
RESEARCH ARTICLE

Acromioplasty reduces critical shoulder angle

in patients with rotator cuff tear

Che-Li Lin1,2☯, Li-Fong Lin3,4☯, Tzu-Herng Hsu3, Lien-Chieh Lin3, Chueh-Ho Lin5,6‡, Shih-

Wei HuangID
3,7‡*

1 Department of Orthopedic Surgery, Shuang Ho Hospital, Taipei Medical University, New Taipei City,

Taiwan, 2 Department of Orthopedics, School of Medicine, College of Medicine, Taipei Medical University,

Taipei, Taiwan, 3 Department of Physical Medicine and Rehabilitation, Shuang Ho Hospital, Taipei Medical

University, Taipei, Taiwan, 4 School of Gerontology Health Management, College of Nursing, Taipei Medical

University, Taipei, Taiwan, 5 Master Program in Long-Term Care, College of Nursing, Taipei Medical

University, Taipei, Taiwan, R.O.C, 6 Center for Nursing and Healthcare Research in Clinical Practice

Application, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan, R.O.C, 7 Department of Physical

Medicine and Rehabilitation, School of Medicine, College of Medicine, Taipei Medical University, Taipei,

Taiwan

☯ These authors contributed equally to this work.

‡ These authors also contributed equally to this work.

* 13001@s.tmu.edu.tw

Abstract

Critical shoulder angle (CSA) is the angle between the superior and inferior bone margins of

the glenoid and the most lateral border of the acromion and is potentially affected during a

rotator cuff tear (RCT). Acromioplasty is generally performed to rectify the anatomy of the

acromion during RCT repair surgery. However, limited information is available regarding the

changes in the CSA after anterolateral acromioplasty. We hypothesized that CSA can be

decreased after anterolateral acromioplasty. Data were retrospectively collected from 712

patients with RCTs and underwent arthroscopic rotator cuff repair between January 2012

and December 2018, of which 337 patients were included in the study. The presurgical and

postsurgical CSA were then determined and compared using a paired samples t test.

Because previous study mentioned CSA more than 38 degrees were at risk of rotator cuff

re-tear, patients were segregated into two groups: CSA < 38˚ and CSA� 38˚; these groups

were compared using an independent-samples t test. These 337 participants (160 male and

177 female) presented a CSA of 38.4˚ ± 6.0˚ before anterolateral acromioplasty, which sig-

nificantly decreased to 35.8˚ ± 5.9˚ after surgery (P < .05). Before surgery, 172 patients

were present in the CSA� 38˚ group and 57 were preset in the CSA < 38˚ group after sur-

gery. The CSA decreased significantly in the CSA� 38˚ group rather than in the CSA < 38˚

group (P < .05). In conclusion, the CSA can be effectively decreased through anterolateral

acromioplasty, and this reduction in the CSA is more significant among individuals with CSA

� 38˚ than among those with CSA < 38˚, indicating that acromioplasty is recommended

along with RCT repair especially among individuals with a wide presurgical CSA.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0253282 June 30, 2021 1 / 11

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Lin C-L, Lin L-F, Hsu T-H, Lin L-C, Lin C-

H, Huang S-W (2021) Acromioplasty reduces

critical shoulder angle in patients with rotator cuff

tear. PLoS ONE 16(6): e0253282. https://doi.org/

10.1371/journal.pone.0253282

Editor: Katherine Saul, North Carolina State

University, UNITED STATES

Received: January 8, 2021

Accepted: May 28, 2021

Published: June 30, 2021

Copyright: © 2021 Lin et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: This study was funded by the Taipei

Medical University –Shuang Ho Hospital (106TMU-

SHH-12), and (110TMU-SHH-14). The funders had

no role in study design, data collection, and

analysis, decision to publish, or preparation of the

manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0003-1815-6938
https://doi.org/10.1371/journal.pone.0253282
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253282&domain=pdf&date_stamp=2021-06-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253282&domain=pdf&date_stamp=2021-06-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253282&domain=pdf&date_stamp=2021-06-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253282&domain=pdf&date_stamp=2021-06-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253282&domain=pdf&date_stamp=2021-06-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0253282&domain=pdf&date_stamp=2021-06-30
https://doi.org/10.1371/journal.pone.0253282
https://doi.org/10.1371/journal.pone.0253282
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Introduction

Rotator cuff tears (RCTs) are one of the most common shoulder girdle disorders, requiring

surgical repair. RCT is a degenerative rotator cuff disorder and is expected to be highly preva-

lent among older individuals [1, 2]. Among the individuals aged>60 years, the prevalence of

RCTs is estimated as>10% [3]. RCTs often result in functional deterioration and increase the

economic health care burden [4]. RCT pathogenesis remains somewhat unclear. RCTs result

from numerous factors, which are classified as intrinsic, extrinsic, or both [5]. Chronic over-

load on rotator cuff tendons is considered a contributor to RCTs [6]. The correlation between

RCT prevalence and scapular geometric factors including the acromial index and the critical

shoulder angle (CSA) have recently received increasing attention as potential risk factors of

RCTs [7–9].

The CSA was mentioned since 2013 and refers to the angle between the superior and infe-

rior bony margin of the glenoid and the lateral margin of the acromion [10] and indicates gle-

noid inclination and lateral acromion extension. Moor et al reported that at CSA> 35˚,

patients had an increased risk of rotator cuff injury [11]. Moreover, patients with an RCT with

CSA> 38˚ presented a higher retear rate after RCT repair surgery [12, 13]. Furthermore, Ger-

ber et al reported that patients with RCTs after rotator cuff repair surgery with CSA> 35˚ had

a higher retear rate and unfavorable outcomes than those with CSA< 33˚ after acromioplasty

[14]. The CSA can be easily quantified and evaluated through standard radiographic imaging

of the shoulder.

Acromioplasty, is performed to modify existing acromial architecture to eliminate mechan-

ical impingement and has emerged as one of the most frequently performed orthopedic surgi-

cal procedures. Lateral acromioplasty can directly reduce the CSA [12, 15, 16], as can anterior

acromioplasty [17]. However, limited information is available regarding the changes in the

CSA among Asian individuals after acromioplasty, through a large cohort study. Therefore,

this study aimed to evaluate changes in the CSA after acromioplasty among Asian individuals

undergoing RCT repair surgery and investigate the factors contributing to postsurgical retear

among them. We hypothesized that acromioplasty can reduce the CSA of RCT repair patients.

For clinical implication, decrease the CSA especially for those with high CSA patients could

lessen the risk of further re-tear and surgery. Our study could provide the data of CSA reduc-

tion for clinical application.

Methods

Study design and participants

In this retrospective study, patients with RCTs undergoing arthroscopic repair surgery via

anterolateral acromioplasty in a medical university hospital from January 2012 to December

2018 were recruited. All the participants were recruited from the orthopedic department, and

this study was approved by the institutional review board of the medical university (IRB

N201707024). The data were deidentified, and the requirement for informed consent was

waived owing to the retrospective nature of study. All eligible patients were retrospectively

assessed through their medical charts in accordance with the inclusion and exclusion criteria.

The inclusion criteria were as follows: (1) age> 20 years; (2) unilateral, degenerative, full-

thickness RCT diagnosed through magnetic resonance (MR) arthrography and corroborated

during arthroscopic rotator cuff repair surgery with anterolateral acromioplasty; and (3) data

available regarding shoulder radiographic imaging before and after within 6 months of receiv-

ing anterolateral acromioplasty. The exclusion criteria were (1) history of shoulder surgery, (2)

glenohumeral osteoarthritis or acromioclavicular arthritis (which could influence CSA
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measurements), and (3) shoulder radiographic image quality too poor for assessment. Demo-

graphic data including age, sex, body mass index (BMI), affected side, hyperlipidemia, and dia-

betes mellitus were recorded.

Standardized surgical technique

All participants underwent a standardized surgical procedure by two orthopedic surgeons spe-

cialized in arthroscopic surgery. A posterior arthroscopic portal was used to assess the intraar-

ticular structure of the shoulder to diagnose full-thickness RCTs. Using an anterior portal, the

border of the anatomical structure was cleaned using a full-radius resector. Biceps tenotomy

without tenodesis and medial release of the coracohumeral and superior glenohumeral liga-

ments were performed as previously reported [18, 19]. Through the anterolateral portal, bur-

sectomy was performed using a shaver. Anterolateral acromioplasty was performed using the

posterior portal of an arthroscope with a shaver blade designed to cut soft tissue or bones, and

the acromion appeared distinct from the soft tissue and lateral boarder of the acromion. There-

after, the shaver blade was used to resect the most lateral boarder of the acromion in the ante-

roposterior and inferosuperior directions [15].

Radiographic assessment of CSA

Conventional anterior–posterior shoulder radiography was performed before and after sur-

gery. Throughout the evaluation period, the preoperative radiographic images were obtained

<3 months before surgery and postoperative images were obtained<3 months after surgery,

using a standardized protocol. These images were obtained using an upright standing posture

and a descending beam tilted to 20˚ to ensure accuracy of the CSA assessment. We used a CSA

measurement protocol reported by Blonna et al. [20] To prevent the effects of scapular rotation

and beam projection angle difference, we adopted standardized measurement protocols and

imaged the shoulder in the true anterior–posterior view with a digitally embedded tool. Pro-

viding the radiographic images did not overlap and during rotation along the edges of the gle-

noid cavity, image quality remained sufficient to evaluate these parameters. Fig 1 summarizes

the CSA measurements. The angle was measured from a line connecting superior and inferior

bone margins of the glenoid and a line from the inferior bony margin of the glenoid to the

most lateral border of the acromion. Regarding the accuracy of these parameter measure-

ments, two independent evaluators blinded to the presurgical and postsurgical imaging find-

ings measured the CSA among all participants using standardized evaluation methods with

repeated inter-session and intra-session measurements. Thereafter, the radiographic images

were randomly evaluated thrice per image, thus yielding six values in total. The mean value of

these values was obtained for data analysis. Based on a previous study, the inter- and intra-

observer reliability for measuring the CSA was excellent, with an intra-class coefficient (ICC)

more than 0.9 [21].

Statistical analysis

Categorical variables are presented as percentages, and continuous variables as

means ± standard deviations. We conducted a paired samples t test for comparing the presur-

gical and postsurgical CSA values. Based on a previous study, reporting a risk of RCTs at

CSA> 38˚, we subdivided the all the patients into two groups (CSA� 38˚ and CSA < 38˚) to

evaluate the effect of anterolateral acromioplasty among different groups [22]. Changes in the

CSA were evaluated using ANOVA analysis. Furthermore, the proportion of individuals in the

CSA< 38˚ group after surgery were compared using a chi-square analysis. All statistical
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analyses were performed using the Statistical Package for Social Sciences (version 19.0), and

P< .05 was considered statistically significant.

Results

In total, 337 of 712 patients fulfilled the inclusion and exclusion criteria. A graphical represen-

tation of the study protocol is provided in Fig 2. In our study, the intrarater and interrater

accuracy for CSA was 95% and 91%, respectively. The demographic data of the patients are

Fig 1. Critical shoulder angle formed by a line joining the inferior (point A) and superior (point B) border of the glenoid fossa and another line joining the

inferior border of the glenoid (point A) with the inferior lateral boarder of the acromion (point C).

https://doi.org/10.1371/journal.pone.0253282.g001
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listed in Table 1. The Fig 3 demonstrated the CSA before and after acromioplasty of one of

these RCT repair patients. The average presurgical CSA was 38.4˚ ± 6.0˚ and significantly

decreased to 35.8˚ ± 5.9˚ after acromioplasty (P< .05; Fig 4); the average reduction in the CSA

being 2.6˚ among all patients. Among patients with CSA� 38˚, anterolateral acromioplasty

significantly reduced the CSA by 4.14˚ on average (P< .05), while that among patients with

CSA< 38˚ was nonsignificant at 1.02˚. (Table 2) Before acromioplasty, 172 patients had

CSA� 38˚, and this number significantly decreased to 114 after the procedure.

Discussion

We purpose the CSA, which is related to the risk of rotator cuff re-tear and further surgery,

can be reduced by acromioplasty. This study reports that anterolateral acromioplasty can

Fig 2. Schematic of the study protocol.

https://doi.org/10.1371/journal.pone.0253282.g002

Table 1. Demographic characteristics of the patients undergoing anterolateral acromioplasty (n = 337).

Variables

Age, y 64.2 ± 10.1

Sex, n (male) 160

Surgery on dominant side, n 215

BMI, kg/m2 25.5 ± 3.7

Type 2 diabetes mellitus, n 83

Hyperlipidemia, n 30

Continuous data are presented as means ± standard deviations, and categorical data as numbers of patients.

https://doi.org/10.1371/journal.pone.0253282.t001
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reduce the CSA among patients undergoing arthroscopic RCT repair surgery. Among individ-

uals with CSA� 38˚, acromioplasty can bring about a 33% reduction in the CSA to<38˚,

which has been previously reported as a risk predictor of RCTs. Moor et al reported that the

CSA reflects the coverage of the acromion, including the glenoid inclination, and a larger CSA

was associated with RCT. Moor et al compared an RCT group with a normal group and

reported that their CSAs were 38˚ and 33.1˚, respectively, and the threshold point was 35˚. A

previous study investigated the potential of the CSA for predicting RCT in Asian individuals

experiencing shoulder pain and reported a threshold of 38˚ [23]. Our study findings indicated

that as long as RCT patients with CSA more than 38˚, acromioplasty is recommended during

the repair surgery for effective reduce the CSA, which is related with subsequent re-tear

incidence.

Lateral acromioplasty is considered to reduce the load of the supraspinatus and increase the

activity of the deltoid muscles during scapular-plane elevation, which can benefit supraspina-

tus tendons with a potentially lower chronic overload on subsequent injury. Although anterior

acromioplasty is not a mechanical and experimental rationale for reducing the CSA through

lateral acromion resection, a recent study reported that this method can reduce the CSA after

surgery [17]. Moreover, another study reported that anterior acromioplasty can relieve shoul-

der pain [24]. However, another previous study reported that only anterior acromioplasty can-

not prevent RCTs [25]. Therefore, we performed anterolateral acromioplasty herein.

A biomechanical study reported that a large CSA can increase the shear forces in the shoul-

der joint and thus reduce the stability of the shoulder joint, indicating the association between

Fig 3. Demonstration of critical shoulder angle image changes before and after anterolateral acromioplasty.

https://doi.org/10.1371/journal.pone.0253282.g003

PLOS ONE Acromioplasty reduces critical shoulder angle

PLOS ONE | https://doi.org/10.1371/journal.pone.0253282 June 30, 2021 6 / 11

https://doi.org/10.1371/journal.pone.0253282.g003
https://doi.org/10.1371/journal.pone.0253282


RCTs and CSA [26]. Hence, surgical correction of the large CSA through acromioplasty can

reduce the retear rate after RCTs repair surgery [20, 27]. A cadaveric study reported that

arthroscopic lateral acromioplasty can reduce the CSA by 1.4˚ ± 0.6˚ [15]. The present study

reports more obvious changes in the CSA with an average reduction of 2.6˚. Among the pres-

ent patients with RCTs with CSA� 38˚, the CSA could be reduced in 57 patients within the

previously reported threshold value [23]. Anterolateral acromioplasty can help achieve a safer

CSA among individuals with RCTs to reduce the postsurgical retear risk.

Fig 4. Critical shoulder angle before and after anterolateral acromioplasty.

https://doi.org/10.1371/journal.pone.0253282.g004

Table 2. Critical shoulder angle (CSA) changes after acromioplasty among all the participants and subgrouping by CSA of 38 degrees.

CSA All CSA�38˚ CSA<38˚ P valuea

n = 337 n = 172 n = 165

Before acromioplasty 38.4˚ ± 6.0˚ 43.2˚±3.9˚ 33.4˚±3.0˚

After acromioplasty 35.8˚ ± 5.9˚ 39.1˚±5.2˚ 32.4˚±4.5˚

Changes 2.6˚±4.3˚b 4.1˚±4.1˚b 1.0˚±3.9˚ <0.001

aP value was calculated by ANOVA with comparing CSA�38˚ and CSA<38˚ groups
bPaired t test with comparing before and after acromioplasty, P < 0.05.

https://doi.org/10.1371/journal.pone.0253282.t002
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The quantitative effects of acromioplasty on the CSA have remained unclear thus far. Kat-

thagen et al reported a CSA of 2.8˚ ± 0.7˚ after 5-mm lateral acromioplasty among cadavers

[15]. Gerber et al assessed 49 patients and reported a CSA reduction of 3.6˚ after 6-mm lateral

acromioplasty [14]. Another cadaveric study by Altintas et al reported that 10-mm lateral acro-

mioplasty can reduce the CSA by approximately 10˚ [28]. The present results are concurrent

with those of Katthagen et al with regards to CSA reduction. Furthermore, individuals with a

higher CSA presented favorable outcomes on acromioplasty and achieved a safer CSA. In clin-

ical practice, the border of the lateral acromion may greatly protrude and more regions can be

assessed for resection. However, the present retrospective study could not accurately deter-

mine the distance of the acromion resected among individuals with RCTs undergoing acro-

mioplasty. The quantitative effect of the extent of lateral acromial resection on the reduction in

the CSA should be assessed further.

Although this study reports a mean CSA of 35.8˚ after acromioplasty, which was lesser than

that reported previously, 114 individuals still had CSA� 38˚. Interindividual differences in

acromial anatomy may have resulted in the reduction in the CSA even on using the same ante-

rolateral resection technique among these patients. Despite standardized surgical procedures,

the precise value could not be determined among individuals undergoing lateral acromio-

plasty, thus also potentially leading to differences in the changes in the CSA among the present

patients. Moreover, the definite value for anterolateral resection of the acromion was not eval-

uated before surgery. Gerber et al reported a method to determine the extent of the resection

through true anteroposterior radiography and equated this value to the undersurface distance

of the target acromion, using a probe with a caliber and via electrocautery [14]. Furthermore,

they performed MR imaging to determine the angle between the lateral boarder of the acro-

mion and the glenoid fossa to precisely correct the CSA [14]. Additional studies on the applica-

tion of this method are required to determine the accuracy and efficacy among individuals

with RCTs undergoing acromioplasty.

This study reports the effect of lateral acromioplasty in decreasing the CSA, which is a risk

factor for RCT. Nevertheless, several limitations should be addressed herein. First, despite a

good interrater and intrarater accuracy of measurements, the measurement bias should be

considered herein. For more accurate measurement, we randomly assigned the standardized

anterior–posterior shoulder radiographic images to two independent observers, who were

unaware these images were obtained before or after acromioplasty. Furthermore, by prevent-

ing the bias through radiographic imaging, we attempted to standardize the protocol and

exclude low-quality images, thus potentially influencing the reliability of measurements. Sec-

ond, retrospective design of the study served as a limitation. To prevent heterogeneous data

collection, we only selected two senior orthopedic surgeons through the same surgical method

with the same training background. Third, the extent of acromion resection was not evaluated

in this retrospective study. The optimal amount of resection could not be defined for CSA cor-

rection herein. Finally, all participants had the same racial background, namely East Asian,

and racial differences may result in differences in the CSA anatomy.

Conclusion

Anterolateral acromioplasty can reduce the CSA during RCT repair surgery. In particular,

among individuals with CSA� 38˚, being at the risk of subsequent rotator cuff retear, acro-

mioplasty could effectively reduce the CSA by 4.14˚ on average among these patients. This

study provides data regarding the changes in the CSA after anterolateral acromioplasty among

East Asian individuals. Additional prospective cohort studies are required to investigate the

prognosis after RCT repair with or without acromioplasty.
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