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m ABSTRACT

Introduction: The latissimus dorsi muscle (LDM) is broad and triangular
and performs extension, adduction, and internal rotation motions of the
arm. The LDM is vascularized by the thoracodorsal vessels and perforating
branches of the posterior intercostal and lumbar arteries and is considered
a type V Mathes and Nahai flap that is of great applicability in plastic
surgery. The goal of the present study was to analyze the morphometry and
vascularization of LDM in human fetuses. Method: The axillary region and
the LDM of eight human fetuses (three female, five male) were dissected
at 20-32 weeks’ gestation in the supine position with full arm abduction.
We measured the subscapular and thoracodorsal vessel lengths and conducted
a muscle morphometric analysis. Results: In all fetuses, the thoracodorsal
vessels conferred primary vascularization of the LDM. In 25%, the subscapular
vein was directly confluent with the axillary vein; 25% of the cases presented
with a double scapular circumflex vein. The branch to the serratus anterior
muscle was unique in all cases. In 50% of cases, the angular branch of the
thoracodorsal artery was visualized, while 25% of them came from the branch
to the serratus anterior muscle. The distances between muscle insertion
and input of the neurovascular pedicle were 1.1 and 1.9 cm in fetuses 21 and
26 weeks, respectively. The anterior muscle margin was on the mid-axillary
line in all fetuses. Conclusion: The observed constant morphometry and
reduced anatomical variation of the vascular pedicle enabled the possibility
of research involving the use of LDM in intrauterine surgical reconstructions.

Keywords: Latissimus dorsi muscle; Human fetuses; Morphometry.

= RESUMO

Introducao: O musculo latissimo do dorso (MLD) é largo, triangular e realiza
extenséo, adugéo e rotacio medial do braco. E vascularizado pelos vasos
toracodorsais e ramos perfurantes das artérias intercostais posteriores
e lombares, configurando retalho tipo V de Mathes e Nahai, de grande
aplicabilidade em cirurgia pléstica. O objetivo é analisar a morfometria e a
vascularizagdo do MLD em fetos humanos. Método: Dissecou-se a regiao
axilar e o MLLD de oito fetos humanos formolizados (trés do sexo feminino e
cinco do sexo masculino), entre 20 e 32 semanas gestacionais, em decubito
dorsal e abducédo completa do brago. Mensuraram-se os comprimentos
dos vasos subescapulares e toracodorsais, e foi realizada a morfometria do
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musculo. Resultados: Em todos os fetos, os vasos toracodorsais conferiram a
vascularizagdo primaria do MLD. Em 25%, a veia subescapular era tributaria
direta da veia axilar; 25% dos casos apresentaram veia circunflexa da escapula
dupla. O ramo para o musculo serratil anterior foi tnico em todos os casos.
Em 50% dos casos, o ramo angular da artéria toracodorsal foi visualizado e,
em 25% deles, era proveniente do ramo para o musculo serratil anterior. A
distancia entre a insercdo do musculo e a entrada do pediculo neurovascular
variou entre 1,1 e 1,9 cm em fetos de 21 e 26 semanas, respectivamente.
Todos os fetos apresentaram a margem anterior do musculo na linha axilar
média. Conclusao: A morfometria constante e a reduzida variacio anatémica
do pediculo vascular encontradas possibilitam a realizacdo de pesquisas

envolvendo o uso do MLD em reconstrugoes cirdrgicas intradtero.

Descritores: Musculo latissimo do dorso; Fetos humanos; Morfometria.

INTRODUCTION

The latissimus dorsi muscle (LDM) is a large
triangular muscle with a proximal fixation in the
spinous processes of the thoracolumbar fascia of the
lower six thoracic vertebrae, the iliac crest, and the
third or fourth lower ribs. In its upper portion, the
muscle undergoes a 180° twist to form the tendon
that inserts into the intertubercular groove of the
humerus!? The LDM performs arm extension and
adduction and medial arm medial rotation as well
as moves the scapular medially and downward?.
Its innervation is performed by the thoracodorsal
nerve branch of the posterior division of the brachial
plexus!.

The LDM is primarily vascularized by the
thoracodorsal artery, a terminal branch of the
subscapular artery along with the circumflex scapular
artery®. The thoracodorsal artery can send branches
to the serratus anterior and teres major muscles;
when penetrating the LDM, it forks in the horizontal
and vertical muscular branches to perforate the
musculocutaneous flap**°. The LDM is secondarily
vascularized by the perforating branches of the
posterior intercostal and lumbar arteries®’.

Taylor and Watanabe observed two vascular
areas in the skin overlying the LDM®". The first area
consists of a vascular network of direct anastomosis
between the cutaneous perforators of the thoracodorsal
artery and the scapula circumflex artery and the
perforating branches of the ninth, tenth, and eleventh
posterior intercostal arteries. The second vascular
area is formed by the anastomosis network between
the perforating branches of the subcostal artery and
the first and second lumbar arteries’.

The musculocutaneous and muscular flaps of the
LDM are the most versatile in plastic surgery and have
been used to correct birth defects in cases of aplasia cutis
congenita?® as well as reconstructions of diaphragmatic
hernia congenita’ and myelomeningocele!®!!,

OBJECTIVE

The purpose of this study was to analyze LDM
morphology and vascularization in eight fetuses fixed
with formaldehyde for possible use in intrauterine
reconstructive surgeries.

METHOD

This work meets the standards of the National
Council for Research Ethics Resolution 96/166 and
was conducted at the Anatomy Department of the
Federal University of Alagoas (FUAL).

Eight human fetuses (three female, five male)
with gestational ages of 20-32 weeks harvested from
miscarriages were dissected and legally donated to
the FUAL by the “Estacio de Lima” Legal Medical
Institute (Alagoas) and previously numbered by the
FUAL anatomy sector.

The corpses were positioned in the supine
horizontal? position with the left arm in abduction.
Z-shaped skin incisions were made in the axillary
region and extended along the mid-axillary line.
Next, a drape-covered cushion measuring 5 cm
long and 14 cm wide was positioned along the left
paraspinal line to elevate each fetus and facilitate
access to the muscle.

The LDM was separated from its integument and
the musculocutaneous flap-perforating branches of
the posterior lumbar and intercostal arteries were
sectioned. The muscle anterior margin was separated
from its insertion into the iliac crest and the lower
four ribs to create dorsal traction.

Once the artery and thoracodorsal vein were
visible, the vascular bundle was dissected superior
to the origin of the subscapular vessels in the artery
and axillary vein. The subscapular artery and vein,
scapular and thoracodorsal circumflex, branches to
the serratus anterior muscle, and angular branch of
the thoracodorsal artery were studied.

The measurements were performed in the above
described position using an analog Mitutoyo® caliper.
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The subscapular artery was measured from its origin
in the axillary artery to its bifurcation into the scapular
circumflex and thoracodorsal arteries; on the other
hand, the thoracodorsal artery was measured from the
scapula circumflex artery to the branch emergence
of the serratus anterior and from that point to the
LDM input artery since the branch to the serratus
anterior muscle curves the thoracodorsal artery
when the LDM is pulled posteriorly. We measured
the vein lengths using the same protocol.

The LDM was measured in a triangular manner
to measure the length of the anterior margin from
the tendon to the humerus to the iliac crest; from the
muscle upper margin, which goes from the tendon to
the humerus to the spinous process of the six inferior
thoracic vertebrae; and from the posterior muscle
margin, in its attachment to the thoracolumbar
fascia, which runs from the spinous process of the
last six thoracic vertebrae to its attachment to the
iliac crest. We also measured the muscle length from
its tendon to the input of the neurovascular pedicle.

The lengths of the thoracodorsal artery and
thoracodorsal vein to the junction with the thoracodorsal
nerve in the same fascia were measured. We then
took a picture and did a schematic drawing of the
axillary region of all dissected fetuses and described
the axillary artery and vein as well as the anatomical
variations found in the subscapular vessels and the
scapular and thoracodorsal circumflex.

RESULTS

The general data of the studied fetuses are listed
in Table 1.

For each dissection, a representative drawing
of the observed anatomical variations was made to
illustrate the non-displayed branches in the axillary
region photographs. In all cases, the veins were
positioned anterior to the arteries. The drawings
and images of the axillary region of each case are
shown in Figures 1 a 8.

In all fetuses, the LDM was primarily vascularized
by the thoracodorsal vessels, branches of the
subscapular vessels. The subscapular vein bifurcates
into the scapula circumflex and thoracodorsal veins
in 75% of cases. In 25% of the studied fetuses, the
subscapular vein was directly confluent with the
axillary vein. The circumflex artery of the scapula
was not a direct branch of the axillary artery in any
of the fetuses. The length of the subscapular vein
was 0.2-0.8 cm in fetuses at 24-32 weeks’ gestation,
respectively; on the other hand, the length of the
subscapular artery was 0.2-0.6 cm in fetuses at
21-27 weeks’ gestation, respectively. The length of
the thoracodorsal vessels was 1.6-2.8 cm in fetuses
at 20-24 weeks’ gestation, respectively (Table 2).

The scapula circumflex vein was doubled in
fetuses 3 and 5 (25%). None of the fetuses presented
with a double scapula circumflex artery. Before
entering the LDM, the thoracodorsal artery issued

a branch to the serratus anterior muscle and the
angular branch. In all fetuses, the branch to the
serratus anterior muscle was unique. In fetuses 3, 5,
11, and 18, the angular branch was visualized (50%);
in fetus 3 only (25%), it came from the branch to the
serratus anterior muscle.

Table 1. Studied fetuses by sex, gestational age, and trimester.

Fetus no. Sex GA Trimester

3 F 22 I

5 F 21 I

10 M 26 111

11 F 32 IIT

13 M 24 I

16 M 20 11

18 M 27 111
22 M 24 II

GA: Gestational Age (weeks).

Figure 1. Left axillary region of Fetus 3. (A) Diagram of the
neurovascular pedicle. (B) Photographs of the latissimus dorsi
muscle in its anatomical position. (C) upon being dorsally
pulled. 1. Axillary artery. 2 .Axillary vein. 3. Subscapular artery.
4. Subscapular vein. 5. Scapula circumflex artery. 6. Scapula
circumflex vein. 7. Thoracodorsal artery and vein. 8. Branch of
serratus anterior muscle. 9. Thoracodorsal nerve. 10. muscular
branches of the subscapular artery.

i % 9
Figure 2. Left axillary region of Fetus 5. (A) Diagram of the
neurovascular pedicle. (B) Photograph of the latissimus dorsi
muscle dorsally pulled. 1. Axillary artery. 2. Axillary vein. 3.
Subscapular artery. 4. Subscapular vein. 5. Scapula circumflex
artery. 6. Scapula circumflex vein. 7. thoracodorsal artery and
vein. 8. Branch of the serratus anterior muscle. 9. Thoracodorsal
nerve. 10. Muscle branches of subscapular artery. 11. Angular
branch of the thoracodorsal artery.
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Figure 3. Left axillary region of Fetus 10. (A) Diagram of the
neurovascular pedicle. (B) Photograph of the latissimus dorsi
muscle dorsally pulled. 1. Axillary artery. 2. Axillary vein. 3.
Subscapular artery. 4. Scapula circumflex artery. 5. Scapula
circumflex vein. 6. Thoracodorsal artery and vein. 7. Branch of
the serratus anterior muscle. 8. Thoracodorsal nerve.

A . B "~
Figure 4. Left axillary region of Fetus 11. (A) Diagram of the
neurovascular pedicle. (B) Photograph of the latissimus dorsi
muscle dorsally pulled. 1. Axillary artery. 2. Axillary vein. 3.
Subscapular artery. 4. Subscapular vein. 5. Scapula circumflex
artery. 6. Scapula circumflex vein. 7. Thoracodorsal artery and
vein. 8. Branch of the serratus anterior muscle. 9. Thoracodorsal
nerve. 10. Muscle branches of the subscapular artery. 11. Angular
branch of the thoracodorsal artery.

Figure 5. Left axillary region of Fetus 13. (A) Diagram of the
neurovascular pedicle. (B) Photograph of the latissimus dorsi
muscle dorsally pulled. 1. Axillary artery. 2. Axillary vein. 3.
Subscapular artery. 4. Scapula circumflex artery. 5. Scapula
circumflex vein. 6. Thoracodorsal artery and vein. 7. Branch of
the serratus anterior muscle. 8. Thoracodorsal nerve.

Figure 6. Left axillary region of Fetus 16. (A) Diagram of the
neurovascular pedicle. (B) Photograph of the latissimus dorsi
muscle dorsally pulled. 1. Axillary artery. 2. Axillary vein. 3. Scapula
circumflex artery. 4. Subscapular vein. 5. Scapula circumflex
artery. 6. Scapula circumflex vein. 7. Thoracodorsal artery and
vein. 8. Branch of the serratus anterior muscle. 9. Thoracodorsal
nerve. 10. Branch of the subscapular muscle. 11. Angular branch
of the thoracodorsal artery.

Figure 7. Left axillary region of Fetus 18. (A) Diagram of the
neurovascular pedicle. (B) Photograph of the latissimus dorsi
muscle dorsally pulled. 1. Axillary artery. 2. Axillary vein. 3.
Subscapular artery. 4. Subscapular vein. 5. Scapula circumflex
artery. 6. Scapula circumflex vein. 7. Thoracodorsal artery and
vein. 8. Branch of the serratus anterior muscle. 9. Thoracodorsal
nerve. 10. Muscle branches of the subscapular artery.

A

Figure 8. Left axillary region of Fetus 22. (A) Diagram of the
neurovascular pedicle. (B) Photograph of the latissimus dorsi
muscle dorsally pulled. 1. Axillary artery. 2. Axillary vein. 3.
Subscapular artery. 4. Subscapular vein. 5. Scapula circumflex
artery. 6. Scapula circumflex vein. 7. Thoracodorsal artery and vein.
8. Branch of the serratus anterior muscle. 9. Thoracodorsal nerve.
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Table 2. Fetal subscapular and thoracodorsal vessel lengths.

Fetus no. GA Subscapular A. (cm) Subscapular V. (cm) Thoracodorsal A. (cm) Thoracodorsal V. (cm)
3 22 0.5 0.4 5.5 2.1
5 21 0.2 0.3 4.0 1.45
10 26 0.3 - 6.1 2.3
11 32 0.4 0.8 7.1 2.6
13 24 0.5 - 5.4 2.8
16 20 0.6 0.5 4.3 1.6
18 27 0.6 0.6 6.4 1.8
22 24 0.2 0.2 6.3 1.8

GA: Gestational Age (weeks). Subscapular A: Subscapular Artery. Subscapular V: Subscapular Vein. Thoracodorsal A: horacodorsal

Artery. Thoracodorsal V: Thoracodorsal Vein.

Table 3. Thoracodorsal vessel length to the junction with the
thoracodorsal nerve.

Fetus no. GA Length (cm)

3 22 14

5 21 0.6

10 26 14

11 32 0.3

13 24 1.5

16 20 0.8

18 27 1.3
22 24 1.1

GA: Gestational Age (weeks).

The thoracodorsal nerve joined the thoracodorsal
vessels to form the neurovascular pedicle.
The thoracodorsal artery length to the junction of
the corresponding nerve in the pedicle ranged from
0.3 cm in the 32-week fetus and 1.5 cm in the 24-week
fetus (Table 3).

The LDM morphometry is described in Table 4.
The distance between muscle insertion and the
neurovascular pedicle input was 1.1 and 1.9 cm
in the 21- and 26-week fetuses, respectively. In all
fetuses, the anterior muscle margin was positioned
in the mid-axillary line.

DISCUSSION

The comparisons were based on anatomical
studies of adults due to the lack of published studies
related to LDM anatomy in fetuses accessed in the
PUBMED, BVS, and SCIELO databases.

In all studied cases, the thoracodorsal artery was
a branch of the subscapular artery, a similar result
obtained in studies of adults by Rowsell et al.* and
Bartlett et al.!. Regarding the venous anatomy, the
subscapular vein was confluent with the axillary
vein in 25% of cases. Bartlett found this anatomical
variation in 12% of cases; a double scapula circumflex
artery was found in 8% of dissections, while a
double scapula circumflex vein was found in 14% of

dissections. In this study, a double circumflex vein
was found in 25% of cases, but this morphology was
not observed in the arterial system.

All of the fetuses had only one branch of the
thoracodorsal artery for the serratus anterior
muscle. Bartlett! e Rowsell* found only one branch
in 54% and 72% of cases, respectively. However,
Safwat & Rahman®® obtained divergent results in
which two branches to the serratus anterior muscle
were seen in a higher percentage of cases (42.9%).

The angular branch of the thoracodorsal artery
was found in 50% of cases; only 25% originated from
the branch to the serratus anterior muscle or the
thoracodorsal artery. Seneviratne! found similar
results in 51% of dissections in which the angular
branch originated from the thoracodorsal artery;
20% originated in a trifurcation pattern in which the
thoracodorsal artery gave off a branch to the serratus
anterior muscle, continued toward the LDM, and
issued an angular branch; and in 21% originated
from the branch to the serratus anterior muscle.
Smaniotto et al.’® found divergent results: In 92.8% of
his dissections, the angular branch originated from
the branch to the serratus anterior muscle, while in
7.2%, it originated from the thoracodorsal artery in
a trifurcation pattern.

The angular branch has great importance
because irrigating the inferior angle of the scapula
allows vascularized bone grafting of the region in
a combined flap of the LDM or serratus anterior
muscle!™!%, which can be used for the reconstruction
of orofacial defects such after tumor resection since
the muscular component allows the coverage of large
body segments, which limits complications such as
infection and fistula formation!®.

The LDM is considered a type V Mathes and
Nabhai flap since it is primarily vascularized by the
thoracodorsal vessels and secondarily vascularized by
the musculocutaneous perforation of the posterior and
lumbar intercostal™ arteries. The proximal LDM flap
is based on the primary vascular pedicle, while a flap
that is based on secondary vascularization is a reverse
flap. Both flaps were studied by Meuli-Simmen et al.'
for myelomeningocele coverage (MMC) in fetuses and
are already used fir MMC correction in neonates!!.
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Table 4. Morphometry of the latissimus dorsi muscle.

GA Anterior margin Superior margin Posterior margin Pedicle entrance
Fetus no. (weeks) (cm) (cm) (cm) (cm)
3 22 7.5 3.2 5.5 1.6
5 21 6.4 35 4.0 1.1
10 26 8.5 5.8 6.1 1.9
11 32 9.8 53 7.1 1.6
13 24 8.2 4.1 54 1.3
16 20 5.9 3.7 4.3 1.2
18 27 9.8 5.2 6.4 1.5
22 24 7.0 2.1 6.3 1.5

GA: Gestational Age (weeks).

The anatomical studies of Manchot and Salmon
defined the existence of cutaneous vascular territories
in which the scapular and thoracodorsal were
adjacent!®, Taylor and Watanabe consolidated the
two vascular areas in the skin overlying the LDM?57,
The first territory consists of a vascular network of
direct anastomosis between cutaneous perforation of
the thoracodorsal artery and the scapula circumflex
artery and the perforating branches of the ninth,
tenth, and eleventh posterior intercostal arteries.
The second vascular territory is formed by a network
of anastomosis between perforating branches of the
subcostal artery and the first and second lumbar’
arteries. It is possible to use these areas for the
individualization and use of major flaps, such as the
perforator flap of the thoracodorsal artery and the
scapular fasciocutaneous flap, that are based on the
scapula circumflex artery*®.

In its insertion in the humerus, the LDM
twists 180°2. This little-studied segment can be
sectioned to increase the rotation arc of the LDM
in reconstructions involving the breasts and neck,
which enables positioning of the LDM flap to a
region below the zygomatic arch'. Its section may
be designed to create a reverse flap that is used for
MMC™' correction. In adults, no study has taken
measurements of the LDM insertion segment in
the humerus. Because of its importance, this study
measured the LDM length from its humeral insertion
to the entrance of the vascular pedicle, which was
1.1-1.9 cm in fetuses 20-32 weeks’ gestational age.
However, the correlation between gestational age
and tendon length was not studied.

Intrauterine surgery remains controversial,
and its indications are restricted to conditions that
undermine survival and cause high degrees of
morbidity for the child. The preliminary results of
the Myelomeningocele Management Study showed
significantly improved symptoms of nerve damage
caused by MMC at birth despite the risk of prematurity
and spontaneous rupture of the membranes®. The
MLD flap, which is widely used in reconstructive
surgery in adults, will have great future importance
as our knowledge of intrauterine surgery advances.

The knowledge of LDM vascular anatomy in fetuses
enables the surgeon to choose the technique that
best applies to each defect!™.

CONCLUSION

The morphometry and reduced anatomic
variations of the LDM vascular pedicle in the fetuses
studied here enables research on the use of LDM in
intrauterine surgical reconstructions.
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