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Background: Coracoid impingement syndrome is an increasingly recognized etiology of anterior shoulder pain. Numerus studies have
documented the coracohumeral distance (CHD) as a primary or secondary measurement in symptomatic individuals, but there lacks an
evaluation of CHD in a large cohort of asymptomatic individuals. The purpose of this study was to quantify a normative distribution of
the CHD in a large cohort of healthy, asymptomatic subjects with no history of impingement or shoulder instability.
Methods: Incoming first-year students in the United States Military Academy were offered enrollment in this study as part of a pro-
spective cohort to assess the normal anatomic relationships of the shoulder girdle. Magnetic resonance images were obtained, and a
board-certified, fellowship-trained musculoskeletal radiologist performed measurements of the smallest distance from the coracoid to
the humeral head on axial images.
Results: Magnetic resonance images of 714 subjects were available for analysis, including 630 males and 84 females, with a total of
1120 individual shoulders with images of adequate quality. The mean CHD for all shoulders imaged was 13.7 mm. The mean CHD in
male shoulders was 13.8 mm, and in female subjects the average was 12.4 mm.
Conclusions: This study is the largest of its kind to evaluate the CHD in asymptomatic, healthy shoulders to date and demonstrates a
mean CHD of 13.7 mm for all subjects. This information can help to standardize ‘‘normal’’ ranges and act as a comparison for future
work, when taken in the context of age and imaging in neutral rotation.
Level of evidence: Anatomy Study; Imaging
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Coracoid impingement syndrome is a known cause of
anterior shoulder pain, first noted by Goldthwait in
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1909.12 Meyer and Bennett further validated the existence
of impingement on nearby structures by the coracoid
process in their articles in 1937 and 1941, respectively.2,19

Since these early articles, many anatomic, biomechan-
ical, and clinical studies can be found in literature
that address various aspects of coracohumeral
impingement.5-8,10,13,17,18,20,22-24,26,28,29

The mechanism of coracoid impingement has been
demonstrated to be compression of the biceps tendon and/
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Figure 1 Representative axial magnetic resonance image
demonstrating the measurement of coracohumeral distance as
performed in this study. The yellow line labeled as ‘‘CHD’’ rep-
resents the coracohumeral distance, as measured in subjects
included in this study.
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or subscapularis tendon between the coracoid process of the
scapula and the lesser tuberosity of the humerus.6,7,25

Multiple etiologies for the condition have been identified
and include traumatic, iatrogenic, pathologic, and
idiopathic.9,10,25,30

Cadaveric studies have noted impingement between the
coracoid and the humerus to be reproducible dynamically
with forward flexion, abduction, or internal rotation.4,10,23

More recently, clinical studies have noted a correlation
between the presence of coracoid impingement and rotator
cuff tears, suggesting degenerative capabilities of long-
standing impingement.16,17,20,24 Richards et al24 studied
the coracohumeral distance (CHD) in patients with and
without subscapularis tears and noted that the CHD was
significantly smaller in those with a subscapularis tear (5 vs
10 mm).

Previously, anatomic studies evaluating the CHD in
healthy and in symptomatic subjects have been published.18

Gerber et al10 studied the CHD of asymptomatic volunteers
with their shoulder either in an adducted position or in
forward flexion and internal rotation. They noted a signif-
icant decrease in the CHD with the arm in forward flexion
and internal rotation. Richards et al24 noted a mean CHD of
10 mm in patients without rotator cuff pathology and 5 mm
in those with subscapularis tears. Tracy et al27 noted CHD
to be narrowed in patients with clinically diagnosed cora-
coid impingement than in healthy volunteers on ultraso-
nographic imaging.

Despite there being some studies that evaluate objective
measurements of coracoid impingement in healthy in-
dividuals, few studies with a large patient population have
been published demonstrating an acceptable ‘‘normal’’
range of CHD. The purpose of this study was to quantify a
normative distribution of the CHD in a large cohort of
healthy, asymptomatic subjects with no history of
impingement or shoulder instability.
Methods

Enrollment was offered to all incoming freshmen entering the
United States Military Academy in 2006 as part of a 4-year pro-
spective cohort study intended to evaluate modifiable and non-
modifiable risk factors for acute traumatic glenohumeral
instability. All subjects were queried about history of shoulder
dislocation or instability at the time of entry into the study, as well
as any symptoms consistent with coracohumeral impingement.
Magnetic resonance (MR) images of the shoulder were obtained
for each subject on enrollment.

All MR images were performed with the arm at the side in
neutral rotation, using a 1.5-tesla imaging system (Intera, Philips
Medical Systems, Andover, MA, USA), with a phased-array sur-
face coil (Synergy Flex-M, Philips Medical Systems, Andover,
MA, USA). Oblique coronal turbo spin-echo fat-suppressed T2-
weighted images were obtained (time to echo [TE] / time to
response [TR] 50/2000; field of view [FOV] 160-180 mm; slice 4
mm, interslice gap 0.4 mm, matrix 256�256; echo train length
[ETL] 8-10; number of excitation [NEX] 2). An axial 3-dimen-
sional fast field echo sequence was performed as well (TE/TR/ flip
angle [FA] 9/18/15�; FOV 160-180 mm; slice 2.4 mm; slice
overlap 1.2 mm; matrix 256�256; NEX 2), and was used to
produce mutiplanar reformatted images in oblique coronal and
oblique sagittal planes at 1.3-mm intervals.

The MR images obtained were interpreted by a board-certified,
fellowship-trained musculoskeletal radiologist (S.E.C.) who was
blind to patient information and clinical history and findings
throughout the follow-up period. Measurements were performed
using axial images at the level of the coracoid (Fig. 1). CHD was
defined as the smallest distance between the cortex of the coracoid
(typically at the posterolateral coracoid tip) and the cortex of the
humeral head. Representative images of a small CHD and a large
CHD are shown in Figure 2.

We conducted active surveillance within the study cohort
following the initial enrollment and acquisition of MRI to identify
all shoulder-related events. Because all subjects are required to
participate in athletics, these injuries are documented in multiple
electronic databases that were used for injury surveillance.
Because of the closed health care system at the study institution
and the available injury surveillance resources, our ability to
detect any injuries during the 4-year study period was excellent.
The subjects were not monitored at routine intervals but were at
the study center during a 4-year period following the baseline
MRI. Diagnosis of impingement or tear was determined by a
single sports medicine fellowship-trained orthopedic surgeon
(B.D.O.) who was blinded to all baseline data and MRI after in-
juries occurred.

Normative descriptive values including means and standard
deviations (SDs) with 95% confidence intervals (CIs), medians
and interquartile ranges, ranges, and percentiles were calculated
for CHD for all subjects and for subjects stratified by sex.



Figure 2 Representative images of a large coracohumeral distance (CHD) (A) and a small CHD (B).
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Between-group differences in CHD by sex were evaluated using
an independent t test. Statistical analysis was performed using
Stata, version 10.1 (StataCorp LLC, College Station, TX, USA).
Results

Of the 714 subjects (1428 shoulders), 8 shoulders were
excluded from the analyses, because of prior surgical sta-
bilization for glenohumeral instability. This left 1420
shoulders, of which 118 shoulders had a self-reported his-
tory of instability. Of the remaining 1302 shoulders, 46
subjects had an instability event during the study surveil-
lance period, and therefore, the affected shoulders were
excluded from analysis. Of the remaining 1256 shoulders,
we were able to obtain imaging for 1120 shoulders (998
males, 122 females) for analysis. Of the original 1256
eligible, we were unable to obtain imaging on 136 shoul-
ders because of either motion artifact making it difficult to
measure the CHD or logistical reason where the subjects
were unavailable because of their military or school obli-
gations or scheduling conflicts. The mean age of male
subjects was 18.8 � 1.0 years, and the mean age of female
subjects was 18.7 � 0.9 years.

The mean CHD for all shoulders was 13.7 mm (SD 3.0,
95% CI 13.5, 13.8). Shoulders of male subjects had a mean
CHD of 13.8 mm (SD 3.1, 95% CI 13.6, 14.0), with a range
of 6.3-25.6 mm. Female subjects had a mean CHD of 12.4
mm (SD 2.4, 95% CI 12.0, 12.8), with a range of 8.5-20.6
mm (Table I). Detailed normative data, including various
percentiles and interquartile ranges, are reported for
included subjections in Table I. Male shoulders had a
significantly greater CHD when compared with female (P
< .001).

During the 4-year study period, no subjects developed
symptomatic coracoid impingement or subscapularis tears.
Although there were no coracohumeral impingement events
noted, there were 46 instability-related events documented
post-enrollment, which has been reported elsewhere. These
subjects were excluded from this study.
Discussion

The purpose of this study was to quantify a normative
distribution of the CHD in a large cohort of healthy,
asymptomatic subjects with no history of impingement or
shoulder instability. As the understanding of the signifi-
cance of CHD and its correlation with associated pathology
continues to evolve, this study identified an average CHD
of male subjects of 13.8 � 3.1 mm, and the average CHD of
female subjects of 12.4 � 2.4 mm in shoulders without
impingement or instability.

This study reports on a cohort of 1256 shoulders in 714
subjects, by far the largest cohort of measured CHD in the
literature to date.

Diminished space between the coracoid and the humerus
has been correlated with pathology. Although the natural
history of subscapularis impingement is still uncertain,
decreased CHD has been implicated in the impingement of
the subscapularis muscle and its tendon. Li et al15 found
that in patients with known subscapularis tears, a smaller
CHD correlated with worsening atrophy of the sub-
scapularis muscle as well as a higher rate of associated
tears in the other rotator cuff tendons. Similarly, Balke
et al1 reported their experience with patients with sub-
scapularis tears. They classified the tears as either degen-
erative or traumatic and demonstrated that patients with
degenerative tears had a significantly shorter CHD than
patients with traumatic tears or controls (patients with
supraspinatus tears). Richards et al24 studied the CHD in
patients with and without subscapularis tears and noted that
the CHD was significantly smaller in those with a sub-
scapularis tear (5 vs 10 mm). Zhang et al31 also evaluated
patients with subscapularis tears. In their cohort of 235
shoulders, they did not find a difference in the CHD



Table I Coracohumeral distance measured in subjects of this study

Mean SD Range 10th %ile 25th %ile 50th %ile 75th %ile 90th %ile IQR

Male patients (n ¼ 998) 13.86 3.1 6.3-25.6 10.2 11.6 13.5 15.7 18.1 4.1
Female patients (n ¼ 120) 12.49 2.41 8.5-20.6 9.8 10.7 12.2 14 15.4 3.3
All (n ¼ 1120) 13.7 3.0 6.3-25.6 10.1 11.4 13.3 15.5 17.8 4.1

SD, standard deviation; %ile, percentile; IQR, interquartile range.

All values are in millimeters.
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between patients who had an articular compared with
bursal-sided tears. All of the included patients in that study
did have a subscapularis tendon tear, without a control.
However, they did find positive association between higher
coracohumeral index (measured as the ratio between the
coracoid length and the humeral head diameter on that axial
MRI) and bursal-sided tears. Additionally, they showed that
overlapping coracoids (with humeral heads on axial MRIs,
which would generate a high coracohumeral index) and
hook tips were also associated with bursal-sided sub-
scapularis tears. Leite et al14 also found an association with
overlapping coracoids and subscapularis tendon, as well
as long head of the biceps tendon pathology.

In this young, healthy, active, and predominantly male
population, no coracoid impingement symptoms were
observed over 4 years. This is despite the smallest CHD
measured at 6.3 mm. Previously Balke et al1 identified a
mean CHD of 8.6 � 2.0 mm in 44 patients with degener-
ative subscapularis tears and a mean of 10.2 � 2.0 mm in
39 patients with traumatic subscapularis tears. The
discrepancy between their findings and those reported here
may be due to the difference in mean ages between the
populations reported on (18.8 vs 63). To date, no literature
has observed changes in the normative distribution of CHD
between populations of different ages. Additionally, the
study period was only 4 years, and it is possible that those
with narrower CHD may develop impingement-type
symptoms or subscapularis tear later in life, but earlier than
their normal CHD counterparts.

Developing a standard and accepted measurement for
CHD in healthy individuals continues to be difficult. A
primary challenge is variability in imaging methodology.
Some authors have preferred using ultrasonography,21,27

whereas others have made measurements with MRI1,11,24

or computed tomography.3 Additionally, positioning has
also been demonstrated to change the CHD, with the space
decreasing in a position of forward flexion, cross-body
adduction, and internal rotation.

Limitations do exist within this study. All images were
obtained with the subjects’ arms at rest in neutral rotation.
Measuring the CHD at internal rotation and/or forward
flexion may have provided further insight into dynamic
subcoracoid impingement. In patients with suspicion of
impingement or for future longer, prospective monitoring
of the development of subscapularis pathology, MR se-
quences in internal rotation would be beneficial.

Additionally, this study is notable for being homogenous
with regard to sex and age. Most of the subjects were
relatively young, male, and members of the military, which
likely meant that they were more muscular and physically
fit compared with the general population, which may limit
generalizability of the data presented. Although the female
population presented here does present the largest collec-
tion of female subjects imaged for the purpose of
measuring CHD, applying the population mean without
taking sex into effect can lead to underestimating the
average CHD for the male population or greatly over-
estimating the same for the female population. Similar
differences between male and female subjects have been
identified previously in the literature.11
Conclusion
This study measures CHD in the largest cohort reported
to date. A mean of 13.8 � 3.1 mm in male subjects and
12.4 � 2.4 mm in female subjects was observed. This
distance is in accord with a number of smaller, previ-
ously published studies. This information can help to
standardize ‘‘normal’’ ranges and act as a comparison
for future work, when taken in the context of age and
imaging in neutral rotation.
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