
INTRODUCTION 

The subscapularis (SSC) is the most powerful muscle of the rotator 
cuff. The SCC is not only an essential internal rotator of the shoul-
der, but it is also involved in stabilizing the glenohumeral joint and 
impacts the optimal function of the long head of the biceps [1]. 
The incidence of SSC tears is lower than that of posterosuperior 
rotator cuff tears, and less attention has been placed on the SCC 
anatomy [1]. To achieve accurate and safe repair of SSC tears, a 
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Background: Subscapularis repair has recently garnered significant interest. A thorough understanding of the tendon’s anatomy is essential 
for precise and safe repair. Our objectives were to describe the anatomy of the subscapularis insertion, define its landmarks, and analyze 
nearby structures to guide arthroscopic repair.
Methods: We conducted an anatomical study, dissecting 12 shoulders. We evaluated the distance from the footprint to the axillary nerve, 
the dimensions, and shape of the footprint, and its relationship with the humeral cartilage.
Results: The distance to the axillary nerve was 32 mm (standard deviation [SD], 3.7 mm). The craniocaudal length of the footprint was 
37.3 mm (SD, 4.6 mm). Its largest mediolateral thickness was 16 mm (SD, 2.2 mm), wider at the top and narrower distally. The distance be-
tween the footprint and the cartilage varied, being 3.2 mm (SD, 1.2 mm) in the upper part, 5.4 mm (SD, 1.8 mm) in the medium, and 15.9 
mm (SD, 2.9 mm) in the lower part.
Conclusions: When performing a repair of the subscapularis tendon, the distance to the cartilage should be carefully evaluated as it varies 
proximally to distally, and the shape of the footprint (wider proximally, tapered distally) should be considered for implant positioning. The 
distance to the axillary nerve is approximately 30 mm. Anterior visualization guarantees direct control of all landmarks and allows accurate 
implant positioning with safe tendon release.
Level of evidence: IV.
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thorough understanding of the SSC insertion anatomy is required, 
including the shape, location, and surrounding structures. 

While open and arthroscopic techniques are used to repair the 
SSC [2], the arthroscopic approach is more common. However, 
arthroscopic repair of SSC is incredibly challenging. The full ex-
tent of the tendon can be difficult to visualize due to its close 
proximity with the glenohumeral capsule and neurovascular 
structures, highlighting the importance of tendon and muscular 
releases. Furthermore, the SSC footprint is adjacent to the hu-
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meral articular cartilage that might be invaded during anchor in-
sertion. Various arthroscopic approaches have been proposed to 
overcome these challenges using either a conventional posterior 
portal or an anterolateral portal for visualization [3-5]. There is 
controversy on the best way to approach SSC tendon repair. 
Many surgeons advocate for a posterior view with the scope in-
serted into the glenohumeral joint, while other surgeons prefer to 
visualize the tendon from the front [6]. This study aims to de-
scribe the anatomy of the SSC tendon insertion, to define its 
landmarks and the distances to nearby structures that might po-
tentially be at risk, and to serve as a guide for safe repair. 

METHODS 

We conducted an anatomical study with cadaveric dissection. As 
the study was a cadaveric research, conducted on cadavers donat-
ed to our university, the requirement for approval of the institu
tional review board was exempted. This study included 12 shoul-
ders from 6 cadavers preserved with the standardized Thiel em-
balming method. Relevant anatomical landmarks for SSC repair 
were studied, including the relationships of the footprint with the 
axillary nerve and the bicipital grove, the dimensions and shape 
of the footprint, and the distance from the medial margin of the 
footprint to the humeral head cartilage. 

A standard deltopectoral approach was performed in all cadav-
ers, and the deltopectoral fascia was opened longitudinally. The 
space between the deltoid and the pectoralis major muscles was 
opened using blunt dissection, the clavipectoral fascia below was 
incised using a scalpel, and the deltoid muscle was retracted lat-
erally. The coracoid process was osteotomized to retract the con-

joint tendon medially, permitting easy identification and access 
to the bicipital groove, the SSC tendon insertion, and the anterior 
aspect of the muscle. The distance was measured from the most 
inferior edge of the SSC insertion to the vertically closest point of 
the axillary nerve in mm. Next, we evaluated the bicipital groove 
and its relation to the SSC tendon insertion. The transverse and 
coracohumeral ligaments and the synovial sheath of the long 
head of the biceps tendon were opened; the tendon was detached 
from its upper insertion on the glenoid tubercle and removed 
distal to the lesser tuberosity. Finally, the insertion of the SSC was 
peeled from lateral to medial and from superior to inferior to ob-
tain a precise view of the SSC footprint and to evaluate the ana-
tomic relations between the articular aspect of the tendon and 
the glenohumeral capsule. The size of the footprint was mea-
sured. The length was measured from the upper limit of the foot-
print to the most inferior muscular insertion of the SSC. The 
width was measured from medial to lateral at the widest area of 
the footprint. The distance from the SSC insertion to the lateral 
edge of the humeral head cartilage was measured at three levels: 
(1) superior, at the uppermost edge of the footprint; (2) interme-
diate or medium, at a level equidistant to the upper edge and to 
the most inferior limit of the footprint; and (3) inferior, at the 
most inferior limit of the footprint corresponding to the tendi-
nous insertion of the SSC (Fig. 1). The possibility of differentiat-
ing the SSC tendon and the capsule was assessed across the foot-
print in each specimen. The distance from the muscular inser-
tion of the SSC to the humeral head cartilage was not considered 
since it is not usually reconstructed when the SSC tendon is re-
paired. All measurements were systematically obtained with ca-
davers in supine position and the shoulders in neutral rotation, 

Fig. 1. Close front view of the left shoulder after deltoid approach and subscapularis (SSC) insertion detachment. Representative measurement 
of the distance from the footprint to the cartilage, superior (A), medial (B) and inferior (C). The full SSC insertion at the humerus, the tendi-
nous part covering the greater tuberosity, and an underlying muscular insertion.
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Fig. 2. Lateral view of the right shoulder after the deltoid approach, 
bursa resection, and distal long head of the biceps tendon (LHBT) dis-
section and retraction. The image shows the floor of the bicipital 
groove, where soft tissue is dependent on the subscapularis (SSC). SSP: 
supraspinatus insertion. Asterisk: soft tissue dependent on the SSC.

0º abduction, and 90º elbow flexion. A vernier caliper (Aesculap, 
B. Braun) was used for measurements [7]. Mean and standard 
deviation were used to describe quantitative variables, and fre-
quency and percentage were used for qualitative variables, as-
suming a normal distribution of values. 

RESULTS 

This study analyzed six cadavers (four female and two male). The 
average height was 162.5 cm and the average weight was 65 kg. 
All shoulders showed intact SSC and long head of biceps anato-
my. The mean safety distance from the bottom tip of the foot-
print to the axillar nerve was 32 mm (standard deviation [SD], 
3.7), with a range of 25–35 mm. After removal of the long head 
of the biceps and dissection of its groove, a soft tissue layer that 
extended from the deepest fibers of the SSC tendon to cover the 
floor of the upper portion of the bicipital groove was encoun-
tered in nine shoulders (Fig. 2). 

The upper tendinous and lower muscular portions were easily 

identified in all specimens by detaching the SSC from its foot-
print. The tendinous portion was attached to the lesser tuberosity 
while the muscular portion extended inferiorly to the humeral 
neck. The footprint of the SSC was wider proximally and became 
progressively narrower distally (Fig. 3). The mean footprint 
length from cranial to caudal was 37.3 mm (SD, 4.6 mm), and 
the mean width measured at the broadest portion was 16 mm 
(SD, 2.2 mm). The mean distance from the footprint to the hu-
meral head cartilage was 3.2 mm (SD, 1.2 mm) superiorly, 5.4 
mm (SD, 1.8 mm) in the medium part, and 15.9 mm (SD, 2.9 
mm) inferiorly (Fig. 3). The joint capsule was closely integrated 
into the tendinous portion at the tendon insertion and could 
only be individualized in one case (Fig. 4). 

DISCUSSION 

This study had several important findings. First, there is a mini-

Fig. 3. Subscapular footprint after peeling of the tendon viewed from 
the anterior aspect. Dashed line: outline of the subscapular footprint, 
including both the tendinous and muscular portions.
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Fig. 4. Lateral view of the right shoulder after deltoid approach, bur-
sa resection, and partial insertion detachment. The image shows the 
surrounding subscapularis (SSC) insertion structures and the close 
relationship between the SSC tendon and the joint capsule. LHBT: 
long head of the biceps tendon, GHJ: glenohumeral joint, LT; lesser 
tubercle. Asterisk: joint capsule.

mum 2.5 cm safe working area between the lower limit of the 
SSC footprint and the axillary nerve. Second, the most superior 
part of the SSC tendon extends under the biceps tendon to form 
the fibrocartilaginous floor of the bicipital groove (Fig. 2). Third, 
the SSC footprint is broad proximally and tapered distally at the 
muscular insertion (Fig. 3). Fourth, there is an identifiable stripe 
of bare bone between the tendon insertion and the humeral head 
cartilage that becomes wider inferiorly (Fig. 1). Fifth, SSC is 
closely united to the glenohumeral capsule along its insertion 
(Fig. 4). 

The axillary nerve runs anterior to the SSC and branches to in-
nervate its most inferolateral region before exiting through the 
quadrilateral space [8]. For open and arthroscopic surgeries, it is 
essential to know that the axillar nerve runs below the SSC ten-
don, being even closer in women and thin patients and with 
shoulder abduction and internal rotation [9]. We found a mean 
distance of 3.2 cm from the axillary nerve to the SSC footprint, 
consistent with previous reports [7] and confirming that there is 
enough room to carry out a safe repair with minimal risk of 
nerve damage when reattaching the inferior fibers of the tendon. 
In retracted SSC tears, 3 cm should be considered the safe medial 
limit to release the tendon without putting the axillary nerve at 
risk. However, axillary nerve visualization is strongly recom-
mended when repairing retracted SSC tears. 

The SSC tendon forms the medial pulley of the long head of 
the biceps. We observed a soft tissue structure at the uppermost 
region of the floor of the bicipital groove that appeared to repre-
sent a clear continuation of the SSC when dissected. Clark and 
Harryman [10] were the first to report that the topmost part of 
the SSC tendon passes beneath the biceps tendon to create the fi-
brocartilaginous base of the bicipital groove. Previous studies 
have identified this tissue has been previously identified as a flap 
of the SSC tendon and part of the medial pulley [11,12]. The 
function attributed to this flap is to prevent medial subluxation 
of the biceps tendon; therefore, it may play a critical role in both 
the initiation and progression of SSC tears. When the SSC ten-
don is torn, the medial biceps pulley is also disrupted. Accord-
ingly, the most superior fibers of the tendon must be anatomical-
ly reattached to this original site to reconstruct the medial pulley. 
While the long head of the biceps medial pulley can be comfort-
ably restored in acute tears, reconstruction is not possible in most 
chronic lesions, and a biceps tenodesis or tenotomy is recom-
mended. The continuity between this soft tissue layer covering 
the bicipital groove and the SSC tendon may play a critical role in 
the development of intratendinous SSC tears. This type of tear 
occurs with an intact biceps pulley and rotator interval. Diagnos-
ing this type of tear using arthroscopy can be challenging because 
the tendon’s articular and bursal sides are preserved [13]. 

Several previous articles have described the shape of the SSC 
footprint as ear-shaped [14], trapezoid-shaped [15], or com-
ma-shaped [16]. Its insertion in the wider upper area is tendi-
nous, while that in the narrow and lower region is muscular 
[16,17]. Regarding dimensions, some studies only measured the 
tendinous insertion of the SSC, approximately 25 mm in length 
[15], while other studies also measured the muscular insertion, 
estimating an average of 40 mm [14]. This study also shows that 
the SSC insertion is broad proximally and tapered distally (Fig. 
3). Double row repair is recommended in the superior two-thirds 
of the tendon, at the widest point of the footprint, while sin-
gle-row repair seems preferable in the inferior third. 

Some studies stated that there was no space from the lateral 
margin of the footprint to the cartilage, especially in its upper 
area [18]. More recent studies showed the presence of bare space 
between the cartilage and the SSC attachment [16]. Our study 
found that, although small, there was always a bare stripe of bone 
between the tendon insertion and the humeral head cartilage 
that was narrower in the upper part of the footprint and broader 
toward the lower part. This bare space may be clinically relevant 
to correctly place implants since there is a greater risk of damag-
ing the humeral head cartilage in the upper footprint area. 

Different arthroscopic techniques to repair the SSC tendon 
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have been described. In the study by Richards et al. [5], one of 
the first on this topic, the authors described a conventional pos-
terior portal to visualize the tendon insertion, with anterior and 
anterolateral portals as working portals. The technique requires 
the use of a 70º arthroscope to visualize the majority of the SSC 
insertion. Several years later, Lafosse et al. [3] described the tech-
nique of SSC repair in the beach chair position under visualiza-
tion from an anterolateral portal and using anterior and antero-
lateral portals to insert manipulating instruments. A medial re-
lease might be needed in severely retracted cases, and the antero-
lateral visualization technique theoretically furnished better con-
trol of the procedure under direct visualization. While satisfacto-
ry outcomes have been reported using both techniques [19,20], 
the current study shows that the most critical anatomic land-
marks to be considered for SSC, i.e., SSC footprint, medial long 
head of the biceps tendon pulley, and axillary nerve, are best vi-
sualized from the front. Based on these findings, repairing the 
SSC tendon using an anterolateral visualization portal is recom-
mended. 

This study has several limitations. First, the sample size was 
small and male and female cadavers were used due to the diffi-
culties associated with clinical studies and obtaining specimens. 
Second, we did not use any digital measurement method, so the 
measurement accuracy could be biased. Nevertheless, we fol-
lowed previously validated methods described in previous stud-
ies [11,14,16,21]. Finally, measurements were performed with the 
cadaver in decubitus position with the shoulder in adduction and 
neutral, so we consider possible modifications of these measure-
ments with other shoulder positions used for arthroscopic SSC 
repair, i.e., lateral decubitus or beach chair positions. Nonethe-
less, Gelber et al. [22] demonstrated that the axillary nerve is 
closer in lateral decubitus than in the beach chair position. 

Our study also has several strengths. It offers a comprehensive 
anatomic description of the SSC insertion, and all relevant land-
marks to be considered for its repair are described in detail, such 
as the distance to the axillary nerve and the relationships to the 
biceps, the articular cartilage, and the capsule. The precise shape 
of the footprint and its relationships with surrounding anatomic 
structures are essential for correct implant placement. The rela-
tionship to the medial pulley helps improve understanding of the 
association between biceps instability and SSC tears. Finally, our 
data indicate that arthroscopic repair with an anterolateral view-
ing portal is preferable for repairing SSC tears. 

CONCLUSIONS 

Important landmarks should be considered when repairing the 

SSC to achieve accurate implant positioning with safer tendon 
release. The footprint’s shape is broader proximally and tapered 
distally, and a clear bare stripe of bone can be identified between 
the tendon insertion and the humeral head cartilage. The SSC 
tendon insertion is closely related to the most superior part of the 
bicipital groove floor. At its insertion, there is also a close union 
of the SSC tendon to the glenohumeral capsule. We also identi-
fied a 3 cm safety zone between the lower limit of the SSC foot-
print and the axillary nerve. Anterior visualization might guaran-
tee direct control of all the landmarks and allow for a safer release 
overall in cases of retraction.  
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