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Effect of critical shoulder angle on deltoid muscle strength reduction in patients with
rotator cuff tears
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[ Abstract] Objective To investigate the synergistic interaction between the deltoid muscle and the rotator cuff
muscle group in patients with rotator cuff tears (RCT), as well as the impact of the critical shoulder angle (CSA) on deltoid
muscle strength. Methods A retrospective analysis was conducted on clinical data from 42 RCT patients who met the
selection criteria and were treated between March 2022 and March 2023. There were 13 males and 29 females, with an age
range of 42-77 years (mean, 60.5 years). Preoperative visual analogue scale (VAS) score was 6.0+1.6. CSA measurements
were obtained from standard anteroposterior X-ray films before operation, and patients were divided into two groups
based on CSA measurements: CSA>35° group (group A) and CSA<35° group (group B). Handheld dynamometry was
used to measure the muscle strength of various muscle group in the shoulder (including the supraspinatus, infraspinatus,
subscapularis, and anterior, middle, and posterior bundles of the deltoid). The muscle strength of the unaffected side was
compared to the affected side, and muscle imbalance indices were calculated. Muscle imbalance indices between male and
female patients, dominant and non-dominant sides, and groups A and B were compared. Pearson correlation analysis was
used to examine the relationship between muscle imbalance indices and CSA as well as VAS scores. Results  Muscle

strength in all muscle groups on the affected side was significantly lower than on the unaffected side (P<0.05). The muscle
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imbalance indices for the supraspinatus, subscapularis, infraspinatus, and anterior, middle, and posterior bundles of the
deltoid were 14.8%+24.4%, 5.9%=%9.7%, 7.2% (0, 9.1%), 17.2% (5.9%, 26.9%), 8.3%+21.3%, and 10.2% (2.8%, 15.4%),

respectively. The muscle imbalance indices of the anterior bundle of the deltoid, supraspinatus, and infraspinatus were

significantly lower in male patients compared to female patients (P<0.05); however, there was no significant difference in

muscle imbalance indices among other muscle groups between male and female patients or between the dominant and

non-dominant sides (P>0.05). There was a positive correlation between the muscle imbalance indices of infraspinatus and

VAS score (P<0.05), and a positive correlation between CSA and the muscle imbalance indices of middle bundle of deltoid

(P<0.05). There was no correlation between the muscle imbalance indices of other muscle groups and VAS score or CSA

(P>0.05). Preoperative CSA ranged from 17.6° to 39.4°, with a mean of 31.1°. There were 9 cases in group A and 33 cases

in group B. The muscle imbalance indices of the anterior bundle of the deltoid was significantly lower in group A

compared to group B (P<0.05), while there was no significant difference in muscle imbalance indices among other muscle

groups between group A and group B (P>0.05). Conclusion Patients with RCT have a phenomenon of deltoid muscle

strength reduction, which is more pronounced in the population with a larger CSA.

[Key words] Rotator cuff tear; handheld dynamometer; critical shoulder angle; deltoid muscle; shoulder
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Fig.1 CSA measuring on preoperative anteroposterior X-ray
film A: Superior border of the glenoid B: Inferior border of the

glenoid C: Inferolateral border of the acromion
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Fig.2 Schematic diagram of shoulder muscle strength measured by handheld dynamometer a. Supraspinatus; b. Subscapularis; c.

Infraspinatus; d. Anterior bundle of deltoid; e. Middle bundle of deltoid; f. Posterior bundle of deltoid; g. Dynamometer reading
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®1 BER BMSNBNANLE (n=42, x5, N)
Tab.1 Comparison of the strength of each muscle group on the unaffected side and affected side measured by a handheld dynamometer
(n=42, X+s,N)

SAANUHTER =N =fNUER
m% ! P _EAL . JHBRAL . MTHH‘. Anterior bundle Middle bundle Posterior bundle
Side Supraspinatus Subscapularis Infraspinatus of deltoid of deltoid of deltoid
il 88.4+35.0 83.2+25.1 73.9+21.7 115.2+£35.5 118.8+42.5 122.2439.1
Unaffected side
2 67.9+£37.5 74.4+26.0 64.2+£26.8 85.1+40.4 102.3+45.9 99.4+32.3
Affected side
Giitie t=4.447 t=3.978 1=2.125 =6.980 t=2.314 t=5.616
Statistical value
P <0.001 <0.001 0.040 <0.001 0.026 <0.001
Pvalue
x2 BLUBESNBNNKREERILE ( xts, %)
Tab.2 Comparison of muscle imbalance indices of different muscle groups between males and females ( X=s, %)
IS _ =fNER
P i WENL JHBFRAL M AL e bunclly Didhlobuaely e
Gender n Supraspinatus Subscapularis Infraspinatus . . bundle
of deltoid of deltoid .
of deltoid
5 13 1.2424.9 3.249.6 -3.8+21.5 7.1£14.9 4.9£16.7 13.2+18.0
Male
'S 29 20.9+22.0 7.2£9.7 12.2£15.5 21.8+15.9 9.9423.2 8.9£9.7
Female
Geitie t=—2.581 t=-1.232 t=-2.744 t=-2.817 t=—0.693 t=0.993
Statistical value
P{H 0.014 0.225 0.009 0.007 0.492 0.327
Pvalue
x3 BEMBNEERBUEMBN A KREBRLILE (%)
Tab.3 Comparison of muscle imbalance indices of different muscle groups between dominate side and non-dominate side (%)
MR =mlhR =SAIUEER
= .
@'Jﬂlj o P EAL . SRR L . mTHﬂ‘. Anterior bundle Middle bundle Posterior bundle
Side n Supraspinatus  Subscapularis Infraspinatus of deltoid of deltoid of deltoid
P 32 1214229 5.1(-25, 8.1) 6.8 (0.0, 21.9) 16.3£17.6 6.7+20.1 9.6+14.2
Dominant side
el 10 2234282 8.6 (4.6, 14.5) 8.8(-0.6, 13.7) 19.6£15.5 12.7424.9 11.7+0.8
Non-dominant side
it =-1.192 =-1.041 =—0.329 t=-0.527 =—0.780 =—0.460
Statistical value
P{H 0.241 0.304 0.744 0.601 0.442 0.243
Pvalue
R4 BUBNAKEIEHS CSA 1 VAS iF5rRIE KM
Tab.4 Correlation between muscle imbalance indices of each muscle group and CSA and VAS scores
thhr 4 LA AWERL KL R L S
Inde Supraspinatus Subscapularis Infraspinatus Anterior bundle Middle bundle Posterior bundle
X e B s of deltoid of deltoid of deltoid
CSA r=—0.016 r=0.162 r=—0.209 r=—0.287 r=0.391 r=—0.014
P=0.921 P=0.304 P=0.185 P=0.065 P=0.010 P=0.932
VAS W5 r=—0.202 r=—0.168 r=—0.340 r=—0.203 r=—0.213 r=0.027
VAS score P=0.200 P=0.288 P=0.027 P=0.197 P=0.175 P=0.867
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F5 A[E CSA MAHZMBEHANKEEHILR ( x£5, %)
Tab.5 Comparison of muscle imbalance indices of different muscle groups between subgroups of CSA ( X+s, %)
=R LATR =N =ANER
iy -
40 g ML . JRBFRAL . N—Fﬂﬂ‘, Anterior bundle  Middle bundle Posterior bundle
Group n Supraspinatus Subscapularis Infraspinatus of deltoid of deltoid of deltoid
A 9 9.94+28.3 5.4+16.4 2.6£9.1 5.5+10.5 16.3£17.7 6.6+8.3
B 33 16.1423.7 7.8+£19.8 7.0+£9.8 20.4£17.0 6.1+21.9 11.2+13.8
gt t=—0.676 t=—1.180 t=—0.338 t=—2.494 t=1.267 t=—0.986
Statistical value
P 0.503 0.737 0.245 0.017 0.213 0.336

Pvalue
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