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A B S T R A C T

Background: Stress acromial fractures (AF) and scapular spine fractures (SSF) are rare but challenging complications of reverse total 

shoulder arthroplasty (rTSA). The purpose of our study was to identify risk factors of AF and SSF after rTSA through a detailed sys-

tematic review of published literature.

Methods: A systematic review of PubMed, Scopus, Web of Science, and Cochrane Library was conducted from inception to October 2023. 

We included all peer-reviewed studies investigating the risk of AF and SSF after rTSA, excluding biomechanical studies. A total of 1,047 

publications were reviewed, and 25 publications with a total of 100,205 shoulders met our inclusion criteria. A meta-analysis of these 

publications was conducted using Comprehensive Meta-Analysis software. Odds ratios (OR) and 95% confidence intervals were used to 

estimate risks for categorical variables (gender, osteoporosis, inflammatory arthritis, and surgical history). Mean differences (MD) and 

standard deviations were used to determine the effect of continuous variables, such as age and body mass index (BMI).

Results: The pooled reported rate of AF and SSF was 2%. Our analyses identified a higher risk of AF and SSF in patients with osteoporosis 

(OR = 2.33, P = .004), inflammatory arthritis (OR = 2.19, P < .001), females (OR = 1.98, P < .001), and prior rotator cuff repair (OR = 2, 

P = .049). History of any shoulder surgery or prior acromioplasty were not associated with risk of fracture (P > .05). Patients with AF and 

SSF were older (MD = 1.82, P < .001) and presented a lower BMI (MD = − 1.08, P < .001).

Conclusion: Patients who suffered AF or SSF after rTSA were older with lower BMI. Other risk factors identified included osteoporosis, 

inflammatory arthritis, female gender, and previous rotator cuff repair. There is, however, a need for further investigations into 

additional crucial factors, such as prosthesis type and design and lateralization of components, as these variables could significantly 

influence complication rates and patient outcomes following rTSA.
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Reverse total shoulder arthroplasty (rTSA) is on the rise globally 

and accounted for 69% of shoulder arthroplasties performed in 

the United States in 2020. 25 The success of rTSA in treating 

rotator cuff arthropathy patients has driven an expansion of its 

indications. 1 Advocates of increased use of rTSA justify the 

ample use of rTSA based on a lower risk of revision from sub-

scapularis failure, as well as lower long-term risk of glenoid 

loosening and symptomatic rotator cuff failure. 3,5

Despite its increased use, there are some unique compli-

cations of rTSA, particularly scapular notching, and fractures 

for screws of the acromion (acromial fractures [AF]) or scap-

ular spine (scapular spine fractures [SSF]). 12 While AF and SSF 

are relatively rare, they are challenging to manage. 12 Recent 

reviews estimate their incidence to range between 2.6% and 

8.4%. 7,18,21,31 While the exact mechanism remains unclear, 

several studies have suggested stress concentration at the 

deltoid origins secondary to changes in deltoid lever arm, 

baseplate screws acting as stress-risers, and repeated tuber-

osity abutment on the acromion as possible causes of AF and 

SSF following rTSA. 9,17,22,39 Overall, patients with AF and SSF 

after rTSA have demonstrated worse functional outcomes 

than those without fractures, highlighting the importance of 

understanding risk factors for developing these fractures. 31 

Previous studies have identified several risk factors for AF 

and SSF, such as older age, female sex, inflammatory arthritis, 

and osteoporosis. However, studies in the literature show 

inconsistent findings regarding other risk factors for AF and 

SSF. 8,23 With the increase in rTSA procedures performed and 

inconsistent findings in the literature, a systematic review and 

meta-analysis could elucidate the association of different risk 

factors with AF and SSF. The purpose of our study is to 

investigate the association of age, gender, body mass index 

(BMI), inflammatory arthritis, osteoporosis, and previous 

shoulder surgeries with risk of AF and SSF after rTSA. To our 

knowledge, this is the first meta-analysis in the peer-reviewed 

literature on the topic.

Materials and methods

Search strategy

A systematic review of PubMed, Scopus, Web of Science, and 

Cochrane Library was conducted from inception to October 21, 

2023. This review was registered in the International Prospective 

Register of Systematic Reviews with the number 

“CRD42024495445” and followed the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses guidelines. 29 The 

databases were searched using combinations of keywords 

detailed in Supplementary Appendix A. Titles and abstracts 

were screened by the authors. Full-text articles were then 

retrieved to determine eligibility. Details of screening steps are 

shown in Figure 1.

Eligibility

We included all studies, regardless of language, that reported 

numbers of AF or SSF based on the presence or absence of the 

following risk factors: female sex, inflammatory arthritis,

osteoporosis, history of any ipsilateral shoulder surgery, his-

tory of ipsilateral rotator cuff repair, and history of ipsilateral 

acromioplasty. Studies that compared age and BMI in patients 

with and without AF or SSF were also included. We excluded 

studies that are irrelevant to our topic, duplicate studies, re-

views, and biomechanical studies. When studies with over-

lapping cohorts were found eligible for the same analysis, we 

included only the study with the larger cohort. Table I sum-

marizes the studies included for this review.

Quality assessment

The Newcastle-Ottawa Scale for observational studies was 

used for quality assessment. The Newcastle-Ottawa Scale is 9-

point scoring questionnaire assessing the selection, compa-

rability, and outcomes for each study. According to the score, 

studies were categorized into good-quality studies (7-9 

points), moderate-quality studies (5-6 points), and low-quality 

studies (0-4 points). Details of the quality assessment for each 

study demonstrated in Supplementary Appendix B.

Data extraction

From each study, the data collected included means and 

standard deviations (SDs), sample sizes, numbers of fractures, 

year of publication, location of fracture (AF/SSF), method of 

fracture diagnosis, and follow-up time. Data extraction was 

repeated twice, and raw numbers were used for analyses.

Analysis

We used Comprehensive Meta-Analysis software (version 

3.3.070) to compare means (SD) for continuous variables and 

calculate odds ratio (OR) and 95% confidence interval (CI) for 

categorical variables utilizing a random-effects model to ac-

count for variability among the studies included. 6 Numbers of 

fractures and sample sizes were used for OR calculations and 

means (SD) were used for mean difference (MD) calculations. 

A P value < .05 was considered statistically significant. Het-

erogeneity was assessed using I 2 test; with I 2 > 50% considered 

as high heterogeneity. Sensitivity analysis was performed to 

test the effect of some studies on overall results.

Results

We retrieved 1,047 articles from the databases search. After 

removing the duplicates, 347 articles remained for title and 

abstract screening. Of these 347 abstracts, 41 were found to be 

potentially eligible, and their full texts were retrieved. Ulti-

mately, 25 articles were included in our analysis. Details of 

screening process and reasons for exclusion are shown in 

Figure 1. Overall, 100,205 rTSA were included in our analysis 

with 1,937 (2%) cases of AF and SSF.

Age

When analyzing the 7 studies that compared means (SD) 

between patients with and without AF and SSF, patients with
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AF and SSF were older than controls (MD = 1.82, 95% CI 1.13-

2.51, P < .001). A forest plot for age comparison is shown in 

Figure 2. No heterogeneity was found in this analysis 

(I 2 = 0%).

Body Mass Index

There were 6 studies comparing means (SD) for BMI between 

patients with and without AF and SSF. Our analysis demon-

strated a lower BMI in patients with AF and SSF than controls 

(MD = − 1.08, 95% CI —1.62, —0.54, P < .001). A forest plot for BMI 

comparison is shown in Figure 3. No heterogeneity was found 

in this analysis (I 2 = 0%).

Gender

We found 12 studies with data on stress fracture risk based on 

gender. When analyzing fracture risk for female sex, we found 

females to be twice more likely to develop AF and SSF than 

males (OR = 1.98, 95% CI 1.65-2.38, P < .001). A forest plot for 

risk based on gender is shown in Figure 4. No heterogeneity 

was found in this analysis (I 2 = 0%).

Osteoporosis

A total of 7 studies compared risk of AF and SSF with and 

without osteoporosis. We identified more than twice the

Figure 1 — PRSIMA flow chart. PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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Table I — Summary of studies included in analysis.

Study Year Number of 

rTSA 

included in 

meta-analysis 

(n = 100,205)

Number 

of 

fractures 

(n = 1937)

Type of fracture Criteria for AF or 

SSF diagnosis

Duration of follow-up

Blaber et al 4 2023 90 3 AF/SSF Clinical and radiological 

assessment

Mean 52.6 mo (IQR, 49.1 mo) for 

cases

Mean 68 mo (IQR, 41.8 mo) for 

controls

Cho et al 8 2021 787 29 AF Clinical and radiological 

assessment

Mean 31.6 mo (range, 12-136 mo)

Dean et al 10 2022 192 2 Stress fractures 

not otherwise 

specified

Clinical and radiological 

assessment

Mean 36.3 mo with minimum 2 yr of 

follow-up (range not reported)

Dubrow et al 11 2014 125 14 AF Clinical and radiological 

assessment

Mean 19.7 mo (range, 1-68 mo)

Gutman et al 13 2021 958 43 AF Clinical and radiological 

assessment

Mean 50.3 mo (range, 24-108 mo)

Haidamous 

et al 14

2020 426 26 SSF Clinical and radiological 

assessment

Mean 12.9 mo (range, 3-32 mo)

Hamid et al 15 2011 162 8 AF Clinical and radiological 

assessment

Mean 14 mo (range, 9-66 mo)

Hattrup et al 16 2010 125 9 AF/SSF Clinical and radiological 

assessment

Mean 30 mo (range, 12-48 mo)

Kriechling et al 19 2023 860 45 AF/SSF Clinical and radiological 

assessment

Minimum 2 yr

Mahendraraj

et al 23

2021 6,755 264 AF/SSF Clinical and radiological 

assessment

Mean 19.8 mo (range, 3-94 mo)

Marigi et al 23 2020 2,172 36 AF/SSF Clinical and radiological 

assessment

Mean 4.3 yr (SD, 0.6 yr)

Miller et al 25 2021 335 22 AF/SSF Clinical and radiological 

assessment

Mean 2 yr (range, 3-80 mo)

Moverman et al 26 2021 1,479 54 AF Clinical and radiological 

assessment

Mean 36 mo (range not reported)

Otto et al 28 2013 264 52 SSF Clinical and radiological 

assessment

Mean 15.2 mo (range, 1-95 mo)

Patel et al 29 2020 150 3 AF Clinical and radiological 

assessment

Mean 3.8 yr (range, 2-10 yr) for cases 

Mean 3.3 yr (range, 2-8 yr) for 

controls

Roche et al 31 2023 9,079 138 AF/SSF Clinical and radiological 

assessment

Mean 26.5 mo (SD, 23.9 mo) for 

cases

Mean 26.2 mo (SD, 26.4 mo) for 

controls

Routman et al 32 2020 4,125 61 AF/SSF Clinical and radiological 

assessment

Mean 27.8 mo (SD, 20.6 mo)

Schenk et al 33 2020 95 21 AF Clinical and radiological 

assessment

Mean for cases 50 mo (range, 4-

184 mo)

Mean for control 50 mo (range, 4-

189 mo)

Shields et al 34 2017 272 3 AF/SSF Not specified Mean 25 mo (SD, 13 mo) for cases 

Mean 26 mo (SD, 13 mo) for controls 

Su et al 35 2023 67,510 972 AF ICD-9 and ICD-10 codes Minimum 2 yr

Townsend et al 37 2022 55 11 AF/SSF Clinical and radiological

assessment

Mean 4 y (range, 0.5-9.7 yr)

Verstraete et al 38 2021 2038 63 AF/SSF Clinical and radiological 

assessment

Minimum 1 yr

Werthel et al 40 2018 1,094 12 AF Clinical and radiological 

assessment

Mean 2.2 yr (range, 0-7 yr)

Yeazell et al 41 2020 99 6 AF Clinical and radiological 

assessment

Mean 15.5 mo (range, 7-37 mo)

Zmistowski

et al 42

2020 958 40 AF Clinical and radiological 

assessment

Mean 407 d (range, 90-1,698 d)

rTSA, reverse total shoulder arthroplasty; AF, acromial stress fractures; SSF, scapular spine fractures; IQR, interquartile range; SD, standard 

deviation; ICD, International Classification of Diseases.
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risk of AF and SSF in osteoporotic patients (OR = 2.33, 95% 

CI 1.30-4.16, P = .004). A forest plot for risk of fracture with 

osteoporosis is shown in Figure 5. High heterogeneity was 

found in this analysis (I 2 = 71.5%).

Inflammatory arthritis

Our analysis of 5 studies showed that patients with inflam-

matory arthritis as a comorbidity were approximately twice 

more likely to develop AF and SSF than controls (OR = 2.19 

(95% CI 1.88-2.56, P < .001). A forest plot for risk of fracture 

with inflammatory arthritis is shown in Figure 6. No het-

erogeneity was found in this analysis (I 2 = 0%).

Surgical history

We analyzed the risk of AF and SSF in shoulders with previous 

surgery. There were 8 studies investigating risk of fractures 

with any previous ipsilateral shoulder surgery, 5 studies 

investigating risk of fractures with prior rotator cuff repair, 

and 3 studies investigating risk associated with previous 

acromioplasty.

There was no statistically significant risk of AF and SSF in 

patients with history of any ipsilateral shoulder surgery 

compared to patients with no previous ipsilateral shoulder 

surgery (OR = 1.06, 95% CI 0.77-1.46, P = .771), as shown in 

Figure 7. Slightly high heterogeneity was found in this anal-

ysis (I 2 = 51%). When analyzing risk of AF and SSF in patients 

with and without prior rotator cuff repair, a higher risk of AF 

and SSF was associated with prior rotator cuff repair (OR = 2, 

95% CI 1.0-4.25, P = .049), as shown in Figure 8. Low hetero-

geneity was found in this analysis (I 2 = 37.4%). We found a 

statistically insignificant association between prior acromio-

plasty and risk of AF and SSF (OR = 2.94, 95% CI 0.30-28.6,

P = .352), as demonstrated in Figure 9. High heterogeneity 

was found in this analysis (I 2 = 87%).

Sensitivity analysis

We removed 4 large database studies (Mahendraraj et al, 23 

Roche et al, 32 Routman et a., 33 Su et al 36 ) that potentially 

included duplicate patients with the studies analyzed to 

determine change in effect and significance. We observed no 

statistically significant changes after removal of these studies 

separately and simultaneously, indicating they had no addi-

tional effect on overall results.

Discussion

AF and SSF are estimated to occur in 2.6%-8.4% of patients 

after rTSA. 7,18,21,31 While many studies, including review ar-

ticles, have investigated risk factors of AF and SSF, inconsis-

tency remain in the literature. Our review included 25 studies 

with a total of 100,205 rTSAs and 1,937 (2%) stress fractures. 

We found older age (MD = 1.82, P < .001) and lower BMI 

(MD = − 1.08, P < .001) in patients with SF and AF compared to 

controls. In addition, there were statistically significant higher 

risks of AF and SSF with osteoporosis (OR = 2.33, P = .004), 

inflammatory arthritis (OR = 2.19, P < .001), female sex 

(OR = 1.98, P < .001), and prior rotator cuff repair (OR = 2, 

P = .049). Prior shoulder surgery of any sort (P = .771) and prior 

acromioplasty (P = .352) were not associated with a higher risk 

of fracture.

In our analysis, we found osteoporosis and inflammatory 

arthritis to be the strongest risk factors for AF and SSF. Both 

conditions are associated with decreased bone density, leav-

ing patients predisposed to AF and SSF. 2,27 In addition,

Figure 2 — Forest plot for age comparison. CI, confidence interval.
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Figure 3 — Forest plot for body mass index comparison. CI, confidence interval; BMI, body mass index.

Figure 4 — Forest plot for risk of stress fracture based on gender. CI, confidence interval.
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Figure 5 — Forest plot for risk of stress fracture based on osteoporosis. CI, confidence interval.

Figure 6 — Forest plot for risk of stress fracture based on inflammatory arthritis. CI, confidence interval.
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patients with inflammatory arthritis are often treated with 

corticosteroids, which may further decrease mineral bone 

density. 2 Miller et al reported a 24% incidence of AF and SSF in 

rheumatoid arthritis patients compared to only 5% in their 

control group. 26 As such, previous authors have suggested 

preventative measures in patients with rheumatoid arthritis 

who are undergoing rTSA, such as limiting arm lengthening 

during surgery and avoiding strengthening exercises to 

decrease postoperative tension. 26 In patients undergoing 

rTSA, the risk of AF and SSF differs by gender. 23 Mahendraraj 

et al showed that the risk increases by 1.5 and 2.3 times in 

females relative to males for AF and SSF, respectively. 23 

However, Cho et al did not find the same association. 8 Our 

pooled analysis of 12 studies showed an overall higher risk of 

stress fractures in females compared to males (OR = 1.98, 

P < .001).

The impact of previous shoulder surgeries on the devel-

opment of AF and SSF remains controversial. Cho et al 

compared risk of AF and SSF in patients with and without any 

shoulder surgery. 8 They demonstrated a higher risk of frac-

ture in patients with previous shoulder surgeries (OR = 2.91, 

P = .034). 8 In contrast, Kriechling et al found prior shoulder 

surgery to be associated with a lower risk of AF and SSF. 19 We 

analyzed 8 studies comparing the risk of AF and SSF after rTSA 

in patients with previous shoulder surgeries of any sort 

compared to patients without and found no statistically sig-

nificant difference in risk (P = .711). Similarly, we found no

statistically significant difference in AF and SSF risk when 

comparing shoulders with and history of acromioplasty 

(P = .352). In patients undergoing rTSA, a history of rotator cuff 

repair has been associated with worse outcomes. 10 Dean et al 

demonstrated worse outcomes and more complications after 

rTSA in patients with prior rotator cuff repair. 10 We retrieved 5 

studies reporting numbers of AF and SSF after rTSA. 10,24,30,33,35 

Interestingly, these 5 studies showed a higher rate of AF and 

SSF in the cohort with prior rotator cuff repair but did not find 

a statistically significant association. Our pooled analysis 

revealed a higher risk of stress fracture after rTSA in patients 

with prior rotator cuff repair (OR = 2, P = .49). Although a P 

value of .049 is borderline for statistical significance, our 

comprehensive analysis of the literature (5 studies) provides 

strong evidence suggestive of an association between previ-

ous rotator cuff repair and AF/SSF. It is crucial to note that 

implant lateralization, model, and design (onlay vs. inlay) 

were not accounted for in our analyses due to inconsistent 

reported and heterogeneity. Distalization and lateralization, 

which are common with the onlay design, may increase the 

tension across the deltoid, potentially increasing the likeli-

hood of SSF. 14 However, this association was found to be 

statistically insignificant in a recent meta-analysis despite the 

higher rate of SSF with onlay in comparison to inlay designs. 20 

The main limitation in our study is the heterogeneity found 

in some of our analyses. However, this is to be expected due to 

differences in follow-up durations, surgical procedures, and

Figure 7 — Forest plot for risk of stress fracture based on history of shoulder surgery. CI, confidence interval.
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Figure 8 — Forest plot for risk based on history of prior rotator cuff repair. CI, confidence interval.

Figure 9 — Forest plot for risk of stress fracture based on history of acromioplasty. CI, confidence interval.
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patient characteristics. We used a random-effects model to 

account for these variations in our analysis. Nonetheless, 

these findings should be interpreted with caution, particularly 

regarding osteoporosis and prior acromioplasty, due to the 

moderate-to-high heterogeneity observed in our analysis. 

Another potential limitation is the inclusion of 4 

studies 23,32,33,36 that used large databases and may have 

duplicate patients with the other studies in the analysis. Large 

database studies, like those in our analysis, often include 

patients who may also appear in single-institution databases. 

However, significant differences in how data are recorded and 

retrieved across these sources make it challenging to accu-

rately estimate any overlap. However, we do not believe this 

affected our results, as evidenced by our sensitivity analysis 

showing no changes in statistical significance nor effect di-

rection when those 4 studies were removed from their 

respective analyses.

Conclusion

In our study of 25 publications with over 100,000 rTSA 

analyzed, patients with AF and SSF following rTSA were older 

(MD = 1.82, P < .001) and had a lower BMI (MD = − 1.08, 

P < .001). The risk of AF and SSF was higher in those with 

osteoporosis (OR = 2.33, P = .004), inflammatory arthritis 

(OR = 2.19, P < .001), female sex (OR = 1.98, P < .001), and prior 

rotator cuff repair (OR = 2, P < .049). We found no association 

between having prior shoulder surgery of any sort or prior 

acromioplasty and the risk of AF or SSF after rTSA. Additional 

studies are needed to investigate the effect of implant 

configuration on AF and SSF when considered in the light of 

these demographic and patient-related factors.
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