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The Insertional Footprint of the Rotator Cuff: An Anatomic Study

Alan S. Curtis, M.D., Kelton M. Burbank, M.D., John J. Tierney, D.O.,
Arnold D. Scheller, M.D., and Andrew R. Curran, D.O.

Purpose: The purpose of this study was to define the entire rotator cuff footprint and relate it to
known, easily identifiable landmarks as a guide for both open and arthroscopic rotator cuff repair.
Anatomic: Gross and microscopic. Methods: The myotendinous units of the rotator cuff and their
insertions onto the humerus were dissected in 20 fresh-frozen cadavers. The separate tendon
insertions were identified, and their length and width measured. The character and exact anatomy of
the tendons were also noted. The entire insertion was measured and referenced to the articular
surface, biceps groove, and bare area of the humerus. In a separate part of the study, 6 cadavers were
decalcified and thin-sliced through the supraspinatus tendon insertion. This insertion was evaluated
via scanning electron microscopy (SEM). Results: Our findings demonstrated a consistent pattern at
the insertion of the rotator cuff. The horseshoe-shaped insertion tapers away from the articular surface
in a superior-to-inferior direction. Interdigitation of the muscle units may be noted, particularly
between the supraspinatus and the infraspinatus. Average maximum insertional lengths and widths
were as follows: subscapularis (SC): 40 � 20 mm; infraspinatus (IS): 29 � 19 mm; supraspinatus
(SS): 23 � 16 mm; and teres minor (TM): 29 � 21 mm. The SC inserted on the lesser tuberosity
adjacent to the biceps groove at the edge of the articular surface. It tapered away 18 mm at its inferior
border. The SS inserted at the articular surface along its entire insertion from the bicipital groove to
the top of the bare area. The IS wrapped the posterior border of the SS superiorly at the articular
surface and tapered away inferiorly, framing the bare area. SEM microscopy showed the SS to be
adherent to the edge of the articular surface medially. As it filled the sulcus, its lateral edge extended
over the edge of the greater tuberosity. Conclusions: A consistent pattern was noted at the insertional
anatomy of the rotator cuff. This anatomy was related to known, easily identifiable landmarks and
may serve as a guide for evaluation of size, location, and propagation patterns of rotator cuff tears,
as well as for their repair. Clinical Relevance: Knowledge of the insertional anatomy of the rotator
cuff can facilitate grading and repair of rotator cuff tears. Key Words: Shoulder—Footprint—
Rotator cuff—Rotator cuff tear—Partial rotator cuff tear
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otator cuff tears may occur in a variety of pat-
terns, ranging from small, partial-thickness, sin-

le-tendon tears to massive, full-thickness, multiple-
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endon tears. Although the reported incidence of
atisfactory results after repair is between 85% and
5%,1 clearly not all rotator cuff tears are alike. Many
actors can affect rotator cuff repair outcomes, includ-
ng chronicity, location, size, and tissue quality.1

owever, an understanding of the normal anatomy of
he rotator cuff, especially its attachment to the prox-
mal humerus, is crucial to proper diagnosis and treat-
ent of each tear type and is perhaps the single

ariable that is within the control of the shoulder
urgeon. Use of this information allows restoration of
he tendon or tendons to their proper anatomic posi-
ions, thus maximizing potential outcomes.

Despite its importance, relatively little has been writ-
en on the insertional anatomy of the rotator cuff. Clark

nd Harryman2 were the first to meticulously review the
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604 A. S. CURTIS ET AL.
haracter, thickness, and microscopic structure of the
otator cuff. Their study delineated 5 distinct layers with
combined average thickness of 9 to 12 mm. They also
emonstrated that the supraspinatus (SS) and infraspina-
us (IS) fibers fuse together laterally and are often diffi-
ult to separate from one another. Clark and Harryman,
owever, did not specifically outline the insertion onto
he humerus. Minagawa et al.3 were the first to delineate
he insertions of the SS and IS and reference them to
acets of the greater tuberosity.

In 1999, we first reported on the insertional anatomy
f the rotator cuff.4 Our findings demonstrated a consis-
ent, measurable pattern that we called the footprint.
ince then, others5,6 have used this term as the concept
nd its applications have grown. The purpose of this
rticle is to report in detail our original findings from the
ross study of the footprint of each rotator cuff tendon
nd to add additional observations gained from study of
he SS footprint with scanning electron microscopy
SEM). We define here the dimensions of the footprint
or each rotator cuff tendon and relate these dimensions
o known, easily identifiable landmarks to provide a
uide for open and arthroscopic evaluation and treatment
f patients with rotator cuff disease.

METHODS

Thirty-six fresh-frozen unpaired cadaver shoulders
ere evaluated in this study. The age and sex of the

IGURE 1. (A) Lateral view of intact myotendinous units with in
upraspinatus (green) and infraspinatus (red). The subscapularis fo
pecimens were unknown. The cadavers were thawed 2
t room temperature for 24 hours before undergoing
issection. Any tearing of the rotator cuff or osteo-
hytic changes near the biceps groove, tuberosities, or
are area that would make measurement of the inser-
ion inaccurate resulted in exclusion of a specimen
rom the study. Ten shoulders were eliminated in this
anner.

ross Dissection

Specimens consisted of the entire scapula, adjacent
hest wall, and proximal one third of the humerus en
loc to ensure that each contained an intact glenohu-
eral joint. Twenty specimens were mounted in a

ice, and superficial tissue was dissected off the un-
erlying rotator cuff musculature. The proximal hu-
erus and intact myotendinous units of the rotator

uff were thus isolated (Fig 1). Starting medially, we
issected along 3 intervals to isolate the individual
endon insertions—the rotator interval between the
ubscapularis (SC) and the SS, the interval between
he SS and the IS, and the interval between the IS and
he teres minor (TM). The tendons of the rotator cuff,
specially the SS and IS, fuse together laterally and
herefore are difficult to separate from one another in
his area of tissue overlap. An incision was made in
he central portion of each insertion, parallel with the
bers of the tendon, extending from the articular sur-
ace to the most lateral insertion on the tuberosity (Fig

marked prior to dissection. (B) Model showing footprints of the
(blue) is anterior to the biceps groove.
tervals
). This insertion was then dissected anteriorly and
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605AN ANATOMIC STUDY OF THE ROTATOR CUFF
osteriorly from the central incision. The separate
endons were then dissected free from their respective
nsertions on the humerus. Care was taken to mark the
ntire insertion. Shape, maximum length (anterior to
osterior), and maximum width (medial to lateral)
ere measured and recorded for each tendon on every

pecimen. The delineated insertion was also measured
nd referenced from the articular surface, biceps
roove, and bare area of the humerus.

icroscopy

In the second part of the study, 6 additional speci-
ens were decalcified and then bisected through the
idpoint of the SS footprint from medial to lateral, so

hat the microscopic characteristics of the insertion

IGURE 2. Dissection into the central portion of the supraspinatus
endon revealing its broad footprint.
IGURE 3. (A) Anterior view of the subscapularis on a cadaver before th
n the model.
ould be further evaluated. These specimens were
xed for 24 hours in 2.5% glutaraldehyde with caco-
ylic buffer. They were then dehydrated with alcohol
efore being critical-point-dried. Finally, they were
oated with gold before they were viewed by means of
EM. They were then studied, with particular atten-

ion paid to the relationship of the insertion to the
rticular surface and the tuberosity.

RESULTS

ross Findings

With use of the articular surface, biceps groove, and
are area as reference points, a consistent pattern of
otator cuff attachment was identified for each tendon.

indings in the Subscapularis

The SC was the largest muscle–tendon unit. It in-
erted in a comma-shaped pattern (Fig 3) from 7 to 11
’clock around the tuberosity (with the right shoulder
sed as a point of reference). The average maximum
ength was 40 mm (range: 35 to 55 mm), and the
verage maximum width was 20 mm (range: 15 to 25
m) (Table 1, online only, available at www.arthro-

copyjournal.org). It inserted along the medial aspect
f the biceps groove, and its distance from the artic-
lar surface tapered from 0 mm superiorly to 18 mm
nferiorly. The most superior intra-articular margin
as purely tendinous. As the SC insertion ran inferi-
rly, it tapered to end as a purely musculocapsular
ttachment.
e footprint was dissected. (B) Footprint of the subscapularis (blue)

http://www.arthroscopyjournal.org
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606 A. S. CURTIS ET AL.
indings in the Infraspinatus

The infraspinatus was second in size, inserting from
pproximately 1 to 3 o’clock. Superiorly, the IS inter-
igitated and wrapped around the posterior aspect of the
S tendon. The bipennate muscle tapered into a trape-
oidal footprint (Fig 4) with an average maximum length
f 29 mm (range: 20 to 45 mm) and width of 19 mm
range: 12 to 27 mm) (Table 2, online only, available at
ww.arthroscopyjournal.org). The insertion tapered

way from the articular surface, from 0 mm superiorly to
6 mm inferiorly. The gap between the articular surface
nd the inferior insertion formed the “bare area.” The
endon of the IS shortened and became more muscular as
t ran toward the TM.

indings in the Supraspinatus

The supraspinatus tendon was third in size. Its foot-
rint filled the sulcus between the biceps groove and
IGURE 4. (A) Posterior view of a cadaver showing infraspinatus and te
inor. (C) Model showing footprints of infraspinatus (red) and teres min
he bare area in a trapezoidal shape that was wider
roximally along the articular surface compared
ith the more distal insertion around the tuberosity

Fig 5). The insertion was located from 11 to 1
’clock. It had an average maximum length of 23
m (range: 18 to 33 mm) and an average maximum
idth of 16 mm (range: 12 to 21 mm) (Table 3,
nline only, available at www.arthroscopyjourna-
.org). The insertion appeared at an average of 0.9
m (range: 0 to 4 mm) from the edge of the

rticular surface, with most specimens having the
S insertion directly on the articular surface

hroughout the entire length of the tendon. The
ateral most attachment actually continued over the
ip of the greater tuberosity. The posterior border of
he insertion was overlapped by the anterior border
f the IS tendon. Although it was difficult to dis-
inguish the beginning of one and the end of the
ther, the SS tended to insert closer to the articular
urface.
res minor. (B) Dissected interval between infraspinatus and teres
or (black), as well as supraspinatus (green).

http://www.arthroscopyjournal.org
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607AN ANATOMIC STUDY OF THE ROTATOR CUFF
indings in the Teres Minor

The TM, the smallest muscle–tendon unit, had a
elatively large footprint, inserting from 3 to 5 o’clock
n a triangular shape (Fig 4). The average maximum
ength was 29 mm (range: 20 to 40 mm) and average
idth was 21 mm (range: 10 to 33 mm) (Table 4,
nline only, available at www.arthroscopyjourna-
.org). The insertion tapered rapidly from a few ten-
inous fibers superiorly, to purely muscle and capsule
long the inferior half. Distance from the articular
urface averaged 10 mm (range: 7 to 20 mm).

icroscopic Findings

SEM microscopy revealed that the SS tendon was
ensely adherent to the capsule. It then inserted onto
he very edge of the articular surface. The insertion
isplayed an entirely tendinous, layered appearance
hat extended just over the lip of the greater tuberosity
Fig 6). The collagen microstructure was layered and
ell organized. However, as the tendon inserted onto

he broad footprint, the actual width of each layer
ould not be reliably determined. The layers did, how-
ver, remain parallel in this transition zone.

DISCUSSION

In this study, we were able to show that each rotator
uff tendon has its own, unique, measurable insertion
nto the humerus, which creates a footprint (Figs 1B,
B, and 4C). We were able to obtain an average
aximum length (in the anterior-posterior plane) and
IGURE 5. (A) Footprint of supraspinatus on cadaver. (B) Arthroscopic pi
nteriorly and infraspinatus/supraspinatus interval posteriorly, exposing t
idth (in the medial-lateral plane) for all 4 tendons.
hese dimensions were referenced to landmarks that
re easily identifiable during both arthroscopic and
pen surgery: the biceps groove, the articular surface,
nd the bare area. On gross and microscopic analyses,
he SS tendon inserted immediately adjacent to the
rticular margin; the IS and TM tapered laterally away
rom the margin to create the bare area. This knowl-
dge of the footprint is important to the shoulder
urgeon in several different ways. First, it is critical in
he restoration of torn tendons back to their proper
ocations—a task made more difficult in chronic, ne-
lected tears, wherein anatomic relationships may not
e as obvious as in acute tears with minimal retrac-
ion. Assessment of the length and location of a tear
elative to known landmarks and intervals can be used
o enhance recognition of patterns of tears, as well as
dentification of which tendons are involved,3 thus
acilitating this difficult task (Fig 5B). In addition,
ecause of its unique insertion immediately adjacent
o the articular surface, one can use measurement of
he width of a partial-thickness rotator cuff tear
PRCT) of the SS tendon, rather than depth, to obtain
mportant information regarding the amount of tendon
amage that has occurred and the need for treat-
ent.4,6 Finally, knowledge of the broad footprint has

ven led to changes in the techniques of repair, as
videnced by the increasing interest in dual or “double
ow” repair, which increases the surface area available
or healing.7,8

At the time of our first report,4 Clark and Harry-
an2 had performed the only in-depth analysis of the
cture of a complete supraspinatus tendon tear along rotator interval
he footprint. This is a “tongue”-type tear.

http://www.arthroscopyjournal.org
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608 A. S. CURTIS ET AL.
ntire rotator cuff insertion. Although their gross and
icroscopic work elegantly demonstrated a distinct

-layer pattern with significant blending of fibers, they
id not measure any dimension of the insertion other
han thickness. Minagawa et al.3 were the first to
easure any tendon insertions, focusing on the length

nd overlap of the SS and IS tendons as a guide for
urgical repair. They did not, however, measure the
idth of the insertions. Ellman9 commented on the

lose proximity of the SS tendon to the articular
urface. He proposed measuring the base (length) and
idth of both full- and partial-thickness tears to quan-

ify an “area of defect.” When developing his classi-
cation system for partial tears, however, he chose to
se the depth of the tear, rather than relate it to the
mount of exposed footprint. We then presented our
riginal paper, outlining the footprint and its potential
alue, particularly in assessing PRCTs. Since then,
thers have expanded on these concepts. Ruotolo6

sed this idea to formally define a method of evalu-
ting articular side partial-thickness RCTs. He mea-
ured the width of the tear, that is, the amount of the
endon that has avulsed off in the medial-to-lateral
lane. Originally described as a “rim rent” by Cod-
an,10 this is the most common type of PRCT and

ikely is the origin of most full-thickness rotator cuff
ears. Arthroscopic measurement of the amount of
xposed footprint as a percentage of the total footprint
s perhaps a more objective and efficient way of as-
essing these tears than is measuring the depth of the
ear. In their own description of their technique, how-
ver, the term depth appears in place of width, leading
o confusion. Nonetheless, we have been using a sim-
lar technique to assess PRCTs since our original
eport and have had good, reproducible success (Fig
).
Dugas et al.5 rejuvenated Ellman’s idea of surface

rea—a concept with unknown relevance. They mea-
ured all 4 tendons, but their values were significantly
ower than other published numbers.3,4,6 It is well
nderstood that the tendons do overlap near their
nsertion onto the humerus. This can make defining
he interval difficult and somewhat arbitrary. We,
owever, noted a pattern whereby the SS fibers tended
o insert closer to the articular surface, while the IS
bers intertwined and crossed over to insert more

aterally and anteriorly on the tuberosity. This 5- to
0-mm overlap zone was located just anterior to the
ip of the bare area, which is an arthroscopic landmark
or the SS–IS interval. The IS footprint extended in-
eriorly on the greater tuberosity, essentially framing

he upper half of the bare area. Perhaps this is why our
esults correlate better with other reports on the length
f the SS footprint. It is interesting to note that our
idth average was slightly greater on average because
f our noting that the fibers of the SS insertion fill the
ulcus from the articular surface to the tuberosity and
ctually extend slightly beyond the tuberosity tip—a
act that we later confirmed via microscopy.

Our results also show that the SS footprint began
mmediately adjacent to the articular cartilage, a find-
ng that has been replicated by other reports. This
nformation is important for the assessment of PRCTs,
s mentioned earlier, but also for the repair of full-
hickness tears. The purely tendinous SS filled the
ulcus from the articular cartilage to the tuberosity,
veraging 16 mm in width. This indicates that any
epair that does not impinge upon the articular surface
r extend beyond the tuberosity is within the anatomic
ootprint. In a study by Lui et al.,11 the biomechanical
ffect of rotator cuff repair location was evaluated.
hey concluded that the midpoint of the tendon inser-

ion could be moved up to 10 mm medially with
o resultant negative biomechanical consequences.
iven the normal insertional anatomy, an ideal repair

hould re-create a wide zone of tendon–bone contact,
hich should enhance healing and theoretically dissi-
ate forces over a greater area. This is the concept that
as recently popularized the “double row” repair tech-
ique.
One of the weaknesses of this study is the lack of

nformation regarding age, sex, and size of the cadav-
rs. It is likely that sex, height, and perhaps weight
ould independently influence the size of the rotator

uff footprints. It is unclear what effect age might
FIGURE 6. SEM of supraspinatus footprint.
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609AN ANATOMIC STUDY OF THE ROTATOR CUFF
ave on the footprint. Future studies might look at
hese relationships.

CONCLUSIONS

A consistent pattern of attachment of rotator cuff
endons to the humerus was delineated. We have
alled this insertional anatomy the footprint. The
orseshoe-shaped pattern tapers away from the artic-
lar surface from superior to inferior. The character of
he insertion also tapers, from pure tendon superiorly
o muscle and capsule inferiorly. The insertion is quite
road with significant interdigitation between muscle–
endon units. An understanding of the footprint may
llow the arthroscopist to grade PRCTs from the ar-
icular side and may guide both the arthroscopist and
he open surgeon to restore torn tendons to their func-
ional anatomic positions.

Acknowledgement: The authors would like to acknowl-
dge the efforts of Dr. E. J. Hayek and Karen Hodgens in

IGURE 7. (A) Normal insertion of supraspinatus along articu
upraspinatus with exposed footprint along the articular margin.
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TABLE 1. Subscapularis

Spec # Length Width Side

1 55 mm 20 mm R
2 35 mm 18 mm R
3 36 mm 16 mm R
4 35 mm 20 mm L
5 50 mm 20 mm R
6 40 mm 20 mm R
7 40 mm 19 mm R
8 35 mm 19 mm L
9 36 mm 16 mm L

10 35 mm 18 mm R
11 30 mm 15 mm R
12 30 mm 25 mm R
13 40 mm 25 mm R
14 40 mm 25 mm L
15 45 mm 25 mm R
16 45 mm 15 mm L
17 46 mm 18 mm L
18 45 mm 20 mm L
19 44 mm 18 mm R
20 45 mm 20 mm L

Average: 40 mm 20 mm

Range: 35-55 mm 15-25 mm Range: 18-33 mm 12-21 mm
TABLE 2. Infraspinatus

Spec # Length Width Side

1 30 mm 20 mm R
2 20 mm 18 mm R
3 28 mm 18 mm R
4 25 mm 15 mm L
5 25 mm 23 mm R
6 30 mm 15 mm R
7 25 mm 19 mm R
8 30 mm 18 mm L
9 20 mm 18 mm L

10 30 mm 20 mm R
11 38 mm 12 mm R
12 28 mm 17 mm R
13 45 mm 27 mm R
14 25 mm 18 mm L
15 22 mm 20 mm R
16 28 mm 20 mm L
17 27 mm 22 mm L
18 32 mm 24 mm L
19 23 mm 17 mm R
20 40 mm 12 mm L

Average: 29 mm 19 mm

Range: 20-45 mm 12-27 mm
TABLE 3. Supraspinatus

Spec # Length Width Side

23 mm 16 mm R
2 20 mm 14 mm R
3 20 mm 18 mm R
4 18 mm 15 mm L
5 25 mm 20 mm R
6 20 mm 15 mm R
7 22 mm 20 mm R
8 27 mm 16 mm L
9 33 mm 17 mm L

10 18 mm 12 mm R
11 33 mm 21 mm R
12 20 mm 12 mm R
13 22 mm 17 mm R
14 30 mm 15 mm L
15 25 mm 20 mm R
16 25 mm 15 mm L
17 25 mm 17 mm L
18 25 mm 17 mm L
19 23 mm 16 mm R
20 21 mm 18 mm L

Average: 23 mm 16 mm
TABLE 4. Teres Minor

Spec # Length Width Side

1 35 mm 33 mm R
2 25 mm 25 mm R
3 35 mm 23 mm R
4 40 mm 25 mm L
5 25 mm 23 mm R
6 35 mm 23 mm R
7 25 mm 23 mm R
8 35 mm 23 mm L
9 25 mm 25 mm L

10 20 mm 10 mm R
11 20 mm 10 mm R
12 27 mm 14 mm R
13 20 mm 10 mm R
14 22 mm 12 mm L
15 34 mm 20 mm R
16 35 mm 24 mm L
17 39 mm 25 mm L
18 27 mm 23 mm L
19 28 mm 20 mm R
20 28 mm 20 mm L

Average: 29 mm 21 mm

Range: 20-40 mm 10-33 mm
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