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Abstract

Objective: Anatomical parameters and pathologies that can affect the critical shoulder angle (CSA) are subjects of
discussion. To date, we do not know if the CSA value changes in the different decades of life in a population charac-
terized by the same ethnicity, nor if there are differences related to gender or side. This study hypothesizes that age
and gender may affect the CSA.

Methods: Patients older than 15 years old affected by a shoulder trauma and who were discharged with a diagnosis
of shoulder contusion were enrolled. A true AP view of the shoulder was obtained as well as data regarding age and
gender of all participants. The CSA was measured by three authors, and interoperator reliability was assessed. Eight
subcategories, according to decades of life, were considered. Finally, the studied population was divided into three
subcategories according to CSA values (< 30° 30-35°% > 35°).

Results: The initial sample comprised 3587 shoulder X-rays. The interobserver reproducibility was high, with an intra-
class correlation coefficient of 0.865 (95% Cl 0.793-0.915).

Two thousand eight hundred seventy-three radiograms were excluded. The studied group comprised 714 patients
[431 females, 283 males; mean age (SD): 47.2 (20.9) years, range: 11-93 years]. The mean CSA was 33.6° (range: 24-50%
SD: 3.9°). The mean CSA values in females and males were 33.7°and 33.5°, respectively. The mean CSA values of the
right and left shoulders were 33.3° and 33.9°, respectively (p>0.05). Linear regression analysis showed a CSA increase
by 0.04° every year. The mean CSA in subjects aged between 15 and 19 years was significantly lower than all the other
groups, except for patients older than 80 years.

No significant differences were found between CSA subcategories, gender, or side.

Conclusions: In the general population, the mean CSA value was 33.6°. No significant differences were found regard-
ing the mean CSA value according to gender or side. A significant positive linear correlation between CSA and age
was detected. In each decade of life, the CSA value, which is genetically determined, shows a large variability.

Level of evidence: IV.

Keywords: Critical shoulder angle, Rotator cuff tear etiology, Rotator cuff tear risk factors, Extrinsic factors for rotator
cuff tear, Scapular anatomy, Glenoid inclination

Introduction

The critical shoulder angle (CSA) corresponds to the

angle obtained by the conjunction between two lines:
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lateral border of the acromion. Originally described by
Moor et al. [1], the measure of the angle is carried out
on radiograms in true AP view [1-7].

Anatomical parameters that can affect the angle
width are the lateral acromial offset and the glenoid
inclination. A more lateral acromial offset determines
a more lateral deltoid origin and, biomechanically,
results in more significant shear and lesser compres-
sive vector of the deltoid across the glenohumeral joint
[8]. A larger acromial index, which analyzes the lateral
acromial offset, has been associated with rotator cuff
disease [5, 7, 9-11]. Moreover, a high CSA has been
indicated to be significantly related to the risk of cuff
retear after repair [12-14]. A more upward-facing gle-
noid increases the risk for superior humeral transla-
tion, and may play a role in the development of rotator
cuff degeneration and tear [3, 4, 15-19]. Furthermore,
in 2013, Moor et al. [1] stated that patients with pri-
mary glenohumeral osteoarthritis have a significantly
smaller CSA compared with controls and patients with
rotator cuff tear. This hypothesis has been recently
confirmed: CSA has been shown to be significantly
different when patients with osteoarthritis are com-
pared with subjects without degenerative changes of
the glenohumeral joint [3, 6, 11]. Finally, isolated types
II-IV superior labrum anterior to posterior lesions
have been associated with a low CSA (< 30°) [10].

Although in three recent studies [20-22], the cor-
relation of CSA with rotator cuff diseases has been
strongly criticized, the popularity of CSA has increased
over time. Nonetheless, many points on CSA remain to
be elucidated [23]. In a retrospective analysis of lon-
gitudinally collected data, Chalmers et al. [24] stated
the following: (1) most radiographs are of low quality
for CSA measurement; (2) patients with cuff tear have
higher CSA values than controls, but the difference is
so small that it could be influenced by measurement
error; (3) CSA is not correlated with cuff tear size; (4)
CSA does not seem to change with time. Cabezas et al.
[25], evaluating computed tomography (CT) recon-
structions of 92 North American and 58 East Asian
patients, observed that in the Asian group, the length
of the acromion from the glenoid was statistically
more significant compared with that registered in the
Americans, by an average of 3.6 mm, which translated
into a larger mean CSA.

To date, we do not know if the CSA changes accord-
ing to gender, age, or side. To clarify these questions,
we measured the CSA value on radiographs of a large
number of subjects characterized by the same ethnic-
ity, of different ages and gender. Our hypothesis is that
age and gender may influence CSA.
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Materials and methods

The digitally available shoulder X-rays of Caucasian
patients older than 15 years admitted to our emer-
gency room for a reported shoulder trauma and dis-
charged with a diagnosis of shoulder contusion (ICD-9:
92300) between January 2010 and December 2019, were
obtained. Chart review was performed to confirm the
history of trauma.

Only Caucasian patients were included in the analy-
sis. Radiological inclusion criteria were as follows: type
A glenoid rim and type 1 coracoid overlap according to
Suter—Henninger principles [26, 27]. Radiological exclu-
sion criteria were as follows: signs of humeral head or
glenoid malunion, or anatomical defects (glenoid hypo-
plasia/agenesia, os acromialis).

Data regarding age and gender of all participants were
obtained.

All radiographs were taken with a beam-to-film dis-
tance of 1.1 m at 70 kVp and 63 mAs. True AP views were
obtained with the patient’s shoulder rotated posteriorly
by approximately 35—45°, such that the plane of the scap-
ula was parallel to the cassette. The beam was directed
tangentially to the glenohumeral joint, and upper arm
rotation was neutral.

The medical imaging program Osirix DICOM viewer
(Pixmeo SARL, Geneve, Switzerland) was used to assess
the CSA in the true AP view, as initially described [1].

The CSA was measured on radiograms of every subject
by three different authors, to assess interoperator reliabil-
ity. Previous studies showed that CSA can be measured
reliably on plain radiographs [2, 6, 22, 28].

Eight subcategories, according to decades, were con-
sidered. Finally, the studied population was divided
into three subcategories according to CSA values (<30°%
30-35°% > 35°).

All participants signed an informed consent form in
accordance with the Declaration of Helsinki.

According to the law of our country, this study does not
need any ethics committee approval.

Statistical analysis

Patient characteristics were described using mean and
standard deviation (SD) for continuous variables and
percent for dichotomous variables. A plot of means and
95% confidence intervals was used to represent continu-
ous variables. Comparisons between groups were per-
formed by Chi-square test. One-way analysis of variance
(ANOVA) followed by Bonferroni correction for multi-
ple comparisons or Student t-test was used to compare
CSA means between groups. Linear regression analy-
sis was used to evaluate the relationship between CSA
and age. All p-values were two sided, and a p<0.05 was
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3587 X-Rays (AP view)
(January 2010-December 2019)

a)

a)
b)
©)
d)

X-Rays excluded (n=1755) because of:

Suter-Henninger (SH) glenoid inclination:
-Type-B: 550
-Type-C: 603
-Type-D: 572
Humeral head/scapular malunion: 15
Shoulder arthroplasty/hardwares.: 12
Os acromialis: 2
Glenoid Hypoplasia: 1

1832 X-Rays with SH Type-A

a)

X-Rays excluded (n=1118) because of:

SH coracoid overlap:
-Type-2: 442
-Type-3: 676

A 4

714 true AP views
(SH Type-A glenoid inclination

And Type-1 coracoid overlap)

Fig. 1 Flowchart of the study

considered to be significant. All analyses were performed
using software R version 3.6.1

Results
The initial sample was composed of 3587 shoulder
X-Rays. Two thousand eight hundred seventy-three radi-
ograms were excluded (mean age: 48.7; SD 22.6; range:
16—83 years) from the analysis since one or more exclu-
sion criteria were present (Fig. 1).

The studied group was finally composed of 714 [431
females, 283 males; mean age (SD): 47.2 (20.9) years].

X-rays of the right side were present in 423 cases
(59.2%).

The interobserver reproducibility was high, with an
intraclass correlation coefficient value of 0.865 (95% CI
0.793-0.915).

The mean CSA was 33.6° (SD: 3.9°; range: 24—50°).

The mean CSA values in females and males were 33.7°
(SD: 3.9°) and 33.5° (SD: 3.9°), respectively. No significant
differences were found.

The mean CSA values of the right and left shoulders
were 33.3° (SD: 4.0°) and 33.9° (SD: 3.9°), respectively.
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Fig. 2 CSA values according to the different age groups. Means and
95% confidence intervals by age groups

A significant relationship was found between CSA and
age. In particular, CSA was found to increase by 0.04
every year (p <0.0001).

According to the different age-groups, the mean CSA
is shown in Fig. 2. Patients were equally distributed in
each group. The mean CSA in the group of subjects aged
between 15 and 19 years was significantly lower than all
the other groups, except for patients older than 80 years
(p<0.001 for each comparison). No significant differ-
ences were found between the remaining age groups.
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The distribution of CSA in the different age groups
according to the three CSA subcategories (<307
30-35°>35°) is shown in Fig. 3; the distribution of
CSA in females and males, according to the three sub-
categories is shown in Fig. 4. No significant differences
were found between CSA subcategories, gender, and
side.

Discussion

The present study demonstrates the large variability of
CSA among the general population. No significant dif-
ferences were found regarding the mean CSA value by
gender or side. However, a significant positive linear cor-
relation between CSA and age was detected.

Recently, tendon degeneration (age-related or degen-
eration induced by genetics or medical conditions) seems
to be the most credited theory for the onset of cuff tear
[29-31]. The origin of rotator cuff tear is represented by
an area of the tendon within few millimeters of its inser-
tion characterized by relative hypovascularity [32-34].
Microvascularization may worsen due to hypertension
[35], lung and other cardiovascular diseases [36], obesity
[37], diabetes [23, 38], alcohol and smoking habits [39,
40].

The potential importance of the skeletal anatomy on
the genesis of rotator cuff tear has been studied for dec-
ades, and remains a controversial subject [41-43]. The

B CSA<30° @CSA 30°-35° O~OCSA>35°
-
23%
35%
40% 39% 41% 43% 43%
15-19 20-29 30-39 40-49 50-59 60-69 70-79 >80
Fig. 3 Distribution of CSA in the different age groups according to the three subcategories of CSA values (< 30°% 30-35°% > 35°)
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Fig. 4 Distribution of CSA in males and females according to the
three subcategories of CSA values (< 30°% 30-35°% > 35°)

association between the acromion index with the devel-
opment of cuff tears and glenohumeral osteoarthritis has
been well analyzed [44]. In 2013, Moore et al. [1] developed
a radiological parameter (CSA) that took into account the
glenoid inclination and the acromion index, and hypoth-
esized that this angle would correlate with the wear of cuff
tendon and glenohumeral cartilage. Since then, a multi-
tude of scientific papers focusing on CSA has enriched the
scientific literature relating to the genesis of rotator cuff
tear and glenohumeral arthritis. Although popularity and
diffusion of CSA are increasing over time, at present we do
not know if its value changes in a population characterized
by the same ethnicity, nor if there are gender or side vari-
ations in the different decades of life. This is the first study
to address these aspects.

Of the initial 3587 X-rays, only 19.9% of the radio-
graphs met the Suter—Henninger criteria [27] for CSA
measurement. The rate of available examinations is mea-
ger, even though our emergency room is exclusively dedi-
cated to trauma and our specialized radiology technicians
have been trained to perform the shoulder trauma series
containing a true AP view. This is partly attributable to
the scarce collaboration offered by the injured patient.
The percentage is, in any case, similar to that reported by
Chalmers et al. [24].

No significant differences were found regarding the
mean CSA value per gender and side. This could mean
that shoulder overuse induced by (a) a greater aptitude
for practicing heavy work and sports (in men) or (b) side
dominance, is not able to modify the acromion morphol-
ogy or the glenoid inclination.

We analyzed the studied population according to dif-
ferent decades: a significant positive linear correla-
tion between CSA and age was detected; however, the
increase per year is about three-hundredths of a degree,
showing that CSA is almost steady from the age of
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30 years. This was confirmed by the fact that no signifi-
cant differences in the mean CSA were found between
the decades.

Moor et al. [1] stated that CSA value of healthy
shoulders ranges from 30-35° angles>35° are asso-
ciated with a high prevalence of rotator cuff tears;
whereas shoulders with a CSA of <30° are likely to be
osteoarthritic. From a considerable number of sci-
entific papers [1, 6, 24, 26, 27, 45-53], we identified
that the mean CSA belonged to subjects with healthy
shoulders (range from 30° to 37.4°) and with rotator
cuff tear (range from 33.4° to 39.8°), respectively. The
mean value of our 714 examined subjects was 33.6°.
Our data is very reliable with regards to the general
population because it was extracted from a large sam-
ple. However, it is still not comparable with data of the
other series as our studied population could include
patients with cuff tears and osteoarthritis.

In our series, the mean CSA value, registered in the
different age groups, ranged between 31.1° and 34.7°.
However, we observed that in each examined decade,
there is a large variability (min: 24°; max: 50°).

It is unthinkable that, during the first decades of life,
risk factors have occurred that are able to change the
acromion offset or glenoid inclination. Therefore, it
is plausible that CSA is genetically determined. This
hypothesis is supported by the study of Gumina et al.
[41] on elderly monozygotic and dizygotic twins,
which observed that the anatomical features that influ-
ence the width of the subacromial space are mainly
genetically determined.

The lowest mean values were observed in the popu-
lation aged 15-20 years. It is plausible that an ossifica-
tion center that is not perfectly fused, might affect the
final CSA value.

This data allow us to come to two practical consid-
erations: (1) whether in the third or fourth decade, a
patient with a low CSA value will not have a CSA value
predisposing to rotator cuff tear in the future and (2)
in the third or fourth decade, patients could have a
CSA value predisposing them to cuff tear; however, in
this age group, the percentage of CSA >35° is so high
(23% in the 20s and 40% in the 30s) compared with the
percentage of rotator cuff tears observed in their peers
(2.5% in 20s and 6.7% in 30s), suggesting that this risk
factor does not suddenly act. Longitudinal evaluation
of these subjects will be decisive.

The CSA value is reliable, starting from the third
decade. If the CSA value falls within the normal range
(30-34°) in the third decade, it is plausible that it will
remain in this range in the future.
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It is possible to have a CSA value predisposing to cuff
tear (>35°) at the end of scapular skeletal maturity;
however, as the percentage of subjects with CSA >35°
is high compared with the percentage of rotator cuff
tears in their peers, it is conceivable that this risk factor
does not suddenly act.

This study has some limitations: it is a retrospective
review and useful information, such as the patients’
dominant side were not obtained. Furthermore, no lon-
gitudinal evaluation was performed.

Conclusions

In the general population, the mean CSA value is 33.6°.
No significant differences were found regarding the mean
CSA value distinguished by gender or side. A significant
positive linear correlation between CSA and age was
detected. In each decade of life, the CSA value shows a
large variability.

Acknowledgements
None.

Authors’ contributions

S.G.and S.C. designed the study; G.P.and AP. collected data; A.P. performed
the statistics; V.C. and S.G. made the major contributors to writing the manu-
script. All authors read and approved the final manuscript.

Funding
None.

Declarations

Ethics approval and consent to participate

This study does not need any Ethics Committee Approval. The authors state
that this study conforms to the ethical standards laid down in the most recent
version of the Declaration of Helsinki. All patients were informed about the
study and consented to participate.

Consent for publication
All patients gave consent for publication.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Anatomical, Histological, Forensic Medicine and Orthopae-
dics Sciences, Istituto Clinico Ortopedico Traumatologico (ICOT), Sapienza
University of Rome, Latina, Italy. ’Department of Public Health and Infectious
Diseases, Sapienza University of Rome, Rome, Italy. *Orthopaedics and Trau-
matology Unit, San Feliciano Hospital, Rome, Italy. 4Departmeﬁ‘[ of Anatomy,
Histology, Legal Medicine and Orthopedics, University of Rome, Piazzale Aldo
Moro 5,00185 Rome, Italy.

Received: 30 April 2021 Accepted: 25 January 2022
Published online: 14 February 2022

References

1. Moor BK, Bouaicha S, Rothenfluh DA, Sukthankar A, Gerber C (2013) Is
there an association between the individual anatomy of the scapula and
the development of rotator cuff tears or osteoarthritis of the gleno-
humeral joint? A radiological study of the critical shoulder angle. Bone
Joint J 95:935-941

20.

21.

22.

Page 6 of 7

Bouaicha S, Ehrmann C, Slankamenac K, Regan WD, Moor BK (2014)
Comparison of the critical shoulder angle in radiographs and computed
tomography. Skeletal Radiol 243:1053-1056

Daggett M, Werner B, Collin P, Gauci MO, Chaoui J, Walch G (2015)
Correlation between glenoid inclination and critical shoulder angle: a
radiographic and computed tomography study. J Shoulder Elbow Surg
24:1948-1953

Hughes RE, Bryant CR, Hall JM, Wening J, Huston LJ, Kuhn JE, Carpenter
JE, Blasier RB (2003) Glenoid inclination is associated with full-thickness
rotator cuff tears. Clin Orthop Relat Res 407:86-91

Moor BK, Wieser K, Slankamenac K, Gerber C, Bouaicha S (2014) Relation-
ship of individual scapular anatomy and degenerative rotator cuff tears. J
Shoulder Elbow Surg 23:536-541

Spiegl UJ, Horan MP, Smith SW, Ho CP, Millett PJ (2016) The critical shoul-
der angle is associated with rotator cuff tears and shoulder osteoarthritis
and is better assessed with radiographs over MRI. Knee Surg Sports
Traumatol Arthrosc 24:2244-2251

Balke M, Liem D, Greshake O, Hoeher J, Bouillon B, Banerjee M (2016)
Differences in acromial morphology of shoulders in patients with degen-
erative and traumatic supraspinatus tendon tears. Knee Surg Sports
Traumatol Arthrosc 24:2200-2205

Gerber C, Snedeker JG, Baumgartner D, Vieho"fer AF, (2014) Supraspina-
tus tendon load during abduction is dependent on the size of the critical
shoulder angle: a biomechanical analysis. J Orthop Res 32:952-957
Bigliani LU, Levine WN (1997) Subacromial impingement syndrome. J
Bone Joint Surg Am 79:1854-1868

. Rockwood CA, Lyons FR (1993) Shoulder impingement syndrome:

diagnosis, radiographic evaluation, and treatment with a modified Neer
acromioplasty. J Bone Joint Surg Am 75:409-424

. Smith GCS, Liu'V, Lam PH (2020) The critical shoulder angle shows a

reciprocal change in magnitude when evaluating symptomatic full-
thickness rotator cuff tears versus primary glenohumeral osteoarthritis as
compared with control subjects: a systematic review and meta-analysis.
Arthroscopy 36:566-575

. Garcia GH, Liu JN, Degen RM, Johnson CC, Wong AC, Dines DM, Gulotta

LV, Dines JS (2017) Higher critical shoulder angle increases the risk of
retear after rotator cuff repair. J Shoulder Elbow Surg 26:241-245

. LiH, ChenY, Chen J,Hua, Chen S (2018) Large critical shoulder angle

has higher risk of tendon retear after arthroscopic rotator cuff repair. Am J
Sports Med 46:1892-1900

. Scheiderer B, Imhoff FB, Johnson JD, Aglio J, Cote MP, Beitzel K, Imhoff

AB, Arciero RA, Mazzocca AD, Morikawa D (2018) Higher critical shoulder
angle and acromion index are associated with increased retear risk after
isolated supraspinatus tendon repair at short-term follow up. Arthros-
copy 34:2748-2754

. Flieg NG, Gatti CJ, Case Doro L, Langenderfer JE, Carpenter JE, Hughes

RE (2008) A stochastic analysis of glenoid inclination angle and superior
migration of the humeral head. Clin Biomech (Bristol, Avon) 23:554-561

. Itoi E, Motzkin NE, Morrey BF, An KN (1992) Scapular inclination and

inferior stability of the shoulder. J Shoulder Elbow Surg 1:131-139

. Terrier A, Reist A, Vogel A, Farron A (2007) Effect of supraspinatus defi-

ciency on humerus translation and glenohumeral contact force during
abduction. Clin Biomech (Bristol, Avon) 22:645-651

. Tétreault P, Krueger A, Zurakowski D, Gerber C (2004) Glenoid version and

rotator cuff tears. J Orthop Res 22:202-207

. Wong AS, Gallo L, Kuhn JE, Carpenter JE, Hughes RE (2003) The effect

of glenoid inclination on superior humeral head migration. J Shoulder
Elbow Surg 12:360-364

Bjarnison AO, Serensen TJ, Kallemose T, Barfod KW (2017) The critical
shoulder angle is associated with osteoarthritis in the shoulder but not
rotator cuff tears: a retrospective case-control study. J Shoulder Elbow
Surg 26:2097-2102

Hamid N, Omid R, Yamaguchi K, Steger-May K, Stobbs G, Keener JD
(2012) Relationship of radiographic acromial characteristics and rotator
cuff disease: a prospective investigation of clinical, radiographic, and
sonographic findings. J Shoulder Elbow Surg 21:1289-1298

Maalouly J, Tawk A, Aouad D, Abdallah A, Darwiche M, Abboud G, El Rassi
G (2020) Association of acromial morphological parameters and rotator
cuff tears, and evaluation of the influence of age and gender on the
parameters and impact on cuff tears: a study on a Middle Eastern popula-
tion. Asia Pac J Sports Med Arthrosc Rehabil Technol 20:17-23



Gumina et al. Journal of Orthopaedics and Traumatology

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

Li X, Olszewski N, Abdul-Rassoul H, Curry EJ, Galvin JW, Eichinger JK (2018)
Relationship between the critical shoulder angle and shoulder disease. J
Bone Joint Surg Rev 6:el

Chalmers PN, Salazar D, Steger-May K, Chamberlain AM, Yamaguchi K,
Keener JD (2017) Does the critical shoulder angle correlate with rotator
cuff tear progression? Clin Orthop Relat Res 475:1608-1617

Cabezas AF, Krebes K, Hussey MM, Santoni BG, Kim HS, Frankle MA, Oh JH
(2016) Morphologic variability of the shoulder between the populations
of North American and East Asian. Clin Orthop Surg 8:280-287

Kim JH, Gwak HC, Kim CW, Lee CR, Kwon YU, Seo HW (2019) Difference of
critical shoulder angle (CSA) according to minimal rotation: can minimal
rotation of the scapula be allowed in the evaluation of CSA? Clin Orthop
Surg 11:309-315

Suter T, Gerber Popp A, Zhang Y, Zhang C, Tashjian RZ, Henninger

HB (2015) The influence of radiographic viewing perspective and
demographics on the critical shoulder angle. J Shoulder Elbow Surg
24:2149-e158

Loriaud A, Bise S, Meyer P, Billaud A, Dallaudiere B, Silvestre A (2020) Criti-
cal shoulder angle: what do radiologists need to know? Skeletal Radiol
49:515-520

Gumina S, Carbone S, Campagna V, Candela V, Sacchetti FM, Giannicola G
(2013) The impact of aging on rotator cuff tear size. Musculoskelet Surg
97(Suppl 1):69-72

Gumina S, Villani C, Arceri V, Fagnani C, Nistico L, Venditto T, Castagna A,
Candela V (2019) Rotator cuff degeneration: the role of genetics. J Bone
Joint Surg Am 101:600-605

Kim HM, Dahiya N, Teefey SA, Middleton WD, Stobbs G, Steger-May K,
Yamaguchi K, Keener JD (2010) Location and initiation of degenerative
rotator cuff tears: an analysis of three hundred and sixty shoulders. J Bone
Joint Surg Am 92:1088-1096

Mardani-Kivi M, Keyhani S, Ebrahim-Zadeh MH, Hashemi-Motlagh K,
Saheb-Ekhtiari K (2019) Rotator cuff tear with concomitant long head

of biceps tendon (LHBT) degeneration: what is the preferred choice?
Open subpectoral versus arthroscopic intraarticular tenodesis. J Orthop
Traumatol 20(1):26. https://doi.org/10.1186/510195-019-0531-5

Blevins F, Djurasovic M, Flatow E, Vogel K (1997) Biology of the rotator
cuff. Orthop Clin North Am 28:1-15

Rothman RH, Parke WW (1965) The vascular anatomy of the rotator cuff.
Clin Orthop 41:176-186

Gumina S, Arceri V, Carbone S, Albino P, Passaretti D, Campagna V, Fagnani
C, Postacchini F (2013) The association between arterial hypertension and
rotator cuff tear: the influence on rotator cuff tear size. J Shoulder Elbow
Surg 22:229-232

Harryman DT 2nd, Hettrich CM, Smith KL, Campbell B, Sidles JA, Matsen
FA 3rd (2003) A prospective multipractice investigation of patients with
full-thickness rotator cuff tears: the importance of comorbidities, practice,
and other covariables on self-assessed shoulder function and health
status. J Bone Joint Surg Am 85:690-696

Gumina S, Candela V, Passaretti D, Latino G, Venditto T, Mariani L, Santilli V
(2014) The association between body fat and rotator cuff tear: the influ-
ence on rotator cuff tear sizes. J Shoulder Elbow Surg 23:1669-1674
Miranda H, Viikari-Juntura E, Heistaro S, Helidvaara M, Riihimaki H (2005) A
population study on differences in the determinants of a specific shoul-
der disorder versus nonspecific shoulder pain without clinical findings.
Am J Epidemiol 161:847-855

Carbone S, Gumina S, Arceri V, Campagna V, Fagnani C, Postacchini F
(2012) The impact of preoperative smoking habit on rotator cuff tear:
cigarette smoking influences rotator cuff tear sizes. J Shoulder Elbow
Surg 21:56-60

Passaretti D, Candela V, Venditto T, Giannicola G, Gumina S (2016) Associa-
tion between alcohol consumption and rotator cuff tear [published
correction appears]. Acta Orthop 87:165-168

Gumina S, ArceriV, Fagnani C, Venditto T, Catalano C, Candela V, Nistico L
(2015) Subacromial space width: does overuse or genetics play a greater
role in determining it? An MRI study on elderly twins. J Bone Joint Surg
Am 97:1647-1652

Familiari F, Gonzalez-Zapata A, lannd B, Galasso O, Gasparini G, McFarland
EG (2015) Is acromioplasty necessary in the setting of full-thickness
rotator cuff tears? A systematic review. J Orthop Traumatol 16(3):167-174.
https://doi.org/10.1007/510195-015-0353-z

(2022) 23:10

Page 7 of 7

43. KaraYS, Hapa O, Isin Y, Kili¢ Al, Havitcioglu H (2020) A comparison of
ice wrap and subacromial injection for postoperative pain and edema
control following arthroscopic rotator cuff repair. J Orthop Traumatol
21(1):17. https://doi.org/10.1186/510195-020-00556-6

44. Nyffeler RW, Werner CM, Sukthankar A, Schmid MR, Gerber C (2006)
Association of a large lateral extension of the acromion with rotator cuff
tears. J Bone Joint Surg Am 88:800-805

45. Blonna D, Giani A, Bellato E, Mattei L, Calo M, Rossi R, Castoldi F (2016)
Predominance of the critical shoulder angle in the pathogenesis
of degenerative diseases of the shoulder. J Shoulder Elbow Surg
25:1328-1336

46. Cherchi L, Ciornohac JF, Godet J, Clavert P, Kempf JF (2016) Critical shoul-
der angle: measurement reproducibility and correlation with rotator cuff
tendon tears. Orthop Traumatol Surg Res 102:559-562

47. Gomide LC, Carmo TCD, Bergo GHM, Oliveira GA, Macedo IS (2017)
Relationship between the critical shoulder angle and the development of
rotator cuff lesions: a retrospective epidemiological study. Rev Bras Ortop
52:423-427

48. Heuberer PR, Plachel F, Willinger L, Moroder P, Laky B, Pauzenberger L,
Lomoschitz F, Anderl W (2017) Critical shoulder angle combined with age
predict five shoulder pathologies: a retrospective analysis of 1000 cases.
BMC Musculoskelet Disord 18:259

49. Mantell MT, Nelson R, Lowe JT, Endrizzi DP, Jawa A (2017) Critical shoulder
angle is associated with full-thickness rotator cuff tears in patients with
glenohumeral osteoarthritis. J Shoulder Elbow Surg 26:e376-e381

50. Miswan MF, Saman MS, Hui TS, Al-Fayyadh MZ, Ali MR, Min NW (2017)
Correlation between anatomy of the scapula and the incidence of rotator
cuff tear and glenohumeral osteoarthritis via radiological study. J Orthop
Surg (Hong Kong) 25:2309499017690317

51. PandeyV, Vijayan D, Tapashetti S, Agarwal L, Kamath A, Acharya K,
Maddukuri S, Willems WJ (2016) Does scapular morphology affect the
integrity of the rotator cuff? J Shoulder Elbow Surg 25:413-421

52. Shinagawa K, Hatta T, Yamamoto N, Kawakami J, Shiota Y, Mineta M, Itoi
E (2018) Critical shoulder angle in an East Asian population: correlation
to the incidence of rotator cuff tear and glenohumeral osteoarthritis. J
Shoulder Elbow Surg 27:1602-1606

53. Watanabe A, Ono Q, Nishigami T, Hirooka T, Machida H (2018) Differences
in risk factors for rotator cuff tears between elderly patients and young
patients. Acta Med Okayama 72:67-72

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1186/s10195-019-0531-5
https://doi.org/10.1007/s10195-015-0353-z
https://doi.org/10.1186/s10195-020-00556-6

	Critical shoulder angle (CSA): age and gender distribution in the general population
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Statistical analysis
	Results
	Discussion
	Conclusions
	Acknowledgements
	References




