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Relation between Narrowed Coracohumeral Distance and Subscapularis Tears
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ABSTRACT
Purpose: The Purpose of this study is to detect differences between the values of dynamic coracohumeral
distance (CHD) measured using ultrasonography (USG) in different shoulder rotations and to investigate its
correlation with subscapularis tear.
Methods:We prospectively enrolled consecutive patients (n = 84) who were scheduled to have arthroscopic
rotator cuff repair. Patients with a history of previous shoulder surgery or shoulder fracture and patients with
external rotation less than 30 were excluded from the study. Dynamic coracohumeral distance was measured
utilizing ultrasonography in 3 different shoulder positions: external rotation, neutral and internal rotation. We
assessed the intrarater reliability with 3 times repetition of measurement. Patients were divided into one of 3
groups according to arthroscopic findings: intact subscapularis, partial-thickness tear, and full-thickness tear
of the subscapularis. The control group (n = 12) included patients without rotator cuff tears from the
outpatient clinic. Subgroup analysis according to the presence of dynamic subcoracoid stenosis, defined as a
coracohumeral distance less than 6 mm measured in internal rotation was performed to find the clinical effect
of dynamic subcoracoid stenosis.
Results:A partial-thickness tear of the subscapularis tendon was present in 30 patients (35.7%) and a full-
thickness tear in 13 patients (15.5%) among 84 patients. The CHD was maximum in external rotation and the
narrowest in internal rotation. There were no statistical differences in the CHDs between groups with
different subscapularis tear status. According to the presence of dynamic subcoracoid stenosis, patients with
dynamic subcoracoid stenosis had a significantly higher incidence of partial-thickness subscapularis tear than
those without stenosis (P = 0.018).
Conclusions: The coracohumeral distance values were narrowest in shoulder internal rotation, which is
thought to be the pathogenic position. We could not confirm the correlation between coracohumeral distance
and subscapularis tear. However, patients who have dynamic subcoracoid stenosis had significantly higher
incidence of subscapularis tear than others without dynamic stenosis.
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INTRODUCTION

Numerous authors have described the frequency
of the subscapularis tears to be higher than
previously thought “®, so subscapularis tears have
lately become a focus of clinical practice and
research. In an effort to explain the etiology of
subscapularis tears, studies have examined if
subcoracoid stenosis, an interval of less than 6 mm
between the coracoids and humeral head “ 9, is
related to partial- or full-thickness tears of the
subscapularis tendon ©®. Several authors have used
computed tomography or magnetic resonance
imaging (MRI) to evaluate the coracohumeral
distance (CHD) © . Nonetheless, impingement is a
dynamic procedure, and symptoms of subcoracoid
impingement comprise pain in the anterior shoulder,
particularly in forward flexion and internal rotation
@, Consequently, measuring CHD utilizing static
imaging modalities, for instance computed
tomography or MRI, could be limited when bearing
in mind the pathogenic nature of subscapularis tear
®:  though, measuring dynamic CHD using
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ultrasonography (USG) may reflect the actual
subcoracoid stenosis procedure.

The present study designed to:

o detect differences between the values of
dynamic CHD measured using USG in different
shoulder rotations investigate its correlation with
subscapularis tears. The hypothesis was that the
dynamic CHD measured using USG varies along
with the shoulder rotation and would be inversely
proportional to the likelihood of subscapularis tears.

METHODS

From April 2016 to February 2017, we
prospectively enrolled 84 consecutive patients who
met the following inclusion criteria without
randomization: (1) had rotator cuff tear verified
through preoperative MRI and (2) were scheduled
to undergo arthroscopic rotator cuff repair.
Exclusion criteria from the study were a history of
rotator cuff surgery; a passive external rotation less
than 30 with the arm at the patient’s side, as this
was the only significant limiting factor for the
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adequate  positioning of  dynamic CHD
measurement; current anterior shoulder instability
or a history of surgery for anterior shoulder
instability; a history of shoulder fracture; and
systemic inflammatory disease, such as rheumatoid
arthritis. For the prospective study design, we
enrolled patients consecutively from the first patient
until we got at least 10 patients in a group with full-
thickness subscapularis tears, to have a total of 84
patients with rotator cuff tears. For the control
group, we enrolled 12 patients having shoulder pain
from the outpatient clinic who did not have rotator
cuff tear based on the same exclusion criteria during
the same period. We obtained the institutional
review board approval for the study protocol, and
all patients gave informed consent. The
prospectively collected data, including medical
records and imaging data, were analyzed. The
shortest distance between the tip of the coracoid
process and the humeral head was measured at the
time of the patient examination using electronic
cursors. The measurement was repeated 3 times on
different images with repositioning of arm to
neutral position during an interval of 5 to 10
seconds in each position by the same radiologist,
and the mean value of the 3 measurements was used
for the calculation of CHD in each position. The
CHD on the MRI axial image was also measured
using the technique described by Tan et al. © and
the distance was measured with the narrowest
subcoracoid distance from the cortical margin of the
coracoid process to that of the humeral head. The
CHD on the MRI axial image was compared with
the values of ultrasonographic measurements in
each position. To show the differences of
subscapularis status in a setting of dynamic
situation, we defined the dynamic subcoracoid
stenosis as the CHD measured with the shoulder in
internal rotation (CHD-IR) less than 6 mm
according to the suggested coracoplasty indication
of Lo and Burkhart®.

All statistical analyses were performed with
SPSS 12.0 (SPSS, Chicago, IL), and a P value of
less than 0.05 was taken as the level of statistical
significance. Intraclass correlation coefficients
(ICCs) were used to determine the intrarater
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reliability of the measures and compare the
measured values of the 2 different imaging
modalities (USG vs MRI) and the 95% confidence
intervals (Cls) for these values were also calculated
1012 " Student t test was used to compare CHDs
between men and women and Kruskal-Wallis test
was used for comparison of CHDs between
different age groups. Repeated measure analysis of
variance was used to compare the mean values of
CHDs measured 3 times each in 3 different
shoulder positions. Analysis of variance and
Kruskal-Wallis test were used to compare the
CHDs between the groups with and without
subscapularis tears. Mann Whitney U test was used
for age- and gender-matched comparison between
patients with atraumatic rotator cuff tears involving
full-thickness tear of subscapularis and patients
having atraumatic rotator cuff tears with intact
subscapularis. Fisher exact test was used to
compare the incidence of subscapularis tears
between groups with and without dynamic
subcoracoid stenosis.

The study was done according to the ethical
board of King Abdulaziz university.

RESULTS

Table 1 shows patients’ demographic data and
operative findings. The mean value of range of
motion in external rotation was 68.4 degree with a
SD of 18.2 degree, and the mean value in internal
rotation was 8.7+£3.7 (the level of the spinous
process of the vertebrae; smaller outcome means
greater range of motion: 1 to 12, thoracic vertebrae;
13 to 17, lumbar vertebrae; 18, sacrum). A partial-
thickness tear of the subscapularis tendon was
present in 30 patients (35.7%) and a full-thickness
tear in 13 patients (15.5%) among 84 patients who
had rotator cuff repair surgery. The mean ages of
patients in groups B (partial-thickness subscapularis
tear) and C (full-thickness subscapularis tear) were
statistically higher than patients in group A with
intact subscapularis, but there was no significant
difference in the gender ratio between 3 groups.
There were significantly more patients with
previous trauma history in group C than in other
groups.

Table 1. Demographic Data and Operative Findings of Patients

Number of patients 41 30
Mean age 56.5 62.5

Gender

Male 19 10

Female 22 20

Trauma history
Yes 36 28
No 5 2
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All calculated ICCs for repeat CHD
measurements of the study groups in each shoulder
position were higher than 0.90, indicating excellent
intrarater reliability of the USG measurements.
Consistent with repeat measurements, there were
significant differences in CHDs measured in
different shoulder positions (P < .0001).

The CHD in external rotation was the widest,
followed by CHD in neutral rotation; the CHD in
internal rotation was the narrowest. We similarly
found good correlation between the CHDs
measured using MRI and those measured using
USG in the neutral rotation (ICC = 0.779, 95% CI =
0.699 to 0.829), however we found only moderate
correlation between CHD measured on MRI and
those measured with USG in internal rotation (ICC
= 0.595, 95% CI = 0.498 to 0.701).

Even though there was a significant decrease in
CHD in female patients than in male patients in all
positions (P < .0001 for external rotation, P < .0001
for neutral rotation, and P = .003 for internal
rotation; Table 2), there was no significant
difference in the CHD between different age groups
(P = .199 for external rotation, P = .089 for neutral
rotation, and P = .191 for internal rotation).

Table 2. The Dynamic CHDs of the Male and
Female Patients According to Different Shoulder
Rotations in Patients With Rotator Cuff Tears

CHDINER 153424 113221 <.0001
(mm)
CHDINNR 171421 97¢19 <.0001
(mm)
CHDIn IR (mm) 954267 85+24  .003

Table 3 shows the CHD of control and each
subgroup, and there was no significant difference in
the CHD among groups A, B, and C (P = 0.309 for
external rotation, P = 0.277 for neutral rotation, and
P = 0.291 for internal rotation). The CHDs of the
control group in external rotation and neutral
rotation were significantly larger than those of the
study groups (P = 0.001 and 0.003, respectively);
nevertheless, there was no significant difference in
the CHD-IR between the study and control groups
(P =0.387).

As shown in Table 1, there was a significant
difference in age between the study groups and a
control group and there was no significant
difference in gender ratio between groups. For
subgroup analysis to exclude the effect of trauma,
there was no significant difference in the CHD in
all shoulder positions between patients with
atraumatic fullthickness tear of subscapularis and
patients without subscapularis tear.

Table 3. The Dynamic CHDs According to Different Shoulder Rotations Measured by Ultrasonography

and the CHD Measured on MRI

CHD in ER (mm)

CHDinNR (mm)  12.0+2.3 10.2 +2.08
CHDinIR(mm)  8.7+239 924228
CHD on MRI (mm) - 10.1 +2.45

Under the definition of dynamic subcoracoid

stenosis (less than 6 mm of CHD-IR), we divided
patients into 2 groups and analyzed the data. There
was a significant difference in the incidence of
subscapularis tear including partial- and full-
thickness tears according to the presence of
dynamic subcoracoid stenosis (P = .018): patients
with dynamic subcoracoid stenosis had a higher
incidence of partial-thickness tear of subscapularis
(62.5%) than those without subcoracoid stenosis
(32.9%).
Of the 84 patients without dynamic subcoracoid
stenosis, 40 (52.7%) had an intact subscapularis,
whereas only 2 with dynamic subcoracoid stenosis
had an intact subscapularis.

3.8+2.0(13.7) 2.1£2.3 (11.7) 15+22(11.4) 1.5+25(10.9)  .001

10.0+£1.92 10.0+ 2.6 .003

8.6 £2.72 8.5+2.3 .387

9.9+ 2.05 9.1+238 292
DISCUSSION

No significant correlation between subcoracoid
stenosis and subscapularis tears was found. The
CHD varies significantly according to the shoulder
rotation; it was widest in external rotation and
narrowest in flexion/adduction/internal rotation.
Although we could not show any correlation
between the subcoracoid stenosis and subscapularis
tear, there was a significant increase in the
frequency of subscapularis tears in patients with
dynamic subcoracoid stenosis defined as a CHD-IR
less than 6 mm measured by USG.

The CHD changes according to shoulder
rotations confirm the results of previous studies that
showed that the CHD significantly decreased with
increasing internal rotation & . The CHD
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measured using USG in neutral rotation had good
correlation with CHD on MRI, and this reflects the
validity of ultrasonographic evaluation.
Nevertheless, the CHD measured in shoulder
internal rotation only moderately correlated with the
CHD on MR, and so the dynamic measurement of
CHD wusing USG could represent an assured
pathology that cannot be confirmed with static
imaging modalities. There were no significant
differences in the CHD regarding the tear status of
subscapularis tendon amid groups with rotator cuff
tears. Consequently, we could not display any
correlation between the subcoracoid stenosis and
subscapularis tear. Even though the CHDs of the
control group in external rotation and neutral
rotation were significantly larger than those of the
study groups, there was no significant difference in
the CHD-IR amid the study groups and the control
group (P = 0.387). As there was no significant
difference in the CHD measured in pathogenetic
position within the study groups and control group,
this outcome likewise supports our data that there
might be no significant correlation between the
subcoracoid stenosis and subscapularis tear.
Subgroup analysis to exclude the effect of traumatic
causes correspondingly echoes these outcomes.
Though, there was a significant increase in the
incidence of subscapularis tears in patients with
dynamic subcoracoid stenosis defined as a CHD-IR
less than 6 mm measured by USG. This
recommends that coracoplasty might be confined to
patients of subscapularis tear with dynamic
subcoracoid stenosis.

Numerous authors have examined the
correlation between subcoracoid stenosis and
subscapularis tear using static imaging modalities,
for instance MRI and computed tomography, and
this correlation remains inconclusive. Some
researchers ® recommend that future studies
utilizing dynamic imaging modality are required to
assess this correlation more precisely. Therefore,
we intended the current study to measure the
dynamic CHD reflecting an actual situation
utilizing USG. Based on our data, the dynamic
CHD measurement using USG in each shoulder
position had excellent intrarater reliability when
applied to the detection of dynamic subcoracoid
stenosis. Through the correlation analysis with
CHD measured by axial image of MRI and by USG
in neutral rotation, we recognized the diagnostic
validity of ultrasonographic measurement for this
purpose. Nonetheless, the degree of this correlation
with MRI was reduced in the internal rotation
position where most subcoracoid stenosis might
happen @ '¥. Since the fact that the CHD varied
along with the shoulder rotation and the CHD in
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internal rotation with flexion and adduction was the
narrowest in the present study, ultrasonographic
assessment of dynamic CHD measurement is more
consistent and reasonable than static assessment of
CHD using MRI.

The progression of subacromial impingement
from bursitis through to tendinopathy or tendon tear
is a well-described cause of supraspinatus
tendinopathy ™. Though, the etiology of
subscapularis tendinopathy or a tear is relatively
unclear. A variation of mechanisms are involved:
intrinsic tendon degeneration, trauma, and the
extension of a supraspinatus tear through the rotator
interval. Additionally, it can be postulated that
subscapularis tears can happen secondary to
attained subcoracoid impingement since
subacromial impingement causing rotator cuff tears,
while this is still controversial. Lo and Burkhart ©
recommended the correlation between narrowed
coracohumeral space and partial- to full-thickness
tears of the subscapularis tendon by a mechanism
called the Roller-Wringer effect by which the
coracoid procedure indents the superficial surface
of the upper subscapularis tendon while stretching
(tensile loading) the deep surface of the tendon
during internal rotation of the shoulder. In their
study, the mean CHD in patients with subscapularis
tears was 5.0+ 1.7 mm compared to 10.0+ 1.3 mm
in the control group. They stated subcoracoid
stenosis as a coracohumeral interval of less than 6
mm. Friedman et al.’® likewise defined a
significant decrease in the normal space among the
humeral head and the coracoid process in
symptomatic patients relative to a healthy
population with kinematic MRI and shoulders
positioned in maximal internal rotation. They stated
that the average CHD in symptomatic patients was
55 mm, although the average CHD in
asymptomatic patients was 11 mm. Lately, Tracy et
al. “” utilized USG in the dynamic measurement of
CHD in patients with and without subcoracoid
impingement. Nonetheless, they utilized only USG
in the assessment of subscapularis tendon, and so it
is not likely to determine a correlation between
CHD and subscapularis tears as there were no
subscapularis tears detected. Consequently, the
dynamic measurement modality was assumed in the
current study to reproduce and simulate the
pathogenicity, and patients were subdivided
according to the arthroscopic results of the
subscapularis tendon.

In the current study, we failed to confirm any
correlation between subcoracoid stenosis and partial
or full thickness subscapularis tendon tears. The
lack of correlation between subcoracoid narrowing
and subscapularis tear questions whether there is a
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need for routine coracoplasty in all patients with
subscapularis tear, particularly in patients without
subcoracoid stenosis. Though, the frequency of
partial-thickness subscapularis tear increases in
patients with dynamic subcoracoid stenosis (CHD-
IR<6 mm) notwithstanding small numbers of
subscapularis tear patients in the current study.
Additionally, the thickness of normal subscapularis
tendon was reported to be 5.4 to 8.0 mm “®*9 and
this should also be taken into consideration.
Consequently, subcoracoid stenosis might not be
the only cause for subscapularis tears, but only a
portion of them. Therefore, our data might support
the view that coracoplasty ought to be considered in
patients with subscapularis tear as a result of
dynamic subcoracoid stenosis, which was defined
as CHD-IR less than 6 mm, for the purpose of
decompression only.

CONCLUSIONS

The measured values of CHD were significantly
different in terms of shoulder rotation, and were
narrowest in the position of shoulder internal
rotation deemed to be the pathogenic position. We
could not confirm the correlation between CHD and
subscapularis tear. Conversely, patients who have
dynamic subcoracoid stenosis (CHD-IR less than 6
mm) had significantly higher incidence of
subscapularis tear than others without dynamic
stenosis.

REFERENCES

. Radas CB, Pieper HG(2004): The coracoid
impingement of the subscapularis tendon: A cadaver
study. J Shoulder Elbow Surg .,13:154-159.

2. Bennett WF(2001): Subscapularis, medial, and
lateral head coracohumeral ligament insertion
anatomy: Arthroscopic appearance and incidence of
“hidden” rotator interval lesions.
Arthroscopy ,17:173-180.

3. Kim TK, Rauh PB, McFarland EG(2003): Partial
tears of the subscapularis tendon found during
arthroscopic procedures on the shoulder: A statistical
analysis of sixty cases. Am J Sports Med .,31:744-
750.

4. Lo IK, Burkhart SS(1999): Arthroscopic
coracoplasty  through  the  rotator interval.
Avrthroscopy ,19:667-671.

5. Nove-Josserand L, Boulahia A, Levigne C, Noel E,
Walch G(1999): Coraco-humeral space and rotator
cuff tears. Rev Chir Orthop Reparatrice Appar
Mot.,85:677-683.

6. Lo IK, Burkhart SS(2003): The etiology and

assessment of subscapularis tendon tears: A case for

subcoracoid impingement, the roller-wringer effect,

1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

1168

and TUFF lesions of the
Arthroscopy ,19:1142-1150.

Kleist KD, Freehill MQ, Hamilton L, Buss DD,
Fritts H(2007): Computed tomography analysis of
the coracoid process and anatomic structures of the
shoulder after arthroscopic coracoid decompression:
A cadaveric study. J Shoulder Elbow Surg., 16:245-
250.

MacMahon PJ, Taylor DH, Duke D, Brennan DD,
O’Brien J, Eustace SJ(2007): Contribution of full-
thickness supraspinatus tendon tears to acquired
subcoracoid impingement. Clin Radiol .,62:556-563.
Tan V, Moore RS Jr, Omarini L, Kneeland JB,
Williams GR Jr, lannotti JP(2002): Magnetic
resonance imaging analysis of coracoid morphology
and its relation to rotator cuff tears. Am J Orthop
(Belle Mead NJ) ,31:329-333.

Portney LG, Watkins MP(2000): Foundations of
clinical research: applications to practice, Ed 2. Upper
Saddle River, NJ: Prentice Hall.

Anderson VB(2011): The intra-rater reliability of
measured thoracic spine mobility in chronic rotator
cuff  pathology. J  Musculoskelet  Neuronal
Interact .,11:314-319.

Spitzer RL, Fleiss JL, Endicott J(1978): Problems
of classification: Reliability and validity. In: Lipton
MA, DiMascio A Killam KF, eds.
Psychopharmacology: A generation of progress. New
York: Raven Press.

Gerber C, Terrier F, Zehnder R, Ganz R(1987):
The subcoracoid space. An anatomic study. Clin
Orthop Relat Res., 187:132-138.

Martetschlager F, Rios D, Boykin RE, Giphart JE,
deWaha A, Millett PJ(2012): Coracoid
impingement: Current concepts. Knee Surg Sports
Traumatol Arthrosc., 20:2148-2155.

Bigliani LU, Ticker JB, Flatow EL, Soslowsky LJ,
Mow VC(1991): The relationship of acromial
architecture to rotator cuff disease. Clin Sports
Med.,10:823-838.

Friedman RJ, Bonutti PM, Genez B(1998): Cine
magnetic resonance imaging of the subcoracoid
region. Orthopedics ,21:545-548.

Tracy MR, Trella TA, Nazarian LN, Tuohy CJ,
Williams  GR(2010):  Sonography  of  the
coracohumeral interval: A potential technique for
diagnosing coracoid impingement. J Ultrasound
Med.,29:337-341.

Pearsall AW , Holovacs TF, Speer KP(2000): The
intraarticular component of the subscapularis tendon:
Anatomic and histological correlation in reference to
surgical release in patients with frozen-shoulder
syndrome. Arthroscopy ,16:236-242.

Tuoheti Y, Itoi E, Minagawa H et al.(2005):
Quantitative  assessment of thinning of the
subscapularis tendon in recurrent anterior dislocation
of the shoulder by use of magnetic resonance imaging.
J Shoulder Elbow Surg .,14:11-15.

subscapularis.



