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Abstract 

Background  Reverse total shoulder arthroplasty (RTSA) is commonly performed to reduce pain and restore 
shoulder function in patients with severe shoulder conditions. While most patients experience significant pain 
relief and functional improvement following surgery, a subset of patients continue to report persistent pain even 
two years postoperatively. The aim of this study was to identify both modifiable and non-modifiable preoperative 
factors that contribute to the risk of persistent postsurgical pain after RTSA. By understanding these factors, clinicians 
can better anticipate which patients are at higher risk and develop tailored preoperative and postoperative pain 
management strategies to improve overall outcomes.

Methods  In this retrospective cohort study, 703 patients with complete data undergoing primary RTSA performed 
between 2011 and 2022 were analyzed. Persistent postsurgical pain was defined as a pain score ≥ 3 on a numeric 
rating scale. Multivariable regression models were used to identify patient-related and disease-related predictors 
of persistent postsurgical pain.

Results  The cohort comprised 445 women (63%) and 258 men (37%) with a mean age of 74 ± 8 years at the time 
of surgery. Persistent postsurgical pain was reported by 18% of patients. Preoperative pain scores averaged 6.0 ± 2.5 
on the NRS scale, which decreased to 1.2 ± 1.8 postoperatively. Key predictors included higher preoperative pain 
levels (β = 0.10, p < 0.001), worse preoperative QuickDASH scores (β = 0.09, p = 0.002), mild symptoms of anxiety 
or depression (β = 0.52, p = 0.001), prior contralateral TSA surgery (β = 0.34, p = 0.018) and greater number of previous 
ipsilateral shoulder surgeries (β = 0.44, p < 0.001). In contrast, patients with rheumatoid arthritis (β = − 0.85, p < 0.001) 
or primary osteoarthritis (β = − 0.82, p < 0.001) experienced lower pain levels.

Conclusion  Our study offers important insights into the predictors of persistent postsurgical pain two years 
after RTSA. Key factors, including higher preoperative pain scores, poor mental health, elevated QuickDASH scores, 
prior contralateral TSA surgery and a history of prior ipsilateral shoulder surgeries, were identified as significant risk 
indicators for persistent postsurgical pain.
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Introduction
Reverse total shoulder arthroplasty (RTSA) is a well-
established surgical intervention, primarily indicated 
for patients with advanced glenohumeral arthritis [1] 
and massive rotator cuff tears [2]. RTSA has shown 
substantial growth in recent years. In the United States, 
the population-adjusted incidence of RTSA increased 
from 7.3 cases per 100,000 in 2012 to 19.3 cases per 
100,000 by 2017, representing nearly a 200% rise in 
procedures over five years [3]. Similarly, Finland reported 
a 4,500% increase in RTSA procedures between 2004 and 
2015, with the incidence rising from 6 to 15 cases per 
100,000 person-years in men and from 11 to 26 cases 
in women [4]. This significant increase underscores the 
growing recognition of RTSA as a reliable and effective 
treatment, aimed at relieving pain, restoring function and 
improving quality of life for patients [5–7].

While most patients experience significant pain 
relief and functional improvement following surgery 
[8–11], approximately 20% continue to experience 
persistent pain beyond the expected recovery period 
1–2  years after shoulder replacement surgery [12–14]. 
Chronic postsurgical pain (CPSP) is a recognized 
adverse consequence of surgery and typically refers 
to pain lasting at least three months after surgery [15, 
16]. Understanding the multifactorial nature of CPSP 
after RTSA is crucial for predicting and managing 
patient outcomes effectively. Factors, including patient 
demographics, preoperative pain intensity, psychological 
factors [17, 18], surgical technique [19], implant 
design [20] and postoperative rehabilitation all play 
a role in the development of persistent postsurgical 
pain. By considering these multifactorial elements 
comprehensively, surgeons can better identify patients at 
risk and tailor their management strategies accordingly.

While previous studies have examined factors 
contributing to residual pain after shoulder joint 
replacement [12, 14, 18, 21], there is a limited research 
specifically examining the risk factors associated with 
pain that persists beyond the one-year follow-up period 
for RTSA. Understanding patients’ pain experiences 
over the long term could provide valuable insights for 
improving patient selection, preoperative counseling and 
setting realistic postoperative expectations. For instance, 
a study examining outcomes two years after primary 
RTSA found that 28% of patients reported overall 
dissatisfaction, while 26% did not experience significant 
improvements in quality of life [22]. Similarly, a study 
on patients undergoing hip, knee and shoulder joint 
arthroplasty revealed that 9.8% to 16.3% experienced 
high-impact chronic pain, while 21.3% to 39.6% reported 
bothersome chronic pain within 6  months to 5  years 
post-operatively [18]. These findings suggest that 

persistent pain remains a significant issue across various 
joint replacement procedures, underscoring the need for 
further investigation into long-term pain outcomes in 
RTSA patients.

The aim of this study is to identify both modifiable and 
non-modifiable preoperative patient characteristics that 
are associated with persistent postsurgical pain in RTSA 
patients two years following surgery. These findings 
from this study will contribute to the existing literature 
by identifying which preoperative factors are associated 
with an increased risk of persistent postsurgical pain 
following RTSA and could be used to proactively plan for 
better postoperative pain management options.

Methods
Design and study overview
This retrospective cohort study analyzed data from 
a prospectively maintained shoulder arthroplasty 
registry at a private orthopedic institution [23]. Patients 
were eligible for inclusion if they underwent primary 
RTSA and had a minimum of 2  years follow-up. 
Patients who had undergone revision surgery or had 
incomplete preoperative baseline data were excluded 
from the analysis. Additionally, patients with missing 
postoperative pain assessments were excluded to ensure 
the accuracy and completeness of pain-related outcome 
measures.

Data collection in the registry comprised both self-
reported information, including sociodemographic 
characteristics and Patient Reported Outcome 
Measurements (PROMs), as well as clinical and surgical 
data extracted from medical records. Data were 
systematically collected and managed using Research 
Electronic Data Capture (REDCap) system [24], ensuring 
secure and standardized handling of patient data. 
PROMs were administered either electronically or via 
paper–pencil questionnaires at baseline (up to one day 
before surgery) and again two years postoperatively.

Outcome measures
The primary outcome of interest was the presence of 
persistent pain at 2  years postoperatively, assessed 
using the pain Numeric Rating Scale (NRS) (0 = no 
pain, 10 = worst pain). Persistent postsurgical pain was 
defined as an NRS score of 3 or higher. Although the 
minimally clinically important difference (MCID) for the 
Visual Analog Scale (VAS) pain score after TSA is 1.4 
[25], we opted to use a cut-off of NRS ≥ 3. This decision 
aligns with findings from Simanski et  al. (2014) [26] 
and Fletcher et  al. (2015) [27], both of whom identified 
NRS ≥ 3 as a reliable indicator for persistent postsurgical 
pain. Simanski et  al. (2014) found that NRS ≥ 3 at one-
year post-surgery could be used to identify chronic pain 
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across various surgical disciplines, while Fletcher et  al. 
(2015) demonstrated that NRS ≥ 3 accurately detected 
moderate to severe persistent postsurgical pain at 
12  months, with higher NRS scores correlating with 
greater functional impairment.

Outcome predictors
Potential predictors of persistent postsurgical pain were 
examined using various patient-related and disease-
related covariates. Patient-related covariates included 
age at the time of surgery, sex, body mass index (BMI), 
smoking status (current smoker vs. no smoker), 
alcohol consumption (never, occasional, daily) and the 
American Society of Anesthesiologists Physical Status 
Classification (ASA) [28]. Baseline mental health was 
assessed using scores from the Anxiety and Depression 
dimension of the European Quality of Life 5 Dimensions 
5 Level (EQ-5D-5L) scale [29], where patients rated 
their emotional state on a scale from 0 (not anxious or 
depressed) to 4 (extremely anxious or depressed).

Preoperative PROMs included the Quick Disabilities 
of the Arm, Shoulder and Hand (QuickDASH) and 
the Shoulder Pain and Disability Index (SPADI). The 
QuickDASH is an abbreviated form of the DASH 
Outcome Measure, designed to assess physical function 
and symptoms in individuals with musculoskeletal 
disorders of the upper limb. The overall score is calculated 
on a scale from 0 to 100, with 0 representing no disability 
(full, unrestricted function) and 100 representing the 
most severe functional impairment possible in the upper 
extremity [30, 31]. The SPADI [32, 33] is a widely used 
self-reported questionnaire designed to measure pain 
and disability associated with shoulder conditions. It 
consists of 13 items divided into two subscales: a 5-item 
pain subscale and an 8-item disability subscale. Each item 
is scored on a scale from 0 to 10, where 0 represents no 
pain or disability and 10 indicates the worst possible pain 
or highest level of disability. The scores for each subscale 
are averaged and then combined to provide a total score 
out of 100, with higher scores indicating greater levels of 
pain and disability.

Additionally, the baseline Constant-Murley Score 
(CMS) was used to evaluate shoulder function. The CMS 
[34] is a widely used tool for assessing shoulder function 
in individuals with musculoskeletal disorders. It evaluates 
four main components: pain, daily activities, range of 
motion (ROM) and strength. Each section is scored to 
give a total score between 0 and 100, with higher scores 
indicating better shoulder function. In this study, only the 
objective ROM component of the CMS was included, as 
daily activity measures were already captured using the 
QuickDASH and SPADI questionnaires. The range of 

motion (ROM) dimension is scored from 0 to 40 points, 
with higher scores reflecting better shoulder function.

Covariates
Disease-related covariates included dominance of the 
affected shoulder, surgery duration in minutes, prior 
contralateral TSA surgery (bilateral vs. unilateral), 
surgery admission type (illness or accident), 
hospitalization days, number of previous ipsilateral 
shoulder surgeries other than arthroplasty surgeries, 
primary surgery diagnosis (Cuff Tear Arthropathy 
(CTA), rheumatoid arthritis, acute or sequelae fracture, 
primary osteoarthritis, primary humeral head necrosis), 
humerus fixation (cemented vs. cementless) and 
additional procedures performed during surgery such as 
tuberosity remodeling or refixation, biceps tenodesis or 
tenotomy, muscle transfer, metal removal, bone grafting, 
osteosynthesis and acromioplasty.

Data management and analysis
Deidentified data were extracted from REDCap for 
analysis. Continuous variables were summarized as 
means with standard deviations (SD), while categorical 
variables were reported as frequencies and percentages. 
Normality was assessed using a goodness-of-fit test, 
which indicated that most variables were not normally 
distributed, leading to the use of nonparametric methods.

Spearman rank correlation was employed to assess 
relationships between continuous variables and NRS 
pain levels. For multivariable comparisons, multiple 
linear regression models were built using ordinary 
least squares (OLS) with robust standard errors [35] to 
address potential non-normality and heteroscedasticity. 
Multicollinearity was evaluated using the variance 
inflation factor (VIF) with a threshold of 5. All variables 
were considered eligible for inclusion in the models. 
Model selection was guided by the coefficient of 
determination (R2) and the Akaike Information Criterion 
(AIC) [36] to identify best-fitting model.

A sensitivity analysis was conducted to validate 
our findings and assess the potential bias introduced 
by missing data, since our analysis was restricted to 
complete cases. We compared the baseline characteristics 
of patients included in the analysis with those excluded 
due to missing values on candidate predictors. This 
comparison was crucial in identifying whether systematic 
differences existed between the included and excluded 
groups, as such differences could introduce selection 
bias, potentially affecting the internal validity and 
generalizability of the study’s findings.

To support the robustness of our results, we also 
performed multivariable logistic regression as part of our 



Page 4 of 12Brune et al. Journal of Orthopaedic Surgery and Research          (2024) 19:786 

primary analysis, ensuring that the identified predictors 
remained consistent across models.

Persistent postsurgical pain (NRS pain scores of 3 
or higher) was modeled to predict its occurrence two 
years postoperatively. Patients were dichotomized 
into two groups based on the presence or absence of 
persistent postsurgical pain. Comparisons were made 
using the Wilcoxon rank-sum test (Mann–Whitney 
U-Test) for continuous variables and Fisher’s exact test 
for categorical variables. This approach enabled us to 
explore the collective impact of multiple predictors on 
the likelihood of experiencing persistent postsurgical 
pain, providing a more comprehensive understanding 
of the relationships between these variables. The model 
was subsequently rebuilt to compare results and ensure 
consistency. Statistical analyses were conducted using 
Stata 18 software [37], with a significance level set at 
p < 0.05 unless otherwise specified.

Results
A total of 703 patients with completed data who 
underwent primary RTSA between January 2011 and 
September 2022 were included in the analysis (Fig.  1). 
The cohort comprised 445 women (63%) and 258 men 
(37%) with a mean age of 74 ± 8  years at the time of 
surgery. Preoperative pain scores averaged 6.0 ± 2.5 on the 
NRS scale, which decreased to 1.2 ± 1.8 postoperatively 
(Fig. 2).

Persistent postoperative pain, defined as an NRS score 
of 3 or higher, occurred in 18% of patients at two years. 
Key preoperative differences between the persistent and 
non-persistent pain groups are presented in Table  1. 

Patients with persistent pain had higher BMI (28 ± 5 vs. 
26 ± 5  kg/m2; p = 0.010), higher alcohol consumption 
rates (p = 0.007), more frequent preoperative anxiety or 
depression symptoms (p = 0.004) and a greater number 
of previous ipsilateral shoulder surgeries (0.7 ± 1.1 vs. 
0.4 ± 0.7; p < 0.001). Preoperative PROMs and pain 
scores were worse in the persistent pain group, including 
higher QuickDASH (58 ± 16 vs. 47 ± 18; p < 0.001), SPADI 
(70 ± 18 vs. 61 ± 20; p < 0.001) and NRS pain scores 
(7 ± 2 vs. 6 ± 3; p < 0.001). Additionally, they had lower 
preoperative ROM scores (13 ± 8 vs. 15 ± 8; p = 0.020). 
No significant differences were observed between 
groups for humeral fixation type, surgery duration or 
length of hospitalization, but prior contralateral TSA 
was more common in the persistent pain group (28% 
vs. 24%; p = 0.056). Cuff tear arthropathy (CTA) was 
the most frequent surgical indication (61%). Persistent 
pain patients were more likely to have CTA (76% 
vs. 58%; p < 0.001), while primary osteoarthritis was 
more prevalent in the no-pain group (29% vs. 9%). No 
significant differences were seen in additional procedures 
(e.g. tuberosity remodeling, biceps tenodesis), though 
bone grafting showed a trend towards higher rates in the 
persistent pain group (11% vs. 5%; p = 0.062). The most 
used implant was the Universe Reverse (66%), followed 
by Aequalis Reversed (19%) and Ascend Flex Reverse 
(11%). Other protheses were used less frequently and 
no significant differences in implant distribution were 
observed between persistent and non-persistent pain 
groups (p = 0.8181).

A multivariable linear regression model, adjusted 
for age, sex and ASA classification, identified several 

Fig. 1  Flowchart describing sequential patient exclusion to arrive at the cohort sample for analysis. RTSA, Reverse Total Shoulder Arthroplasty; ASA, 
The American Society of Anesthesiologists physical status classification system; QuickDASH, Quick Disability of the Arm, Shoulder and Hand; SPADI, 
Shoulder Pain and Disability Index
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predictors associated with postoperative pain, explaining 
23% of its variance (R2 = 0.2283) (Table  2). Significant 
predictors included prior contralateral TSA (β = 0.34, 
p = 0.018), higher preoperative NRS pain (β = 0.09, 
p = 0.002), worse preoperative QuickDASH scores 
(β = 0.03, p < 0.001) and a greater number of previous 
ipsilateral shoulder surgeries (β = 0.44, p < 0.001). In 
contrast, patients with rheumatoid arthritis (β = − 0.85, 
p < 0.001) or primary osteoarthritis (β = − 0.82, p < 0.001) 
experienced lower pain levels in comparison to patients 
with CTA. Tuberosity remodeling was also linked 
to lower postoperative pain (β = − 0.34, p = 0.029). 
Mild anxiety or depression symptoms are associated 
higher pain (β = 0.52, p = 0.001), while severe anxiety 
or depression symptoms were not significant (β = 0.69, 
p = 0.334).

As part of the sensitivity analysis, group comparisons 
of baseline characteristics between patients included in 
the analysis and those excluded due to missing values 
on candidate predictors revealed notable differences. 
Patients who were excluded had a slightly higher 
BMI (27 ± 5 vs. 26 ± 5; p = 0.011), indicating a trend 
toward higher BMI among those with incomplete data. 
Additionally, the duration of surgery was longer for 
excluded patients (102 ± 29 min vs. 94 ± 30 min; p < 0.001). 
Furthermore, excluded patients reported higher patient-
reported outcome measures (PROMs), as reflected by 
higher QuickDASH scores (55 ± 18 vs. 49 ± 18; p < 0.001) 
and higher SPADI scores (65 ± 19 vs. 62 ± 20; p = 0.019).

Logistic regression confirmed similar predictors of 
persistent pain (Pseudo R2 = 0.181) (Table 3). Key factors 

that increased the odds of persistent pain included prior 
contralateral TSA (OR 2.27, p = 0.002), a higher number 
of previous ipsilateral shoulder surgeries (OR 1.61, 
p = 0.001) and elevated preoperative NRS pain scores 
(OR 1.13, p = 0.019). Worse preoperative QuickDASH 
scores were also linked to increased odds of persistent 
postsurgical pain (OR 1.03, p < 0.001). Patients with 
primary OA were less likely to experience higher pain 
levels (OR 0.21, p < 0.001). Mild anxiety or depression 
symptoms increased the likelihood of persistent pain (OR 
1.80, p = 0.013), whereas severe symptoms did not have 
any significant impact on the odds of pain persistence 
(OR 0.85, p = 0.865).

Discussion
This study aimed to identify predictors of persistent 
pain following RTSA in a large cohort of 703 patients. 
Our main findings indicate that patients with prior 
contralateral TSA surgery, higher preoperative pain, 
worse preoperative QuickDASH scores, a history of prior 
ipsilateral shoulder surgeries and worse mental health 
states were more likely to experience persistent pain two 
years postoperatively. Conversely, certain diagnoses, such 
as primary OA, were associated with lower postoperative 
pain levels.

Persistent postsurgical pain affected 18% of patients 
in our cohort, consistent with previous studies, which 
report a prevalence of 15–20% [12–14]. For example, 
Puzzitiello et  al. (2020) observed that 18.9% of patients 
continued to experience pain at two years following 
TSA [13]. They used a NRS cut-off of 2 for defining 

Fig. 2  Boxplot with individual data points (using jittering) for each participant for preoperative and postoperative pain
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Table 1  Patient demographics and cohort description

Parameter All patients Persistent pain* Std. Diff p value

Yes No

Total patients, n (%) 703 (100) 123 (18) 580 (82)

Age at the time of surgery, years, M (SD) 74 ± 8 73 ± 9 74 ± 8 0.116 0.232

Sex, n (%) 0.038 0.757

 Female 445 (63) 76 (62) 369 (64)

 Male 258 (37) 47 (38) 211 (36)

Body mass index, kg/m2, M (SD) 26 ± 5 28 ± 5 26 ± 5 0.269 0.010*
ASA classification, n (%) 0.261 0.040*

 ASA I 13 (2) 1 (1) 12 (2)

 ASA II 373 (53) 54 (44) 319 (55)

 ASA III 317 (45) 68 (55) 249 (43)

Smoker at the time of surgery, n (%) 0.033 0.729

 No 640 (91) 111 (90) 529 (91)

 Yes 63 (9) 12 (10) 51 (9)

Alcohol consumption at surgery, n (%) 0.306 0.007**
 No 162 (23) 42 (34) 120 (21)

 Occasionally 405 (58) 60 (49) 345 (59)

 Daily 136 (19) 21 (17) 115 (20)

Preoperative mental health: symptoms of depression and/
or anxiety, n (%)

0.316 0.004**

 No 502 (71) 73 (59) 429 (74)

 Mild 191 (27) 48 (39) 143 (25)

 Severe 10 (1) 2 (2) 8 (1)

Dominant side operated, n (%) 0.022 0.836

 No 251 (36) 45 (37) 206 (36)

 Yes 452 (64) 78 (63) 374 (64)

Prior contralateral TSA surgery, n (%) 0.185 0.056

 Unilateral 525 (75) 88 (72) 442 (76)

 Bilateral 178 (25) 35 (28) 138 (24)

Admission type, n (%) 0.190 0.063

 Illness 549 (78) 88 (72) 461 (79)

 Accident 154 (22) 35 (28) 119 (21)

Insurance, n (%) 0.182 0.072

 General 250 (36) 53 (43) 194 (34)

 Private 453 (64) 70 (57) 378 (66)

Surgery duration, minutes, M (SD) 94 ± 30 95 ± 33 94 ± 29 0.014 0.811

Hospitalization days, M (SD) 6 ± 3 6 ± 5 6 ± 2 0.170 0.088

Number of previous ipsilateral shoulder surgeries, M (SD) 0.4 ± 0.8 0.7 ± 1.1 0.4 ± 0.7 0.356 < 0.001***
Diagnosis, n (%) 0.624 < 0.001***

 Cuff tear arthropathy (CTA) 428 (61) 93 (76) 335 (58)

 Rheumatoid Arthritis 17 (2) N.A 17 (3)

 Fracture (acute or sequelae) 69 (10) 14 (11) 55 (9)

 Primary osteoarthritis 178 (25) 11 (9) 167 (29)

 Primary Humeral head necrosis 11 (2) 5 (4) 6 (1)

Preoperative QuickDASH score, M (SD) 49 ± 18 58 ± 16 47 ± 18 0.664 < 0.001***
Preoperative NRS pain, M (SD) 6 ± 3 7 ± 2 6 ± 3 0.525 < 0.001***
Preoperative SPADI, M (SD) 62 ± 20 70 ± 18 61 ± 20 0.464 < 0.001***
Preoperative ROM, M (SD) 15 ± 8 13 ± 8 15 ± 8 0.203 0.020*
Humeral fixation, n (%) 0.062 0.449
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persistent pain, while we applied a cut-off of 3. There 
is evidence suggesting that using a cut-off of 3 may 
overestimate pain severity in certain subgroups. Boonstra 
et al. (2016) proposed alternative NRS cut-off points for 
chronic musculoskeletal pain, suggesting that scores 
of 4 or 5 indicate mild pain in high catastrophizing 
individuals but moderate pain in those with low 
catastrophizing tendencies [38]. While catastrophizing 
wasn’t directly assessed in our cohort, our findings 
regarding preoperative mental health status align with 
the broader literature that indicates a strong link between 
preoperative psychological state and persistent pain 
after joint arthroplasty [39–42]. For instance, patients 
with diagnosed mental health conditions such as anxiety 
or depression are more likely to experience persistent 
postoperative pain and worse postoperative results 
following TSA compared to those without such mental 
conditions [43, 44]. This emphasizes the importance 
of preoperative mental health assessments to identify 
at-risk patients and provide tailored interventions that 
may mitigate the development of persistent pain.

A higher preoperative QuickDASH score has been 
identified as a strong indicator for persistent postsurgical 
pain. Studies consistently demonstrate that QuickDASH 
scores are heavily influenced by pain intensity, with 
higher pain levels leading to proportionally higher 
disability scores [45]. In our study, baseline QuickDASH 
scores differed by 11 points between patients with 
and without persistent pain, surpassing the Minimal 

Clinically Important Change (MCIC) of 8 points for 
patients with shoulder pain [45]. This underscores that 
the observed difference is not only statistically significant 
but also clinically relevant. From a clinical perspective, 
high preoperative disability levels reflected by 
QuickDASH scores should be considered an early marker 
for patients at increased risk of long-term postoperative 
pain.

Interestingly, smoking and BMI did not emerge as 
significant predictors of persistent postsurgical pain 
in our cohort, despite existing literature highlighting 
their associations with persistent pain following 
musculoskeletal surgeries. Several studies have 
demonstrated that smoking is a predictor of persistent 
pain following musculoskeletal surgeries and associated 
with increased rates of persistent pain due to its 
detrimental effects on tissue healing and inflammation 
[1, 46–48]. In a recent literature review, smoking [48] 
emerged as a strong predictor for postoperative pain 
in RTSA patients. Another study found that smokers 
were 2.22 times more likely to experience persistent 
postoperative pain following hip arthroscopy for 
Femoroacetabular Impingement [46] and that smoking 
increases the risk of developing chronic neuropathic 
pain following lower limb trauma surgeries [49]. 
Similarly, higher BMI has consistently been linked to 
higher risk of persistent postsurgical pain, particularly in 
musculoskeletal surgeries [18, 46, 48, 50, 51]. However, 
some studies indicate that obese patients may still 

Group comparison using Two-sample Wilcoxon rank-sum (Mann–Whitney U) test for continuous variables and Fisher’ exact test for categorical variables

QuickDASH score ranges from 0 (no disability) to 100 (severe disability)

SPADI score ranges from 0 (no pain | disability) to 100 (severe pain|disability)

ROM score ranges from 0 (worst shoulder function) to 40 (best possible shoulder function)

BMI, Body Mass Index; ASA, American Society of Anesthesiologists Physical Status Classification; TSA, Total Shoulder Arthroplasty; NRS, numeric rating scale; 
QuickDASH, Quick Disability of the Arm, Shoulder and Hand; SPADI, Shoulder Pain and Disability Index; ROM, Range of Motion; RTSA, Reverse Total Shoulder 
Arthroplasty

p-value in bold are statistically significant (*p < 0.05, **p < 0.01, ***p < 0.001)

*Persistent pain was defined with a score of 3 or higher on the pain Numeric Rating Scale (NRS) two years after RTSA (0 = no pain, 10 = worst pain)

Table 1  (continued)

Parameter All patients Persistent pain* Std. Diff p value

Yes No

 Cemented 27 (4) 6 (5) 21 (4)

 Cementless 676 (96) 117 (95) 559 (96)

Additional procedures (may be several), n (%)

 Tuberosity remodeling or refixation 92 (13) 13 (11) 79 (14) 0.094 0.461

 Biceps tenodesis or tenotomy 302 (43) 44 (36) 258 (44) 0.178 0.088

 Muscle transfer 10 (1) 1 (1) 9 (2) 0.068 1.000

 Metal removal 20 (3) 7 (6) 13 (2) 0.177 0.065

 Bone grafting 67 (10) 6 (5) 61 (11) 0.213 0.062

 Osteosynthesis 4 (1) 2 (2) 2 (0) 0.130 0.143

 Acromioplasty 1 (0) N.A 1 (0) 0.059 1.000
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experience significant improvements in pain post-
surgery, although with slower recovery rates and higher 
risk of complications [50].

In our cohort, patients who underwent prior 
contralateral TSA were at a higher risk of developing 
persistent postsurgical pain compared to those with 
primary unilateral TSA. While recent reviews [8, 52, 53] 
highlight that bilateral shoulder arthroplasty generally 
improves patient’s functional outcomes, such as range of 
motion (ROM) and strength and yields high satisfaction 
rates, our findings suggest it is also a risk factor for 
persistent pain. This may stem from the cumulative 
surgical burden on both shoulders and the possibility 
of incomplete recovery from the first procedure before 
undergoing the second, potentially contributing to 
central pain sensitization. Moreover, the anticipation of 
a second surgery after a painful recovery from the first 
could exacerbate anxiety and amplify pain perception. 
This also aligns with the observed association between 
a higher number of prior ipsilateral shoulder surgeries 
and increased postoperative pain levels in our cohort, 

consistent with other literature [12, 54] demonstrating 
worse outcomes in patients undergoing multiple shoulder 
procedures.

Primary osteoarthritis (OA) emerged as a significant 
factor reducing persistent pain, as well as Rheumatoid 
Arthritis (RA). According to the literature, treatment 
of glenohumeral osteoarthritis using RTSA has been 
an effective method assisting in regaining superior 
functional outcomes when compared to rotator cuff 
tear arthropathy or/and massive rotator cuff tear [55, 
56]. As for rheumatoid arthritis, patients benefit from 
TSA due to its ability to alleviate joint pain and improve 
shoulder function by addressing both the inflammatory 
and mechanical components of the disease [20]. TSA has 
been shown to be highly effective in reducing pain and 
improving the quality of life in patients suffering from 
advanced rheumatoid arthritis [57, 58]. These findings 
can be explained by the fact that OA and RA are often 
managed separately through effective pharmacologic 
treatments, such as nonsteroidal anti-inflammatory 
drugs (NSAIDs), corticosteroids, and disease-modifying 

Table 2  Multiple linear regression model

N = 703; R2: 0.2283

Model adjusted for age, sex and ASA classification

QuickDASH Score: 0 = no disability, 100 = severe disability

NRS pain: 0 = no pain, 10 = worst pain

Abbreviations: ASA, American Society of Anesthesiologists Physical Status Classification; TSA, Total Shoulder Arthroplasty; NRS, numeric rating scale; QuickDASH, 
Quick Disability of the Arm, Shoulder and Hand

p-value in bold are statistically significant (*p < 0.05, **p < 0.01, ***p < 0.001)

Predictor β [95% CI] Robust SD p value

Age − 0.01 [− 0.03–0.01] 0.01 0.311

Male sex 0.16 [− 0.10–0.42] 0.13 0.238

ASA classification

 ASA I [Reference]

 ASA II 0.07 [− 0.58–0.71] 0.33 0.841

 ASA III 0.34 [− 0.23–1.09] 0.33 0.199

Prior contralateral TSA 0.34 [0.06–0.63] 0.14 0.018*
Preoperative NRS pain (NRS 0–10) 0.09 [0.03–0.14] 0.03 0.002**
Preoperative QuickDASH score (0–100) 0.03 [0.02–0.03] 0.0 < 0.001***
No. of previous ipsilateral shoulder surgeries 0.44 [0.23–0.65] 0.11 < 0.001***
Diagnosis

 Cuff Tear arthropathy (CTA) [Reference]

 Rheumatoid arthritis − 0.85 [− 1.35–− 0.36] 0.25 < 0.001***
 Fracture (acute or sequelae) − 0.35 [− 0.86–0.16] 0.26 0.172

 Primary osteoarthritis − 0.82 [− 1.07–− 0.57] 0.13 < 0.001***
 Primary humeral head necrosis 0.61 [− 0.80–2.02] 0.72 0.397

Tuberosity remodeling or refixation − 0.34 [− 0.65–− 0.04] 0.16 0.029*
Preoperative mental health: symptoms of depression and/or anxiety

 No [Reference]

 Mild 0.52 [0.20–0.84] 0.16 0.001**
 Severe 0.69 [− 0.71–2.08] 0.71 0.334
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antirheumatic drugs (DMARDs) for RA, which help 
control inflammation and alleviate symptoms [59]. 
Additionally, patients with OA and RA may be more 
likely to adhere to rehabilitation programs post-surgery, 
as these conditions tend to be monitored closely by 
multidisciplinary teams, including physical therapists 
and rheumatologists, further enhancing recovery and 
functional outcomes [60].

Despite the strengths of our study, several limitations 
should be acknowledged. First, the cohort of this study 
may limit the generalizability of the findings, as it was 
conducted in a single private orthopedic center and 
thus representing a specific demographic population 
and clinical setting. Additionally, we did not account 
for all possible factors related to persistent postsurgical 
pain. For example, pain catastrophizing, religious 
beliefs, sleep patterns, other psychological factors and 
comorbidities were not assessed as part of this study. Our 
model explained only 23% of the variance in persistent 
postsurgical pain, suggesting that other unmeasured 
factors, such as genetic predispositions or environmental 
influences, may play a significant role. This underscores 

the complexity of persistent postsurgical pain and 
the need for further research to better understand its 
underlying mechanisms.

Another limitation of our study is the reliance on 
complete case analysis, which led to the exclusion of 
patients with missing data on candidate predictors. This 
approach may introduce selection bias, as excluded 
patients were found to have significantly different 
baseline characteristics, such as higher BMI, longer 
surgery duration, and worse functional scores. These 
systematic differences could affect the generalizability 
of our findings, as the included sample may not fully 
represent the entire population undergoing similar 
procedures.

Moreover, our reliance on self-reported measures 
introduces the potential for response bias and our use 
of the NRS to assess pain may not fully capture the 
multidimensional nature of persistent postsurgical 
pain. More comprehensive instruments, such as 
the Brief Pain Inventory [61], might provide a more 
nuanced understanding of persistent pain experiences. 
Additionally, anxiety and depression were assessed 

Table 3  Multiple logistic regression model

N = 686; McFadden’s R2: 0.181

Model adjusted for age, sex and ASA classification

QuickDASH Score: 0 = no disability, 100 = severe disability

NRS pain: 0 = no pain, 10 = worst pain

ASA, American Society of Anesthesiologists Physical Status Classification; TSA, Total Shoulder Arthroplasty; NRS, numeric rating scale; QuickDASH, Quick Disability of 
the Arm, Shoulder and Hand

p-value in bold are statistically significant (*p < 0.05, **p < 0.01, ***p < 0.001)

Predictor OR [95% CI] Robust SD p value

Age 0.99 [0.96–1.02] 0.02 0.424

Male sex 1.54 [0.95–2.49] 0.38 0.081

ASA

 ASA I [Reference]

 ASA II 1.54 [0.27–8.76] 1.37 0.625

 ASA III 2.69 [0.47–15.40] 2.39 0.267

Prior contralateral TSA 2.27 [1.36–3.78] 0.59 0.002**
Preoperative NRS pain (NRS 0–10) 1.13 [1.02–1.26] 0.06 0.019*
Preoperative QuickDASH score (0–100) 1.03 [1.02–1.05] 0.01 < 0.001***
No. of previous ipsilateral shoulder surgeries 1.61 [1.22–2.13] 0.23 0.001**
Diagnosis

 Cuff tear arthropathy (CTA) [Reference]

 Rheumatoid arthritis [empty]

 Fracture (acute or sequelae) 0.74 [0.33–1.65] 0.30 0.459

 Primary osteoarthritis 0.21 [0.10–0.42] 0.07 < 0.001***
 Primary humeral head necrosis 2.01 [0.47–8.57] 1.49 0.347

Anxious or depressed

 No [Reference]

 Mild 1.80 [1.13–2.86] 0.43 0.013*
 Severe 0.85 [0.13–5.45] 0.81 0.865
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using a single question from the EQ-5D-5L, which may 
not fully reflect the complexity of these psychological 
factors. Future studies should consider using more 
detailed assessments to better capture the relationship 
between mental health and postoperative pain.

Conclusion
In conclusion, our large cohort study offers important 
insights into the predictors of persistent postsurgical 
pain two years after RTSA. Key factors, including 
higher preoperative pain scores, poor mental health, 
elevated QuickDASH scores, prior contralateral TSA 
surgery and a history of prior ipsilateral shoulder 
surgeries, were identified as significant risk indicators 
for persistent postsurgical pain. These findings provide 
a foundation for more refined and personalized 
preoperative evaluations, enabling clinicians to better 
identify patients at higher risk and implement targeted 
strategies to mitigate long-term pain outcomes. 
By improving patient selection and optimizing 
management, our study contributes to enhancing the 
overall success of RTSA and postoperative quality of 
life.

While our study contributes to understanding the 
complexity of pain outcomes following RTSA, further 
research is essential to explore additional unexplored 
factors that may play a role in persistent postsurgical pain. 
Future studies should also investigate the effectiveness 
of tailored interventions, such as mental health support 
or enhanced pain management protocols, in improving 
long-term postoperative outcomes. Addressing these 
gaps will be crucial in optimizing patient care and further 
reducing the incidence of persistent pain after RTSA.
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