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Background: Surgical pectoralis major (PM) repair can offer improved functional outcomes over nonoperative treatment.
However, there is a lack of literature on consensus of the anatomical site of the humeral attachment.

Purpose: To provide qualitative and quantitative anatomic analysis of the PM by focusing on humeral insertion and relevant
structures at risk.

Study Design: Descriptive laboratory study.

Methods: Eight fresh-frozen male cadavers were dissected. The relevant landmarks that were collected and measured included
(1) PM footprint length at the humeral insertion (total, sternal head, and clavicular head insertions); (2) PM tendon length from the
humeral insertion to the musculotendinous junction; (3) distance from the PM humeral insertion to the lateral (LPN) and medial
(MPN) pectoral nerves; and (4) distance from the coracoid process to the musculocutaneous nerve (MCN) in anatomical position.

Results: The total PM footprint length was 81.4 mm (95% ClI, 71.4-91.3). The sternal and clavicular heads that make up the PM had
footprint lengths of 42.1 mm (95% Cl, 32.9-51.4) and 56.6 mm (95% ClI, 46.5-66.7), respectively. The PM tendon was wider at the
clavicular head (74.7 mm; 95% CI, 67.5-81.7) than the sternal head insertions (43.0 mm; 95% ClI, 40.1-45.9). The distances from
the PM humeral insertion to LPN and MPN were 93.2 mm (95% ClI, 83.1-103.3) and 103.8 mm (95% Cl, 98.3-109.4), respectively.
The coracoid process to MCN distance was 68.5 mm (95% CI, 60.2-76.8).

Conclusion: This study successfully quantifies anatomic dimensions of the PM tendon, its sternal and clavicular head insertions,
and its location relative to nearby vital structures. Such knowledge can provide surgeons with a better understanding of the PM in
relation to nearby neurovascular structures during anatomic PM repair and reconstruction to avoid debilitating complications.

Clinical Relevance: Knowledge of the quantitative anatomy of the PM at the humeral footprint along structures at risk may aid
surgeons with identifying the injured part of the PM and improve outcomes for anatomic repair and reconstruction.
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Pectoralis major (PM) tendon tears have increased in prev-
alence because of the growing popularity of sport-related
activities and weight training. Young men with an active
lifestyle have a higher risk of PM tear with an incidence of
60 per 100,000 person-years.?'? Although PM injuries are
frequently reported in younger, active populations, the inci-
dence in the elderly population is likely underreported.>'2
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A bimodal age distribution exists for diagnosis of PM
injury, with indirect trauma being the major mechanism
for injury.®12 This occurs when the shoulder is abducted
and externally rotated during activities such as performing
bench-press exercises.”'*?* The most common type of PM
injury is complete rupture at the humeral attachment,
followed by ruptures at the musculotendinous junction and
ruptures within the muscle belly."'? Repair of PM tendon
ruptures can improve functional outcomes compared with
nonoperative treatment, especially in athletes and those
who undergo surgical repair within 6 weeks of injury.%1%25
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The PM tendon and muscle may also be used in reconstruc-
tive surgery as a complete or split-thickness tendon
transfer.

PM muscle resides on the anterior chest wall and facil-
itates adduction, internal rotation, and flexion of the
humerus. The PM is divided into 2 parts: a clavicular head
(CH) and the sternal head (SH). There are extensive differ-
ing opinions regarding the number of PM muscle segments
and tendon layers. There is also little consensus on the
folding or twisting of the PM muscle fibers leading to the
insertion at the humerus, the humeral footprint of the PM
tendon, and the related neurovascular structures from
previous studies.*781213.15.16.18 There ig also a lack of
agreement on the humeral footprint and therefore where
anatomic PM repair should occur.>?% Acknowledging and
characterizing the complex anatomy of the PM is important
at the humeral attachments and nearby neurovascular
structures for improving anatomical PM repair (partial and
complete repair) and reconstruction.

The study aims were to provide a qualitative and quantita-
tive anatomic analysis of the PM by focusing on the humeral
footprint and relevant neurovascular structures at risk during
surgical repair or when the tendon is harvested as part of a
tendon transfer procedure.

METHODS
Specimen Preparation

Eight nonpaired, fresh-frozen male cadaveric chests (mean
age, 57.9 years; range, 51-66 years) were utilized in this
anatomic study. The exclusion criteria comprised no prior
chest injury, no metastasis to bone, no gross deformities,
and no history of surgery. The specimens were donated for
medical research and subsequently purchased by our insti-
tution from corresponding tissue banks. Cadaveric studies
do not require institutional review board approval at our
facility. Before preparation, all specimens were stored at —
20°C and thawed at room temperature for 24 hours. All skin
and subcutaneous tissue was removed. Superficial muscle
was meticulously dissected to expose and clearly identify
the entirety of the PM (SH and CH) and its proximal and
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Figure 1. Anatomy of the pectoralis major (PM) (right shoul-
der) after removing skin, subcutaneous tissue, and deltoid
(D). There were 2 heads of the PM muscle (CH and SH) that
inserted into the humerus (H) (*) in a bilaminar fashion. These
2 heads of the PM tendon were flat and fused at the level of
the musculotendinous junction. CH, clavicular head of the
PM; Co, coracoid process; SH, sternal head of the PM.

distal portions and corresponding tendon insertion points
on the proximal humerus (Figure 1). After reflecting the
tendonous insertion of the PM, the medial pectoral nerve
(MPN) and lateral pectoral nerve (LPN) were traced to
where they pierced the PM muscle. The conjoint tendon and
musculocutaneous nerve (MCN) were identified and sec-
tioned out (Figure 2). During the course of dissection,
specimens were kept hydrated with normal saline.

Data Collection

The SH and CH of the PM tendon were identified and
sharply dissected down to the bony insertion on the
humerus (Figure 1). In order to measure the footprint of
the PM tendonous insertion on the humerus, the remaining
soft tissue was removed, and the bony landmarks were
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Figure 2. Anatomy of the related neurovascular structures
(left shoulder) after cutting the humeral insertion of the
pectoralis major (PM) (*). The distance between points was
measured with calipers starting from the humeral insertion of
the PM tendon (*) to the closest nerve bundles (MPN and LPN)
that entered the PM muscle. Co, coracoid process; LPN,
lateral pectoral nerve; MPN, medial pectoral nerve.

exposed. A joint coordinate frame was established using a
coordinate measuring machine (Romer Absolute Arm,;
Hexagon Manufacturing Intelligence) in accordance with
the methodology established by SimVITRO. The robotic
arm used in this study has £0.025 mm of point repeatability
and +0.037 mm of volumetric accuracy, and variability
among specimens was minimal.?? Collected landmarks on
the humerus included the proximal and distal points of the
SH and CH insertions of the PM, which were used to
calculate the total PM footprint length (superior to inferior)
as well as SH and CH insertions of PM footprint lengths
(Figures 3 and 4). Next, these 2 heads of the PM tendon
were identified and measured the tendon length (from the
humeral insertion to the musculoskeletal junction) with
a caliper.

After cutting the humeral insertion of the PM tendon,
the distances starting from the center of the humeral inser-
tion of the PM tendon to the closest nerve bundles (MPN
and LPN) that entered the PM muscle were measured with
calipers (Figure 2). Then, the origin of the conjoint tendon
comprising the short head of biceps and coracobrachialis
was measured to the point where MCN enters the coraco-
brachialis muscle. All cadavers were measured in the
supine position with the arm at the side of the body (0° of

Figure 3. The posterior surface of the pectoralis major (PM)
humeral insertion after reflecting the muscle (right shoulder).
After reflecting the PM muscle to the posterior surface, these
2 head insertions could be distinguished by an interposed fat
pad (#) and display the 2 directions (arrows) of tendon inser-
tion layers. The falciform ligament or the fibrous expansion of
the PM tendon was identified in all specimens. This ligament
could be clearly distinguished from the SH of the PM. CH,
clavicular head of the PM; F; falciform ligament; H, humerus;
L, long head of biceps tendon; SH, sternal head of the PM.

flexion and abduction with neutral rotation) and the palm
facing forward. All measurements were performed by
2 examiners at the same time and blinded to each other
to determine the interclass correlation coefficient (ICC) for
internal consistency (P.G. and K.M.).

Data Analysis

The coordinates of the collected points were imported into
MATLAB (Version R2021a, The MathWorks Inc., Natick,
MA) script for analysis. The distance between landmarks
was calculated as a direct linear distance between 2 col-
lected points to determine the PM tendon footprint length
(SH, CH, and total PM tendon insertion lengths) (Figure 4).
The distance between the proximal point of 2 head inser-
tions and the overlapping distance were also calculated
(Figure 4). Descriptive statistical analysis was performed
to include means with 95% CIs. Distances were reported in
millimeters. The interrater reliability of the measurement
was assessed via the ICC using the bootstrapping method.
Based on the 95% CI of the ICC, the reliability values were
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Figure 4. The posterior surface of the pectoralis major (PM)
humeral insertion after reflecting the muscle (left shoulder).
Landmarks on the humerus included the proximal and distal
points of the SH (S1, S2) and CH insertions (11, 12). The total
PM footprint length is calculated from S1 to 12, and the SH
and CH of PM tendon footprint lengths (S1 to S2 and 11 to 12,
respectively). The distance from the proximal border of the
SH insertion to the proximal border of the CH insertion of
the PM (S1 to 1), and the overlapping distance between these
2 head insertions (11 to S2). H, humerus; CH, clavicular head
of the PM; Co, coracoid process; |1 and 12, the proximal and
distal points of clavicular head insertion; S1 and S2, the
proximal and distal points of sternal head insertion; SH,
sternal head of the PM.

classified as excellent (ICC, >0.9), good (ICC, 0.75-0.89),
fair (ICC, 0.5-0.74), or poor (ICC, <0.5).2° Statistical anal-
yses were performed using the statistical software SPSS for
Windows (Version 18.0; SPSS Inc) and R Version 4.1.2 (R
Foundation for Statistical Computing).

RESULTS
Qualitative Anatomy

There were 2 heads of the PM muscle (CH and SH) that
inserted into the humerus in a bilaminar fashion. The SH of
the PM muscle coursed from inferomedial to superolateral
and inserted at the lateral lip of the intertubercular sulcus
of the humerus (Figure 1). The CH of the PM muscle
coursed in a superomedial-to-inferolateral direction
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TABLE 1
Distance Measurements Between PM Insertion Points on
the Humerus®

Measurement PM Footprint Length

(Superior to Inferior) Distance, mm

SH insertion of PM tendon

CH insertion of PM tendon

Distance from proximal border of SH-to-CH
insertions of PM tendon

Overlapping tendon (between SH and CH
insertions)

Total PM insertion

42.1 (32.9-51.4)
56.6 (46.5-66.7)
24.9 (11.92-38.0)
27.9 (18.4-37.5)

81.4 (71.4-91.3)

“Data are presented as mean (95% CI). CH, clavicular head of
the PM; PM, pectoralis major; SH, sternal head of the PM.

(Figure 1). These 2 head insertions of the PM tendon were
flat and fused at the level of the musculotendinous junction.
The fused head insertions could not be separated from the
anterior aspect of the humerus by a blunt dissection.
However, after reflection of the PM muscle to expose the
posterior surface, these 2 head insertions of the PM tendon
could be determined by an interposed fat pad and a dispar-
ity between 2 directions of tendon insertion layers as men-
tioned above (Figure 3). In all specimens, there was no clear
evidence of folding or twisting of either the SH or CH of the
PM tendon under direct visualization.

During dissection, the falciform ligament or the fibrous
expansion of the PM tendon was identified in all specimens.
It formed an oblique fiber orientation from the SH insertion
of the PM to the lateral aspect of the bicipital groove. This
ligament could be clearly distinguished from the SH of the
PM and should be excised to clearly identify the PM foot-
print on the humerus (Figure 3).

Quantitative Anatomy

The total footprint length of the PM tendon (from superior
to inferior) on the humeral insertion was 81.4 mm (95%
CI, 71.4-91.3). The footprint length of the SH was shorter
than the CH insertions of the PM, 42.1 mm (95% CI,
32.9-51.4) and 56.6 mm (95% CI, 46.5-66.7), respectively
(Table 1). The distance from the proximal border of the
SH to CH insertions of the PM was 24.9 mm (95% CI,
11.9-38.0), with an overlap between these 2 insertion layers
of 27.9 mm (95% CI, 18.4-37.5) (Table 1).

The tendon length (from the humeral insertion to the
musculotendinous junction) of the SH insertion of the PM
was narrower than the CH insertion of the PM, 43.0 mm
(95% CI, 40.1-45.9) and 74.7 mm (95% CI, 67.5-81.7),
respectively (Table 2). The closest distances from
the humeral insertion to the adjacent neurovascular struc-
tures are listed in Table 2. From the PM humeral insertion,
the LPN and MPN pierced the PM muscle at means of
93.2 mm (95% CI, 83.1-103.3) and 103.8 mm (95% CI,
98.3-109.4), respectively (Table 2). The ICC values were
excellent at 0.963 (95% CI, 0.804-0.982) for interobserver
reliability.



The Orthopaedic Journal of Sports Medicine

TABLE 2
PM Tendon Length and Distance Measurements Between
the Humeral Footprint and the Adjacent Neurovascular
Structures®

Measurement Distance, mm

SH insertion tendon length
CH insertion tendon length
PM humeral insertion to LPN
PM humeral insertion to MPN
Coracoid process to MCN

43.0 (40.1-45.9)
74.7 (67.5-81.7)
93.2 (83.1-103.3)
103.8 (98.3-109.4)
68.5 (60.2-76.8)

“Data are presented as mean (95% CI). The PM tendon length
was measured from the humeral insertion to the musculotendi-
nous junction. CH, clavicular head of the PM; LPN, lateral pectoral
nerve; MCN, musculocutaneous nerve; MPN, medial pectoral
nerve; PM, pectoralis major; SH, sternal head of the PM.

DISCUSSION

The principal findings of this study demonstrated that the
entirety of the PM footprint length was 81.4 mm (95% CI,
71.4-91.3). Such findings will improve quantitative famil-
iarity for relevant structures that can be applied during
anatomical repair or PM reconstruction in a chronic or
irreparable PM tear (partial or complete). The reported
PM footprint length in the current study is notably greater
than that in previous studies, in which the weighted-mean
PM tendon length was 62.5 mm.* In previous literature,
there was a large range of PM footprint length spanning
from 24 to 97 mm. Variables that may contribute to the
wide range of these values include the method of measure-
ment, types of cadaver, and points of measurement. The
authors also chose all male cadavers in this study, which
may be associated with a higher PM footprint length than
other studies. In terms of clinical relevance, the findings
from the current study highlight that adequate exposure
is essential to facilitate an anatomic repair or reconstruc-
tion of the broad footprint length of the PM. This has clin-
ical implications and has been used by some authors in
split-thickness PM tendon transfers where the SH princi-
pally is transferred for a deficient subscapularis.* It also
has clinical implications in acute PM tendon tears, as the
SH tears more commonly and can easily be missed if the
surgeon only sees the intact CH layer.

There were 2 heads of the PM tendon that were identi-
fied in this study. These 2 head insertions were flat and
fused at the level of musculotendinous junction. The CH
insertion was longer than the SH insertion, with measure-
ments of 56.6 and 42.1 mm, respectively. The footprint
length of tendon overlap was measured at 27.9 mm. In a
previous study, Jennings et al'” found 2 laminae of the PM
at the humeral footprint, which were described as the
anterior and posterior laminae. The anterior lamina con-
sisted of the tendon from the clavicular portion of the PM.
The anterior lamina was found to be longer than the pos-
terior lamina (sternal portion of the PM), which was mea-
sured to be 43.0 mm. The measurement for the overlap of
these 2 laminae was 27 mm (range, 1-56 mm).'”
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Jennings et al'” found an isolated CH of the PM but could
not differentiate between each segment of the SH in their
study. In previous studies, 1 to 3 layers of PM tendons were
found at the humeral footprint.1%!316:17:26 Hyang et all®
completed a PM tendon anatomical study using magnetic
resonance imaging (MRI), ultrasound, and histologic inves-
tigation. Their team illustrated that the 2 heads of the PM
muscle were CH and SH but had a unilaminar presentation
on both gross inspection and histologic enthesis.'® We also
found that the SH and CH insertions of the PM merged into
a single tendon at the humeral insertion in this study.
These insertional heads can be differentiated by the inter-
posed fat pad and the tendon’s direction at the posterior
surface of the humeral insertion of the PM. Such findings
are similar to the 3-dimensional study of the PM muscle
and tendon architecture by Fung et al,’® who found that
the 2 layers at the humeral PM tendon fused before its
insertion at the humeral footprint. From their study, the
posterior layer was composed of lower segments of SH and
inserted on the humerus superior to the anterior layer.'®
The findings from the current study support the bilaminar
concept of the PM tendon at the humeral insertion.

Previous studies have found that the population with the
highest prevalence of chronic PM tendon injuries was
male.?° Kowalczuk et al®! found that these chronic tears
most commonly occurred between the musculotendinous
junction and the humeral tendinous insertion. Partial-
thickness and complete-width tears were the most common
type of tear pattern.'®?! MRI is the investigation of choice
for characterization of tear pattern and preoperative
evaluation.® A combination of the bilaminar characteristics
and overlapping of the PM tendon insertion on the humerus
makes it difficult to characterize the partial tear using
MRI.®" The current study also found that it was difficult
to differentiate between SH and CH during direct inspec-
tion of the humeral insertion at the anterior surface. The
authors propose that using the distance from the proximal
border of the SH insertion may be useful for determining
which portion of the PM was injured. In this study, the
proximal part of the CH insertion was 25 mm (1 inch) below
the proximal part of the SH insertion. Injury or tear below
this point might represent a complete tear of the PM tendon
and will guide surgeons to perform an anatomic repair or
reconstruction for both portions of the PM tendon
(CH and SH). When increasing surgical exposure in a prox-
imal humeral surgery, surgeons should be aware not to
release the proximal part of the PM more than 25 mm, as
doing so may cause injury to both the CH and the SH of the
PM humeral insertion.

The current study found that the length (medial to lat-
eral) of the CH insertion was wider than the SH insertion,
with measurements being 74.7 mm and 43.0 mm, respec-
tively. Previous literature found that either the posterior
lamina (SH) tendon length was wider than the anterior
lamina (CH) or there was no difference in tendon length
between the 2 laminae.'®'” Variability in these results can
be explained by multiple factors. These include the method
of measurement (3-dimensional digital model or caliper),
types of cadavers (formalin embalmed or fresh-frozen), and
points of measurement. The authors of the present study
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found 2 distinct head insertions (SH and CH) with different
lengths and orientations. For total-length PM tears or
chronic tears requiring allograft augmentation, a longer
graft or 2 distinct graft reconstructions may be possible
options for achieving anatomical PM reconstruction.

The distances measured in the current study from the
PM tendon humeral insertion to LPN and MPN were of
similar values when compared with previous studies. The
humeral insertion to LPN was 93.2 mm in the current study
compared with 125 mm in previous studies, and the
humeral insertion to MPN measured 103.8 mm compared
with 93 to 119 mm in the literature.!”!® There is little to no
reporting of cases in the current literature for LPN or MPN
injury during PM repair or reconstruction. The safe zone
measured in this study was >90 mm from the humeral
insertion. For chronic cases, care should be taken to avoid
vigorous dissection when mobilizing retracted tendon.®?3
For the MCN, this study found that the distance from the
coracoid process to the first branch of MCN piercing the
coracobrachialis was 68.5 mm. In a similar study, Klepps
et al'® found that the safe distance from the coracoid pro-
cess to the proximal branch of MCN was 44 mm (range,
14-74 mm). Klepps et al showed that transferring PM
superficial to the MCN created less nerve tension when
compared with transferring PM deep to the MCN. This
team recommended MCN exploration during operation
because of the high variability and location of MCN, in
order to prevent tension on the nerve. PM repair or recon-
struction around this footprint area remains a safe zone for
surgery; however, thorough knowledge of the anatomy in
this area will help surgeons avoid complications.

Limitations

This study had several limitations that are commonly
observed in cadaveric studies. The limited number of cada-
vers, monoethnicity, and all specimens being male may
influence the generalizability of the results. The nonpaired,
fresh-frozen male cadavers analyzed in this study trans-
lated to the population with a higher incidence of PM ten-
don injury. Applying these findings to a female population
should be done with caution. Measurement error is also a
primary concern because of the nature of the anatomical
study. All measurements in this study were done by 2 exam-
iners, and the calculated ICC values were excellent for
internal consistency. This study used the coordinate mea-
suring machine to achieve more accuracy and less variabil-
ity for the anatomy of the humeral attachment of the PM in
order to reduce the measurement error. Future studies
should focus on the differences in clinical outcome between
repair of partial or complete footprint lengths of the
PM tendon, along with single- versus double-bundle PM
reconstructions.

CONCLUSION

This study successfully quantifies anatomic dimensions of
the PM tendon, its humeral head insertion (SH and CH),
and its location relative to nearby vital structures. Such
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knowledge can provide surgeons with a better understand-
ing of the PM in relation to nearby neurovascular struc-
tures during anatomic PM repair and reconstruction to
avoid debilitating complications.
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