release, synovectomy and fracture fixation.
LOS was calculated from the primary procedure date in
the NJR to the discharge date provided by HES. Collecting
OSS is coordinated by the NJR. Shoulder PROMS were
collected as a pilot study prior to 2016 and PROMS
collection was made routine in 2017."" > OSS is a patient
focused, shoulder-specific questionnaire. It consists of
12 domains which are scored 0—4 with a maximum score
of 48."* ™ The score has been extensively tested and vali-
dated and is deemed a reliable test for assessing patients’
shoulder symptoms.'” As defined by Dawson et al within
the questionnaire, if there are up to two items missing,
the average of the remaining items can be substituted for
the missing values. If more than two items are missing,
the results will be disregarded.'* Due to recall bias in
concordance with NJR, preoperative score must be within
90 days prior to the primary surgery until the day of the
primary operation. There is no specified method for
collecting pre-operative PROMS in trauma patients, for
example, if this is prefracture function or function at time
of injury. The 6-month data collection must be within 5-8
months postoperatively.'® A month was calculated as an
average month (30.42days) to calculate cut-offs when
validating the questionnaires, for the OSS minimally clin-
ically important difference (MCID) for RSA at 6 months
postoperatively has been calculated at 4.7 and this value
will be used in this study.”

Statistical analysis

The Kaplan-Meier method was used to analyse time to
revision at 1 year, combined revision/non-revision re-op-
eration at 1 year and mortality at 1 year and a log-rank
test was completed to assess overall trend over the consec-
utive years. The incidence of revision, re-operation and
mortality within 1 year of primary RSA date was compared
between years using logistic regression. The regression
model was adjusted for confounders described in the
literature to affect the outcomes of RSA. These included
age, gender, American Society of Anaesthesiologist Score
(ASA), Charlson Comorbidity Index (CCI), indication in
terms of trauma or elective, deprivation rank, operating
consultant surgeon volume and the funding source (NHS
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Figure 1 Flow diagram of study cohort. HES Hospital
Episode Statistics; NJR National Joint Registry; APC,
Admitted Patient Care.

or independent) also included.'®* CCI was calculated
using ICD-10 codes from the HES database (appendix 2).
Comorbidities were identified from episodes prior to or
at the same time as the index arthroplasty.'® > ** The cut-
off used for operating consultant volume was 10.4 cases
per annum.” Multicollinearity was assessed using vari-
ance inflation factors (VIF). All predictors had VIFs below

three, except ASA score categories 2 and 3, which had
VIFs of approximately six. Pairwise correlation between
ASA score and CCI was low (r=0.3), suggesting only mild
shared variance. Given clinical relevance and acceptable
VIF thresholds, all variables were retained in the model.
Results of the logistic regression model are presented
as OR with 95% CIs. LOS and mean OSS score between
preoperative and 6 months was compared between years
using linear regression with the model being adjusted for
the covariates described. Linear regression results are
presented with regression coefficients (RCs) and 95%
CIs. Significance will be deemed if p value <0.05. The
STrengthening the Reporting of OBservational studies in
Epidemiology guidelines were adhered to in this study.”
The statistical analysis was performed using StataSE V.16
(StataCorp, Texas, USA).

RESULTS
There were 38 733 RSAs in the database between April
2012 and March 2022. Following merging with the HES
database and excluding those patients who did not meet
the inclusion criteria, 24411 patients remained available
for analysis (figure 1). The mean age of the cohort was
75.36 years (SD 7.78) and the majority of the patients were
female (72.48%). The demographics of those patients by
operative year are presented in (Supplementary Table 1).
The Kaplan-Meier curve for implant revision is
presented in figure 2 with cumulative revision rate in the
Supplementary Table 2. There was no significant trend
over time (log rank test p=0.95). On logistic regression
analysis, there was no significant improvement in revision

rate by year (OR 0.99 (0.95-1.03) p=0.79). When adjusting
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Figure 2 Kaplan-Meier curve for implant survival (revision).
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Figure 3 Kaplan-Meier curve for implant survival (revision/re-operation).

for the confounders that have been shown to affect RSA
outcome, there was again no significant improvement in
revision rates at 1 year (OR 0.99 (0.94-1.03) p=0.51).

The Kaplan-Meier curve for combined revision and
non-revision re-operation is presented in figure 3 with
revision/re-operation rate presented in (Supplemen-
tary table 3). There was no significant trend shown
over the consecutive years (log rank test p=0.92).

On logistic regression analysis of incidence of
re-operation between years, there was no significant
improvement in re-operation (OR 0.94 (0.87-1.01)
p=0.08): however, when the model was adjusted for
confounding, there was a significant reduction in
re-operations over time (OR 0.93 (0.86-0.99) p=0.03).
The types of re-operation with frequencies of occur-
rence are presented in Supplementary table 4.

2.07% of all patients died within 1 year of having
an RSA. The Kaplan-Meier curve for mortality is
presented in figure 4 and mortality rate at 1 year
presented in Supplementary table 5. There was no
significant trend shown over the consecutive years
(log rank test p=0.23).

On logistic regression analysis of mortality, there was
no significant improvement in mortality in the unad-
justed model (0.99 (0.95-1.02) p=0.44); however, when
adjusting for confounders, there was a significant reduc-
tion in mortality (0.96 (0.92-1.00) p=0.04).

Mean LOS is presented in Supplementary Table 6
by operative year. On linear regression analysis, the
unadjusted and adjusted model both showed that LOS
significantly improved over time (RC -0.21 (-0.23 to
-0.18) p=<0.001 and RC -0.24 (0.2 to -0.21) p=<0.001,
respectively).

The number of patients with available preoperative
and 6-month OSS scores is presented in table 1 as well as
those with paired preoperative and 6-month scores. On
linear regression analysis in both the unadjusted model
and adjusted regression model, there was a significant
improvement in preoperative to 6-month scores as time
progressed (RC 0.49 (0.26-0.72) with p <0.001and RC
0.51 (0.29-0.74) p=<0.001, respectively). In all years, a
MCID was seen at 6 months postoperatively. A sensitivity
analysis was completed for elective indications due to
lack of guidance on pre-operative OSS scores in trauma
cases (supplementary Table 7)(online supplemental
table 7). With trauma cases removed, there remained a
significant improvement in preoperative to 6-month OSS
score over the study period (unadjusted RC 0.46 (0.24—
0.69) p<0.001 and adjusted RC 0.50 (0.28-0.73)).

DISCUSSION

This study showed that between 2013 and 2021 revision
rates did not significantly improve. When adjusting for
confounders such as age, gender, ASA, comorbidities,
surgeon volume and deprivation and indication, the like-
lihood of requiring a revision slightly decreased; however,
this was not significant (p=0.51) and therefore, while
there is a trend, it is not definitive. After adjusting for
confounding, non-revision re-operation rates did show an
improvement; however, itisimportant to note the number
of re-operations was low at <1% for all years. Despite the
lack of improvement in revision, rates remained low
throughout the time period, with revision being <2% at 1
year for all years with the exception of 2021.
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Figure 4 Kaplan Meier curve for mortality.

In 2021 in both revision and mortality, there was an
increase in rates (2.82% and 3.49%). 2021 followed the
COVID-19 pandemic in 2020 when elective joint arthro-
plasty operations were largely suspended and then slowly
reintroduced into practice.”® Waiting lists following the
pandemic in 2020 were significantly lengthened and
double the amount of patients awaiting knee and hip
arthroplasty were said to be experiencing symptoms
‘worse than death’ while awaiting surgery.”’ ** Delayed
operations may lead to worsening of joint disease, and
this has been shown to have worse outcomes in hip and
knee arthroplasty, which may explain this uptick in revi-
sions in 2021.*’ Revision and mortality outcomes related

to glenoid bone loss or severity of osteoarthritis in RSA
have not been examined; however, it has been shown
that PROMs are not affected by disease, severity and with
OSS scores in this study showing continued improvement
by year, including in 2021, further supporting this.*’ In
terms of indications, in 2021, there was an increase in RSA
done for trauma from 14.76% in 2019 to 19.35% and this
could have contributed to an increase in mortality. In the
unadjusted model, no significant reduction in mortality
was observed. However, after adjusting for potential
confounders such as an indication of trauma and comor-
bidities, a significant decline in mortality emerged over
the study period. These findings suggest that the elevated

Table 1 Available PROMs scores with mean scores

Number of

Number of completed

completed Mean Number of preoperatively to Mean

preoperatively preoperatively completed Mean 6-month 6-month scores difference
Year scores (SD) 6-month scores (SD) (%) (SD)
2013 319 15.4 (8.4) 591 31.7 (11.4) 161 (12.3) 15.8 (11.4)
2014 499 15.78 (8.6) 118 33.9 (10.2) 33 (1.8) 17.5 (10.5)
2015 594 15.2 (8.1) 343 32.8 (11.3) 100 (4.6) 17.0 (11.3)
2016 633 15.7 (8.4) 10 36.6 (9.1) 2 (0.1) 23.5 (21.9)
2017 732 15.7 (8.7) 2252 34.0 (11.1) 520 (15.7) 19.3 (12.0)
2018 712 15.3 (8.6) 2569 34.1 (11.1) 524 (14.2) 19.3 (11.8)
2019 925 15.4 (8.4) 1744 34.9 (10.7) 371 (8.8) 19.2 (11.5)
2020 494 14.9 (8.9) 215 35.8 (10.1) 193 (9.1) 20.2 (11.4)
2021 642 15.3 (8.7) 409 35.76 (10.4) 360 (12.0) 20.3 (12.1)
PROMs, Patient Reported Outcome Measures.
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mortality rate observed in that specific year may be attrib-
utable to differences in the patient cohort during that
time.

Length of stay, when adjusted for confounders
described, showed a significant improvement with an
average reduction in stay of 0.24 days per annum over the
time period with stays improving from 3.94days in 2013
to 2.44 days in 2021 (p<0.001). A US study looking at total
shoulder arthroplasty comparing patients having their
procedure in 2005-2010 and 2015-2018 also showed a
reduction in LOS (0.6days over the two time periods).”
It is projected that the demand for shoulder arthroplasty
between 2011 and 2030 will increase by 755% and shorter
stays following shoulder arthroplasty will decrease costs
to the healthcare provider, reduce the risk of hospital-
acquired infections as well as improving patient satis-
faction and help progression through and increasing
waiting lists.”™ Day case hip and knee arthroplasty is
well established with developed evidence-based pathways
in the UK; however, no such guidelines exist for shoulder
arthroplasty.” There is limited literature regarding day
case RSA; however, with increasing pressures on health
services and the projected growth expected, further
improvements in LOS and guidance on day case surgery
should be a target for further research.

Patients OSS score improvement between their preop-
erative and 6-month scores was significantly improved
over the time period. Mean OSS improved on average
by 0.51 points per year, with a mean in 2013 of 15.84 to
20.29 in 2021 (p<0.001). A US study looking at patient
outcomes in the form of ASES for RSA found a yearly
mean increase in ASES of 1.64 (p<0.001; 95% CI, 0.81
to 2.47) concluding that this may indicate that advances
in shoulder arthroplasty have resulted in better patient
outcomes over time.'’ This improvement in OSS is likely
multifactorial. Data from NJR show that reverse shoulder
replacements are increasingly conducted by higher
volume orthopaedic consultants and, as mentioned, the
implant has developed over time with the aim to improve
patient satisfaction.” ® Looking at the primary indication
for RSA implantation, over the time period, the case mix
changed. In 2013, 58.37% of cases were done for cuff
tear arthropathy (CTA); however, by 2021, this had fallen
to 31.60% with primary osteoarthritis (OA) being the
most common indication (32.36%). A systematic review
by indication for RSA has shown significant improve-
ment in constant scores for those with primary OA versus
those with CTA; therefore, the improvement in OSS in
this study may be reflective of the change in case mix.”
Aside from surgeon and implant factors, there has been
a research focus and developments in optimum patient
rehabilitation which may further improve a patients expe-
rience.”?’

This is the first study looking at both clinical outcomes
and PROMs for RSA by year of operation. The study
does, however, have limitations. Due to the combining
of databases, the sample size was reduced; however,
the sample sizes per year remained large for analysis of

clinical outcomes. Due to PROMS not being mandatory
until 2017 the percentage of paired results at preoper-
ative and 6 months was low, particularly between 2014
and 2016. The analysis done for OSS looked at trends
over time using operative year as a continuous outcome,
therefore minimising the impact of these years on the
overall analysis and conclusions. In the analysis of LOS,
year was treated as a categorical variable, with each year
represented by approximately 1800 observations. While
this approach captures year-specific effects, it limits the
ability to model continuous trends over time and fully
use the year-to-year variability. Additionally, potential
correlation among observations within each year was not
directly modelled, which may affect the robustness of the
estimates. The analysis finished at the end of 2021 when
the recovery from the COVID-19 pandemic was ongoing.
Further research in outcomes following return to normal
practice should be done to review if revision and mortality
rates in 2021 return to pre-pandemic levels. Although the
study adjusted for multiple confounding factors that may
have affected performance, RSA implants differ in terms
of design, for example, medialised or lateralised and neck
shaft angle. This level of categorisation of implants is not
available within the NJR dataset; however, given the devel-
opment of the implant, this should be a target for further
research to assess if this has improved RSA outcomes over
time.

CONCLUSION

From 2013 to 2021 revision rates for RSA were low and
remained similar. There was a reduction in non-revision
re-operation and mortality rate over the study period
as well as an improvement in functional outcomes and
reduced LOS, which demonstrates progress in the quality
of care provided to shoulder replacement patients and
is suggestive of advancements in surgical techniques,
perioperative management and rehabilitation strategies.
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