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To characterize the ultrasonographic (US) appearance of
the rotator cuff cable in asymptomatic shoulders and in
cadaveric specimens, with histologic comparison for the
latter.

The cadaveric portion of this study was approved by the
institution’s Anatomical Donations Department. Institu-
tional review board approval and informed consent were
obtained from asymptomatic volunteers and clinical pa-
tients for the HIPAA-compliant portion of the study. Four
fresh cadaveric shoulder specimens (two male subjects, 40
and 50 years old) were dissected, assessed for the pres-
ence of the rotator cable, and imaged with 12-MHz US.
Histologic slides (hematoxylin-eosin stain) from three re-
sected rotator cuff tendons were inspected for fibers in the
expected location and orientation of the rotator cuff cable.
The shoulders in 17 asymptomatic volunteers (seven men,
two women; age range, 27-66 years; mean, 41 years) and
contralateral asymptomatic shoulders in 10 patients (six
men, four women; age range, 24-78 years; mean, 49
years) were scanned and evaluated for the presence and
appearance of the rotator cable.

The rotator cable was identified at gross dissection. Histo-
logic examination and US of the cadaveric shoulders dem-
onstrated an articular-sided fibrillar structure perpendicu-
lar to the rotator cuff tendon (average thickness and
width, 1.2 mm and 4.5 mm, respectively). US of asymp-
tomatic shoulders depicted a similar fibrillar structure in
three (11%) shoulders up to 1.1-1.5 ¢m medial to the
greater tuberosity (average thickness and width, 1.2 mm
and 4.5 mm respectively).

The rotator cable can be depicted with US.
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he rotator cuff is composed of inti-

mately associated tendons that

form a single functional unit.
There exists a relatively hypovascular
crescentic region of the distal supraspi-
natus and infraspinatus tendon, termed
the rotator crescent, which is prone to
injury (1,2). At the medial aspect of this
crescent, a thick bundle of fibers per-
pendicular to the supraspinatus tendon
has been described and called the rota-
tor cable (Fig 1) (3). Important biome-
chanical and clinical implications have
been attributed to this structure (4).

It has been suggested that the rela-
tively avascular crescent tissue of the
distal rotator cuff undergoes progres-
sive thinning with aging, with an in-
creasing mechanical reliance on the ro-
tator cable (4). When a tear involves
the rotator crescent, an intact rotator
cable may allow tension dispersion
through the remaining cuff, thereby
minimizing the biomechanical conse-
quences of the tear. Therefore, accu-
rate characterization of a rotator cuff
tear and its relationship to the rotator
cable may be important.

While there are a limited number of
peer-reviewed publications dealing with
the rotator cable and only a single ex-
ample of a rotator cable with use of
magnetic resonance (MR) imaging (5),
we have noted in our clinical practice
the appearance of a cablelike structure
perpendicular to the supraspinatus ten-
don fibers. To our knowledge, the ultra-
sonographic (US) appearance of the ro-
tator cable has not been previously de-
scribed. The purpose of our study,
therefore, was to characterize the US
appearance of the rotator cuff cable in
asymptomatic shoulders and in cadav-
eric specimens with histologic compari-
son for the latter.

Materials and Methods

The cadaveric portion of this study was
approved by our institution’s Anatomi-
cal Donations Department. Institutional
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m [dentification of the rotator cable
is possible at US.

review board approval and informed
consent were obtained from asymptom-
atic volunteers and clinical patients for
the Health Insurance Portability and Ac-
countability Act-compliant portion of
our study.

Cadaveric Specimens, Imaging, and
Histologic Examination

Two pairs of fresh cadaveric shoulders
(male, 40 and 50 years old) were dis-
sected by an experienced orthopedic
surgeon (B.M.) with fellowship training
in shoulder surgery. After the skin and
the underlying deltoid muscle were re-
moved, the rotator cuff was identified
and inspected. After confirmation that
the rotator cuff was intact, the supraspi-
natus and infraspinatus tendons were
excised proximally from the musculo-
tendinous junction to the distal attach-
ment. Tendon excision included the su-
perior segment of the greater tuberos-
ity, the superior-most border of the
distal subscapularis tendon, and a seg-
ment of the long head biceps brachii
tendon. After tendon excision, the or-
thopedic surgeon inspected the rotator
cuff for the presence of the rotator ca-
ble.

US imaging (Logic 9; GE Medical
Systems, Milwaukee, Wis) of the re-
sected supraspinatus and infraspinatus
tendons was performed by a fellowship-
trained musculoskeletal radiologist (Y.M.,
4 years of experience in musculoskeletal
US) using a 12-MHz linear transducer.
A liberal amount of transmission gel
was used. Images were obtained longi-
tudinal to the supraspinatus and in-
fraspinatus tendons by using the greater
tuberosity as a landmark. Transverse
images were obtained by using the in-
traarticular portion of the long head bi-
ceps brachii tendon as a landmark. Sub-
sequent images were reviewed by this
individual and a second fellowship-
trained musculoskeletal radiologist
(J.A.J., 10 years experience in musculo-
skeletal US) for the presence of a hy-
perechoic bundle of fibers running per-
pendicular to the supraspinatus tendon
in the expected anatomic location of
the rotator cable. Measurements of
the rotator cable thickness (cranio-
caudal dimensions) and width (medio-

lateral dimensions) were obtained.
Given the lax state of the resected ten-
don, reliable measurements from the
greater tuberosity to the cable could
not be obtained.

After fixation in 10% formalin, three
resected rotator cuff tendons were dis-
sected in transverse and longitudinal
planes into rectangular segments ap-
proximately 2 cm long along the course
of the rotator cable. The fourth speci-
men was extremely friable after forma-
lin fixation and could not be properly
dissected. The bursal surface of the dis-
sected portions was marked with India
ink and was labeled according to loca-
tion and orientation as anterior, mid-
line, posterior, transverse, or longitudi-
nal. The dissected segments were made
into paraffin blocks, and 4-pm sections
were cut. The sections were stained
with hematoxylin-eosin, and selected
specimens were also stained with Mas-
son trichrome. Histologic slide interpre-
tation was performed by a pathologist
(D.L., 14 years of experience) subspe-
cializing in musculoskeletal pathology.
Slides were inspected for tendon or col-
lagen fibers coursing perpendicular to
the supraspinatus and infraspinatus ten-
dons in the expected location of the ro-
tator cable.

Asymptomatic Volunteers and Imaging

Seventeen asymptomatic shoulders in
nine healthy volunteers (seven men,
two women; age range, 27-66 years;
mean, 41 years) were imaged. Volun-
teers with shoulder pain, limited range
of motion, or history of symptomatic
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shoulders were excluded from the
study. Asymptomatic shoulders were im-
aged with a US unit (ATL HDI 5000; Phil-
ips Medical Systems, Bothell, Wash) and
a 12-MHz linear transducer by a fellow-
ship-trained musculoskeletal radiologist
(Y.M.). Subsequent images were re-
viewed by this individual and a second
fellowship-trained musculoskeletal radi-
ologist (J.A.J.), for the presence of a
hyperechoic bundle of fibers running
perpendicular to the supraspinatus or
infraspinatus tendons in the expected
location of the rotator cable. Identifica-
tion of the rotator cable relied on demon-
stration of cable fibers in both transverse
and the longitudinal orientations. Cases
where fibers were identified in only one
plane were not considered sufficient to
prove the presence of a rotator cable.
Measurements of the rotator cable thick-
ness (craniocaudal dimensions) and
width (mediolateral dimensions) were
performed. The maximal distance in the
sagittal plane from the point of insertion
of the medial-most supraspinatus tendon
fibers on the greater tuberosity to the ca-
ble was also performed.

Clinical Patients and Imaging

In an attempt to diversify our study
group with regard to age and sex, we
imaged asymptomatic contralateral shoul-
ders in patients presenting for unilateral
rotator cuff evaluation. Patients with bi-
lateral shoulder pain, limited range of
motion, or history of bilateral symptom-
atic shoulders were excluded from the
study. After evaluation of the symptom-
atic shoulder, US of the asymptomatic
contralateral shoulder and evaluation of
the images were performed in 10 patients
(six men, four women; age range, 24-78
years; mean, 49 years) in a similar fash-
ion to that described for the asymptom-
atic volunteers.

Cadaveric Specimens

At the time of dissection, the rotator
cuffs were grossly intact to visual in-
spection by the orthopedic surgeon. Af-
ter excision, the rotator cable was iden-
tified in two specimens by means of pal-

pation and direct visualization and by
means of palpation alone in the two re-
maining specimens. Examination of the
resected specimens showed a variable-
sized cordlike thickening extending along
the articular surface of the rotator cuff
proximal to the greater tuberosity. The
structure extended from the lateral as-
pect of the rotator interval in an archlike
fashion toward the infraspinatus tendon.

At histologic examination, a fibrillar
structure distinct from the rotator cuff
was identified, consistent with the rota-
tor cable. The orientation and appear-
ance of the fibrillar structure differed
from those of the rotator cuff tendon
fibers. Samples from the rotator cuff
midline demonstrated a cablelike struc-
ture situated on the articular surface of
the cuff tendons (Fig 2). This fibrillar
structure could be identified as oriented
perpendicular to the orientation of the
rotator cuff tendon fibers (Fig 3). In ad-
dition, a fibrillar Y-shaped structure
arose from the lateral aspect of the rota-
tor interval, also perpendicular to the su-
praspinatus tendon (Fig4). The two limbs
of this Y extended along the articular and
bursal surface of the anterior aspect of
the supraspinatus tendon, with the artic-
ular component more substantial.

US scans of the dissected specimens
demonstrated similar findings. A fibril-
lar structure distinct and perpendicular
to the rotator cuff tendons (Fig 5),
which appeared to arise from the lateral
rotator interval in a Y-shaped fashion
encompassing the rotator cuff tendons
and assuming a cablelike appearance
arching from anterior to posterior, was
identified along the articular surface of
the supraspinatus and infraspinatus ten-
dons (Fig 6). The bursal component was
diminutive and was clearly identified
only in the anterior-most portion of the
rotator cuff. Thickness of the identified
cables varied 1.1-1.3 mm (mean, 1.2
mm) among shoulders, and width var-
ied 2.6-7.0 mm (mean, 4.5 mm).

Asymptomatic Volunteers and Clinical
Patients

By using the described criteria, the ro-
tator cable was identified in three male
(34, 40, and 66 years old) volunteer
shoulders among all shoulders evalu-

ated (11%). Review of the US images
showed a cord of fibers perpendicular to
the supraspinatus tendon fibers adja-
cent to the articular surface in the ex-
pected location of the rotator cable. In
the approximately midsagittal plane, this
structure was located 1.1-1.5 cm medial
to the greater tuberosity. This structure
appeared hyperechoic and fibrillar, espe-
cially when imaged longitudinally (ante-
rior to posterior) (Figs 7, 8), and demon-
strated anisotropy (Fig 9). Thickness of
the identified cables varied 1.1-1.3 mm
(mean, 1.2 mm) among shoulders, and
width varied 2.6-7 mm (mean, 4.5 mm).
The cable appeared thicker near the ori-
gin at the rotator interval, thinning deep
to the supraspinatus tendon.

The rotator cuff is composed of inti-
mately associated tendons that intersect
and interdigitate in the region of the

Figure 1

Figure 1: lllustration demonstrates relation-
ship between rotator cable and rotator cuff. For
purpose of illustration, the acromionand clavicle
were not drawn, and an anterior segment of distal
supraspinatus tendon, adjacent rotator interval,
and long head biceps brachii were removed to
reveal anterior portion of rotator cable (C). Rotator
cable arises from coracohumeral ligament (CHL),
encompassing anterior portion of rotator cuff with
amore robust deep component. Cable tracks pos-
teriorly along the undersurface of supraspinatus
(SST)and infraspinatus (/ST)tendons. Note bi-
ceps tendon (B)adjacent to lesser tuberosity.
BC = bursal portion of cable, CRES = crescent,
GT = greater tuberosity, SSC = subscapularis.
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supraspinatus and infraspinatus ten-
dons (6,7). Through this arrangement
of fibers, loads from contraction are not
isolated to a single muscle but are dis-
persed among neighboring cuff muscles
(7.8). Anatomic dissections of rotator
cuffs (6) have demonstrated a thick fi-
brous sheath called the rotator cable,
which arises from the coracohumeral
ligament and envelopes the anterior
margin of the supraspinatus tendon. In
the setting of a full-thickness rotator
cuff tear, an intact rotator cable may
disperse tension and reduce the biome-
chanical effects of the tendon tear (4).
The results of our study show that the
rotator cable can be visualized at US.

Figures 2-4

Microscopic dissections (8) have
demonstrated that the rotator cable is a
defined cablelike extension of the cora-
cohumeral ligament along the articular
surface of the supraspinatus and in-
fraspinatus tendons, perpendicular to
the cuff fibers. A less robust extension
of the coracohumeral ligament extends
along the supraspinatus tendon bursal
surface. The cable bounds the distal su-
praspinatus and infraspinatus tendons
surrounding the area described by Cod-
man (1) as the “critical zone,” a zone
with a propensity for tearing (2). The
cable and crescent are thought to repre-
sent the fourth layer of the shoulder (7).

Histologic specimens in our study

} magnification, x20.)

magnification, x20.)

Figure 2:  Histologic slice of specimen dissected longitudinal to rotator cuff
(RC). Deep to rotator cuff fibers is a bundle of fibers (arrows) perpendicular to the
rotator cuff, consistent with the rotator cable. (Hematoxylin-gosin stain; original

Figure 3:  Histologic slice of specimen dissected transverse to rotator cuff. Deep
torotator cuff fibers (RC)are longitudinal fibers consistent with the rotator cable.
(Hematoxylin-gosin stain; original magnification, x20.)

Figure 4: Histologic slice of specimen dissected transverse to rotator cuff at
. anterior aspect of supraspinatus tendon (SST)and adjacent rotator interval (R/)
shows rotator cable fibers (arrows) arising from the rotator interval to encompass
anterior border of the supraspinatus tendon. (Hematoxylin-eosin stain; original

revealed the rotator cable as a distinct
fibrillar structure enveloping the ante-
rior margins of the supraspinatus and
forming a bandlike structure that ex-
tends anteriorly to posteriorly in an
archlike fashion along the articular sur-
face of the superior rotator cuff ten-
dons. This finding is in concordance
with previous descriptions of the rota-
tor cable (8). US of the cadaveric speci-
mens was able to depict the fibrillar
structure composing the cable oriented
perpendicular to the rotator cuff, which
is similar in appearance to previously
published MR images of the rotator ca-
ble (5). US of asymptomatic volunteer’s
and patient’s shoulders successfully de-
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Figures 5, 6

5b.
Figure 5:

(a, b) Transverse US scans of two specimens perpendicular to orien-
tation of the supraspinatus tendon (SST)(anterior to posterior). Deep to the rotator
cuffisabundle of fibers (arrows) oriented along the plane of scan perpendicular to
cuff fibers, consistent with the rotator cable. H= humerus, R/ = rotator interval.

Figure 6:  US scan of specimen obtained longitudinal to supraspinatus tendon
fibers (SST)(proximal on right, distal on left) shows rotator cable at articular sur-
face of rotator cuff as distinct oval bundle of fibers (arrowheads), which appears
mildly hypoechoic due to anisotropy. H= humerus.

picted a hyperechoic fibrillar structure
deep to the supraspinatus tendon track-
ing in a perpendicular fashion relative to
the rotator cuff fibers, which is similar
to the US appearance of cadaveric spec-
imens in three (11%) shoulders. This
hyperechoic and fibrillar rotator cable
demonstrated anisotropy and therefore
appeared artifactually hypoechoic when
not imaged perpendicular to the ultra-
sound beam.

The ability of US to depict the rota-
tor cable may have clinical implications.
The rotator cable surrounds the critical
zone of the supraspinatus tendon, an
area with a propensity for tearing (1,2).
Burkhart et al (4) described two func-
tional classes of rotator cuff: cable dom-
inant and crescent dominant. In cable-

dominant cuffs, the crescent tissue
bound medially by the rotator cable is
relatively thinned. No thinning of the
rotator crescent was noted in crescent-
dominant cuffs. On the basis of biome-
chanical cadaveric studies, Burkhart et
al (4) hypothesized that in cable-domi-
nant shoulders, the rotator cable has a
role in stress shielding that is similar in
fashion to the supporting cables in a
suspension bridge. Stress is transferred
from the rotator cuff to the cable, with
stress shielding of the thin capsular tis-
sue within the crescent. Therefore,
small rotator cuff tears within the cres-
cent with an intact cable may manifest
clinically loss of shoulder
strength, but a substantial decrease in
force transmission through the su-

without

praspinatus tendon may occur when
there is involvement of the rotator cable
4.,9).

The functional type of cuff is age
dependent, with cable-dominant cuffs
predominantly occurring in older (>60
years) shoulders. Burkhart et al (4) sug-
gested that the relatively avascular cres-
cent tissue undergoes progressive thin-
ning throughout the years, with increas-
ing reliance on the cable. Thus,
crescent-dominant cuffs may slowly
evolve to cable-dominant cuffs.

The limitations of our study in-
cluded the small number and relatively
young age of cadavers, volunteers, and
patients; however, correlation among
dissection, US, and histologic findings
was achieved. The ability of US to depict
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Figures 7, 8
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Figure 7:  US scan of asymptomatic volunteer's shoulder obtained transverseto  Figure 8:  Transverse US scan of asymptomatic volunteer's shoulder, focused on
the orientation of the rotator cuff shows hyperechoic and fibrillar rotator cable (ar- anterior supraspinatus tendon (SST), including the rotator interval (R/). Rotator cable
rows) atarticular surface of the supraspinatus tendon (*) as a bundle of fibers ori- fibers (arrows) are deep and perpendicular to anterior supraspinatus fibers. Long head
ented perpendicular to the cuff fibers. H= humerus, R/ = rotator interval. biceps brachii tendon is not well visualized because of anisotropy.

Figure 9

b.

Figure 9:  Longitudinal US scans of asymptomatic volunteer's shoulder (proximal on right, distal on left) from anterior to posterior. (a, b) Rotator cable (arrowheads) is
deep to the supraspinatus tendon (SST), which is oriented along the plane of imaging. (c, d) Posterior-most images show relatively flattened rotator cable (arrowheads),
demonstrating anisotropy.
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the rotator cable in vivo may be under-
estimated in our study given the rela-
tively strict inclusion criteria, with ex-
clusion of cases where distinct fibers
were identified in one plane only. The
morphology of the rotator cable may be
variable, likely representing a spectrum
changing between robust cable to flat-
tened fibers traversing deep to the rota-
tor cuff. The ability of US to depict the
rotator cable may be greater in older
(>60 years) individuals. Larger studies
should be undertaken to assess our abil-
ity to consistently identify the rotator
cable in large groups of symptomatic
and asymptomatic patients and to at-
tempt to correlate between rotator ca-
ble morphology and shoulder function
after a rotator cuff tear.

In summary, the rotator cable can
be identified with US, correlating with
findings at gross dissection and histo-
logic examination. The rotator cable is a
well-known structure among orthopedic

surgeons, often visualized during ar-
throscopy with proved anatomic corre-
lation. Demonstration of cable integrity
with a tear isolated to the crescent may
have clinical implications. Further stud-
ies are needed to determine if the rota-
tor cable can be uniformly depicted at
US and to determine if this information
can potentially alter treatment of rota-
tor cuff tears.
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