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Abstract
Background Rotator cuff tears are common. A previous
systematic review reported on factors associated with ro-
tator cuff tears; however, it included relatively few studies
and few variables, and in addition, it had considerable
heterogeneity. To identify the factors associated with
symptomatic rotator cuff tears and to help guide clinicians
to potentially modifiable factors, we felt a broader and
more inclusive meta-analysis would be useful.
Questions/purposes In this systematic review and meta-
analysis, we asked what (1) demographic, (2) disease, and

(3) imaging factors are associated with symptomatic rotator
cuff tears?
Methods PubMed, Embase, and Web of Science were
searched, and the search period were from the inception of
each database through February 2021. The keywords in-
cluded “risk factor,” “rotator cuff injury,” “rotator cuff
tears,” and “rotator cuff tendinitis.” All comparative stud-
ies on symptomatic rotator cuff tears were included. We
considered that the diagnosis of rotator cuff tear could be
made by any imaging tool (MRI or ultrasound). We
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considered either partial- or full-thickness tears to be a rotator
cuff tear. No language restrictions were applied. Twenty-six
articles from 14 countries involving 9809 individuals, con-
sisting of 3164 patients and 6645 controls, were included. The
Newcastle-Ottawa Scale and the Agency for Healthcare
Research andQuality (AHRQ) scalewere used to evaluate the
risk of bias of the included studies, and the highest scoreswere
9 and 11, respectively. TheNewcastle-Ottawa Scalewas used
for retrospective comparative studies, and the AHRQ was
used to evaluate prospective comparative studies. The eight
retrospective comparative studies we included were scored
from 4 to 9. The quality score of the 18 prospective com-
parative studies ranged from 6 to 9. Publication bias was
explored using the Egger test. Heterogeneity was estimated
using the I2 value. If there was no heterogeneity (I2 #
50%), a fixed-effects model was used to determine the
overall effect size; if there was heterogeneity (I2 > 50%), a
random-effectsmodelwas used tomerge the effect values. A
meta-analysis was performed with RevMan 5.3, and the risk
ratio (RR) and weighted mean difference of related factors
were calculated.
Results Our meta-analysis identified the following de-
mographic factors associated with an increased risk of rotator
cuff tears: older age (mean difference 3.1 [95%CI 1.4 to 4.8];
p < 0.001), greater BMI (mean difference 0.77 [95% CI 0.37
to 1.17]; p < 0.001), smoking (RR1.32 [95%CI 1.17 to 1.49];
p < 0.001), dominant arm (RR1.15 [95%CI 1.06 to 1.24]; p <
0.001), greater height (mean difference 0.9 [95% CI 0.4 to
1.4]; p < 0.001), and heavier weight (mean difference 2.24
[95% CI 0.82 to 3.66]; p = 0.002). Regarding disease factors,
we found that traumatic events (RR 1.91 [95% CI 1.40 to
2.54]; p < 0.001) and hypertension (RR 1.50 [95% CI 1.32 to
1.70]; p < 0.001) were associated with symptomatic rotator
cuff tears. Regarding imaging factors, we found that the fol-
lowing three factorswere associatedwith symptomatic rotator
cuff tears: greater acromion index (mean difference 0.11
[95% CI 0.06 to 0.16]; p < 0.001), greater critical shoulder
angle (mean difference 1.9 [95% CI 1.5 to 2.3]; p < 0.001),
and smaller glenoid version angle (mean difference -1.3 [95%
CI -1.9 to -0.8]; p < 0.001).We found no association between
the patient’s sex or the presence or absence of thyroid disease
and the likelihood of a rotator cuff tear being present.
Conclusion This study identified several factors associated
with symptomatic rotator cuff tears, including blood glucose,
blood pressure, weight, and smoking. Clinicians may seek to
modify these factors, possibly in patients with symptomatic
rotator cuff tears, but also in symptomatic patients who have
not yet been diagnosed with rotator cuff tears because there
would be no harm or risk associated with modifying any of
the factors we identified. Future research should further study
whether addressing these factors can delay the progression
and size of rotator cuff tears.
Level of Evidence Level III, prognostic study.

Introduction

Rotator cuff tears are one of the most common causes of
shoulder pain and limited movement [30, 50]. Despite their
great frequency, the pathogenesis of cuff tears is not well
known [52]. In the past 15 years, the number of rotator cuff
tears inWestern countries has increased substantially [13]. The
costs of the rotator cuff repair are substantial; the annual
medical cost in theUnited States is betweenUSD1.2 andUSD
1.6 billion [13]. Clarifying the factors associated with symp-
tomatic rotator cuff tears and educating patients or the general
population about how to control any modifiable factors may
help to reduce the occurrence and progression of rotator cuff
tears. Identifying risk factors believed to be associatedwith cuff
tears might also help individual clinicians ascertain the likeli-
hood of a rotator cuff injury being present in a particular pa-
tient; this could guide the utilization of screening tests.

One systematic review reported several factors associated
with rotator cuff tears [54], but it included few studies and
evaluated few variables. In addition, heterogeneity was a
concern. These shortcomings limit the ability of clinicians to
more fully understand the factors associated with symptomatic
rotator cuff tears as well as to formulate prevention and treat-
ment strategies. In addition, it would be helpful to include
parameters related to shoulder anatomy, such as critical
shoulder angle and glenoid version angle [63, 65]. Finally,
studies have disagreed to some degree on which factors are or
are not associated with rotator cuff tears [2, 7, 25, 54, 57],
which suggests that a meta-analysis may be helpful.

We therefore performed a systematic review and meta-
analysis, in which we asked: What (1) demographic, (2)
disease, and (3) imaging factors are associated with
symptomatic rotator cuff tears?

Materials and Methods

Search Strategy

We electronically searched PubMed, Embase, and Web of
Science. Combinations of MeSH words and free words
were used in the search. Articles published from the es-
tablishment of each database through February 2021 were
considered potentially eligible. We completed the search in
February 2021. The keywords included “risk factor,” “ro-
tator cuff injury,” “rotator cuff tears,” and “"rotator cuff
tendinitis” (Supplemental Digital Content 1, http://links.
lww.com/CORR/A620).

Inclusion and Exclusion Criteria

We compared patients diagnosed with rotator cuff tears
with a group of controls, defined as the study group. We
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included studies that involved patients with rotator cuff
tears (regardless of rotator cuff tear type) and control
groups of patients without rotator cuff tears, as well as
studies in which the study and control groups were iden-
tified based on tools such as MRI. We also included pro-
spective or retrospective studies with control groups and
those that used at least one formal evaluation index that
measured demographic, disease, or imaging factors. No
language restrictions were implemented.

The exclusion criteria were duplicate studies, grey litera-
ture (unpublished studies, abstracts, preprint articles), studies
whose data could not be converted andmerged, and studies of
low quality (Newcastle-Ottawa Scale score < 4 and Agency
for Healthcare Research and Quality [AHRQ] score < 4).

Study Screening and Data Extraction

Two researchers (ML, JP) independently screened the
studies, extracted data, and cross-checked the data.

Disagreements were settled through discussion or negotiation
with a third party (JL). After duplicate data were removed
from the data retrieved, the abstracts and full textswere read to
determine whether the study should be included. If necessary,
we contacted the corresponding author of the original study
by email or telephone to obtain information that was impor-
tant for this study. The extracted information comprised basic
study information, including the first author, publication date,
and study design; baseline characteristics of the participants,
including the sampling and imagingmethods; key elements of
the risk of bias assessment; and relevant outcome indicators
and measurement data.

Search Results

We identified 987 studies, and 269 papers remained after
we removed duplicates. After reading the title and abstract,
we were left with 56 articles. After re-reading the full text,
we excluded 30 articles that did not meet the inclusion

Fig. 1 This flow diagram shows the number of studies identified and included in this meta-
analysis.
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Table 1. Characteristics of studies included in this review

Author
Publication

year Country Design
Ethical
approval

Number of
patients

Imaging
modality

NOS or
AHRQ score

Rotator
cuff tear

No
Tear

Abate et al. [1] 2014 Italy Prospective,
comparative study

Yes 27 205 Ultrasound 7a

Watanabe
et al. [62]

2018 Japan Retrospective,
comparative study

Yes 54 54 MRI 6b

Applegate et al.
[4]

2016 USA Prospective,
comparative study

Yes 156 1070 MRI 7a

Atala et al. [5] 2020 Argentina Prospective,
comparative study

Yes 52 53 MRI 8a

Bjarnison
et al. [9]

2017 Denmark Retrospective,
comparative study

Yes 95 285 MRI 9b

Blonna et al.
[10]

2015 Italy Prospective,
comparative study

Yes 40 80 MRI 8a

Cunningham
et al. [16]

2018 Switzerland Prospective,
comparative study

Yes 33 38 MRI 7a

Dogan et al.
[17]

2012 Turkey Retrospective,
comparative study

Yes 62 60 MRI 7b

Figueiredo
et al. [20]

2020 Brazil Prospective,
comparative study

Yes 211 567 MRI 6a

Gumina
et al. [24]

2013 Italy Retrospective,
comparative study

Yes 215 201 MRI 5b

Haveri
et al. [27]

2020 India Prospective,
comparative study

Yes 69 31 MRI 8a

İncesoy
et al. [28]

2020 Turkey Retrospective,
comparative study

Yes 437 433 MRI 8b

Jeong et al. [31] 2016 Korea Prospective,
comparative study

Yes 23 355 Ultrasound 6a

Jeong et al. [29] 2020 Korea Retrospective,
comparative study

Yes 40 160 MRI 7b

van Kampen
et al. [61]

2014 Netherlands Prospective,
comparative study

Yes 38 62 MRA 9a

Kim et al. [34] 2018 Korea Prospective,
comparative study

Yes 214 109 MRI 7a

Lee et al. [37] 2015 China Prospective,
comparative study

Yes 140 176 Ultrasound 6a

Longo
et al. [40]

2009 UK Retrospective,
comparative study

NR 97 97 Imaging 5b

Mehta
et al. [41]

2020 USA Prospective,
comparative study

Yes 49 305 Ultrasound 9a

Mohamed
et al [43]

2014 Egypt Prospective,
comparative study

Yes 56 30 MRI 6a

Motta et al. [44] 2014 USA Prospective,
comparative study

Yes 203 207 MRI 6a

Park et al. [48] 2018 Korea Prospective,
comparative study

Yes 199 435 MRI 7a

Passaretti et al.
[49]

2016 Italy Prospective,
comparative study

Yes 249 356 MRI 6a

Shinagawa
et al. [56]

2018 Japan Prospective,
comparative study

Yes 112 183 MRI or
ultrasound

8a
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criteria, and leaving 26 articles [1, 4, 5, 9, 10, 16, 17, 20, 24,
27, 28, 29, 31, 34, 37, 40, 41, 43, 44, 48, 49, 56, 58, 61, 62,
64] in our study (Fig. 1).

Basic Characteristics of the Included Studies

Twenty-six articles from 14 countries were included; 18
were prospective comparative studies and eight were ret-
rospective comparative studies (Table 1). A total of 9809
patients were included in this study, with 3164 in the study
group and 6645 in the control group. Seventeen associated
factors were identified.

Assessment of Study Quality

The Newcastle-Ottawa Scale was used to evaluate the risk of
bias of the retrospective comparative studies included in our
review [59]. The following three aspects were assessed: the
research participant selection process, level of intergroup
comparability, and data measurement process. The total
possible score was 9 points, with higher scores indicating
better study quality. The prospective comparative studies
were evaluated using the risk of bias evaluation standards
recommended by the AHRQ [14], with 11 items in total. The
response options for each item were yes, no, or not clear. The
higher the score, the higher the quality of the study.

In total, eight retrospective comparative studies had
quality scores of 4 to 9 (Table 1). The quality score of the
18 prospective comparative studies ranged from 6 to 9.
These results suggest that the included studies had a low
risk of bias and highmethodological quality (Supplemental
Digital Content 2, http://links.lww.com/CORR/A621).

This meta-analysis was performed in strict accordance
with the requirements of the Meta-analysis of
Observational Studies in Epidemiology statement [60] and
was registered with the PROSPERO International
Prospective Register of Systematic Reviews (registration
number: CRD42021239990).

Quantitative Analysis

RevMan 5.3 software (Cochrane Collaboration) was used for
the meta-analysis. The weighted mean difference was used to
determine the effect size of the measurement data, and the risk
ratio (RR) was used to determine the effect size for categorical
variables. The 95%confidence interval for each effect sizewas
calculated. A heterogeneity test was used to evaluate the het-
erogeneity of the included studies. If there was no heteroge-
neity (I2# 50%), a fixed-effects model was used to determine
the overall effect size; if there was heterogeneity (I2 > 50%), a
random-effects model was used to merge the effect values
[11]. According to the heterogeneity test results, the hetero-
geneity levels of BMI (I2 = 11%), male sex (I2 = 50%),
smoking (I2 = 49%), dominant arm (I2 = 18%), height (I2 =
0%), weight (I2 = 0%), traumatic events (I2 = 35%), hyper-
tension (I2 = 0%), thyroid disease (I2 = 0%), critical shoulder
angle (I2 = 23%), and glenoid version angle (I2 = 0%) were
low. The heterogeneity values of age (I2 = 94%), female sex
(I2 = 51%), diabetes mellitus (I2 = 86%), acromion index (I2 =
83%), lateral acromion angle (I2 = 88%), and acromiohumeral
distance (I2 = 92%) were high (Supplemental Digital Content
3, http://links.lww.com/CORR/A622). For the outcome
indicators included in three or more articles, Stata 15.1
software (StataCorpLLC)was used to conduct anEgger test to
evaluate publication bias.

The results of the Egger test showed that there was no
publication bias related to the outcome indicators of this
study with combined data from three or more articles
(p > 0.05) (Supplemental Digital Content 4, http://links.
lww.com/CORR/A623).

Results

Demographic Factors

The results of the meta-analysis showed that older age (mean
difference 3.1 [95% CI 1.4 to 4.8]; p < 0.001), BMI (mean
difference 0.77 [95% CI 0.37 to 1.17]; p < 0.001), smoking

Table 1. continued

Author
Publication

year Country Design
Ethical
approval

Number of
patients

Imaging
modality

NOS or
AHRQ score

Rotator
cuff tear

No
Tear

Spiegl et al.
[58]

2015 USA Retrospective,
comparative study

Yes 10 10 MRI 4b

Yamamoto
et al. [64]

2010 Japan Prospective,
comparative study

Yes 283 1083 Ultrasound 8a

aAHRQ = American Agency for Healthcare Research and Quality (0-11 points).
bNOS = Newcastle-Ottawa Scale (0-9 points); for both scales, the higher the score, the better the quality of the study; RCT = rotator
cuff tear; NR = not reported.
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(RR 1.32 [95%CI 1.17 to 1.49]; p < 0.001), injured dominant
arm (RR 1.15 [95%CI 1.06 to 1.24]; p < 0.001), height (mean
difference 0.9 [95% CI 0.4 to 1.4]; p < 0.001), and weight
(mean difference 2.24 [95%CI 0.82 to 3.66]; p = 0.002) were
factors associated with rotator cuff tears. In addition, our re-
sults suggest that sex (RR 0.98 [95% CI 0.92 to 1.05]; p =
0.64 for female versus male) was not a factor associated with
rotator cuff tears (Table 2).

Disease Factors

Our meta-analysis revealed that traumatic events (RR 1.91
[95% CI 1.40 to 2.54]; p < 0.001) and hypertension (RR
1.50 [95%CI 1.32 to 1.70]; p < 0.001) were associated with
rotator cuff tears; however, diabetes mellitus (RR 1.22
[95% CI 0.72 to 2.07]; p = 0.47) was not. In addition, we
found no association between the presence of thyroid dis-
ease and the likelihood of a rotator cuff tear being present
(RR 0.88 [95% CI 0.45 to 1.73]; p = 0.71) (Table 2).

Imaging Factors

The meta-analysis showed that a greater acromion index
(mean difference 0.11 [95% CI 0.06 to 0.16]; p < 0.001), a
larger critical shoulder angle (mean difference 1.9 [95% CI
1.5 to 2.3]; p < 0.001), and a smaller glenoid version angle
(mean difference -1.3 [95% CI -1.9 to -0.8]; p < 0.001)
were factors associated with rotator cuff tears. The lateral
acromion angle and acromiohumeral distance had no cor-
relation with symptomatic rotator cuff tears (Table 2).

Discussion

Rotator cuff tears are common, they substantially reduce
patients’ quality of life, and they impose a heavy economic
burden on patients and healthcare systems. Although many
studies have evaluated the factors associated with rotator
cuff tears, there is a lack of high-quality systematic review
articles; such sources can help aggregate data and focus
clinicians’ attention on the factors that matter most. We
collected and assessed the best-available evidence about
factors associated with rotator cuff tears, including de-
mographic factors, disease factors, and imaging parame-
ters, and we identified a number of potentially modifiable
factors associated with symptomatic rotator cuff tears, in-
cluding blood glucose control, blood pressure, weight, and
cigarette smoking. These findings may help clinicians to
intervene to the benefit of patients who have symptoms but
who have not yet developed a cuff tear. Future research can
further assess whether controlling these associated factors
can delay the progression and size of rotator cuff tears.

Limitations

There are some limitations to this study. First, the study pop-
ulationwasmainly patients with symptomatic shoulder pain or
dyskinesia, so the conclusion of this study is only applicable to
patients with symptomatic rotator cuff tears. In addition, our
study is about factors associated with rotator cuff tears; the
papers included in our analysis could not prove causation.
Whether the factors identified in this study can, in fact, in-
fluence the progression of rotator cuff tears in patients with
shoulder symptoms who are not diagnosed with rotator cuff
tears is worthy of further study. Another limitation is the het-
erogeneity of the included studies, which were of various de-
signs, came from different countries, included patients of a
variety of races, and were performed in diverse medical eco-
nomic environments. In particular, the factors of age, diabetes,
acromion index, lateral acromion angle, and acromiohumeral
distance were associated with greater heterogeneity, and they
should be interpreted accordingly. Future studies including
larger sample sizes and less heterogeneity should be consid-
ered. However, the fact that the source studies came from
diverse environments and included patients of different races
andwere performed in different settingsmayoffer ameasure of
generalizability, which may be perceived as advantageous.
Finally, the low level of evidence and lack of prospective co-
hort studies is concerning; however, we restricted inclusion to
papers with a Newcastle-Ottawa Scale assessment or AHRQ
score of four or more (Supplemental Digital Content 2, http://
links.lww.com/CORR/A621), which generally suggests
intermediate or better study quality.

Demographic Factors

Older age, greater BMI, smoking, dominant hand, and
greater height and weight were factors associated with
symptomatic rotator cuff tears; by contrast, sex (male or
female) was not associated with symptomatic rotator cuff
tears. With increasing age, the incidence of symptomatic
rotator cuff tears is higher, which has been recognized by
many studies [44, 46, 55]. In older people, the number of
microvessels in the tendon is substantially reduced, which
makes the rotator cuff tissue more prone to fibrovascular
hyperplasia, adiposis, atrophy, and calcification, which
may be more likely to be associated with rotator cuff tears
[44, 53]. One study found the risk of rotator cuff injury in
people older than 60 years was 5.07 times that in people
younger than 60 years [54]. Although obviously age is a
continuous variable (that is, the difference probably will
not be so dramatic between a patient who is 59 and a
patient who is 61), the evidence suggests that surgeons
certainly can consider older patients as being at higher
risk. Increases in BMI are closely related to rotator cuff ten-
dinitis and rotator cuff tears [23]. There is a theory that with
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increasing BMI, there is more serious microvascular damage
after a slight rotator cuff injury, which impairs rotator cuff
repair and potentiates further subsequent tearing of the rotator
cuff [23]. An increase in BMI can also promote inflammation,
which may have a negative influence on disease progression
and decompensation of rotator cuff tears [33]. Patients with
shoulder pain or movement disorders should try to maintain
weight control, which may help to prevent the pathological
progression of symptomatic rotator cuff tears. Family doctors
and surgeons also can provide dietary advice for high-risk
groups.We also found cigarette smoking to be associated with
rotator cuff tear. Hatta et al. [26] found that nicotine-exposed
tendons showed a decrease in gene expression and enzyme
activity in a dose-dependent manner. Studies have shown that
some components of cigarettes can produce negative influ-
ences on the generation, apoptosis, and metabolism of muscle
cells in vitro [12, 26]. Smoking cessation is important formany
reasons; its effect on the rotator cuff is just one more.

Disease Factors

Our results showed that hypertension and traumatic
shoulder events were associated with symptomatic rotator
cuff tears but diabetes and thyroid disease were not. There

is a lack of research on the relationship between hyper-
tension and the pathogenesis of symptomatic rotator cuff
tears; we believe this could be a productive area of future
research. Of course, surgeons (and internists) should
continue to help patients achieve good blood pressure
control, and future studies can explore whether blood
pressure control can delay the pathological progression
of rotator cuff tears. A history of shoulder trauma has
been considered a risk factor for rotator cuff tears [19,
51], as confirmed by our meta-analysis. The number of
rotator cuff tears in patients younger than 45 years is
increasing because of trauma [6, 38]. Biomechanically,
various external forces can lead to overload and over-
stretching of the rotator cuff tendon, leading to traumatic
rotator cuff tears [39]. Diabetes has long been considered
an independent risk factor for rotator cuff tears [3, 15],
which is not in accordance with our findings. There is a
big difference between the susceptible group of diabetes
and the susceptible population of rotator cuff tear, so
diabetes may not be associated with the rotator cuff tear.
Another possible explanation is that the studies we in-
cluded involved patients who were of different races and
from different countries, which could have blunted the
apparent association; it is possible that diabetes may
have a differential effect on the rotator cuff among

Table 2. Outcomes of the meta-analysis

Risk factor Number of studies RR or WMD (95% CI) p value I2, % Analysis model

Demographic factors

Age in years 24 WMD 3.1 (1.4-4.8) < 0.001 94 IV, random

BMI in kg/m2 5 WMD 0.77 (0.37-1.17) < 0.001 11 IV, fixed

Female sex 23 RR 0.98 (0.92-1.05) 0.64 51 M-H, random

Male sex 22 RR 1.03 (0.97-1.08) 0.31 50 M-H, fixed

Smoking, yes versus no 9 RR 1.32 (1.17-1.49) < 0.001 49 M-H, fixed

Dominant arm 7 RR 1.15 (1.06-1.24) < 0.001 18 M-H, fixed

Height in cm 2 WMD 0.9 (0.4-1.4) < 0.001 0 IV, fixed

Weight in kg 2 WMD 2.24 (0.82-3.66) 0.002 0 IV, fixed

Underlying disease

Traumatic events, yes versus no 3 RR 1.91 (1.40-2.54) < 0.001 35 M-H, fixed

Diabetes mellitus, yes versus no 7 RR 1.22 (0.72-2.07) 0.47 86 M-H, random

Hypertension, yes versus no 5 RR 1.50 (1.32-1.70) < 0.001 0 M-H, fixed

Thyroid disease, yes versus no 4 RR 0.88 (0.45-1.73) 0.71 0 M-H, fixed

Morphologic parameters

AI 3 WMD 0.11 (0.06-0.16) < 0.001 83 IV, random

LAA in ° 2 WMD -3.7 (-8.2 to 0.9) 0.11 88 IV, random

CSA in ° 6 WMD 1.9 (1.5-2.3) < 0.001 23 IV, fixed

GVA in ° 2 WMD -1.3 (-1.9 to -0.8) < 0.001 0 IV, fixed

AD in mm 2 WMD -0.8 (-2.4 to 0.8) 0.32 92 IV, random

A forest plot of all risk factors is shown in Supplementary Material 3 (Supplemental Digital Content 3, http://links.lww.com/CORR/
A622). RR = relative risk; WMD = weighted mean difference; IV = inverse variance; M-H =Mantel Haenszel test; AI = acromion index;
LAA = lateral acromion angle; CSA = critical shoulder angle; GVA = glenoid version angle; AD = acromiohumeral distance.

102 Zhao et al. Clinical Orthopaedics and Related Research®

http://links.lww.com/CORR/A622
http://links.lww.com/CORR/A622


people of different races. Future studies might in-
vestigate this.

Imaging Factors

Our study showed that a greater critical shoulder angle, a
lower glenoid version angle, and a greater acromion index
were factors independently associated with rotator cuff tears.
The compressive and shear forces of the joint depend on the
critical shoulder angle [22, 42]. With an increasing critical
shoulder angle, the shear force of the joint increases, which
may increase the load on the rotator cuff. A high critical
shoulder angle can induce supraspinatus overload and may
explain why some rotator cuff tears are associated with a high
critical shoulder angle [8, 21]. The critical shoulder angle can
be measured on radiographs instead of MRI, and if a patient
has shoulder pain and a high critical shoulder angle, one
should have a high index of suspicion that the patient may
have a rotator cuff tear. Prior studies have disagreed on
whether greater glenoid retroversion is associated with rotator
cuff tears [18, 28, 32, 36]; our meta-analysis found that it is.
Based on this, surgeons might further study the bio-
mechanical effect of glenoid version angle on rotator cuff.
Our meta-analysis confirmed that a higher acromion index is
associated with the risk of rotator cuff tear. And surgeons
might maintain a high index of suspicion for rotator cuff tear
in patients with shoulder pain who have a high acromion
index (as well as an abnormal critical shoulder angle or ex-
cessive glenoid retroversion); this could help guide the judi-
cious use of advanced diagnostic imaging, like MRI and
ultrasound, particularly in resource-constrained countries.
Previous studies found that patients with a critical shoulder
angle greater than 30° to 35° [35, 45], an acromion index
greater than 0.6 to 0.64 [28, 47], and abnormal glenoid ver-
sion angle (less than -2.2°) [28] were at greater risk of de-
veloping rotator cuff tears. The critical shoulder angle,
glenoid version angle, and the acromion index are anatomical
parameters of the shoulder that are nonmodifiable other than,
perhaps, with surgery. When a patient is diagnosed with a
rotator cuff tear and surgical treatment is considered, in ad-
dition to repairing the rotator cuff tear, the surgeon may
consider addressing the above three factors in the hope of
reducing the risk of retear. Further research might seek to
evaluate approaches to addressing those anatomic factors
through surgery, to determine whether this will have a pro-
tective effect on the rotator cuff after surgery.

Conclusion

This study identified a number of potentially modifiable
factors associated with symptomatic rotator cuff tears,
including blood glucose, blood pressure, weight, and

smoking. Clinicians may help patients with shoulder pain
who do not yet have a cuff tear to modify these factors, as
such interventions may help prevent a tear; furthermore,
there is no risk to modifying those factors because doing
so would also improve patients’ overall health. The ra-
diographic factors we identified, including the acromion
index, critical shoulder angle, and glenoid version angle,
may help surgeons determine which patients with symp-
toms suggestive of a cuff tear are more or less likely to
actually have a tear. Future research can further study
whether controlling these factors may delay the pro-
gression and size of rotator cuff tears. In addition, future
studies can continue to explore whether changing the
anatomical parameters of the shoulder during surgery,
such as the critical shoulder angle, glenoid version angle,
and the acromion index, will help to protect the rotator
cuff from retear after surgery. Finally, we should further
explore whether there are differences in risk factors for
rotator cuff tears among patients of different ages and
ethnic groups.

This is an open-access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from
the journal.
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