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An association between the inferior humeral head
osteophyte and teres minor fatty infiltration: evidence
for axillary nerve entrapment in glenohumeral
osteoarthritis
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Background: Glenohumeral osteoarthritis often results in inferior humeral osteophytes. Anatomic studies
suggest that the axillary neurovascular bundle is in close proximity to the glenohumeral capsule. We therefore hypothesize that an inferior humeral osteophyte of sufficient magnitude could encroach on the axillary
nerve and result in measurable fatty infiltration of the teres minor muscle.
Materials and methods: Preoperative magnetic resonance imaging studies of 91 consecutive arthritic shoulders were retrospectively reviewed. Two cohorts were established based on the presence of a humeral osteophyte. The distances from the axillary neurovascular bundle to various osseous structures were measured
using calibrated software. Objective quantitative measurements of the degree of fatty infiltration of the
teres minor muscles were obtained with image analysis software. Results were compared between cohorts.
Results: The distance between the inferior humerus and axillary neurovascular bundle was inversely
correlated to the size of the inferior humeral osteophyte (r ¼ 0.631, P < .001). Fatty infiltration of
the teres minor was greater when an inferior osteophyte was present (11.9%) than when an osteophyte
was not present (4.4%) (P ¼ .004). A statistically significant correlation between the size of the humeral
head spur and quantity of fat in the teres minor muscle belly (r ¼ 0.297, P ¼ .005) was identified.
Conclusion: These data are consistent with our hypothesis that the axillary nerve may be entrapped by the
inferior humeral osteophyte often presenting with glenohumeral osteoarthritis. Entrapment may affect axillary nerve function and lead to changes in the teres minor muscle. Axillary neuropathy from an inferior
humeral osteophyte may represent a contributing and treatable cause of pain in patients with glenohumeral
osteoarthritis.
Level of evidence: Level III, Case-Control Study, Epidemiology Study.
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Glenohumeral osteoarthritis (GHOA) is characterized by
pain, weakness, and cartilage degeneration. In some
circumstances, a large inferior humeral osteophyte (goat’s
beard deformity) may develop, extending into the inferior
glenohumeral joint capsule. Considering the intimate relationship of the axillary nerve to the inferior glenohumeral
joint capsule, it is plausible that large humeral osteophytes
may place the axillary nerve at risk for injury.2,4,16,22,27
The axillary nerve provides motor innervation to the
deltoid and teres minor muscles and is critical for normal
shoulder function. It also carries sensory fibers from the
lateral shoulder and innervates portions of the glenohumeral capsule.6-8 As exemplified by quadrilateral space
syndrome, compression of the axillary neurovascular
bundle can contribute to posterolateral shoulder pain and
motor dysfunction.1,9,23,25 Many patients with GHOA also
complain of lateral and posterior shoulder pain. Therefore,
axillary nerve injury as a result of osteophytic spurring in
patients with GHOA may manifest as posterior shoulder
pain clinically or as fatty infiltration of distally innervated
musculature on imaging modalities.12,17
It is unclear, however, whether the neurovascular bundle
is displaced as the inferior osteophyte grows or whether the
osteophyte encroaches on the fixed neurovascular bundle to
produce irritation. Therefore, the purpose of this study was
to compare the proximity of the axillary neurovascular
bundle to the inferior humerus in arthritic cohorts in the
presence or absence of humeral osteophytes. Furthermore,
teres minor fatty infiltration, serving as a surrogate marker
of axillary nerve dysfunction, will be quantified. These
factors will then be correlated with the presence and size of
the inferior humeral osteophytes. Our hypothesis was that
glenohumeral osteophytes are capable of encroaching on
the axillary nerve and, if of sufficient magnitude, may result
in axillary nerve dysfunction. This dysfunction will in turn
be manifested as an increase in the degree of fatty infiltration within the teres minor muscle.

Anatomic considerations
The axillary neurovascular bundle includes the axillary nerve
and the posterior humeral circumflex artery and vein. The
posterior humeral circumflex artery arises from the axillary
artery at the lower border of the subscapularis and runs
posteriorly with its accompanying vein through the quadrilateral space. It winds around the neck of the humerus before
anastomosing with the anterior humeral circumflex artery.
The axillary nerve arises from the posterior cord of the
brachial plexus and passes beneath the coracoid process.
From this location, it travels inferior to the subscapularis,
running along the inferior joint capsule to enter the quadrilateral space.10 Two branches are formed near the long
head of the triceps insertion. The anterior branch courses
around the neck of the humerus and innervates the middle
and anterior deltoid. The posterior branch is responsible for
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posterior deltoid innervation, the teres minor motor branch,
and the superior-lateral brachial cutaneous nerve. This
cutaneous nerve provides sensory innervation to the lateral
deltoid.4,8 The axillary nerve is tethered within the quadrilateral space, placing it at risk for injury after glenohumeral dislocation or humeral head fracture.5,6,21
It is established that the course of the axillary nerve brings
it in close proximity to the inferior glenohumeral capsule
and is at risk during both open and arthroscopic shoulder
procedures. Cadaveric studies suggest that the neurovascular
bundle lies within 10 to 25 mm of the inferior glenoid
rim.2,4,16,22,27 Its proximity to the inferior capsular recess,
however, is much closer. As suggested by Bryan et al,7 the
proximity of the axillary nerve to the capsule in this location
may be 3.2 mm or less and is closest to the glenoid near the
5:30 to 6-o’clock position as it travels beneath the glenohumeral joint.4,8,11,14,15,22,27 Price et al22 reported that the
motor branch to the teres minor muscle is reliably closest to
the inferior joint capsule in this position. Therefore, this
branch may be most susceptible to compressive disorders
originating from the glenohumeral joint.

Materials and methods
Patient selection
A retrospective review identified all patients diagnosed with
primary GHOA at our institution and treated by a single senior
surgeon (P.J.M.) between 2005 and 2010. Considering that teres
minor tears, shoulder dislocation, and previous instability surgery
have been identified as possible etiologies for axillary nerve injury
or teres minor fatty infiltration, we excluded subjects exhibiting
these characteristics by history, by magnetic resonance imaging
(MRI), or at the time of surgery from the study.2,3,13,14,18,22,24,26
A total of 81 patients (98 shoulders) with primary GHOA were
identified using our study criteria. Seven shoulders were excluded
because the MRI study was of insufficient quality to allow fatty
infiltration quantification by the image analysis software. The
remaining 91 shoulders were then divided into 2 separate cohorts
based on the presence of an inferior humeral osteophyte. A
humeral osteophyte was present in 48% of the shoulders (44 of
91), and these shoulders comprised group I. No osteophytes were
present in the remaining 52% (47 of 91), and these shoulders were
therefore assigned to group II.

Radiographic measurements
Preoperative MRI studies were used to obtain all anatomic
measurements. For each patient, the coronal-oblique T1 or proton
density–weighted image was selected, located at the 6-o’clock
position of the glenoid in the parasagittal plane (Fig. 1). Six
measurements were obtained on each image using a calibrated
measurement system (OfficePACS Power viewer; Stryker, Flower
Mound, TX, USA). Distances were measured to the nearest
portion of the neurovascular bundle.
The humeral head diameter (HHD) along the anatomic neck
was measured, and the inferior glenoid osteophyte and humeral
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Figure 1 Parasagittal view used to select coronal oblique views
from the 6-o’clock position.
head osteophyte were measured if present (Fig. 2). Osteophyte
measurements were made from the junction of the osteophyte and
native humeral head (or glenoid) to the inferior extent of the
osteophyte. Distances were also measured from the neurovascular
bundle to the middle of the glenoid (mid-glen) (Fig. 3) and the
nearest portion of the glenoid or humerus (DH). When osteophytes
were present, distances were measured to the nearest point of the
respective osteophyte (Fig. 4).
To account for differences in patient size and gender, ratios
were calculated by dividing each measured distance (distance
from neurovascular bundle to middle of glenoid, distance to
nearest portion of glenoid, and DH) by the HHD. A measurement
reliability analysis was also completed. Each measurement was
repeated on a sample of 25 patients 3 months after initial
measurements were made, and intraclass correlation coefficients
were calculated.

Fat percent assessment
MRI studies of each patient were evaluated for fatty infiltration of
each rotator cuff muscle. The teres minor was selected as the
primary surrogate for axillary nerve compression because the
proximity of the branch to the teres minor has been established to
be the closest to the inferior glenohumeral capsule.22 To objectively determine the amount of fatty tissue in each muscle,
imaging analysis software (Mimics, version 13; Materialise, Plymouth, MI, USA) was used. A single researcher, blinded to patient
information, selected each muscle on 8 consecutive sagittal
magnetic resonance images using a lasso tool. The volume of fat
and muscle was then quantified based on grayscale thresholds
(Fig. 5). Fatty infiltration was ultimately calculated as the volume
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Figure 2 Representative image showing measurement of HHD
and sizing of humeral head osteophyte (H.ost) and glenoid
osteophyte (G.ost).
of fat divided by the total calculated muscle volume averaged over
all images.

Statistical analysis
Student t tests were used to compare mean distances calculated for
each group. Spearman correlation coefficients were used for
nonparametric correlations. Differences between groups were
considered significant at P < .05.

Results
The study population comprised 91 arthritic shoulders in 81
patients. Of the shoulders, 33 were in women and 58 in
men. The mean age of each group at the time of MRI was
61 years (range, 21-85 years).
The intraclass correlation coefficient k ranged between
0.84 and 1.00 for the imaging measurements taken separately 3 months apart. The mean HHD was 42 mm (range,
30-52 mm) and 45 mm (range, 34-56 mm) at the 6-o’clock
position in cohorts I and II, respectively. A statistically
significant difference in HHD between the 2 cohorts was
found (P ¼ .001). Humeral head osteophytes were present in
48% of arthritic shoulders (44 of 91) and averaged 12 mm
(range, 0-24 mm) in size. Glenoid osteophytes were present
in 5.5% of arthritic shoulders (5 of 91) and averaged 10 mm
in size.
Mid-glenoid (mid-glen, mid-glen/HHD) measurements
were similar between groups (Table I). The distance (DH)

218

P.J. Millett et al.

Figure 3 Representative image showing measurement of the
distance between the middle of the glenoid (MID-glen) and the
axillary neurovascular bundle.

Figure 4 Representative image showing measurement of the
distance from the tip of the glenoid (DG) and humeral head
osteophyte (DH) to the axillary neurovascular bundle.

and distance ratio (DH/HHD) between the humeral head or
inferior spur and neurovascular bundle was significantly
(P < .001) smaller in shoulders where an inferior humeral
osteophyte was identified (Table II, Fig. 6). This distance
averaged 17 mm (range, 3-34 mm) in group I and 23 mm
(range, 11-35 mm) in group II. The neurovascular bundle
distance and humeral head osteophyte size were inversely
correlated in the GHOA group (r ¼ 0.631, P < .001).

muscle (r ¼ 0.258, P ¼ .015). The distance measured
between the neurovascular bundle and the humeral head
was inversely correlated to the magnitude of teres minor
fatty infiltration, but this failed to reach the significance
threshold (r ¼ 0.115, P ¼ .287). Multivariate analysis
showed that statistically significant independent predictors
of teres minor fatty infiltration were spur size and age
(r ¼ 0.23, P ¼ .02).

Quantification of fatty infiltration
Fatty infiltration of the teres minor muscle was assessed in
91 arthritic shoulders. Overall, the mean percentage of fat
in the teres minor muscle was 8.1% (range, 0.06%-76.2%)
for the 91 included shoulders. An inferior humeral head
osteophyte was present in 48% (44 of 91), and these
shoulders comprised group I. The osteophyte averaged
12 mm in greatest dimension. The percentage of fatty
infiltration was 9.7% (range, 0.10%-76.1%) in the presence
of an inferior humeral osteophyte and 4.4% (range, 0.06%40.8%) when no osteophyte was present (P ¼ .048).
The size of the inferior humeral head osteophyte was
correlated to the percentage of fat identified in the teres
minor muscle (r ¼ 0.297, P ¼ .005). Similar associations
could not be identified between the remaining rotator cuff
muscles (non–axillary nerve innervated) and the humeral
osteophyte or fatty infiltration of the teres minor. Age was
also significantly correlated to percent fat in the teres minor

Discussion
This study indicates that the distance to the axillary neurovascular bundle was smaller in the presence of humeral
osteophytes as compared with non-osteophytic arthritic
controls. Moreover, the distance between the humerus
and neurovascular bundle decreased as osteophyte size
increased. Thus, large humeral osteophytes may be capable
of encroaching on the axillary neurovascular bundle. This
series also showed that as osteophyte size increased, the
magnitude of teres minor fatty infiltration also grew.
Therefore, in this cohort, the presence and size of the
inferior humeral osteophyte were directly correlated with
the quantity of fat in the teres minor muscle.
The distance between the glenoid (inferior rim and mid
glenoid) and the axillary neurovascular bundle was similar
between groups. Therefore, it appears that the inferior
humeral osteophytes do not displace the axillary
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Figure 5 Eight representative parasagittal magnetic resonance images of a left shoulder depicting the calculation of muscular fatty
infiltration by the image analysis software. Muscle fibers are colored in burgundy and yellow represents fat. The fat signal is then divided by
the muscular volume and averaged between each image.

Table I Absolute distance measured from mid glenoid and
distance ratio to axillary neurovascular bundle for osteophytic
and non-osteophytic groups

Table II Distance measured from humeral head or inferior
humeral osteophyte and distance ratio to axillary neurovascular bundle for non-osteophytic and osteophytic groups

Non-osteophytic
Osteophytic
group (group I) group (group II)
(n ¼ 47)
(n ¼ 44)
Distance measured from
33.6 (P ¼ .001) 29.7
mid glenoid at 6-o’clock
position (mm)
Mid-glenoid distance/HHD 0.74 (P ¼ .270) 0.72
at 6-o’clock position

neurovascular bundle with respect to the glenoid. Rather,
the decreased distance between the humerus and neurovascular bundle identified in the presence of osteophytes
occurs because the humeral osteophyte encroaches on the
neurovascular bundle. Conversely, the axillary neurovascular bundle does not seem to displace or adapt to the
bony changes that occur as the goat’s beard deformity
develops. This may increase its susceptibility to
compression.
Most traumatic axillary nerve injuries occur due to
a traction-type mechanism.2,3,24,26 Alternatively axillary
nerve compression due to mass effect has been described
in cases of neoplasia, hypertrophied musculature, and malunited scapular fractures.1,23,25 A large humeral osteophyte
could potentially result in a similar compressive injury to the
axillary nerve. Analogous to quadrilateral space syndrome,
the clinical manifestation of this injury would likely include
posterior and lateral shoulder pain and potentially fatty

DH at 6-o’clock
position (mm)
DH/HHD at 6-o’clock
position

Osteophytic
group (group I)
(n ¼ 44)

Non-osteophytic
group (group II)
(n ¼ 47)

16.8 (P < .001)

22.7

0.37 (P < .001)

0.55

infiltration of the teres minor muscle. Considering that the
motor branch to the teres minor is reliably closest to the
glenohumeral joint, it seems plausible that it may be most at
risk from large humeral head osteophytes.22
To this end, patients with GHOA often present with
posterior and lateral shoulder pain. In cohorts of young
patients who are not optimal candidates for glenohumeral
arthroplasty, we have seen considerable symptomatic
improvement after arthroscopic humeral osteoplasty and
axillary nerve neurolysis.19,20 Whereas the long-term
results of this procedure remain to be defined, comprehensive arthroscopic management of glenohumeral
arthrosis (Comprehensive Arthroscopic Management
[CAM] procedure)19,20 may provide a window forimproved function and pain relief in young, high-demand
patients who wish to avoid glenohumeral arthroplasty.
This is a technically demanding procedure and should only
be performed by experienced shoulder arthroscopists.19,20
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Figure 6 Representative MRI images of a right shoulder in the absence (a) and presence (b) of an inferior osteophyte. Note the decreased
distance (arrow) between the humerus and neurovascular bundle.

There are several limitations to this analysis. First, the
field strength of reviewed MRI studies was not standardized,
and lower–field strength scanners may contribute to
decreased image resolution and increased measurement
error. We believe that this possibility is minimized because
all MRI studies were obtained with either a 1.5-T or 3.0-T
scanner.
It is established that axillary nerve compression can
result in teres minor fatty infiltration when disorders such
as quadrilateral space syndrome are present.1,9,23,25 By
contrast, however, it remains unclear whether teres minor
fatty infiltration is a robust surrogate for axillary nerve
entrapment in the setting of glenohumeral arthrosis. Our
study indicates that an association between humeral
osteophytes and teres minor fatty infiltration is present in
this setting. It is important to note, however, that although
this series indicates that axillary compression by humeral
osteophytes is plausible, further investigation is necessary
to establish causation.
Moreover, it is likely that stiffness and disuse atrophy
present in arthritic shoulders will result in some degree of
global fatty infiltration of the rotator cuff. Although we
would expect these factors to affect all rotator cuff muscles
equally, analysis of the remaining rotator cuff muscles (not
innervated by the axillary nerve) did not show an association between fatty infiltration of these muscles and the teres
minor. Whereas this suggests that stiffness or disuse
atrophy is unlikely to be the etiology of the identified teres
minor fatty infiltration, it remains unclear whether such
conditions are capable of resulting in isolated teres minor
fatty infiltration.
Finally, arm position has been known to influence the
location of the neurovascular bundle. Although all patients
underwent MRI with the arm in adduction and neutral
rotation, it was unclear what effect small differences in arm
position across patients may have had on the outcomes. In
addition, only static measurements can be made on
magnetic resonance images. Therefore, this study cannot
confirm any dynamic interaction that could cause nerve

impingement or stretching beneath the humeral head
osteophyte in various shoulder positions.

Conclusion
The data from this study were consistent with our
hypothesis that humeral osteophytes are capable of
encroaching on the axillary neurovascular bundle and
are associated with fatty infiltration of the teres minor
muscle. Fatty infiltration of the teres minor was correlated with the presence and size of inferior humeral
osteophytes. Therefore, it may be reasonable to
hypothesize that humeral osteophytes are capable of
causing axillary nerve injury if they become of sufficient
size. Arthroscopic decompression through a humeral
osteoplasty (spur removal) in addition to joint debridement and capsular release may be a reasonable option
for young patients with large osteophytes as a joint
preservation technique.19,20 Additional basic science and
clinical studies are needed to evaluate the efficacy of this
procedure and to determine whether changes identified
in this series are reversible.
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