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Abstract

Background While shared decision making is a cornerstone of orthopedic care, orthopedic surgeons face challenges
in tailoring their advice and expectation management to individual shoulder arthroplasty patients due to the lack

of systematically summarized evidence-based knowledge. This systematic review aims to provide an overview of cur-

rent knowledge on independent predictive effects of patient-related factors on functional and pain-related outcomes
after shoulder arthroplasty.

Methods We included longitudinal cohort studies including patients receiving total or reverse shoulder arthroplasty
or hemiarthroplasty for primary osteoarthritis or cuff tear arthropathy. Studies with only univariable analyses were
excluded. MEDLINE, Embase, and CINAHL databases were last searched on June 27, 2023. Risk of bias was evaluated
using the QUIPS tool. For the analyses, we divided outcomes into three domains (Functional Recovery, Pain, and Func-
tional Recovery & Pain) and four time points (short term, medium-short term, medium-long term and long term).
When appropriate, meta-analyses were conducted to pool regression coefficients or odds ratios. Otherwise, results
were summarized in a qualitative analysis. We used the GRADE approach to rate the certainty of the evidence.

Results Thirty-three studies analyzing over 6900 patients were included; these studied 16 PROMSs and 52 prognostic
factors. We could perform meta-analyses for six combinations of prognostic factor, domain, and time point. Only the meta-
analysis for medium-long term poor ASES scores indicated worse outcomes for previous shoulder surgery (OR (95%Cl)

of 2.10 (1.33-3.33)). The majority of reported factors showed unclear or neutral independent effects on functional outcomes.
Conclusions Methodological heterogeneity and selective/incomplete reporting prevented us from pooling most
results, culminating in a largely qualitative analysis. Depression, preoperative opioid use, preoperative ASES and SST
scores, surgery on the dominant side, previous surgery, male gender, no. of patient-reported allergies, back pain, living
alone, CTA vs OA, diabetes, and greater preoperative external ROM predicted neutral to worse or worse outcomes. In
contrast, higher electrical pain threshold on the operative side, OA/RCA vs other diagnosis, and private insurance vs
Medicaid/Medicare predicted neutral to better or better outcomes.

These results can help orthopedic surgeons tailor their advice and better manage expectations.

Systematic review registration PROSPERO CRD42021284822.
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Introduction

Currently, it is a challenge for surgeons to provide evi-
dence-based advice to their shoulder arthroplasty (SA)
patients, since an overview of patient-related prognos-
tic factors on functional and pain-related outcomes
after shoulder arthroplasty does not exist. Thousands of
patients undergo SA yearly, and the incidence contin-
ues to rise. For the United States, the incidence has been
predicted to increase to at least 174.810 SAs for 2025 [1].
To each of these patients, orthopedic surgeons would
ideally tailor their advice and expectation management
regarding functional recovery and pain. After all, explain-
ing evidence-based benefits and risks of treatment is an
essential step in shared-decision making [2].

However, such an overview of the independent predic-
tive effect of patient-related factors on outcomes after SA
does not exist. Although Vajapey [3] described the influ-
ence of only psychological factors on outcomes after SA
in a systematic review, the included studies mostly used
univariable analysis or correlations and did not contain
the full scope of relevant prognostic factors.

Since patient-related prognostic factors do not present
in isolation as the outcome of surgery is determined by
multiple factors, univariable analyses are insufficient to
predict outcomes. Adjustment for other prognostic fac-
tors can affect not only the magnitude of the predictive
effect but even the direction of the effect. To enable sur-
geons to tailor their advice to each individual patient’s
circumstances, the first step is a thorough overview of
evidence from studies investigating prognostic factors in
multivariable analyses. To the best of our knowledge, no
such overview is currently available in the literature.

Therefore, this systematic review aims to create an
overview of the current body of evidence on the inde-
pendent predictive effects of patient-related factors on
functional and pain-related outcomes after SA.

Materials and methods
Eligibility criteria
We included longitudinal cohort studies with multi-
variable analysis to study patient-related prognostic fac-
tors on patient-reported pain and functional recovery
after total shoulder arthroplasty (TSA), reverse shoulder
arthroplasty (RSA), and hemiarthroplasty (HA). We only
included studies with patients older than 18 years and in
which at least 75% of included patients received SA for
primary osteoarthritis or cuff tear arthropathy. If data
could be extracted for SA alone, we also included studies
comparing SA to another treatment. No restrictions were
placed on the timing of outcome measurement.

Studies that were cross-sectional or case reports, only
reported univariable analysis or correlations, included
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intra- or postoperative variables in the multivariable
analysis, or used concomitant treatment were excluded.

Prognostic factors under study

Any patient-related prognostic factor was of inter-
est for this review, including but not limited to socio-
demographic, physical, psychological, and work-related
factors.

Outcomes under study
For this review, only patient-reported outcome measures
(PROMs) on pain and functional status were of interest.
Measures with a component performed by a health pro-
fessional (e.g., Constant-Murley score) were excluded.
No limitation was placed on the timing of outcome
measurement.

To aid in interpretation of the results, we grouped
PROMS under three separate constructs:

+ Functional recovery and pain—combined: Ameri-
can Shoulder and Elbow Surgeons score (ASES),
Shoulder Pain and Disability Index (SPADI), West-
ern Ontario Osteoarthritis of the Shoulder Index
(WOOS), and Oxford Shoulder Score (OSS)

+ Functional recovery—isolated: Quick Disabilities of the
Arm, Shoulder and Hand score (QuickDASH), Dis-
abilities of the Arm, Shoulder and Hand score (DASH),
Simple Shoulder Test (SST), Patient-Reported Out-
comes Measurement Information System (PROMIS)
Upper Extremity (UE) subscale, PROMIS Physical
Functioning (PF) subscale, PROMIS Pain Interference
(PI) subscale, Single Assessment Numeric Evaluation
(SANE), Shoulder Activity Scale (SAS), Subjective
Shoulder Value (SSV), and ASES function score

+ Pain—isolated: Visual Analogue Scale (VAS) pain
and ASES pain score

Timing of the measurements are grouped under “short-
term” (1 day to 3 months), “medium-short term” (3
months up to and including 1 year), “medium-long term”
(after 1 year, up to and including 5 years) and “long term”
(after 5 years).

Search methods

The following databases were used up to July 5, 2021:
MEDLINE (through PubMed), EMBASE (through Ovid),
and CINAHL. A search update was performed on June
27, 2023, using the same strategy. A medical librarian
(FJ) designed and performed a sensitive search strategy
guided by the PICOTS format [4, 5] (Table 1). She dedu-
plicated the results of both searches. For the full PubMed
search strategy, see Table Al in Appendix 1.



Hesseling et al. Systematic Reviews (2024) 13:286

Table 1 PICOTS format

Page 3 of 22

Patients

Patients who received HA, TSA, or RSA for primary OA or CTA

Index prognostic factors
Comparator factor
Outcome

Time

Setting

Patient-related prognostic factors measured before the intervention
PROM s assessing functional recovery and pain

Any range of prediction interval

Hospital care

HA Hemi-arthroplasty, TSA Total shoulder arthroplasty, RSA Reverse shoulder arthroplasty, OA Osteoarthritis, CTA Cuff tear arthropathy, PROMs Patient-reported

outcome measures

Data collection, data extraction, and risk of bias

All search results were imported into Rayyan, a web and
mobile app for systematic reviews [6]. In Rayyan, two
reviewers (NP, BH) independently screened titles and
abstracts for eligibility and, subsequently, the full-text
articles of studies that were deemed eligible. Next, for
the included studies, the two reviewers independently
extracted data on study characteristics, prognostic fac-
tors and outcomes and assessed the risk of bias (RoB)
using the Quality in Prognostic Studies (QUIPS) tool [7].
When studies used more than one multivariable model to
analyze their data, we extracted only the most complex
model (i.e., adjusting for the highest number of factors).

For all stages, disagreements were solved by discussion
and, if needed, a third reviewer (BS).

The QUIPS tool is divided into six domains: “study
participation,” “study attrition,” “prognostic factor meas-
urement,” “outcome measurement,” “adjustment for
other prognostic variables,” and “statistical analysis and
reporting”

For the domain “adjustment for other prognostic varia-
bles,” we decided to only use moderate or high RoB, given
the absence of a predefined evidence-based core set of
variables to include in a multivariable analysis.

Studies received an overall “low RoB” rating when all
six domains had low RoB, an overall “high RoB” rating
when at least one domain had high RoB, and an overall
“moderate RoB” rating when at least one domain had
moderate RoB and none had high RoB.

For all stages, disagreements were solved by discussion
and, if needed, a third reviewer (BS).

Extracted data and RoB results were recorded on a
detailed Excel worksheet by each of the two review-
ers, and a final version was created after discussion and
reaching an agreement.

Since only studies that used multivariable analysis were
eligible for this review, we extracted for each combination
of prognostic factor and outcome either the p-coefficient
or odds ratio (OR), its 95% confidence interval (CI), and its
p-value. When data was unclear or missing, authors were
contacted up to two times to request clarification by email.

If multiple reports for a single study were encountered,
both reports were only used if they reported on different
prognostic factor/outcome combinations.

Quantitative data synthesis

For performing meta-analysis, a minimum of two stud-
ies per prognostic factor and outcome combination was
necessary. First, we assessed whether clinical and meth-
odological heterogeneity, including similar time points
of outcome measurement, were sufficiently low to enable
meta-analysis. If so, statistical heterogeneity needed to be
acceptable (I*<75%) to pool results. We used random-
effects models with Restricted Maximum Likelihood
(REML) estimation [8, 9] to conduct the analyses, using
R version 4.3.1 [10] in RStudio version 2023.6.1.524 [11]
and the metafor package [12].

When multiple reports with the same source popu-
lation were eligible for meta-analysis, we included the
report with the lowest RoB or, in case of similar RoB, the
largest sample size. We then performed sensitivity analy-
ses by repeating the meta-analysis using the other study/
studies instead, to examine whether this would substan-
tively affect the results.

Qualitative data synthesis
When meta-analysis was not possible, we performed a
qualitative analysis. For the qualitative analysis, the fol-
lowing data from all studies were tabulated for each prog-
nostic factor: the studied PROM, its method (e.g., raw
score, change score) and timing of measurement, effect
estimate with 95% CI and p-value, the number of other
factors for which each study adjusted and overall RoB.
Because we did not find guidelines for defining or
summarizing the direction of effect in a qualitative data
synthesis of prognostic factor studies, we created and
adhered to the following guidelines using the minimal
clinically important difference (MCID) to determine the
direction and size of effect:



Hesseling et al. Systematic Reviews (2024) 13:286

+ Better or worse outcomes: when all effect estimates
and CI limits of involved studies exceeded either the
MCID of that outcome (in case of an established
MCID in the literature) or the neutral value (0 for
linear regression coefficients and 1 for OR, when no
established MCID was found) in a positive or nega-
tive direction, respectively

+ Neutral to better/neutral to worse outcomes: when
one end of the CI of at least one study exceeded the
MCID or when no established MCID was found,
the effect estimate of at least one study exceeded the
neutral value after rounding

+ Neutral direction of effect: when both CI limits of
involved studies fell short of reaching the MCID or
when no established MCID was found, the effect
estimates of involved studies equalled the neutral
value after rounding

+ Conflicting direction of effect: when effect estimates
or Cls of involved studies exceeded the MCID on
both the positive and negative sides of effect

+ Unclear direction of effect: when no effect estimates or
only effect estimates without CI could be extracted from
all involved studies (except when the effect estimate of
at least one study exceeded the MCID, then “neutral to
better/neutral to worse outcomes” was defined)

Table A2 in Appendix 1 lists the MCIDs we have
utilized.

Certainty of the evidence

We used the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach to
evaluate the certainty of the evidence [13], following the
recommendations for the assessment of evidence about
prognostic factors [14]. The certainty of the evidence can
be rated down on the domains “risk of bias,” “inconsist-
ency, “indirectness,” “imprecision,” and “publication
bias” The certainty can be rated up when there is a clear
dose—response gradient, a large effect, or when plausible
confounding is present, adjustment for that confounding
would increase the confidence in the found effect being
the true effect. However, Foroutan et al. [14] report that
they have not yet found examples of systematic reviews
that mandate rating up for prognostic factors.

Since the interpretations of some aspects of GRADE
are mainly described for quantitatively pooled estimates,
we clarify our interpretation of the “imprecision” and
“inconsistency” domains for use in our qualitative analy-
sis as follows:

« Imprecision: Foroutan et al. [14] recommend evalu-
ating imprecision by relating the upper and lower CI
limits of the pooled estimate to a clinical decision
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threshold (in our case, the MCID). Because no pooled
estimate is available in a qualitative analysis, we evalu-
ated whether our conclusion on the overall direction
of effect would change if the CIs of the individual
studies were more precise (e.g., thereby changing
from a CI with one end surpassing the MCID to a CI
which falls short of reaching the MCID on both ends)

+ Inconsistency: Foroutan et al. [14] state that to
decide whether to rate down the quality based on
inconsistency, “one should consider the contribu-
tion of the divergent study to the pooled estimate;
for example, by looking at the study’s weight in the
meta-analysis. Instead, we evaluated the variability
in point estimates and the extent of overlap in Cls
of all involved studies

The GRADE approach was applied by two reviewers
to each combination of prognostic factor and outcome
construct when data from at least two studies could be
extracted and resulted in one of the following levels of
certainty (disagreements were solved by discussion):

+ High certainty: further research is very unlikely to
change our confidence in the association between
the prognostic factor and the outcome construct

+ Moderate certainty: further research is likely to
impact our confidence in the association between
the prognostic factor and the outcome construct

+ Low certainty: further research is very likely to
impact our confidence in the association between
the prognostic factor and the outcome construct

+ Very low certainty: any association between the
prognostic factor and the outcome construct is very
uncertain

Finally, for each construct, the overall judgments on
effect and certainty of evidence for the prognostic fac-
tors were incorporated in Summary of Findings (SoF)
figures, ordered per timing of measurements (medium-
short term in the main text, other time points in the
Appendix).

Since the GRADE approach is meant to rate certainty
of aggregated evidence, prognostic factors for which
the effect could only be based on a single study were
incorporated separately into the SoF figures without
a certainty rating. The same was done for prognostic
factors for which the direction of effect was deemed
unclear.

Results

After removing duplicates (n=1289), the search resulted
in 1840 articles. After screening titles and abstracts,
180 articles were retrieved for full-text screening. Five
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articles remained unavailable and were excluded [15—
19]. In total, 33 studies were included in this system-
atic review [20-52]. For a complete overview, see the
PRISMA flow diagram in Fig. 1.

Included studies

Most of the included studies were (partly) conducted in
the USA (n=28). Of the 16 different PROMs studied in
total, studies most frequently reported ASES (n=25),
VAS pain (n=10), and SST (n=7).
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A total of 52 different prognostic factors were stud-
ied (in many different exact definitions), of which gen-
der (n=28), age (n=25), and preoperative ASES score
(n=11) were the most frequently encountered. We did
not find any results for short-term functional recovery
and pain, short-term pain, or long-term pain.

Table 2 provides a detailed overview of all included
studies.

Several authors appeared to have used the same source
population for their studies; these have been indicated in

Identification of studies via databases and registers

Records removed before screening:

\ 4

Duplicate records removed (n =
888)

Records removed before screening:

A\ 4

Duplicate records removed (n =
401)

Records excluded

A 4

(n=1655)

Reports not retrieved

A 4

(n=5)

Reports excluded:

M
Search results from July 5% 2021:
Records identified from:
- MEDLINE (n = 879)
o EMBASE (n=1075)
§ CINAHL (n = 366)
=
t Search results from June 27™ 2023:
§ Records identified from:
MEDLINE (n = 238)
EMBASE (n =485)
CINAHL (n = 86)
—
A\ 4
Records screened
(n =1840)
Reports sought for retrieval
(n=185)
o
c
= \ 4
3
3] Reports assessed for eligibility
@ (n=180)
PR 4
k] Studies included in review
s (n=33)
° Reports of included studies
£ (n=33)
—

Fig. 1 PRISMA flow diagram

A 4

Wrong publication type (n = 2)
Wrong study design (n = 2)
Wrong population (n =31)
Wrong intervention (n = 3)
Wrong outcome (n = 12)
Intra-/postoperative factors
included in model (n = 12)
No multivariable analysis (n =
69)

No prognostic factors (n = 10)
Duplicate (n=5)

Other (n=1)
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Table 2. These related study reports were not analyzed
together in any meta-analysis.

Taking these related source populations into account,
over 6900 patients were analyzed in the included studies.

Risk of bias

Of the 33 studies, 9 scored moderate RoB, and 24 scored
high RoB. No study scored low RoB. Moderate and high
RoB were primarily due to the domains “study attri-
tion” (e.g., excluding patients that were lost to follow-up
(LtFU) where LtFU could be related to the prognostic
factor or outcome), “adjustment for other factors” (e.g.,
unclear for which factors the final analysis adjusted), and
“statistical analysis and reporting” (e.g., reporting only
effect estimates without CI or p-value, only p-value, or
not reporting any data at all). For the RoB overview, see
Fig. 2.

Meta-analyses

There was a high degree of methodological heterogene-
ity: outcomes were measured using different methods
even when the same PROM was used. For example, male
gender as prognostic factor for ASES scores was studied
with raw scores, change scores, treatment effects, per-
centage of maximal possible improvement, and dichoto-
mized scores. Therefore, we could only pool results for
six combinations of prognostic factor and outcome meas-
urements for the domain “Functional Recovery & Pain”:
one for medium-short term (age on raw ASES scores [23,
36]) and five for medium-long term (male gender [36,
41], age [36, 44], Walch A2 vs Al [36, 41], and previous
surgery [36, 44] on raw ASES scores and previous surgery
on poor ASES scores [27, 37]).

Only the meta-analysis for medium-long term poor
ASES scores indicated worse outcomes for patients who
had undergone previous shoulder surgery (OR (95%CI)
of 2.10 (1.33-3.33)). All other meta-analyses (for raw
ASES scores) led to ORs and 95% Cls below the MCID,
indicating neutral effects. The exact results are displayed
in Figs. 3,4, 5, 6,7, and 8.

The planned sensitivity analyses did not alter the mean-
ing of the pooled effect estimates and confidence inter-
vals (Figs. A1-A2 in Appendix 2).

Qualitative analysis and GRADE

For each construct per time point, SoF Figs. 9, 10, and
11 summarize which prognostic factors were stud-
ied for medium-short-term outcomes, the direction
of their effect and the certainty of the evidence accord-
ing to GRADE. Figures A3—A8 (Appendix 2) depict the
short-term, medium-long, and long-term outcomes. For
the outcomes for which meta-analysis was possible, the
direction and certainty were determined by combining
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Overall

Study ID RoB SP SA PF OM AF SR

[ X) Q@\
[ X) [ X)
DX

Carducci 2019
Chang 2022
Chawla 2022
Cho 2017
Dekker 2022
Edwards 2020
Fehringer 2002
Forlizzi 2022
Franovic 2020
Friedman 2018
Green 2020
Huber 2020
Kadum 2018
Kohan 2020
Lansdown 2021
Lapner 2015
Matsen 2018
McFarland 2021
Moverman 2021
Okoroha 2019
Patel 2019
Pettit 2022
Polce 2021
Rauck 2018
Saini 2022
SayedNoor 2018
Shields 2017
Somerson 2016
Strotman 2020
Swarup 2017
Werner 2016
Werner 2017
Wong 2017

(%)

XXX XX
(%)

]

QO
Q0D

DIVOVOVVVD
XXX
XXX

DO X A X IO X)

DQOVOOD
Q
QO
Q
VDOV

[ X)

J
RoB = Risk of Bias, SP = Study Participation, SA = Study Attrition,
PF = Prognostic Factor measurement, OM = Outcomes Measurement,
AF = Adjustment for other Factors, SR = Statistical analysis and
Reporting

Fig. 2 Risk of bias overview

that pooled result with the results from the additional
studies that could not be meta-analyzed.

As the SoF figures show, no factor investigated in at
least two studies showed distinct better or worse out-
comes, but at most neutral to better or neutral to worse
outcomes with varying degrees of certainty. In total, only
nine factors showed better or worse outcomes, all exam-
ined in single studies with thus unknown certainty. The
majority of factors were found to be either neutral or
unclear in direction of effect based on the MCID.
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Study ID B (95% CI) p
\
Cho 2017 —j— 0.19 (-0.38 - 0.76) 513
Matsen 2019 - 0.12 (0.04 - 0.20) <.05
Overall L 0.12 (0.04 - 0.20) .003
| Heterogeneity: 1= 0,
\ I2=0.00%, H? = 1.00
\ \ |
-1 0 1
Worse ASES score Better ASES score

Fig. 3 Meta-analysis results for prognostic factor "age" on raw ASES scores, medium-short term

Study ID B8 (95% CI) P
|
Matsen 2019 - 3.9(1.6-6.2) <0.05
Pettit 2022 | 0.49 (-3.4 - 4.4) 0.08

Overall -—‘ 2.57 (-0.68 - 5.83) 0.12

| Heterogeneity: = 3.14,
\ I2=54.11%, H>=2.18
[ \ L1 \ \ |
-4 -2 0 2 4 6 8
Worse ASES score Better ASES score
Fig. 4 Meta-analysis results for prognostic factor "gender" on raw ASES scores, medium-long term

Study ID B (95% CI) p

Matsen 2019 — 0.09 (-0.05 - 0.23) -
Saini 2022 — = -0.12(-0.36-0.11) .29
Overall 0.01(-0.19-0.21)  .945

| Heterogeneity: = 0.012,
| 2= 55.83%, H2=2.26
\ | |
-0.5 0 0.5
Worse ASES score Better ASES score

Fig.5 Meta-analysis results for prognostic factor "age" on raw ASES scores, medium-long term

For more details, Tables A3—-A17 in Appendix 1 show Discussion
all results from the individual studies, ordered per prog-  The results of our review suggest that the strongest inde-
nostic factor. It is clear that the effect estimates were not  pendent prognostic factors for better functional and
always reported for all variables included in the analyses. ~ pain-related outcomes after SA are “OA vs other diag-
Table A18 in Appendix 1 provides additional details on  nosis,” “private insurance,” and “higher electrical pain

which domains the evidence was rated down or up. threshold on the operative side” and for worse outcomes
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Study ID

Matsen 2019 ]

I
I
Pettit 2022 |
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B (95% CI) P
0.8 (-4.4-2.7)

.09

Overall ‘

5.7(-0.87 - 12.3)

1.83 (-4.42 - 8.09) 0.57

Heterogeneity: °= 13.84,
12 =65.52%, H>=2.90
| | | J

|
-4 -2 0 2 4
Worse ASES score

6 8

10 12
Better ASES score

Fig. 6 Meta-analysis results for prognostic factor "Walch A2 vs A1" on raw ASES scores, medium-long term

Study ID B (95% CI) p
|
Matsen 2019 ﬂ -4.7 (-7.8 --1.5) <.05
Saini 2022 | 420(82--0.15)  .042
Overall -‘ -4.51(-6.99 --2.03)  0.57
| Heterogeneity: 1= 0,
\ I = 0.00%, H> = 1.00
| | | |1 | J
-10 -8 -6 -4 -2 0 2

Worse ASES score

Better ASES score

Fig. 7 Meta-analysis results for prognostic factor "Previous surgery" on raw ASES scores, medium-long term

Study ID OR (95% CI) p
[
McFarland 2021.1 e 240(1-5.4) .049
\
McFarland 2021.2 — 1.6 (1.1 -4.5) .04
Forlizzi 2022 4:-7 2.78 (1.15-6.67) .02
Overall —— 2.10(1.33-3.33) .002
‘ Heterogeneity: 1= 0,
| I?=0.00%, H>=1.00
| | | 1 | J
0 0.25 05 1 2 4 8

Poor ASES score

Good ASES score

Fig. 8 Meta-analysis results for prognostic factor "Previous surgery" on the odds of achieving poor ASES scores, medium-long term

“number of patient-reported allergies,” “back pain,” “liv-
ing alone;” “CTA vs OA; “diabetes,” and “greater preoper-
ative range of motion in external rotation” The evidence
for these strongest predictors is of unknown certainty.
Since they were only examined in single studies, using
the GRADE system was not possible.

Prognostic factors that were examined in at least two
studies and predicted neutral to better outcomes are
“male gender” (low certainty). Neutral to worse outcomes
were predicted by “depression” and “preoperative opioid
use” (moderate certainty), “preoperative ASES scores,’
“surgery on the dominant side,” and “previous surgery”
(low certainty) and “male gender” (very low certainty).

Our results support those of recent systematic reviews
that focused on a single predictor and used the results
of univariable analyses. For example, both Mirghaderi
et al. [53] and Ardebol et al. [54] also concluded that SA
patients with previous shoulder surgery had worse post-
operative outcomes than those without previous surgery.
Where Ardebol et al. [54] only studied patients with mas-
sive rotator cuff tears (RCT) without glenohumeral arthri-
tis, our included studies mainly focused on patients with
osteoarthritis [36, 44, 46], thereby strengthening the evi-
dence for this prognostic factor. In addition, Al-Mohrej
et al. [55] found similar results to ours for preoperative
opioid use: patients with preoperative opioid use had
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Fig. 9 Summary of Findings for the domain "Functional Recovery & Pain’, medium-short term

worse outcomes after shoulder surgery (including but not
limited to SA) than patients without. Interestingly, in the
included studies, the preoperative scores were worse for
patients with preoperative opioid use as well, suggesting
that maybe worse postoperative outcomes were a result
of already having worse preoperative scores. However, the
studies included in our current review [20, 27] used multi-
variable analyses that adjusted for preoperative scores and
still found neutral to worse effects.

Interestingly, for the majority of reported factors, the
direction of effect was unclear or neutral. This does not
necessarily mean that these factors predict no effect at
all; for the “unclear” factors, it was simply impossible to
extract sufficient data to determine the most likely direc-
tion. For the “neutral” factors, some studies did report
results that were statistically significantly different from
predicting no effect, but the effect estimate and 95% CI
failed to reach the MCID.
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Only a few factors predicted distinct better or worse
outcomes on their own when adjusted for other factors.
These were reported only in single studies and most orig-
inated from studies using dichotomized endpoints with
high contrasts. For example, Forlizzi et al. [27] compared

patients scoring within the top 25th percentile of ASES
scores with those scoring within the bottom 25th per-
centile, and Werner et al. [50] used the cut-off of hav-
ing reached the substantial clinical benefit (SCB, in most
instances larger than the MCID). Using smaller contrasts
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could still be relevant to patients and could lead to differ-
ent and/or smaller effects.

Strengths and limitations

An obvious limitation of our study is that we could not
provide pooled estimates for many combinations of prog-
nostic factors and outcomes despite the large number of
studies we included. Two mechanisms were responsi-
ble for this. Firstly, studies used many different ways to
analyze the same PROMs, resulting in important meth-
odological heterogeneity. Secondly, the sheer amount of
incomplete reporting and selective reporting in prognos-
tic factor studies was a major problem, as has been noted
before by other authors [56, 57]. The grouping of individ-
ual study results in Appendix 1 shows that for prognostic
factors “higher age,” “male gender;” “anxiety,” and “domi-
nant side;” additional meta-analyses would have been

possible if only all results from the multivariable analysis
were reported.

We can also highlight several strengths of this study.

Firstly, we did not limit ourselves to a predefined set of
prognostic factors to include in the review, allowing us
to compile all evidence from multivariable analyses cur-
rently available on this topic.

Secondly, although we could only perform a few meta-
analyses, we have achieved a rigorous qualitative synthe-
sis by using clear, transparent definitions to determine
the direction of effect. Most systematic reviews without
meta-analysis simply list the individual study results,
while our approach enabled us to summarize the results.

Thirdly, we incorporated all combinations of prognos-
tic factors and outcomes of the individual studies into our
tables, whether the effect estimates were reported or not.
This ensures transparency for which combinations infor-
mation is missing, especially if only “p >0.05” was reported.



Hesseling et al. Systematic Reviews (2024) 13:286

Lastly, we applied the GRADE system to our qualita-
tive analysis. While GRADE is designed foremost to
grade quantitatively pooled estimates, it is no less impor-
tant to state the overall certainty of available evidence
in qualitative data synthesis. This also enabled us to
take incomplete and selective reporting into account by
downgrading the certainty of the evidence on the domain
“publication bias” when present.

Conclusion

Our systematic review has provided the first overview of
current knowledge on the independent predictive effect
of patient-related prognostic factors on functional recov-
ery and pain-related outcomes after SA.

Based on the current body of evidence, a limited num-
ber of factors have a clinically relevant independent pre-
dictive effect, with an unknown certainty of evidence for
predicting better or worse outcomes and mostly (very)
low certainty of evidence for predicting neutral to better
or neutral to worse outcomes. Promising factors for use
in daily practice are a diagnosis of OA, multiple types of
comorbidities, gender, insurance, living alone, multiple
measures of preoperative status (e.g., ASES score, depres-
sion, opioid use, previous surgery, ROM), and surgery on
the dominant side. However, further research is certainly
necessary to confirm or nuance these results.

We strongly encourage future prognostic fac-
tor studies to report their complete findings and use
more homogeneous outcomes. This will enable future
research to refine the results of our first overview with
more pooled results and clearer levels of certainty.
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