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Abstract 
PURPOSE: 

To investigate whether arthroscopic lateral acromioplasty reliably 
decreases the critical shoulder angle (CSA) and whether it is 
associated with damage to the deltoid or other complications. 
METHODS: 

Patients undergoing arthroscopic rotator cuff repair (RCR) with lateral 
but without anterior acromioplasty for degenerative, full-thickness 
rotator cuff tears and a CSA of 34° or greater were retrospectively 
reviewed. Patients with traumatic or irreparable rotator cuff tears, 
osteoarthritis, or previous surgery were excluded. Clinical and 
radiographic outcomes were assessed at a minimum of 12 months' 
follow-up. 
RESULTS: 

We reviewed 49 consecutive patients (mean age, 56 years; age 
range, 39-76 years) at a mean of 30 months (range, 12-47 months). 
There were 7 RCR failures (14%). The mean CSA was reduced from 
37.5° preoperatively (95% confidence interval [CI], 36.7°-38.3°) to 
33.9° postoperatively (95% CI, 33.3°-34.6°; P < .001). There were no 
cases of dehiscence, increases in fatty infiltration, or significant 
atrophy of the deltoid. Scarring at the deltoid origin was noted in 18 
patients (37%). The mean absolute and relative Constant scores 
increased from 59 points (95% CI, 54-64 points) to 74 points (95% CI, 
70-78 points) and from 66% (95% CI, 61%-71%) to 83% (95% CI, 
79%-87%) respectively, and the Subjective Shoulder Value increased 
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from 45% (95% CI, 39%-50%) to 80% (95% CI, 74%-86%) (P < .001 
for all 3 improvements). The postoperative CSA was significantly 
larger in failed than in healed repairs (P = .026). Patients with a 
healed RCR and a CSA corrected to 33° or less (n = 22) had 25% 
more abduction strength than patients with a healed cuff and a CSA 
corrected to 35° or greater (n = 14, P = .04). 
CONCLUSIONS: 

Arthroscopic lateral acromioplasty performed in addition to 
arthroscopic RCR can reduce the CSA without significantly 
compromising the deltoid origin, deltoid muscle, or function. It is not 
associated with any additional complications of arthroscopic RCR. 
Insufficiently corrected, abnormally large CSAs are associated either 
with a higher retear rate or with inferior strength of abduction if the 
tears heal. 
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Abstract 
Osteoarthritis (OA) of the glenohumeral joint constitutes the most 
frequent indication for nontraumatic shoulder joint replacement. 
Recently, a small critical shoulder angle (CSA) was found to be 
associated with a high prevalence of OA. This study aims to verify the 
hypothesis that a small CSA leads to higher glenohumeral joint 
reaction forces during activities of daily living than a normal CSA. A 
shoulder simulator with simulated deltoid (DLT), supraspinatus (SSP), 
infraspinatus/teres minor (ISP/TM), and subscapularis (SSC) 
musculotendinous units was constructed. The DLT wrapping on the 
humerus was simulated using a pulley that could be horizontally 
adjusted to simulate the 28° CSA found in OA or the 33° CSA found 
in disease-free shoulders. Over a range of motion between 6° and 
82° of thoracohumeral abduction joint forces were measured using a 
six-axis load cell. An OA-associated CSA yielded higher net joint 
reaction forces than a normal CSA over the entire range of motion. 
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The maximum difference of 26.4 N (8.5%) was found at 55° of 
thoracohumeral abduction. Our model thus suggests that a CSA 
typical for OA predisposes the glenohumeral joint to higher joint 
reaction forces and could plausibly play a role in joint overloading and 
development of OA. © 2015 Orthopaedic Research Society. 
Published by Wiley Periodicals, Inc. J Orthop Res 34:1047-1052, 
2016. 
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Abstract 
Shoulders with rotator cuff tears (RCT) tears are associated with 
significantly larger critical shoulder angles (CSA) (RCT CSA = 38.2°) 
than shoulders without RCT (CSA = 32.9°). We hypothesized that 
larger CSAs increase the ratio of glenohumeral joint shear to joint 
compression forces, requiring substantially increased compensatory 
supraspinatus loads to stabilize the arm in abduction. A previously 
established three dimensional (3D) finite element (FE) model was 
used. Two acromion shapes mimicked the mean CSA of 38.2° found 
in patients with RCT and that of a normal CSA (32.9°). In a first step, 
the moment arms for each muscle segment were obtained for 21 
different thoracohumeral abduction angles to simulate a quasi-static 
abduction in the scapular plane. In a second step, the muscle forces 
were calculated by minimizing the range of muscle stresses able to 
compensate an external joint moment caused by the arm weight. If 
the joint became unstable, additional force was applied by the rotator 
cuff muscles to restore joint stability. The model showed a higher joint 
shear to joint compressive force for the RCT CSA (38.2°) for 
thoracohumeral abduction angles between 40° and 90° with a peak 
difference of 23% at 50° of abduction. To achieve stability in this case 
additional rotator cuff forces exceeding physiological values were 
required. Our results document that a higher CSA tends to destabilize 
the glenohumeral joint such that higher than normal supraspinatus 
forces are required to maintain modeled stability during active 
abduction. This lends strong support to the concept that a high CSA 
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can induce supraspinatus (SSP) overload. © 2015 Orthopaedic 
Research Society. Published by Wiley Periodicals, Inc. J Orthop Res 
34:961-968, 2016. 
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Abstract 

BACKGROUND:  

The pathogenesis of full-thickness tears of the rotator cuff remains unclear. Apart from age 

and trauma, distinct scapular morphologies have been found to be associated with rotator 

cuff disease. The purpose of the present study was to evaluate whether a score formed 

using these established risk factors was able to predict the presence of a rotator cuff tear 

reliably. 

METHODS:  

We retrospectively assessed a consecutive series of patients with a minimal age of 40 years 

old, who had true antero-posterior (AP) radiographs of their shoulders, as well as a magnetic 

resonance (MR) gadolinium-arthrography, between January and December 2011. In all of 

these patients, the critical shoulder angle (CSA) was determined, and MR images were 

assessed for the presence of rotator cuff tears. Additionally, the patients' charts were 

reviewed to obtain details of symptom onset. Based on these factors, the so-called rotator 

cuff tear (RCT) score was calculated. 

RESULTS:  

Patients with full-thickness RCTs were significantly older and had significantly larger CSAs 

than patients with intact rotator cuffs. Multiple logistic regression, using trauma, age and CSA 

as independent variables, revealed areas under the curve (AUCs) for trauma of 0.55, for age 

of 0.65 and for CSA of 0.86. The combination of all three factors was the most powerful 

predictor, with an AUC of 0.92. 

CONCLUSION:  

Age, trauma and the CSA can accurately predict the presence of a posterosuperior RCT. 
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LEVEL OF EVIDENCE:  

Level IV. Case series with no comparison groups. 
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Abstract 

Shoulders with supraspinatus (SSP) tears are associated with significantly larger critical 

shoulder angles (CSA) compared to disease-free shoulders. We hypothesized that larger 

CSAs increase the ratio of joint shear to joint compression forces (defined as "instability 

ratio"), requiring substantially increased compensatory supraspinatus loads. A shoulder 

simulator with simulated deltoid, supraspinatus, infraspinatus/teres minor, and subscapularis 

musculotendinous units was constructed. The model was configured to represent either a 

normal CSA of 33° or a CSA characteristic of shoulders with rotator cuff tears (38°), and the 

components of the joint forces were measured. The instability ratio increased for the 38° 

CSA compared with the control CSA (33°) for a range of motion between 6° to 61° of 

thoracohumeral abduction with the largest differences in instability observed between 33° 

and 37° of elevation. In this range, SSP force had to be increased by 13-33% (15-23 N) to 

stabilize the arm in space. Our results support the concept that a high CSA can induce SSP 

overload particularly at low degrees of active abduction. 

KEYWORDS:  

biomechanics; critical shoulder angle; etiology; rotator cuff tear; tendon 
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Author information 
Abstract 

BACKGROUND:  

The etiology of rotator cuff disease is age related, as documented by prevalence data. 

Despite conflicting results, growing evidence suggests that distinct scapular morphologies 

may accelerate the underlying degenerative process. The purpose of the present study was 

to evaluate the predictive power of 5 commonly used radiologic parameters of scapular 

morphology to discriminate between patients with intact rotator cuff tendons and those with 

torn rotator cuff tendons. 

METHODS:  

A pre hoc power analysis was performed to determine the sample size. Two independent 

readers measured the acromion index, lateral acromion angle, and critical shoulder angle on 

standardized anteroposterior radiographs. In addition, the acromial morphology according to 

Bigliani and the acromial slope were determined on true outlet views. Measurements were 

performed in 51 consecutive patients with documented degenerative rotator cuff tears and in 

an age- and sex-matched control group of 51 patients with intact rotator cuff tendons. 

Receiver operating characteristic analyses were performed to determine cutoff values and to 

assess the sensitivity and specificity of each parameter. 

RESULTS:  

Patients with degenerative rotator cuff tears demonstrated significantly higher acromion 

indices, smaller lateral acromion angles, and larger critical shoulder angles than patients with 

intact rotator cuffs. However, no difference was found between the acromial morphology 

according to Bigliani and the acromial slope. With an area under the receiver operating 

characteristic curve of 0.855 and an odds ratio of 10.8, the critical shoulder angle 

represented the strongest predictor for the presence of a rotator cuff tear. 

CONCLUSION:  

The acromion index, lateral acromion angle, and critical shoulder angle accurately predict the 

presence of degenerative rotator cuff tears. 
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We hypothesised that a large acromial cover with an upwardly tilted glenoid fossa would be 

associated with degenerative rotator cuff tears (RCTs), and conversely, that a short 

acromion with an inferiorly inclined glenoid would be associated with glenohumeral 

osteoarthritis (OA). This hypothesis was tested using a new radiological parameter, the 

critical shoulder angle (CSA), which combines the measurements of inclination of the glenoid 

and the lateral extension of the acromion (the acromion index). The CSA was measured on 

standardised radiographs of three groups: 1) a control group of 94 asymptomatic shoulders 

with normal rotator cuffs and no OA; 2) a group of 102 shoulders with MRI-documented full-

thickness RCTs without OA; and 3) a group of 102 shoulders with primary OA and no RCTs 

noted during total shoulder replacement. The mean CSA was 33.1° (26.8° to 38.6°) in the 

control group, 38.0° (29.5° to 43.5°) in the RCT group and 28.1° (18.6° to 35.8°) in the OA 

group. Of patients with a CSA > 35°, 84% were in the RCT group and of those with a CSA < 

30°, 93% were in the OA group. We therefore concluded that primary glenohumeral OA is 

associated with significantly smaller degenerative RCTs with significantly larger CSAs than 

asymptomatic shoulders without these pathologies. These findings suggest that individual 

quantitative anatomy may imply biomechanics that are likely to induce specific types of 

degenerative joint disorders. 

KEYWORDS:  
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