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Background: Numerous radiographic measurement methods related to rotator cuff tears (RCTs) have been described. The most
widely used of these parameters is the critical shoulder angle (CSA) as measured via radiography. However, magnetic resonance
imaging (MRI) measurements provide more accurate results than direct radiography.

Purpose: To determine the relationship between anatomic shoulder parameters and RCT type via MRI scans.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: The data and physical examination notes of 389 patients were retrospectively analyzed, and 242 patients were included
in the study. Patients were divided into 2 groups: those with RCT (n ¼ 127) and those without RCT (control group; n ¼ 115). Using
suitable MRI sections, the CSA, lateral acromial angle, acromial index, superior glenoid inclination, acromion–greater tuberosity
impingement index, and acromiohumeral distance were compared between the RCT and control groups. The correlation of these
shoulder parameters with the presence of RCT was investigated, and the predictive value of each parameter was examined using
receiver operating characteristic (ROC) analysis.

Results: There were significant positive relationships between the presence of RCT and CSA, acromial index, acromion–greater
tuberosity impingement index, and superior glenoid inclination, with the strongest correlation belonging to CSA (r ¼ 0.716). There
were also significant negative relationships between presence of RCT and lateral acromial angle (r ¼ –0.510) and acromiohumeral
distance (r ¼ –0.222). The ROC analysis revealed CSA to be the best predictor for the presence of RCT (area under the ROC curve
¼ 0.899).

Conclusion: The study outcomes showed that CSA as measured on MRI is the best predictor for determining the presence of
RCTs. In patients with shoulder pain attributed to RCT, it may be helpful to examine the CSA on MRI.
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The rotator cuff is active in all shoulder functions, and
rotator cuff tears (RCTs) are one of the most common causes
of shoulder pain. RCT incidence increases with advancing
age.22 Many studies have been conducted to examine RCT
treatment and diagnosis and to evaluate the results of
shoulder scans and RCT treatment.2-5,11 Radiological mea-
surement methods in recent studies have been developed to
investigate factors that may contribute to degenerative
RCTs.18 Numerous radiographic measurement methods
have been described in the extant literature related to

RCTs.1,3,19,20 One of the most commonly used measure-
ments in shoulder surgery is the critical shoulder angle
(CSA). Moor et al,24 investigating the relationship between
lateral extension of the acromion and shoulder diseases,
stated that a CSA >35� is a risk factor for RCT and a CSA
<30� is a risk factor for glenohumeral arthritis. The acro-
mial index (AI), which was introduced by Nyffeler et al26

and gives a value to the acromial extension, is another
important parameter for detecting RCTs. Banas et al1

stated that higher lateral acromial angles (LAAs) appear-
ing in coronal oblique magnetic resonance imaging (MRI)
are associated with subacromial diseases. Yet, the acromio-
humeral distance (AHD) decreases after superior migration
of the humerus because of RCT.20 Superior glenoid
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inclination (SGI) is one of the most recent and up-to-date
parameters recommended for detecting RCTs, and it can be
measured via MRI.3 Finally, Liu et al19 found that a new
radiographic measurement method, the acromion–greater
tuberosity impingement index (ATI), is associated with
degenerative RCTs.

MRI provides more detailed information to shoulder sur-
geons than tomography and shoulder radiography in terms
of imaging soft tissue patterns, size of RCT, retraction, and
fatty infiltration.21,25 Therefore, MRI has become more reli-
able than direct radiography for preoperative planning in
rotator cuff repair.26 New MRI examination parameters
have been presented for RCT diagnosis.19 However, though
many studies have investigated the measurement para-
meters for RCT diagnosis, controversial issues remain in
the literature.4,18,23,24 For instance, one of the most
reported topics relates to the relevance of CSA in RCT diag-
nosis, but conflicting accounts continue to be pub-
lished.4,18,23,24 In many studies, factors such as tear size
and various measurements have not been evaluated
together. There are insufficient data in the literature that
compares multiple parameters together to diagnose RCTs.
Therefore, we wanted to ask whether the measurement of a
specific anatomic shoulder parameter in MRI is effective in
detecting degenerative RCTs or the tear size. The purpose
of this study was to determine the relationship between
anatomic shoulder parameters and RCT, including tear
size, via MRI scan. We hypothesized that some of these
parameters can be more helpful for RCT classification.

METHODS

Ethics approval of the study protocol was received from our
institution, and all study steps were designed according to
good clinical practice and the Declaration of Helsinki
recommendations. As the study employed a retrospective
design, informed consent was not obtained from the
participants.

Patient Selection and Grouping

The data and physical examination notes of 389 patients
were retrospectively analyzed. Patients who had received
MRI scans at our hospital between 2017 and 2020 were
considered for inclusion in this study. Patients with a his-
tory of trauma, neurological deficits, scapular fracture
sequela, or cysts or masses on the humeral or glenoid bone
were excluded, as were those who had undergone prior

surgery on the affected shoulder. To avoid false MRI mea-
surements, patients with Hamada stage 2-4 glenohumeral
osteoarthritis were also excluded. After screening, 340
patients remained eligible. Of the 340 MRI scans, 98 were
excluded, leaving a study sample of 242 patients. All
patients included in the study had undergone physical
examination by 2 study authors (A.G. and R.Ö.).

Patients were divided into 2 groups: those with RCT and
those without RCT (control). Patients in the RCT group
were divided into 3 subgroups based on the size of the RCT:
partial-thickness tear, full-thickness tear, and massive tear
(>5 cm). The diagnosis of partial tears was made per the
Elman definition,8 and articular- and bursal-sided tears,
but not intratendinous tears, were included in the partial-
tear group. Massive tears were considered as those >5 cm,6

or complete tears of �2 tendons.10

MRI Measurements

Shoulder examinations were evaluated with a 1.5-T MRI
device (SIGNA Explorer; General Electric). Angle measure-
ments were made on coronal T1-weighted sequence images
at the radiology workstation (Sectra Workstation IDS7).
The parameters for the T1-weighted sequence images were
as follows: repetition time/echo time ¼ 608/10.4 ms, field of
view¼ 170 mm, section thickness¼ 4 mm, cross section¼ 4
mm, number of excitations ¼ 4, matrix ¼ 256 � 160. All
scans were taken with the patients in the supine position,
with the arm fixed in abduction and the palm of the hand in
the medial neutral position. In this way, we ensured the
standardization of the shots. All measurements were made
on the workstation by magnifying the image 4 times.

Shoulder Parameters

The CSA, LAA, ATI, SGI, AI, and AHD measurements were
performed on coronal view MRI scans by 2 shoulder sur-
geons who are experienced in their field (A.G., R.O.). These
2 observers were blinded with regard to control and patient
groups. They independently performed the measurements at
different time points (1 month apart), and we calculated the
intra- and interobserver reliabilities for all measurements.

CSA was calculated as reported by Moor et al.24 The
equation depended on a line connecting the superior and
inferior boards of the glenoid fossa and an additional line
from the inferior board of glenoid to the lateral board of the
acromion (Figure 1A). LAA was calculated per Banas et al.1

The measurement was made via a line parallel to the lat-
eral surface of the glenoid and a line along the undersurface
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of the acromion (Figure 1B). ATI was a ratio of the distance
from the center of the humeral head’s rotation point to the
tuberculum majus by the distance from the center of the
humeral head’s rotation point to the acromion’s inferior
line19 (Figure 1C). AI was calculated according to Nyffeler
et al.26 AI is the ratio of the distances from the most lateral
point of the acromial extension and the most lateral point of
the proximal humerus to the straight line that connects the
glenoid inferior and superior rims (Figure 1D). The SGI
was calculated as reported by Chalmers et al.3 It was based
on the angle between the superior border of the supraspi-
natus fossa and the line of the glenoidal fossa (Figure 1E).
The AHD was the measure of the distance between the
parallel line drawn from the inferior end of the acromion
and the parallel line tangent to the humeral head
(Figure 1F), as described by Werner et al.29

Statistical Analysis

Continuous variables are reported as mean and standard
deviation, as well as median and range, and categorical
variables as frequencies and percentages. The inter- and
intraobserver reliabilities of the MRI measurements were
assessed with the intraclass correlation coefficient, where
<0.5 indicated poor reliability, 0.5 to 0.75 average reliabil-
ity, 0.76 to 0.9 good reliability, and >0.90 excellent
reliability.

Demographic data and outcome parameters were com-
pared between the RCT and control groups. The normality

of continuous data was tested using the Kolmogorov-
Smirnov test when the number of patients was >50 and the
Shapiro-Wilk test when <50. When parametric test
assumptions were met, the significance test of the differ-
ence between 2 means and 1-way analysis of variance (post
hoc Tukey test) were used to compare differences between
independent groups. When parametric test assumptions
were not met, the Mann-Whitney U test and Kruskal-
Wallis variance analysis (post hoc Mann Whitney U test
with Bonferroni correction) were used to compare differ-
ences between independent groups.

Due to the nonnormal distribution and ordinal data
structure, the relationships between continuous variables
and the presence of RCT were analyzed using Spearman
correlations. We investigated the relationship between
shoulder parameters and tear size (partial thickness, full
thickness, or massive) using Kruskal-Wallis variance anal-
ysis. We used receiver operating characteristic (ROC) curve
analysis to examine the predictive power of each shoulder
parameter for differentiating between the presence and
absence of RCT. For all analyses, P < .05 was considered
statistically significant. The data were analyzed with SPSS
Version 25.0 (IBM).

RESULTS

The mean age of the participants was 52.43 ± 12.18 years;
127 (52.5%) patients were female; and the most common

Figure 1. (A) Critical shoulder angle, (B) lateral acromial angle, (C) acromion–greater tuberosity impingement index, (D) acromial
index, (E) superior glenoid inclination, and (F) acromiohumeral distance.
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RCT type was full thickness (25.2%). Table 1 summarizes
the patients’ demographic data.

The intraclass correlation coefficients were between 0.88
and 0.92 for all MRI measurements, indicating good to
excellent inter- and intrarater reliability. Significant posi-
tive relationships were found between CSA, AI, ATI, and
SGI and the presence of RCT, with CSA having the stron-
gest correlation (r ¼ 0.716; P < .001). There were also sig-
nificant negative relationships between the presence of
RCT and the LAA (–0.510) as well as AHD (–0.222;
P < .001 for both) (Table 2).

When the shoulder parameter measurements were com-
pared between the RCT and control groups, a significant
difference was found for all parameters: CSA (P ¼ .0001),
AI (P ¼ .0001), LAA (P ¼ .0001), ATI (P ¼ .013), AHD
(P ¼ .026), and SGI (P ¼ .0001) (Table 3). In the CSA, AI,
ATI, and SGI examinations, the measurements were signif-
icantly lower in the control group than in the RCT group.
Yet, in the LAA and AHD examinations, the measurements
were significantly higher in the control group than in the
RCT group.

In the multiple comparisons between the control group
and the partial-thickness, full-thickness, and massive tear
subgroups, there were statistically significant differences
for all parameters as compared with the control group
(Table 4).

The results of the ROC analysis and post hoc analysis are
shown in Figure 2. According to the results, CSA best deter-
mined the presence of RCT (area under the ROC curve ¼
0.899) (Table 5). The other scores were discriminatory,
albeit at a lower level.

Regarding tear sizes, CSA, AI, LAA, and SGI had diag-
nostic value for distinguishing partial-thickness, full-
thickness, and massive RCTs. However, the ATI and AHD
could distinguish only massive RCTs (Table 6).

DISCUSSION

The study findings showed that CSA is the best predictor
for determining the presence of RCTs (area under the ROC
curve ¼ 0.899). The power analysis was performed as
applied to the results at the end of our study (postpower):

TABLE 1
Demographical Characteristics of the Study Patients

(N ¼ 242)

Variable No. (%)a

Age, y
Mean ± SD 52.43 ± 12.18
Median (range) 54 (18-76)

Sex
Female 127 (52.5)
Male 115 (47.5)

Side affected
Right 144 (59.5)
Left 98 (40.5)

Study group
Control 115 (47.5)
Rotator cuff tear 127 (52.5)
Partial-thickness tear 46 (19.0)
Full-thickness tear 61 (25.2)
Massive tear 20 (8.3)

aData are reported as No. (%) unless otherwise indicated.

TABLE 2
Evaluation of the Relationship Between Shoulder

Parameters and the Presence of RCTa

Presence of RCT

Parameter r P Valueb

CSA 0.716 .0001
AI 0.533 .0001
LAA –0.510 .0001
ATI 0.212 .001
AHD –0.222 .001
SGI 0.510 .0001

aAHD, acromiohumeral distance; AI, acromial index; ATI,
acromion–greater tuberosity impingement index; CSA, critical
shoulder angle; LAA, lateral acromial angle; RCT, rotator cuff tear;
SGI, superior glenoid inclination.

bEach correlation was statistically significant (P < .05; Spear-
man correlation analysis).

TABLE 3
Comparison of Shoulder Parameters Between the RCT and Control Groupsa

Control Group RCT Group

Parameter Mean ± SD Median (Range) Mean ± SD Median (Range) P Valueb

CSA 31.63 ± 3.19 32 (25-45) 36.88 ± 2.93 37 (30-44) .0001 (Z ¼ –1.747)
AI 0.6 ± 0.07 0.61 (0.45-0.76) 0.68 ± 0.07 0.68 (0.45-0.88) .0001 (t ¼ –9.134)
LAA 80.14 ± 3.28 80 (70-89) 76.3 ± 3.75 76 (69-86) .0001 (Z ¼ –7.667)
ATI 0.82 ± 0.04 0.82 (0.72-0.9) 0.83 ± 0.05 0.83 (0.72-0.96) .013 (Z ¼ –2.486)
AHD 8.46 ± 0.76 8 (7-11) 8.07 ± 1.16 8 (3-11) .026 (Z ¼ –2.231)
SGI 14.27 ± 4.44 14 (6-27) 21.31 ± 7.06 22 (6-39) .0001 (t ¼ –9.182)

aAHD, acromiohumeral distance; AI, acromial index; ATI, acromion–greater tuberosity impingement index; CSA, critical shoulder angle;
LAA, lateral acromial angle; RCT, rotator cuff tear; SGI, superior glenoid inclination.

bEach difference between groups was statistically significant (P < .05; independent-samples t test or Mann-Whitney U test [Z score]).
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according to the lowest correlation coefficient obtained with
the RCT and ATI (r ¼ 0.212), we calculated that our study
reached 91.9% power at the 95% confidence level. Mean-
while, CSA, AI, LAA, and SGI had diagnostic value for

distinguishing partial-thickness, full-thickness, and mas-
sive RCTs (P < .05). Yet, the ATI and AHD could distin-
guish massive RCTs only.

Most of the previous studies investigating the relation-
ships between RCT and its diagnostic radiological
measurement parameters were conducted with CSA, as
CSA is one of the most frequently used RCT diagnostic
parameters.9,16,17,24 CSA has been associated with RCTs,
but most of these studies were done on radiographic mea-
surements.5 In contrast, MRI is almost routinely performed
to detect the size, retraction, and accompanying pathologies
of RCTs.22 Gerber et al10 suggested that these angles may

TABLE 4
Comparison of Shoulder Parameters Among the Control Group and Tear Size Subgroupsa

Tear Size

Parameter Control Partial Thickness Full Thickness Massive P Value*

CSA .0001 (KW ¼ 124.997)b-e

Mean ± SD 31.63 ± 3.19 35.75 ± 3.06 37.1 ± 2.59 38.85 ± 2.46
Median (range) 32 (25-45) 35.5 (30-44) 37 (30-43) 39 (32-43)

AI .0001 (F ¼ 32.174)b-e

Mean ± SD 0.6 ± 0.07 0.66 ± 0.07 0.69 ± 0.06 0.72 ± 0.09
Median (range) 0.61 (0.45-0.76) 0.67 (0.45-0.85) 0.68 (0.57-0.85) 0.73 (0.58-0.88)

LAA .0001 (KW ¼ 63.564)b-d

Mean ± SD 80.14 ± 3.28 77.04 ± 4.12 76.25 ± 3.48 74.75 ± 3.29
Median (range) 80 (70-89) 76.5 (69-85) 76 (70-86) 75 (69-80)

ATI .0001 (KW ¼ 19.760)d-f

Mean ± SD 0.82 ± 0.04 0.82 ± 0.05 0.82 ± 0.05 0.87 ± 0.04
Median (range) 0.82 (0.72-0.9) 0.82 (0.72-0.93) 0.83 (0.75-0.92) 0.86 (0.8-0.96)

AHD .0001 (KW ¼ 46.251)d-f

Mean ± SD 8.46 ± 0.76 8.33 ± 0.84 8.44 ± 0.74 6.35 ± 1.31
Median (range) 8 (7-11) 8 (7-11) 9 (7-10) 7 (3-9)

SGI .0001 (F ¼ 35.883)b-f

Mean ± SD 14.27 ± 4.44 20.59 ± 6.35 20.23 ± 7.03 26.3 ± 6.94
Median (range) 14 (6-27) 21.5 (7-39) 21 (6-35) 27 (11-37)

aAHD, acromiohumeral distance; AI, acromial index; ATI, acromion–greater tuberosity impingement index; CSA, critical shoulder angle;
KW, Kruskal-Wallis; LAA, lateral acromial angle; SGI, superior glenoid inclination.

*Statistically significant difference between bcontrol and partial-thickness tear, ccontrol and full-thickness tear, dcontrol and massive tear,
epartial-thickness and massive tear, and ffull-thickness and massive tear (P < .05; 1-way analysis of variance [F test] or KW variance
analysis).

Figure 2. Receiver operating characteristic curve analysis for
predictive power of shoulder parameters for the presence of
rotator cuff tear. AHD, acromiohumeral distance; AI, acromial
index; ATI, acromion–greater tuberosity impingement index;
AUC, area under the curve (receiver operating characteristic);
CSA, critical shoulder angle; LAA, lateral acromial angle.

TABLE 5
Effectiveness of Shoulder Parameters to Determine the

Presence of Rotator Cuff Teara

Parameter AUC 95% CI SE P Valueb

CSA 0.899 0.858-0.941 0.021 .0001
AI 0.800 0.745-0.855 0.028 .0001
LAA 0.784 0.726-0.843 0.03 .0001
ATI 0.592 0.521-0.663 0.036 .013
AHD 0.578 0.506-0.649 0.037 .037
SG_I 0.794 0.737-0.851 0.029 .0001

aAHD, acromiohumeral distance; AI, acromial index; ATI,
acromion–greater tuberosity impingement index; AUC, area
under the curve (receiver operating characteristic); CSA, critical
shoulder angle; LAA, lateral acromial angle; SGI, superior glen-
oid inclination.

bEach AUC was statistically significant (P < .05).
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be indicators of RCTs. However, one of the biggest handi-
caps in this regard is the possibility of inadequate shoulder/
arm position on direct radiographs and therefore incorrect
measurements. Chalmers et al5 reported that in their sam-
ples, CSA could be measured accurately in only 21% of 1522
radiographs, and the radiography allowed measurements
of limited quality. Recent studies of CSA have emphasized
that the malrotation that occurs with direct radiographs
may deviate >2� from a 20� change, which may invalidate
the CSA measurement.28 In a systematic review, Zaid
et al31 examined 660 studies, analyzing the relationship
between anatomic shoulder parameters and shoulder
pathologies on direct radiographs. They concluded that the
parameters based on tomographic and MRI measurements
were sufficient. They also stated that there is a limited
number of studies on this subject and that these para-
meters should be explained in large series. In the current
study, CSA was determined to be an effective parameter for
differentiating between control shoulder MRI scans and
RCTs. It was additionally found to discriminate among
partial-thickness, full-thickness, and massive RCTs.

AI is derived on the basis that increased lateral expan-
sion of the acromion increases the rotator cuff load.26 This
parameter, which is suggested to be effective for recogniz-
ing early rotator cuff degeneration, is significantly higher
in patients with RCT. Another prediction is that functional
scores are worse in patients with high AI values.17 On the

contrary, Hamid et al13 suggested that AI is not effective for
determining the presence of RCTs. The current study found
that AI has different predictive quality across different
RCT patterns. AI was insignificant at differentiating
between full-thickness and massive RCTs. However, it was
an effective parameter for differentiating control and
partial-thickness, control and full thickness, control and
massive, partial and full thickness, and partial and massive
images (P < .05) (Table 4). AI is the parameter with the
highest diagnostic value after CSA in the differentiation
of control and full-thickness tears.

Like the hook shape of the acromion, SGI in scapular
morphology is associated with RCT and superior migration
of the humerus.26 CSA is measured using the glenoid incli-
nation.3,27 The SGI parameter has been described in con-
nection with RCTs, and Daggett et al7 found that CSA and
glenoid inclination are associated in the diagnosis of mas-
sive RCTs. In the current study, although SGI was deter-
mined to be insignificant for distinguishing partial- and
full-thickness RCTs, it was significant for distinguishing
control and partial-thickness, control and full thickness,
control and massive, partial and massive, and full thick-
ness and massive images (P < .05) (Table 4). Moreover, it
has been found to have the best diagnostic value after CSA
in the differentiation of control and partial tears.

Studying MRI LAA measurements, Banas et al1 stated
that the LAA is related to RCTs. After examining 1000

TABLE 6
Effectiveness of Shoulder Parameters to Predicting Tear Sizea

Parameter AUC Asymptotic 95% CI SE P Value AUC Asymptotic 95% CI SE P Value

Control vs Partial-thickness Tear Partial- vs Full-thickness Tear

CSA 0.85 0.78-0.91 0.035 .0001b 0.66 0.55-0.77 0.054 .004b

AI 0.74 0.66-0.83 0.041 .0001b 0.61 0.50-0.71 0.055 .049b

LAA 0.71 0.61-0.81 0.049 .0001b 0.56 0.44-0.67 0.057 .279
ATI 0.54 0.44-0.64 0.052 .379 0.506 0.39-0.62 0.057 .91
AHD 0.54 0.44-0.64 0.051 .391 0.447 0.34-0.56 0.057 .347
SG_I 0.79 0.70-0.87 0.043 .0001b 0.484 0.37-0.59 0.056 .772

Control vs Full-thickness Tear Partial-thickness vs Massive Tear

CSA 0.91 0.87-0.96 0.024 .0001b 0.81 0.69-0.93 0.059 .0001b

AI 0.82 0.76-0.88 0.031 .0001b 0.688 0.53-0.84 0.08 .016b

LAA 0.80 0.73-0.87 0.036 .0001b 0.655 0.52-0.79 0.069 .046b

ATI 0.55 0.46-0.64 0.047 .23 0.757 0.64-0.87 0.06 .001b

AHD 0.48 0.39-0.57 0.046 .786 0.909 0.82-1.00 0.045 .0001b

SG_I 0.75 0.67-0.83 0.042 .0001b 0.74 0.60-0.88 0.071 .002b

Control vs Massive Tear Full-thickness vs Massive Tear

CSA 0.95 0.90-1.00 0.026 .0001b 0.712 0.58-0.84 0.066 .005b

AI 0.84 0.74-0.94 0.049 .0001b 0.604 0.44-0.77 0.083 .166
LAA 0.88 0.81-0.95 0.034 .0001b 0.605 0.46-0.75 0.073 .161
ATI 0.81 0.71-0.91 0.049 .0001b 0.75 0.64-0.86 0.058 .001b

AHD 0.93 0.85-1.00 0.04 .0001b 0.923 0.84-1.00 0.04 .0001b

SG_I 0.91 0.82-1.00 0.045 .0001b 0.732 0.60-0.86 0.066 .002b

aAHD, acromiohumeral distance; AI, acromial index; ATI, acromion–greater tuberosity impingement index; AUC, area under the curve
(receiver operating characteristic); CSA, critical shoulder angle; LAA, lateral acromial angle; SGI, superior glenoid inclination.

bStatistically significant (P < .05).
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cases, Heuberer et al14 reported that CSA is a better diag-
nostic parameter than AI or LAA. Yu et al30 reported that
the mean lateral acromion angle was significantly smaller
in geriatric patients with full-thickness RCTs as compared
with geriatric healthy participants. In the current study,
LAA was insignificant at differentiating partial- and full-
thickness images and full-thickness and massive images.
However, it was an effective parameter for differentiating
control and partial-thickness, control and full thickness,
control and massive, and partial thickness and massive
images (P < .05) (Table 4). Therefore, it did not have as
strong a diagnostic value as CSA and AI in distinguishing
partial- and full-thickness RCTs.

There are new studies related to RCT, and new para-
meters such as ATI are being put forward.24 Liu et al19

suggested that ATI is a strong marker for detecting degen-
erative RCTs. In the current study, although ATI was an
insignificant parameter for differentiating control and
partial-thickness, control and full thickness, and partial
and full thickness images, it was effective at distinguishing
control and massive, partial and massive, and full thick-
ness and massive images (P < .05) (Table 4). This finding
can be effective for planning the treatment of massive RCTs
attributed to the reduced AHD in massive RCTs.

The AHD is the distance between the acromion and the
humeral head. Goutallier et al12 stated that an AHD <6
mm in the true anteroposterior shoulder radiographs of
symptomatic patients may be associated with RCT size (iso-
lated supraspinatus or subscapularis, supra- plus infraspi-
natus, supraspinatus plus subscapularis, or 3 tendons). The
AHD decreases because of the superior migration of the
humeral head in RCTs. This reduction in the subacromial
space is a risk factor for tendinopathy. Hufeland et al15

found that AHD calculations in MRI scans are 1.2 ±
2.1 mm (13%) lower than those in radiography, and they
recommended that these calculations not be used as a deci-
sion criterion for evaluating glenohumeral centering. In the
current study, the AHD was effective in distinguishing only
massive tears from others (P < .05) (Table 4). Also, AHD
was the parameter with the highest diagnostic value after
CSA in distinguishing massive tears.

Strengths and Limitations

A strength of this study was that each shoulder parameter
was individually evaluated to determine its performance
for distinguishing control shoulder images and RCTs, as
well as its performance for distinguishing RCT types. Yet,
this study’s retrospective design and relatively low number
of cases from different RCT subtypes were its limitations.
The fact that it was evaluated by 2 shoulder surgeons can
be considered another limitation. Although morphological
differences were examined in the study, functional status
was not. To evaluate morphological status as a predispos-
ing factor for RCT, further studies with prospective func-
tional status are needed. RCT was consistent with the
intraoperative tear sizes and types observed in these
patients. However, these results could not be presented,
as this study focused on MRI measurement results.

CONCLUSION

The study outcomes show that CSA through MRI scanning
is the best predictor for determining the presence of RCTs.
Meanwhile, CSA, AI, LAA, and SGI had diagnostic value
for distinguishing partial-thickness, full-thickness, and
massive RCTs. However, ATI and AHD could distinguish
only massive RCTs. In patients with shoulder pain who are
considered for RCT, it may be helpful to perform a tear scan
on MRI and examine the CSA, which is the best predictor
measurement.

REFERENCES

1. Banas MP, Miller RJ, Totterman S. Relationship between the lateral

acromion angle and rotator cuff disease. J Shoulder Elbow Surg.

1995;4(6):454-461.

2. Bishop JL, Kline SK, Aalderink KJ, Zauel R, Bey MJ. Glenoid inclina-

tion: in vivo measures in rotator cuff tear patients and associations

with superior glenohumeral joint translation. J Shoulder Elbow Surg.

2009;18(2):231-236.

3. Chalmers PN, Beck L, Granger E, Henninger H, Tashjian RZ. Superior

glenoid inclination and rotator cuff tears. J Shoulder Elbow Surg.

2018;27(8):1444-1450.

4. Chalmers PN, Beck L, Miller M, et al. Acromial morphology is not

associated with rotator cuff tearing or repair healing. J Shoulder

Elbow Surg. 2020;29(11):2229-2239.

5. Chalmers PN, Salazar D, Steger-May K, Chamberlain AM, Yamaguchi

K, Keener JD. Does the critical shoulder angle correlate with rotator

cuff tear progression? Clin Orthop Relat Res. 2017;475(6):1608-1617.

6. Cofield RH, Gerber C, Fuchs B, Hodler J. The results of repair of

massive tears of the rotator cuff. J Bone Joint Surg Am. 2000;82:

505-515.

7. Daggett M, Werner B, Collin P, Gauci MO, Chaoui J, Walch G. Cor-

relation between glenoid inclination and critical shoulder angle: a

radiographic and computed tomography study. J Shoulder Elbow

Surg. 2015;24(12):1948-1953.

8. Ellman H. Diagnosis and treatment of incomplete rotator cuff tears.

Clin Orthop Relat Res. 1990;254:64-74.

9. Garcia GH, Liu JN, Degen RM, et al. Higher critical shoulder angle

increases the risk of retear after rotator cuff repair. J Shoulder Elbow

Surg. 2017;26(2):241-245.

10. Gerber C, Fuchs B, Hodler J. The results of repair of massive tears of

the rotator cuff. J Bone Joint Surg Am. 2000;82:505-515.

11. Gerber C, Snedeker JG, Baumgartner D, Viehöfer AF. Supraspinatus
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