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Purpose: To highlight the relationship between coraco-humeral distance and subscapularis tendon tear.
Material and methods: Sixty-two shoulder MRI studies were examined. Twenty-two patients had partial
or complete tear of subscapularis tendon and forty shoulder as a control group. Axial and oblique sagittal
MR images were examined to measure the coraco-humeral distance followed by statistical analysis to
correlate the distance with tendon tear.
Results: A cut-off value of 8.25 mm for the coraco-humeral distance gave a sensitivity of 77.5% and speci-
ficity of 72.7% for subscapularis tendon tear.
Conclusion: There is a well-known relationship between the coraco-humeral distance and the subscapu-
laris tendon tear and its meticulous assessment in subjects with pain in the anterior shoulder region
increases the diagnosis of subcoracoid impingement.
� 2017 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Isolated subscaspularis (SS) tears are not common and are usu-
ally preceded by trauma [1]. The SS tears are usually associated
with supraspinatus (SSP) tendon full-thickness tears [2].

It is well known that SS tendon tears cause shoulder pain [3].
The origin of the SS muscle is from the scapular fossa and its inser-
tion is on the lesser tuberosity [1]. The superior surface of the ten-
don is frequently injured in majority of the SS tendon lesions,
whereas the inferior surface is injured in extensive lesions [4].
The SS tendon tears may be a part of an extensive rotator cuff tear,
rotator interval lesions, or occur seperately [5,6].

Complete tearing of the SS tendon that occurs in isolation is
uncommon. It is usually preceded by externally rotating the
adducted arm vigorously, or repeated anterior instability and ante-
rior shoulder dislocation [1,5,7]. It is also less common than that
occurring as a sequel of a massive SSP tendon tear extending
anteriorly [7–10].
The coraco-humeral distance (CHD) is the distance extending
between the lesser tuberosity and the humerus. It leads to
subcoracoid impingement (SC) which is relatively an infrequent
entity occurring due to an encroaching lesser tuberosity against
the coracoid process [11–13].

Structures which are liable to impingement include SS tendon,
long head of biceps tendon and the middle glenohumeral ligament
[14].

It could be either idiopathic or traumatic or iatrogenic. Idio-
pathic causes occur due to an underlying to an abnormal laterally
oriented coracoid, calcified SS tendon or bulky SS muscle, ganglion
cysts [11–13,15,16]. Traumatic factors involve fractures of the
humeral head and neck, malunited and displaced fractures of the
humerus and the scapula [17–19]. Previous surgical procedures
like posterior glenoid osteotomy and acromionectomy may cause
a reduced CHD as well [20].

Several studies have described CHD, using computed tomogra-
phy (CT), magnetic resonance imaging (MRI) and Ultrasonography
[21–23].

The available literature reported that normal CHD ranges from
8.7 mm to 11 mm. It is stated that a narrowed CHD leads to
remarkable lesions in the tendon of the SS muscle [24–26].

So, in this study, our objective was to confirm that there is a
significant association between a narrowed CHD and SS tendon
tears.
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2. Materials and methods

2.1. Patients

A retrospective study was undertaken over 12 month’s period
from March 2015 to March 2016. A preoperative MRI was per-
formed on 62 shoulders and was compared with the arthroscopy
results. It was divided into: a SS group and an asymptomatic con-
trol group.

The SS group included 22 subjects (22 shoulders) which con-
sisted of all subjects who were clinically suspected to have SC
impingement. They were proved via arthroscopy to have SS tendon
partial or full thickness tear. Subjects who presented with SSP tear
were excluded. All subjects presented with anterior shoulder pain,
inability to abduct the arm shoulder and difficulty in overhead arm
elevation. They were evaluated in the orthopaedic clinic using the
coracoid impingement test which tests cross arm adduction, for-
ward elevation and internal rotation of the arm.

There were 40 subjects (40 shoulders) in the asymptomatic
group who had no arthroscopic evidence of SS tendon tear and they
underwent arthroscopy for a variety of other clinic-pathological
conditions e.g. tears of the labra, capsular release, SSP repair or
for diagnostic aim.

2.2. MRI protocol

The studieswere performed using a 1.5-T unit (Signa, GE Health-
care) with a dedicated shoulder coil, a field of view of 14-cm, slice
thickness of 4-mm with a 1-mm gap, and matrix of 256 � 256. All
patients were imaged in a supine position with their arm by their
side, palm faces upward to maintain external shoulder rotation
and stretch the subscapularis tendon. Sequences obtained were
sagittal oblique T2-weighted fast spin echo (TR/effective TE, 2500–
6000/80–90; echotrain length, 8), coronal oblique T1-weighted spin
echo (400–800/8–12), coronal oblique T2-weighted fast spin echo
(2500–6000/60–80; fat suppressed; echo-train length, 8), and axial
T2-weighted fast spin echo (2500–6000/60–80; fat suppressed;
echo-train length, 8).
2.3. MR images analysis

Two radiologists (Abdrabou A and Shalaby M) thoroughly scru-
tinized the MR scans. They are specialized in musculoskeletal radi-
ology and were blinded from the arthroscopy results.
Fig. 1. Oblique sagittal T2 and axial T2 WI illustrate the coraco-humeral distance and h
axial plane with average distance of 7.2 mm. Note the intact subscapularis tendon betw
The SS tendon was classified into normal or abnormal according
to the following imaging criteria: A tear is known as disruption of
tendon fibers which show a high T2 signal and equal to that of
water [4,27,28]. A full-thickness tear is known as complete tearing
of tendon fibers which extend from the superior to the inferior sur-
face of the tendon with intervening fluid bright signal. Partial-
thickness tear is known as partial tendon disruption by intervening
fluid bright signal but not reaching the surface of the tendon [2].

There are other helpful signs in the diagnosis SS tendon lesions
which were evaluated. They include: (a) fatty changes infiltrating
the SS muscle, (b) lesions in the biceps tendon (dislocation or sub-
luxation) [4,29,30].

The axial scans were evaluated where the CHD was assessed by
depicting the distance from the coracoid process cortical margin to
the humeral head cortical margin.

The axial image where the subcoracoid stenosis was at its max-
imum was the one used for measuring the CHD. For further verifi-
cation, this measurement was done in the oblique sagittal plane as
well (Fig.1).

The CHD measured for the asymptomatic control group was
compared to that of the SS group in both axial and oblique sagittal
planes.

2.4. Statistical analysis

Our data was statistically analayzed using a Student t test.
Statistical significance was set at P 0.05, and all differences
depicted in our results were statistically significant. Data were
presented as means of standard deviation (SD).
3. Results

The SS group included 22 subjects (22 shoulders). Their average
age was 46.36 ± 14.17 years (Table 1). In this group 17 were males
and 5 were females.

The asymptomatic group included 40 subjects (40 shoulders).
Their average age was 37.30 ± 16.63 years. In this group 31
patients were males and 9 patients were females.

Eighteen patients had SS tendon partial thickness tear mani-
fested as partial intrasubstance increased signal on T2WI (Fig. 2).

Four patients had SS tendon complete tear with dislocated
biceps tendon as well. (Figs. 3 and 4).

Eighteen patients had SS tears associated with rotator cuff
pathology, and four patients had a single SS tear.
ow to measure. It is estimated to be 7 mm on the sagittal plane and 7.4 mm on the
een the white lines.



Fig. 2. Axial T2 Fat suppressed image of the right shoulder joint with the white
arrow refers to focal increase signal intensity within the substance of the
subscapularis tendon confirmed by arthroscopy to be partial tear. The coraco-
humeral distance was estimated to be 6.2 mm on axial and 6.4 mm on sagittal
planes.

Table 1
Statistical analysis of the SS and asymptomatic groups data.

Subjects
N = 22
Mean ± SD (Range)

Asymptomatic
N = 40
Mean ± SD (Range)

P value

Age++ 46.36 ± 14.17 (26–75) 37.30 ± 16.63 (19–78) .01*

Gender (males)# 17 (77.3%) 31 (77.5%) .9
Axial view (mm)+ 7.37 ± 1.20 (5–10) 10.50 ± 2.41 (7–18) <.05*

Sagittal view (mm)+ 7.92 ± 1.41 (6–11) 10.55 ± 2.44 (7–18) <.05*

Average distance (mm)+ 7.66 ± 1.19 (6–10) 10.53 ± 2.38 (7–18) <.05*

* Significant p < .05.
+ Student t test.

++ Mann-Whitney U test.
# Qualitative variables are presented as number (percentage) and the test of significance is Chi square test.

Fig. 4. Axial T2 fat suppressed image of another patient with completely torn
subscapularis tendon (black arrow) and dislocated biceps tendon (white arrow).
The coraco-humeral distance measures 5.9 mm on axial and 6.1 mm on sagittal
planes.
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A Student t test was performed to compare the SS group with
the asymptomatic group. There was a statistically significant dif-
ference between the 2 groups (P < .005).

In the axial plane the CHD calculated in the SS group was 7.37 ±
1.20 mm compared to 10.50 ± 2.41 mm in the asymptomatic group
with p value .00. In the sagittal oblique plane CHD in the SS group
Fig. 3. (a) and (b) Axial T2 fat suppressed images of the right shoulder joint; the black arro
refers to the dislocated biceps tendon and white arrowheads indicates empty bicipital gro
mm in sagittal planes. (b) The biceps tendon is completely dislocated as shown by whit
was 7.92 ± 1.41 mm compared to 10.55 ± 2.44 mm in the control
group with p value <.005.

The average distance was 7.66 ± 1.19 mm in the SS group com-
pared to 10.53 ± 2.38 mm in the control group with p value <.005.
w refers to the completely torn and retracted subscapularis tendon. (a) White arrow
ove. The coraco-humeral distance was estimated to measures 5 mm in axial and 5.5
e arrow.



Fig. 5. Graph shows area under binomial receiver operating characteristic curve is
0.88 (95% CI: 0.80–0.96).
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Using ROC curve, a cut off value of 8.25 mm had a sensitivity of
77.5% and a specificity of 72.7% (Fig. 5).

(We chose a cut off value of (8.25 mm) for the best prediction of
SS tendon pathology. This cut off value gave a sensitivity of 77.5%
and specificity of 72.7%).
4. Discussion

In the study done by Nove-Josserand et al. [22], they reported
an influential relation between a decreased CHD and extensive
rotator cuff tears. They believed that a decreased CHD is a sequel
of fat infiltrating the SSP and ISP muscles and that it was not a lead-
ing cause of a SS tear. They depicted a CHD of 11.2 mm in normal
subjects and 6.7 mm in affected subjects at maximal internal rota-
tion of the shoulder [22].

Chen et al., reported a CHD of 8.7 mm in patients from Taiwan
[31]. Lo and Burkhart deduced a CHD of < 6 mm for coracoplasty
[32].

Another study by Lo et al., found that the CHD was 3.9 mm in
anterosuperior cuff tears, compared to 10.4 mm in their asymp-
tomatic group [23].

Friedman et al., depicted that subjects in their series with sub-
coracoid impingement had a CHD of 5.5 mm compared to 11 mm
in their asymptomatic group in maximum internal rotation [24].

Other research work where the position was neutral or not
mentioned gave higher CHD values in affected subjects [33,34].

In our study, the average distance was 7.66 ± 1.19 (range 6–10
mm) in the SS group compared to 10.53 ± 2.38 (range 7–18 mm) in
the asymptomatic group with p value <.005.

We believe we had a higher cut off value than most of the avail-
able literature because our subjects were positioned in maximum
external rotation so as to stretch the SS tendon and not miss any
pathology.

In the study performed by Richards et al., the narrowing of the
CHD was statistically significant in a group of patients who were
submitted to SS surgical repair. The average CHD of their asymp-
tomatic group also was within the depicted normal range [35].

We believe that presentation of anterior shoulder pain warrants
meticulous assessment of the CHD. Establishing a limit value of
8.25 mm of CHD ensures an accurate presurgical plan.

We noted that a finding of decreased CHD may indicate a ded-
icated arthroscopic evaluation of the SS muscle and its relation
with the coracoid. This might subsequently lead to a decision to
decompress the subcoracoid space and to repair the SS muscle
arthroscopically.
Giaroli et al., studied presurgical MR images in a series of 19
patients with evident SC impingement and compared them with
a control group. Their objective was to assess whether the CHD
obtained from conventional shoulder MRI can depict subcoracoid
impingement accurately and eventually SS tendon tears [14].

Their results revealed a low specificity of MRI (44–59%), so they
deduced that subcoracoid impingement is originally a clinical diag-
nosis and that MRI could back up this diagnosis, but cannot reliably
depict it.

However, this wasn’t in line with our study as we found out that
a narrowed CHD by MRI is directly related to SS tendon tears. The
cut off value of 8.25 mm has a sensitivity of 77.5% and a specificity
of 72.7%.

It is well established that biceps tendon pathology is closely
related to SS tendon lesions due to similar anatomical relations
[14]. Some studies believe that a medially dislocated biceps tendon
is highly diagnostic of SS tendon tear [8,9].

Pfirrmann et al. deduced that a finding of biceps tendon sublux-
ation or dislocation, is highly suspicious of SS abnormality [26].

Our results reinforce the important value of this combination.
We had 4 subjects with dislocated biceps tendon and they all
had full thickness tear of SS tendon (Figs. 3 and 4).

There were some shortcomings in our study. First, the asymp-
tomatic group did not include asymptomatic healthy age-
matched subjects. It included patients presented with surgical
pathological and abnormal asymptomatic shoulders. Subjects with
normal shoulders in our asymptomatic group might have been the
best, however our asymptomatic group results compared well with
the normal values of the available literature.

Moreover, our study was not controlled for both anterior and
posterior shoulder instability, which might have affected the
CHD depicted by MRI.

It is known that the shape of the coracoid process plays a vital
role in determining the prognosis of SC impingement which man-
dates further research and will be covered in our future research.

The intrasubstance SS tendon tears might be missed by arthro-
scopy. These tears were not identified when there was an intrasub-
stance tendon degeneration (intratendinous tear) especially when
the outer surface of the tendon was intact during arthroscopy.

In conclusion, we believe that there is significant association
with narrowed CHD and SS tendon tear and should warrant thor-
ough examination of the SS tendon during arthroscopy.

CHD below the cut value of 8.25 mm should also alert the radi-
ologist that SC impingement is to be highly suspected especially if
clinical data is not available.
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