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Abstract

Background The critical shoulder angle (CSA) has been

reported to be associated with rotator cuff disease and has

been suggested as an etiology for cuff tears. However, it is

unclear whether acromial morphologic characteristics such

as CSA are a cause or effect because all studies to date

have been retrospective.

Questions/purposes (1) How often can the CSA be reli-

ably measured? (2) Is the CSA associated with rotator cuff

disease? (3) Is the CSA correlated with baseline tear size or

tear enlargement? (4) Does the CSA change with time?

Methods In this retrospective comparison of longitudi-

nally collected data, patients with asymptomatic rotator

cuff tears underwent ultrasonography and standardized AP

radiographs at enrollment and yearly thereafter during a

median of 4 years. Three hundred ninety-five patients were

included, of whom 14 were excluded as they were not yet

eligible for 2-year followup and 68 (18%) were lost to

followup, leaving 313 study patients who were evaluated

with 1433 radiographs. Patients with adhesive capsulitis

with normal rotator cuffs and radiographically normal

scapulae were included as control subjects (119 subjects).

Two observers (PNC, DS) measured the CSA in a blinded

fashion. Radiographs that met Suter-Henninger criteria for

CSA measurement reliability were included. For the study

group, 179 of the 313 (57%) patients with radiographs that

met Suter-Henninger criteria were further analyzed; the

remainder were excluded from this study. For the control

group, 50 of 119 (42%) subjects met criteria and were

further analyzed. Tear enlargement was found in 94
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patients, and the CSA was compared in patients with tears

and control subjects, and in tears with or without

enlargement, and was correlated with tear size. In a sub-

group of the study group in which 59 of 179 patients had a

minimum of 3 years between initial and followup radio-

graphs, two CSA measurements were performed to

measure change.

Results In total, of the 1552 radiographs evaluated, only

326 (21%) were of sufficient quality to measure the CSA.

The CSA was higher among patients with cuff tears than

control subjects (34� ± 4� versus 32� ± 4�; mean differ-

ence, 2.0�; 95% CI, 0.7�–3.2�; p = 0.003). The CSA did not

correlate with baseline tear length (q = 0.22, p = 0.090) or

width (q = 0.16, p = 0.229). The CSA was not different

between tears that enlarged and those that were stable (34�
± 3� versus 34� ± 4�; mean difference, 0.2�; 95% CI,

�0.9� to �1.4�; p = 0.683). The CSA did not change over

time (CSA Time 1: mean 33� ± 4� SD; CSA Time 2: mean

33� ± 4� SD; mean difference, �0.2�; 95% CI, �0.6� to

0.1�; p = 0.253).

Conclusions Even with a longitudinal protocol, most

radiographs are of insufficient quality for CSA measure-

ment. Although patients with a history of degenerative cuff

disease have higher CSA values than control subjects, the

difference is small enough that it could be influenced by

measurement error in practice; in any case, a difference of

the magnitude we observed is likely to be clinically

unimportant. The CSA is not correlated with tear size or

tear progression, and does not seem to change with time.

These results suggest that the CSA is unlikely to be related

to rotator cuff disease.

Level of Evidence Level II, prognostic study.

Introduction

The influence of acromial anatomy on the genesis of

atraumatic rotator cuff tears has long been debated

[1, 3, 6, 8, 14, 21, 30]. Morphologic features of the acro-

mium, as a potential etiology, have been shown to be

unreliable [13], and there is increasing evidence that cuff

disease is linked primarily to an age-related degenerative

process [19, 22]. Theories linking acromial characteristics

to rotator cuff disease have fueled the debate regarding the

role of extrinsic (mechanical impingement) versus intrinsic

(biologic degeneration) factors in the development of

rotator cuff tears [3, 19, 22, 30]. Other acromial morpho-

logic measurements such as acromial index and the critical

shoulder angle (CSA) (Fig. 1) have been proposed to be

associated with the etiology of rotator cuff disease

[2, 7, 10, 15, 26]. The CSA is a measurement that combines

lateral acromial offset and glenoid inclination

[2, 5, 7, 15, 24, 26, 31]. A more-lateral acromial offset

creates a more-lateral deltoid origin and, in theory, results

in greater shear and lesser compressive vector of the del-

toid across the glenohumeral joint [10]. In some studies, a

larger acromial index, which is a measure of lateral acro-

mial offset [2, 26], has been reported to be associated with

rotator cuff disease [2, 3, 26, 30], whereas another study

showed no such relationship [13]. Glenoid inclination also

may play a role in the development of rotator cuff disease

[7, 15]. Superior glenoid inclination increases shear forces

and decreases compression forces across the glenohumeral

joint and may encourage proximal humeral migration and

increase loads placed on the articular margin of the

supraspinatus to resist the deltoid [5, 7, 15, 24, 31].

The CSA has been shown to be a reliable measurement

on plain radiographs [5, 26, 31, 32]. Previous studies have

suggested that high CSA ([ 35�) correlates with rotator

cuff disease, whereas low CSA (\ 30�) correlates with

osteoarthritis [4, 5, 7, 24, 31]. It is unclear whether lateral

acromial offset or superior glenoid inclination is the

dominant factor, with one recent study suggesting glenoid

inclination to be dominant [7]. In addition, it is unclear

whether acromial morphologic characteristics such as the

CSA are a cause or effect because all studies to date have

been retrospective [2, 7, 10, 15, 26]. Furthermore, it is

unknown if the CSA is a static measurement or if this

anatomic variable changes with time. An analysis of rotator

cuff disease progression can provide more definitive

Fig. 1 This schematic shows the critical shoulder angle (CSA) and

the acromial index, which is measured as the glenoacromial distance

divided by the glenohumeral distance.
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evidence of the potential link of the CSA to the develop-

ment and progression of degenerative rotator cuff tears.

Therefore, we asked: (1) How often can the CSA be

reliably measured? (2) Is the CSA correlated with rotator

cuff disease? (3) Is the CSA associated with baseline tear

size or tear enlargement? (4) Does the CSA change with

time?

Patients and Methods

Our university institutional review board approved this

study. This study is a retrospective analysis of longitudi-

nally collected data. The study group included is a subset

of a followed group of patients with asymptomatic rotator

cuff tears who presented for evaluation of shoulder pain

secondary to contralateral rotator cuff disease [17, 23].

Inclusion criteria for study patients were (1) bilateral

shoulder ultrasonography performed to investigate unilat-

eral rotator cuff-based pain; (2) painful rotator cuff disease

in the symptomatic shoulder; (3) absence of pain in the

asymptomatic shoulder at the time of study enrollment; (4)

no history of trauma to either shoulder and no traumatic

episode during the study period; and (5) a minimum of

either 2 years between the first study visit and final ultra-

sound or tear enlargement within 2 years of the first study

visit (Fig. 2). This is an ongoing longitudinal protocol that

has a low rate of loss of followup (18%). Pain was

specifically defined as a 0 to 10 VAS score greater than 3

for a minimum of 6 weeks, a pain level that the patient

considered to be greater than regularly experienced with

activities of daily living, pain that required the use of

medications, or pain that prompted a visit to a physician.

The absence of pain was defined as a VAS score less than

3. This threshold was selected because the senior author’s

(KY) clinical experience has been that patients who seek

treatment generally report VAS scores greater than 5.

Exclusion criteria were (1) any past or current pain (at the

time of enrollment) in the asymptomatic shoulder; (2)

continuous use of narcotic or NSAIDs during the 3 months

before enrollment; (3) a traumatic episode affecting the

asymptomatic shoulder; (4) inflammatory arthritis; (5)

radiographic evidence of osteoarthritis in the asymptomatic

shoulder at the time of enrollment; (6) upper extremity

weightbearing demands; and (7) an isolated subscapularis

tendon tear in the asymptomatic shoulder.

Patients were enrolled from the clinical practices of

three surgeons (KY, JDK, LG) during a 30-month period.

The study protocol was described in depth in previous

studies [17, 23]. In brief, annual standardized examinations

with shoulder ultrasonography were performed. Ultrasound

examinations were completed by one of two muscu-

loskeletal radiologists (WDM, SAT) with extensive

experience in the use of high-resolution ultrasonography

for evaluation of pathologic conditions of the shoulder. At

baseline the status of the rotator cuff in the study

(asymptomatic) shoulder was classified as (1) no tear; (2)

partial-thickness tear; or (3) full-thickness tear based on

previously described criteria [17]. At each annual visit, the

rotator cuff was reevaluated to assess tear severity (no tear,

partial-thickness tear, and full-thickness tear) and tear size.

For full-thickness tears, the width and length were mea-

sured [17]. Tear enlargement was defined as an increase in

tear width or retraction of 5 mm or greater or a progressive

change in tear severity (ie, partial- to full-thickness tear)

similar to previous definitions of this cohort [17].

For the control group, the operative logs from the

shoulder and elbow division at Washington University

were reviewed and patients who underwent arthroscopic

capsular release for the treatment of recalcitrant adhesive

capsulitis were selected. Patients with adhesive capsulitis

were selected as a control group because they would be

expected to be skeletally normal. In addition, all of these

patients were assessed arthroscopically to show the absence

of rotator cuff disorders. Prior studies have used

osteoarthritis as a control [24–26, 31], but if osteoarthritis

is used as a control, it remains unclear whether differences

between rotator cuff disease scapulae and osteoarthritis

scapulae are the result of osteoarthritis or rotator cuff dis-

ease. Exclusion criteria for the control group included any

diagnosis other than adhesive capsulitis, radiographic evi-

dence of osteoarthritis or proximal humeral migration,

Fig. 2 This flow diagram shows the number of films and the numbers

of patients included from the study cohort and the control groups after

application of inclusion and exclusion criteria.
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intraoperative evidence of rotator cuff disorder, and pre-

operative radiographs that did not qualify as class A1 or C1

using the Suter-Henninger scale (Fig. 3) [32]. For patients

who met inclusion criteria, the CSA was measured and

served as a control group for the degenerative rotator cuff

tear cohort.

Shoulder radiographs were obtained at baseline and

annually using a standardized protocol by specifically

trained technicians, as previously described [20]. These

radiographs then were evaluated by two independent

observers (PNC, DS) with our digital radiography software

suite (PACS; General Electric, Fairfield, CT, USA) using a

standardized protocol. The observers who performed the

radiographic measurements were blinded to ultrasono-

graphic and clinical findings for each subject. Only true

AP radiographs were evaluated. Given that the accuracy of

the CSA is influenced by subtle variances in scapular

position [32], strict criteria were used to include only the

highest quality radiographs. Specifically, we used the

Suter-Henninger grading scale [32]. This scale grades

whether the Grashey view radiograph obtained is perfectly

orthogonal to the glenoid mediolaterally (type A) or not

(types B, C, and D) and whether it is perfectly orthogonal

to the glenoid superoinferiorly (type 1) or not (types 2 and

3) (Fig. 3). A previous study showed that excluding

radiographs with types A2/3, B1/2/3, C2/3, and D1/2/3,

improves CSA accuracy such that 89% of measurements

will be within less than 2� of accuracy (Fig. 3) [32].

Starting with the radiograph obtained at the time of study

enrollment, each yearly longitudinal radiograph was gra-

ded until an appropriate-quality radiograph, as defined by

the Suter-Henninger scale, was obtained. If no adequate

radiograph could be located, then the patient was excluded

from the study. The CSA then was measured digitally as

the angle between a line from the inferior-most subchon-

dral glenoid to the lateral acromial edge and a line from

the superior-most subchondral glenoid to the inferior-most

subchondral glenoid, as previously described (Fig. 4)

[5, 26, 31, 32]. Previous studies showed that the CSA can

be measured reliably on plain radiographs and that it is not

necessary to obtain a CT scan [5] or MRI [31] to evaluate

this angle.

Fig. 3A–F These radiographs show the Suter-Henninger [32] clas-

sification scheme. (A) In Type A1, there is perfect overlap between

the anterior and posterior glenoid rims and overlap between the

coracoid and the superior glenoid pole; (B) in Type B1, there is

imperfect overlap between the anterior and posterior glenoid rims in

the superior 50% of the glenoid but with overlap between the coracoid

and the superior glenoid pole; (C) in Type C1, there is imperfect

overlap between the anterior and posterior glenoid rims in the inferior

50% of the glenoid but with overlap between the coracoid and the

superior glenoid pole; (D) in Type D1, there is imperfect overlap

between the anterior and posterior glenoid rims over the entire

glenoid but with overlap between the coracoid and the superior

glenoid pole; (E) in Type A2, there is perfect overlap between the

anterior and posterior glenoid rims but with no overlap between the

coracoid and the superior glenoid pole as the coracoid is too superior;

and (F) in Type A3, there is perfect overlap between the anterior and

posterior glenoid rims but with no overlap between the coracoid and

the superior glenoid pole as the coracoid is too inferior.
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In addition, patients with multiple radiographs that met

the criteria were included as a subset from our cohort to

determine potential changes in the CSA with time. The

most recent annual radiograph of sufficient quality served

as a comparison to the radiograph obtained at the time of

enrollment (or the closest temporal radiograph of sufficient

quality). The minimum time between these radiographs had

to be 3 years or greater to qualify as adequate comparison

films.

For the study group, a total 313 subjects had sufficient 2-

year followup from the time of enrollment (Fig. 2). The

median duration of followup was 4.5 years (interquartile

range, 0–9.6). From this cohort, one subject was excluded

because a defibrillator obscured the glenohumeral joint on

all available radiographs. From the remaining subjects,

1433 films were evaluated. For the control group, 119

patients with adhesive capsulitis who had undergone cap-

sular release met all inclusion criteria and had radiographs

obtained at our institution. The CSA was evaluated by two

reviewers (PNC, DS) on 288 total radiographs (n = 238

study group; n = 50 control subjects). An analysis was

conducted comparing patients who were excluded with

those who were included who showed no difference in tear

type (p = 0.558), age (p = 0.503), tear length (p = 0.603),

tear width (p = 0.208), tear length among full-thickness

tears (p = 0.806), tear width among full-thickness tears (p =

1.000), but who did show a difference in gender (53%

males in the excluded patients vs 63% males in the

included patients, p = 0.036).

Statistical Analysis

Interobserver reliability was measured with intraclass cor-

relation coefficients (ICCs) and associated 95% CIs. The

ICC for these two reviewers was 0.88 (95% CI, 0.86–0.91)

with an ICC of 0.93 (95% CI, 0.88–0.96) for the control

group and 0.87 (95% CI, 0.84–0.90) for the study group.

Thereafter, the mean of the two CSA measurements was

used for analyses. Of 179 patients, 59 had a minimum of 3

years between films, and changes in CSA with time were

evaluated in these 59 patients with the Wilcoxon signed-

rank test. Patients were divided into four groups: partial-

thickness tears, full-thickness tears, study control subjects

(ie, patients with a contralateral but not ipsilateral rotator

cuff tear), and control subjects (ie, patients with adhesive

capsulitis). These groups were compared using ANOVA.

Pairwise comparisons among each of the four groups were

performed using least squares means that are Tukey-ad-

justed for multiple comparisons. A statistical contrast in the

ANOVA was used to compare the combined partial- and

full-thickness tears with each control group. Patients in the

rotator cuff tear group were divided into those with (94/

179) and without (84/179) tear enlargement during the

study period and CSA was compared using a Welch’s

ANOVA test. Among patients with full-thickness tears (59/

179), baseline tear length and width (in mm), and change

(calculated by subtracting baseline from the final study

measurement) in tear length and width were correlated with

the CSA using Spearman’s correlation coefficients (q).

Results

How Often Can the CSA be Reliably Measured?

In total, of the 1552 radiographs evaluated only 326 (21%)

were of sufficient quality to measure the CSA. In the study

group, using the Suter-Henninger grading scale, 20% (280/

1433) of radiographs were Class A, 3% (41/1433) were

Class B, 1% (19/1433) were Class C, 76% (1093/1433)

were Class D, 96% (1379/1433) were Type 1, 1% (18/

1433) were Type 2, and 3% (36/1433) were Type 3. In

total, only 19% (276/1433) of films were A1 or C1 radio-

graphs. Of the 312 potential subjects, 179 (57%) had an A1

or C1 radiograph at any point during the study. In the

control group, 50 shoulders (42%, 50/119) had an A1 or C1

quality radiograph.

Is the CSA Associated With Rotator Cuff Disease?

The mean CSA value for the study group (34� ± 4�) was
greater than that of the control group (32� ± 4�; mean

Fig. 4 This radiograph shows the method used for CSA measure-

ment, which is measured as the angle between a line from the inferior-

most subchondral glenoid to the lateral acromial edge and a line from

the superior-most subchondral glenoid to the inferior-most subchon-

dral glenoid.
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difference, 2.0�; 95% CI, 0.7�–3.2�; p = 0.003). Subgroup

analysis showed the CSA was higher for the patients with

combined partial- and full-thickness rotator cuff tears than

the control subjects (33.6� ± 3.9�; mean difference 1.9�;
95% CI, �0.4� to 3.4�; p = 0.005) (Table 1; Fig. 5). This

difference was driven by the difference between full-

thickness tears and control shoulders (p = 0.010) because

there was no difference between control subjects and

patients with partial-thickness tears (p = 0.228) (Table 1).

Subgroup analysis in the study group showed no difference

in the CSA for shoulders with no tears compared with

shoulders with partial- or full-thickness tears or the com-

bined group of partial- and full-thickness tears (p = 0.87,

0.99, and 0.68, respectively).

Is the CSA Associated With Baseline Tear Size or Tear

Enlargement?

In patients with full-thickness tears, the CSA did not cor-

relate with baseline tear length (q = 0.22, p = 0.090) or

width (q = 0.16, p = 0.229). There was no difference in the

CSA between the groups with partial- and full-thickness

rotator cuff tears (p = 0.113) that later enlarged. For

shoulders with tear enlargement, smaller initial CSA values

slightly correlated with an increase in tear length with time

(q = �0.28, p = 0.043), whereas larger initial CSA values

slightly correlated with an increase in tear width (q = 0.29,

p = 0.028). In the study groups, 94 shoulders showed tear

enlargement during surveillance (median time to enlarge-

ment from enrollment, 3.3 years; interquartile range, 0–7.6

years). When comparing the risk of tear enlargement for

study shoulders compared with the shoulders that were

excluded owing to inadequate radiographs, there was no

difference between groups (53% versus 59%; p = 0.314).

When examining tear progression, when patients were

divided into those with tear enlargement (n = 94) compared

with those with stable tears (n = 84), there were no dif-

ferences in the CSA between groups (34� ± 3� versus 34�
± 4�; mean difference, 0.2�; 95% CI, �0.9� to 1.4�; p =

0.683). Finally, to confirm that rotator cuff progression was

not associated with especially large CSAs, we performed a

subgroup analysis comparing patients with a CSA larger

than 35� with those with a CSA smaller than 35�. Tear
enlargement was not significantly different for patients

with a large CSA (CSA[35�; n = 59) and patients without

a large CSA (CSA B 35�; n = 119) (54% versus 52%; p =

0.788 by chi-square test). A median split of CSA also was

performed to create two approximately equal-size groups

of patients. Tear enlargement is not significantly different

for patients with a large CSA (CSA[ 33.4�; n = 90) and

patients without a large CSA (CSA B 33.4�; n = 88) (53%

versus 52%; p = 0.887 by chi-square test). A post hoc

power analysis was performed for this specific analysis.

With the observed mean CSA and observed variability in

each group, the study sample sizes of 84 patients without

Table 1. Association between CSA and tear severity at enrollment

Group CSA Mean difference compared

with control subjects (95% CI)

p Value compared with

control subjects

Control (n = 50) 31.7� ± 4.3� Reference Reference

Study groups (n = 178) 33.7� ± 3.8� 2.0� (0.7�–3.2�) 0.003

No tear (n = 37) 33.8� ± 3.6� 2.1� (�0.1� to 4.3�) 0.062

Tear (n = 141) 33.6� ± 3.9� 1.9� (0.4�–3.4�) 0.005

Partial tear (n = 51) 33.2� ± 3.1� 1.5� (�0.5� to 3.5�) 0.228

Full tear (n = 90) 33.9� ± 4.2� 2.2� (0.4�–3.9�) 0.010

Data presented as mean ± SD.

Fig. 5 This box plot shows CSA measurements for patients with no

tear, study patients with partial-thickness (PT) tears, full-thickness

(FT) tears, and combined partial- and full-thickness tears, and control

subjects. The boxes represent the interquartile range, with the central

line representing the median and the plus sign representing the mean.

The whiskers represent the furthest value within 1.5 times of the

interquartile range. The values between 1.5 and three times the IQR

are denoted with asterisks. There are no values that are more than

three times the interquartile range.
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and 94 patients with tear enlargement would have 80%

statistical power to detect a mean CSA between-group

difference of 1.6� with a two-tailed test at 0.05 a if that

difference was achieved.

Does the CSA Change With Time?

In the 33% (59 of 179) of patients with adequate radio-

graphs separated by at least 3 years, the CSA did not

change (CSA Time 1: mean, 33� ± 4� SD; CSA Time 2:

mean, 33� ± 4� SD; mean difference, �0.2�; 95% CI,

�0.6� to 0.1�; p = 0.253). A post hoc power analysis was

performed for this specific analysis. With the observed

mean CSA and observed variability, the study would have

80% power to detect an absolute change of at least 0.491�
if that change was observed.

Discussion

Although the prevailing theories regarding the etiology of

degenerative rotator cuff tears primarily have suggested an

age-related, intrinsic tendon process [19, 22], the potential

importance of the skeletal anatomy has been studied for de-

cades and remains a controversial subject [3, 8, 14, 21, 30].

We sought to examine the potential role of the CSA as a risk

factor for the development and progression of atraumatic

degenerative rotator cuff tears, which may provide valuable

information regarding the natural progression of rotator cuff

disease and help to identify higher-risk patients. The findings

of this study suggest that morphologic features of the scapula,

as defined by the CSA, are associated with the presence of

degenerative rotator cuff tears; however, the CSA has no

apparent bearing on the risk of tear progression at moderate-

term followup. Finally, we found no change in the CSA at a

mean of 6 years, suggesting this is a stable measurement.

Our study has several limitations. The CSA may be

affected by heterogeneities in patient positioning, gantry

and plate positioning, and scapular positioning, all of

which may limit reliability [24, 32]. To mitigate this effect,

we used a standardized protocol and a previously validated

grading scale to allow exclusion of suboptimal radiographs

[32]. In our data set, which was drawn from a standardized

radiographic set with stringent criteria, this protocol still

required the exclusion of 43% of potential patients. Our

analysis showed no difference in the percentage of patients

with tear enlargement between those with excluded radio-

graphs and nonexcluded radiographs, suggesting that these

exclusions did not bias our results. Past studies have not

used these criteria and thus their findings are in question

[2, 7, 10, 15, 26]. Despite our strict radiographic exclusion

criteria, to our knowledge, this is the largest series to date

examining the CSA in a cuff disease cohort. Another

limitation relates to the temporal relationship of ultrasound

measurements compared with radiographic measures.

Owing to the exclusion of some radiographs, the exact

timing of these two studies did not always correlate during

followup. We believe this issue had little to no influence on

our findings given the lack of change in the CSA observed

with time. Another limitation was inclusion of patients with

adhesive capsulitis as a control group instead of patients

without any shoulder disorders. However, because these

patients were confirmed arthroscopically to have an intact

rotator cuff, they serve as an adequate control group to

address our research question. An additional limitation is

the relatively short followup.

How Often Can the CSA be Reliably Measured?

The CSA could not be reliably measured on most radio-

graphs. We used strict criteria so as to include only the

highest-quality radiographs for this study. Previous

research has shown that subtle variance in scapular position

can influence the variability and accuracy of CSA mea-

surements [32]. Suter et al. [32] described a more-profound

effect of altered scapular position on the accuracy of CSA

measurements compared with that in a previous study [24].

The sensitivity of CSA to scapular position, as described by

Suter et al. [32], was similar in magnitude to the mean

difference in the CSA (2�) between our study and control

groups. Despite the use of a longstanding radiographic

protocol with specifically trained radiology technicians,

43% of potential patients were excluded owing to inade-

quate films and only 19% of all films met criteria for

inclusion. Future research using CSA measurements should

carefully control for radiograph quality to maximize

accuracy. Research that did not apply these criteria may not

have reliably measured the CSA [2, 7, 10, 15, 26].

Is the CSA Associated With Rotator Duff Disease?

Although our findings suggest a difference in the CSA

between patients with rotator cuff tears and control sub-

jects, numerically the differences between these groups in

our cohort are smaller than in prior studies

[2, 7, 10, 15, 26]. We believe the association between the

CSA and degenerative cuff disease should be interpreted

with caution. A 2� difference in CSA between groups is

likely small enough to be clinically unimportant, which

raises concerns regarding the importance of morphologic

features of the scapula as risk factors for degenerative cuff

disease. In addition, a 2� difference is likely within mea-

surement error, suggesting that the CSA may not be useful
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as a prognostic factor in predicting degenerative cuff dis-

ease. The mean CSA of our study group was 34�. Moor

et al. [24, 26] suggested CSA values greater than 35� are

associated with rotator cuff disease (mean, 38�), whereas
CSA values less than 30� are associated with glenohumeral

osteoarthritis. The mean CSA of our patients with cuff

disease actually corresponds to the values of their control

shoulders. Theoretically, there should be few differences in

measuring the CSA between studies so long as careful

control of radiographic quality is used. To our knowledge,

our study is the first to use the Suter-Henninger criteria,

which may help explain the differences in the absolute

values and numerically smaller differences in the CSA

between shoulders with rotator cuff tears and control

shoulders in our study. Several cross-sectional studies have

shown that patients with rotator cuff tears have a larger

CSA than control subjects [24], shoulders with nonrotator

cuff and nonosteoarthritic disorders [4, 26, 31], and

shoulders with glenohumeral osteoarthritis [4, 24, 31].

Patients with glenohumeral osteoarthritis may not be the

best comparison group because glenoid declination may be

part of the osteoarthritic deformity progression [11]. Moor

et al. [25] suggested the CSA is a better predictor of rotator

cuff disorders than age or a history of trauma. Furthermore,

the CSA also may correlate with tear size [4] and might be

larger in patients with degenerative cuff tears than in

patients with traumatic tears [2]. Given the apparent

association of cuff disease and the CSA, a fundamental

question relates to the relative importance of glenoid

inclination compared with lateral acromial extension.

Some studies have suggested superior glenoid inclination

to be associated with rotator cuff tears [7, 15]; however,

there are conflicting conclusions regarding the acromial

index (a surrogate measure of lateral acromial extension).

Moor et al. [26] proposed a link between acromial index

and degenerative rotator cuff tears; however, a previous

analysis of patients from this cohort showed similar CSA

values between patients with degenerative cuff tear and

control subjects [13]. Further research is needed to inves-

tigate the more-important scapular structural features that

may predispose patients to rotator cuff disease.

Is the CSA Associated With Baseline Tear Size or Tear

Enlargement?

Perhaps the most clinically relevant finding from this study

is the lack of correlation of the CSA with tear severity or

the risk of tear enlargement at mid-term followup. The

CSA did not correlate with baseline dimensions, did not

differ between patients with partial- and full-thickness tears

at the time of enrollment, and did not differ between

patients with tear enlargement and those with stable tears.

A post hoc power analysis showed that our study had 80%

power to detect a difference of 1.6� between patients with

tear enlargement and those without tear enlargement,

whereas only a 0.3� difference between these groups was

found. We suggest that a difference less than 1.6� is not

clinically meaningful and is smaller than the reported dif-

ferences between control subjects and patients with rotator

cuff tears in prior studies [24, 26]. Therefore, our study was

adequately powered to detect a clinically meaningful dif-

ference should one have existed. Although the CSA did

correlate with absolute changes in tear dimensions for

shoulders with tear enlargement, the correlation between

changes in tear length and CSA was negative and the

correlation between tear changes in width and CSA was

positive. We can offer no biologic explanation for these

findings. Our study findings support the concept that

although there is an association of CSA with degenerative

cuff disease, the CSA is not associated with tear size pro-

gression at mid-term followup.

Does the CSA Change With Time?

In our cohort, the CSA did not change with time at mid-

term followup suggesting this to be a developmental

skeletal feature and not an acquired degenerative defor-

mity. A post hoc power analysis showed that our study had

80% power to detect a difference of 0.5� between patients

with tear enlargement and those without tear enlargement,

whereas only a 0.2� difference between these groups was

found. A difference less than 0.5� is not clinically mean-

ingful and is smaller than the reported differences between

control subjects and patients with rotator cuff tears in prior

studies [24, 26]. Therefore, our study was adequately

powered to detect a clinically meaningful difference should

one have existed. To our knowledge, no previous studies

have examined for CSA progression with time; however,

some studies have shown that rotator cuff tears are pro-

gressive [18, 23, 27]. Rotator cuff tears also can lead to a

characteristic series of degenerative changes including

proximal humeral migration, superior wear, and inferior

osteophyte formation, which are collectively termed rotator

cuff tear arthropathy [12, 28]. Studies with long-term fol-

lowup have shown that these changes are progressive

[9, 16, 29, 33]. The combination of superior glenoid wear

and inferior osteophyte formation can increase superior

glenoid inclination. Further studies with longer-term fol-

lowup will be necessary to understand the effect of these

changes on CSA. In our data set, the CSA did not change

and thus may have a causal association rather than be

representative of an effect of rotator cuff disease.

Even with a longitudinal protocol, most radiographs are

of insufficient quality for CSA measurement. Although
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patients with a history of degenerative cuff disease do have

higher CSA values than control subjects, the difference is

small enough that it could be influenced by measurement

error in practice; in any case, a difference of the magnitude

we observed is likely to be clinically unimportant. The

CSA is not correlated with tear size or tear progression, and

does not seem to change with time. These results suggest

that the CSA is unlikely to be related to rotator cuff dis-

ease. Future studies will be necessary to understand

whether other aspects of morphologic features of the sca-

pula, such as glenoid inclination, may be more closely

related to the development of rotator cuff disease.
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