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Abstract

Purpose The anatomy and neurovascular supply of the

pectoralis major muscle was studied in order to establish

the safe and functional muscle transfer for the reconstruc-

tion of elbow flexion in patients with arthrogryposis

multiplex congenita (AMC).

Methods Twenty pectoralis major muscles were dissected

in 11 adult cadavers. The distribution of the motor end

plates was studied in five pectoralis major muscles in

foetuses by the detection of esterases.

Results The pectoralis major muscle consists of clavicu-

lar, manubrial, sternocostal, costal and abdominal parts.

Each part has a distinct vascular and nerve supply. The

motor nerves arise from the medial and lateral pectoral

nerves. The motor end plates are localised in one zone in

the clavicular and manubrial parts and in two oblique zones

in the distal parts of the muscle. In 15 cases, each of the

muscle parts were supplied by one nerve branch. In four

cases, six nerves were distinguished and the clavicular part

was supplied by two nerves. In one case, four nerves were

found, with the clavicular and manubrial parts supplied by

one common nerve. Three branches (13 cases) or two

arterial branches (seven cases) supplied the muscle, arising

from thoracoacromial and lateral thoracic arteries, respec-

tively. The superior branch supplied the clavicular and

manubrial parts, whereas the dominant pectoral branch

supplied the manubrial, sternocostal and costal parts of the

muscle. The inferior branch of the lateral thoracic artery

supplied the abdominal part in 13 cases. In seven cases, the

inferior branch failed and the abdominal part was supplied

from the dominant branch.

Conclusion This study presents guidelines for the transfer

of the distal parts of the pectoralis major muscle for the

reconstruction of elbow flexion. The sternocostal, costal

and abdominal parts of the muscle can be released as a unit

from the chest wall after dissection between the second and

third rib and be transferred to the brachium. They are

sufficiently supplied from the dominant pectoral branch of

the thoracoacromial artery in all cases and inconstantly

from the inferior branch of the lateral thoracic artery and

from three motor nerves.
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Introduction

For various reasons, different muscles have been used to

solve the reconstruction of elbow flexion [1]. In the patients

with arthrogryposis multiplex congenita group I (AMC)

according to Hall [2], extension contracture of the elbow

joint is a common finding, and agenesis or atrophy are

present in the biceps brachii and brachialis muscles, and

other muscles of the shoulder girdle, respectively (Fig. 1).

The pectoralis major muscle was chosen for the recon-

struction of elbow flexion because this muscle is mostly

unaffected in AMC and the length of the muscle fibres and

muscle power are similar to the biceps brachii muscle.

According to literature reports [3–11], the muscle is

appropriate for segmental splitting on the basis of the

segmental anatomy and neurovascular supply. The modi-

fied technique of the transfer of the distal parts of the
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pectoralis major muscle was developed according to Clark

[12]. The vascular and nerve supply of the pectoralis major

muscle has been previously studied [3–11], but the termi-

nology and results often depend on how the muscle is used,

i.e. as a free flap, a segmental flap for transfer to cover the

neck or trunk wall defects or for the restoration of elbow or

forearm flexors. For this reason, an anatomical study limi-

ted to the neurovascular supply of the pectoralis major

muscle was conducted in order to establish the optimal part

of this muscle for safe and functional transfer for the

reconstruction of elbow flexion, and to retain the proximal

parts of the muscle for shoulder control in patients with

AMC.

Materials and methods

Eleven fresh adult cadavers (six women, five men, age

range 50–82 years) within 48 h after death were used

for this study after legal autopsy in the department of

pathology. Twenty pectoralis major muscles (ten right

muscles and ten left muscles) were anatomically dissected,

and innervation and vascular supply were studied. The

vessels and nerves were dissected and followed into muscle

as far as possible. The dissections were recorded photo-

graphically and by schematic drawing. Similar to an actual

surgical procedure (Fig. 2), each muscle was divided into

two parts (Fig. 3), namely, the proximal one, involving the

clavicular and manubruial parts of muscle, and the distal

one, involving the sternocostal, costal and abdominal parts.

The distal parts were rotated to the brachium (Fig. 4). The

neurovascular supply of the divided parts of the muscle

was particularly studied in order to establish the optimal

size of the muscle for safe transfer. In addition, the dis-

tribution of the motor end plates was studied in five

pectoralis major muscles in foetuses. The indigo method of

Holt [13] was used for the histochemical detection of

esterases for visualisation of the motor end plates. The

foetuses were obtained following legal minor Caesarean

sections in 9–20 weeks of gravidity. This part of the study

was conducted at the department of anatomy of the medical

faculty of the university.

Results

In concordance to known ontogeny [14, 15], we confirmed

that the pectoralis major muscle consists of five segmental

parts: clavicular, manubrial, sternocostal, costal and

abdominal (Fig. 5). The clavicular part originates in the

clavicle, the manubrial in the manubrium sterni and the

medial parts of the first and second ribs, the sternocostal

part originates in the corpus sterni and adjacent medial

parts of the ribs from the second intercostal space to the

sixth rib, and the costal part originates on the sixth rib. The

anatomy of the abdominal segment is variable. This seg-

ment is primarily a separate layer that is located dorsal to

the costal part, but occasionally originates from the

Fig. 1 A 5-year-old boy with a tetramelic form of arthrogryposis

multiplex congenita (AMC). On the right upper extremity, extension

contracture of the elbow joints and severe atrophy of the muscles of

the shoulder girdle are obvious. On the left side, the pectoralis major

muscle was transferred to the brachium

Fig. 2 Schematic diagram of the transfer of distal parts of the

pectoralis major to the brachium for the reconstruction of elbow

flexion. SC sternocostal part; CO costal part, a abdominal part.

Clavicular (c) and manubrial (m) parts remain intact. FCU flexor

carpi ulnaris muscle
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aponeurosis of the external oblique abdominal muscle. It is

possible to separate the clavicular part from the manubrial

part and the manubrial part from the sternocostal part, but

the costal and abdominal parts are closely connected with

the sternocostal part. From known ontogenical and ana-

tomical studies [3, 8, 14, 15], it is possible to divide the

pectoralis major into two major segments: the proximal

segment that contains the clavicular and manubrial parts,

and the distal segment that contains the sternocostal, costal

and abdominal parts. The insertion tendon on the humerus

has a bilaminar U-shape [7, 8, 16]. The clavicular and

manubrial parts insert into the ventral limb of the U, the

sternocostal part inserts into the inferior cup of the tendon,

and the costal and abdominal parts insert into the posterior

limb of the tendon. Nerves and vessels run in the

epimysium on the posterior surface of the pectoralis major

muscle covered by the pectoralis fascia. Each part of

muscle has a distinct vascular and nerve supply.

The motor nerves (Fig. 6) rise from the lateral and

medial pectoral nerves (formerly n. thoracicus ventralis I

and II). The lateral pectoral nerve originates from the

lateral cord of the brachial plexus (C5, 6, 7) and enters the

clavipectoral fascia medially to the tendon of the pectoralis

minor muscle. The medial pectoral nerve arises from the

medial cord of the brachial plexus (C8, T1) or from the

anastomotic nerve loop between the medial and lateral

cords. Two separate branches of the lateral pectoral nerve

enter into the clavicular and manubrial parts of the pecto-

ralis major muscle. The branches of the medial pectoral

nerve divide into ventral and two dorsal branches. The

ventral branch runs above the pectoralis minor muscle and

supplies the sternocostal part of the muscle (17 of 20 cases)

or pierces the upper part of the pectoralis minor muscle

(three of 20 cases). Dorsal branches supply the costal and

abdominal parts of the muscle. The nerve of the costal part

pierces the pectoralis minor muscle in 15 cases (Fig. 6) or

runs above the muscle (five cases). The nerve of the

abdominal part arises below the pectoralis minor muscle in

13 cases (Fig. 6) or pierces the inferior part of the muscle

(seven cases). Only small variations in the nerve supply

were found in our study. In 15 cases, each of the five

muscle parts was supplied by one nerve branch (Fig. 6). In

four cases, six nerves were distinguished and two nerves

supplied the clavicular parts. In one case, only four nerves

were found, with the clavicular and manubrial parts sup-

plied by one common nerve. The nerves of the clavicular

and the manubrial parts enter the muscle between the

medial and lateral part, and the nerves of the sternocostal,

costal and abdominal parts enter the muscle between the

middle and lateral third (Fig. 6). The motor end plates on

the outer part of the muscle (Fig. 7, dark spots) lie in one

Fig. 3 Dissection of the left pectoralis major muscle to proximal and

distal parts between the second and third ribs of the cadaver. The

neurovascular bundle in the lateral part is visible (arrow). c clavicular

part, m manubrial part, SC sternocostal part, CO costal part, a
abdominal part

Fig. 4 Rotation of the distal parts of the pectoralis major muscle (SC
sternocostal, CO costal, a abdominal), together with the neurovascu-

lar bundle (arrow) on the same cadaver. PMI pectoralis minor muscle

Fig. 5 Five parts of pectoralis major muscle on the cadavers: 1
clavicular, 2 manubrial, 3 sternocostal, 4 costal, 5 abdominal
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oblique zone in the clavicular part, and in two zones in the

other muscle parts, respectively. In the manubrial, sterno-

costal, costal and abdominal segments, the motor end plate

zones lie between the lateral and middle thirds of muscle,

and the middle and medial thirds of the muscle, respec-

tively. The nerves pierce the inner surface of the muscle in

the vicinity of the motor end plate zones.

Vascular supply

The arteries rise from the thoracoacromial artery (a branch

of the axillary artery) and the lateral thoracic artery (a

branch of the subclavian artery), respectively. The com-

mitting veins follow the arteries and drain into the

thoracoacromial or cephalic vein. The vessels anastomose

medially with segmental perforators of the internal thoracic

artery and vein in the intercostal spaces in the vicinity of

the sternum. The vascular pattern is relatively constant and

constitutes three main branches. The superior branch of the

thoracoacromial artery (Figs. 8 and 9) pierces the fascia

clavipectoralis, and supplies the clavicular and manubrial

parts of the muscle, and its descending branch supplies the

lateral part of the muscle near the tendon in 18 of 20 cases

(Fig. 9). The dominant (pectoral) branch (Figs. 8, 9, 11 and

12) of the thoracoacromial artery supplies by one branch

the manubrial segment in 12 cases (Fig. 8). Then, it runs as

a main trunk and supplies the large sternocostal and costal

parts of the muscle (20 cases) and the abdominal part (nine

cases). From a topographical point of view, the dominant

branch runs in a medio-caudal direction in a line con-

necting the coracoid process of the scapula and the xiphoid

of the sternum. In the proximal part, the branch lies extra

Fig. 6 Five nerves supply the pectoralis major muscle. The nerves of

the clavicular, manubrial and sternocostal parts rise above the

pectoralis minor muscle (N1, N2, N3) and the nerve of costal part (N4)

pierces the pectoralis minor muscle. The nerve of abdominal part 5

(N5) arises bellow the pectoralis minor muscle. The nerves enter the

muscle parts between the lateral and medial third of the muscle.

c clavicular part, m manubrial part, SC sternocostal part, CO costal

part, a abdominal part

Fig. 7 The motor end plates (dark spots, arrows) in the foetal

pectoralis major muscle. The end plates lie in one zone in the

clavicular part of the muscle and in two oblique zones in the

remaining muscle parts between the lateral and middle, and middle

and medial parts of the muscle, respectively

Fig. 8 Vascular supply of the left pectoralis major muscle. Three

main vascular branches supply the muscle. The superior vascular

branch of the thoracoacromial artery and vein (SB) supply the

clavicular part. The dominant or pectoral branch (DB) of the

thoracoacromial artery and vein supplies the manubrial part and then

as the main trunk supplies the sternocostal and costal parts of muscle.

The inferior branches of the lateral thoracic artery and vein (IB) arise

below the pectoralis minor muscle and supply the abdominal part of

the muscle. c clavicular part, m manubrial part, SC sternocostal part,

CO costal part, a abdominal part
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muscularly. Below the third rib, it pierces the muscle in the

middle third. The inferior branch arises from the lateral

thoracic artery below the pectoralis minor muscle in nine

cases (Fig. 8) or pierces this muscle in four cases (Fig. 11),

and supplies the distal part of the costal segment and the

abdominal part of the muscle (13 of 20 cases). In seven

cases, the inferior branch was not present, and the

abdominal part of the muscle was supplied from the

dominant branch (Figs. 9 and 12). Concerning the particu-

lar vascular supply of individual muscle parts, the vascular

pattern was very constant. The clavicular part of the muscle

was primarily supplied by a separated superior branch of

the thoracoacromial artery (18 cases) or from one branch of

the pectoral (dominant) branch of its artery in two

remaining cases. The manubrial part was supplied mainly

from one isolated branch of the dominant pectoral branch

of the thoracoacromial artery (12 cases) or from the

superior branch (five cases) or from an isolated branch of

the thoracoacromial artery (three cases). The sternocostal

and costal segments were constantly supplied from the

pectoral branch of the thoracoacromial artery. The

abdominal segment was primarily supplied from the branch

of lateral thoracic artery (11 cases) or from the pectoral

branch (seven cases). In two cases, the abdominal part was

supplied by the dominant pectoral branch and also by the

branch of the lateral thoracic artery.

The neurovascular supply of the individual parts of the

pectoralis major muscle is segmented; the distal parts of the

muscle (sternocostal, costal and abdominal) with their

neurovascular supply can be separated as a unit from the

proximal parts (clavicular and manubrial). Following a

blunt and sharp proximolateral dissection of the distal parts

of the muscle from the chest wall and after the division of

the muscle between the second and third rib (Fig. 10), the

sternocostal, costal and abdominal parts are supplied in all

cases through the pectoral branch of the thoracoacromial

artery and inconstantly through one branch of the lateral

thoracic artery and by three motor nerves (Fig. 11). In

cases of a failed branch of the lateral thoracic artery

(inferior branch), the distal parts of the muscle are supplied

through the dominant pectoral branch only and by three

motor nerves (Fig. 12). Dissection of the muscle from the

chest wall must be performed carefully in the mid-clavicu-

lar line (Fig. 10) in order to avoid injuring the dominant

pectoral artery running extramuscularly in the lateral part.

By dividing the pectoralis major muscle between the

second and third rib, the distal parts of the muscle

Fig. 9 Vascular supply of the left pectoralis major muscle after

particular dissection of the vessels. Superior (SB) and dominant (DB)

branches supply the muscle. c clavicular part, m manubrial part, SC
sternocostal part, CO costal part, a abdominal part

Fig. 10 Dissection of the right pectoralis muscle between second and

third rib. The dominant vascular branch (arrow) enters the muscle

near to the middle clavicular line. c clavicular part, m manubrial part,

SC sternocostal part, CO costal part, a abdominal part

Fig. 11 Right pectoralis major muscle dissected between the manub-

rial (m) and sternocostal (SC) parts of the muscle. Sternocostal, costal

(CO) and abdominal (a) parts are supplied through dominant (DB)

and inferior vascular branches (IB) and three motor nerves (N3, N4,

N5). The inferior vascular branch and N4 and N5 pierce the pectoralis

minor muscle (PMI). c clavicular part
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(sternocostal, costal and abdominal) can be safely rotated

to the ventral side of the arm. The dominant pectoral, as

well as the inferior vessels, are clearly visible during the

surgical procedure, and the lengths and diameters of the

vessels allow the rotation of muscle to the brachium

without vascular crisis. The insertion tendon of the trans-

ferred muscle parts and the residual clavicular and

manubrial parts of the muscle remain intact.

Discussion

The transfer of different muscles has been used for the

treatment of the agenesis of the biceps brachii and

brachialis muscle in patients with AMC type I [1, 12, 17–

20]. The small series of patients and different results

described in the literature after pectoralis major transfer [1,

12, 17, 18, 21–24] led us to establish our own technique for

the muscle transfer of the pectoralis major muscle and

develop an algorithm for treatment in these patients. Our

anatomical study of the neurovascular supply of the pec-

toralis major muscle was performed because there are

differing descriptions of the anatomical parts and neuro-

vascular supply of this muscle [3–10, 14, 15, 25].

According to the ontogeny, the muscle contains five sepa-

rate parts [14, 15]. It is possible to surgically divide and

separate these parts because each has a distinct vascular

and nerve supply. We support this ontogenetical division of

the muscle. Being able to transfer the distal part of muscle

to the brachium and retain the proximal part for shoulder

movement is quite useful for our purposes. However, there

is no agreement in the literature regarding the division of

the muscle into portions. Manktelow et al. [3] and Wei

et al. [6] described only two parts of the muscle (clavicular

and sternocostal). Tobin [7] and Smet [25] described three

parts (clavicular, sternocostal and abdominal), while

Moosman [4] divided the muscle into four parts (clavicular,

manubrial, sternal and costoabdominal). These varying

descriptions depend primarily on the clinical use of the

muscle. Although segmental division of the muscle differs

significantly among authors, there is agreement on the

neurovascular pattern.

Regarding innervation of the muscle, we usually found

five separate nerves, each for an individual part of the

muscle. We agree with the opinions of Clark [12], Čihák

[14], Steindler [19], Manktelow et al. [3] and Van Heest

et al. [23] that the lateral pectoral nerve rises from the

lateral trunk of the brachial plexus, and that it supplies the

proximal parts of the muscle (clavicular and manubrial).

The medial pectoral nerve rises from the medial trunk of

the brachial plexus, enters the pectoralis major muscle

laterally from the pectoralis minor, and supplies the ster-

nocostal, costal and abdominal parts of the muscle.

However, Moosman [4] described the names of nerves on

the basis of their position to the pectoralis minor muscle

and a different innervation pattern. He posited that the

medial pectoral nerve rises from the lateral trunk of the

brachial plexus and supplies the clavicular, manubrial and

sternal part of the muscle, and that the lateral pectoral

nerve rises from the medial trunk and supplies the costo-

abdominal part of the muscle. However, in agreement with

the findings of Čihák [14], we found that the ventral branch

of the medial pectoral nerve runs above the pectoralis

minor muscle and supplies the sternocostal part of the

muscle (17 of 20 cases) or pierces the upper part of pec-

toralis minor muscle (three of 20 cases). The dorsal

branches supply the costal and abdominal parts of the

muscle by either piercing the pectoralis minor muscle or

running under it. Other authors [3, 21, 26] described only

the branches that pierce the pectoralis minor muscle.

Because of this, innervation of the distal parts of the

muscle may be more vulnerable than the proximal parts.

Although the opinions of the authors do not differ radically,

differing descriptions of innervations occur primarily

because of differing descriptions of the muscle parts. We

found that it is important for the innervation pattern to be

quite constant, and that the distal parts of the muscle used

for transfer are constantly supplied by the three nerves. The

length of the motor nerves and their points of entry to the

muscle permit the rotation of the muscle to the brachium

without damage of the nerves due to the traction.

There are very few papers in the literature [27–29]

concerning the distribution of the motor end plates of the

pectoralis major muscle. It is known that a single muscle

fibre contains only one motor end plate [29]. Two motor end

Fig. 12 Right pectoralis major muscle dissected between the manub-

rial (m) and sternocostal (SC) parts of the muscle. Sternocostal, costal

(CO) and abdominal (a) parts are supplied through dominant (DB)

and three motor nerves (N3, N4, N5). The clavicular (c) and

manubrial parts are supplied through the superior branch (SB) of the

thoracoacromial artery
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plate zones in the distal parts of the muscle probably imply

that long muscle fibres running the whole length of the

muscle do not exist, but they are connected to other fibres.

The vascular supply of the pectoralis muscle was con-

stant, with only small differences. Although we did not

make a perfusion study concerning the vascular territory of

the muscle, there is agreement between our findings and

those of other authors [3, 6, 7, 11, 21, 25] concerning the

particular vascular supply of individual muscle parts. The

small differences are due to the division of the muscle into

muscle parts. This important concordance regards the

supply of the sternocostal and costal segments from the

pectoral branch of the thoracoacromial artery. We did not

observe the side difference in the course of this dominant

branch that is described by Nakajima et al. [9]. The most

variable element in our study—and those of most of the

authors—was the abdominal segment. This segment was

supplied mostly from the branch of the lateral thoracic

artery (11 cases) or from the pectoral branch (seven cases).

In two cases, the abdominal part was supplied from both of

these branches. Only the findings of Freeman et al. [5]

differ, as he found the branch of the lateral thoracic artery

in all specimens.

For the transfer of the muscle, it is important that the

distal parts of the pectoralis major muscle are supplied by

the dominant pectoral branch of the thoracoacromial artery

and in the majority of cases by the lateral thoracic artery,

thus, theoretically diminishing the risk of avascular

necrosis of the transferred muscle parts. According to the

recent perfusion study of Yang et al. [11], the pectoral

branch of the thoracoacromial artery supplies 50.7% of the

muscle, mainly the superior and lateral part of muscle,

whereas the medial and inferior parts of muscle are sup-

plied from the anterior intercostals perforators of the

internal mammary artery. These perforators are ligated by

the surgical procedure, but the medial and distal parts of

the transferred muscle are still supplied through the reach

anastomotic networks between these two vascular systems.

The lateral thoracic artery is inconstant and supplies 6.6%

of the muscle parenchyma only. It accentuates the neces-

sity to save the pectoral branch of the thoracoacromial

artery as a main supply of the transferred muscle.

Our anatomical study of the neurovascular supply

illustrated the constant segmental neurovascular supply of

the proximal and distal parts of the pectoralis major mus-

cle. With careful division of the pectoralis major muscle

between the second and third ribs, the sternocostal, costal

and abdominal parts can be safely transferred to the ventral

side of the arm. The clavicular and manubrial parts of the

muscle remain functionally intact for the control of the

shoulder. The transferred parts represent sufficient muscle

mass for the replacement of the biceps brachii and

brachialis muscle according to the cross-section and length

of the muscle belly [3]. These muscle parts are available

for the reconstruction of elbow flexion, even in patients

with AMC type I and in other conditions, such as some

types of brachial plexus palsy.
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