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ABSTRACT

AIM: To investigate latissimus dorsi morphometry, innervation, vascularization, and variational situations in fetuses.   
MATERIAL and METHODS: Forty-nine fetuses, aged between 15 and 40 weeks of gestation, were examined for the morphological 
development of the latissimus dorsi. The horizontal lengths of the thoracolumbar fascia, the dimensions of the latissimus dorsi and 
its tendon were measured. Additionally, the attachments of the latissimus dorsi and the branching pattern of the thoracodorsal nerve 
were evaluated. The development of all measured parameters during gestational age (trimester) and their interrelationships were 
assessed. Data were compared across sides (right and left) and genders.
RESULTS: The study found that the increase in all parameters was proportional to gestational age. No significant differences were 
observed between sides or genders. The latissimus dorsi was directly attached (via muscle fiber) to the iliac crest in 60.2% of 
cases. An 88.5% attachment rate to the inferior angle of the scapula was noted, with 4.1% of these attachments being muscular. 
Additionally, 9.8% of latissimus dorsi tendons were found to adhere to the teres major tendon. The thoracodorsal nerve was 
observed to divide into 2 to 8 branches before entering the latissimus dorsi.
CONCLUSION: We believe this study will provide valuable insights into the development of intrauterine invasive fetal procedures for 
tendon, muscle, and nerve transfer repair and assist in determining the most appropriate timing for intervention. 
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that inserts into the intertubercular sulcus of the humerus (9). 
Innervation is performed by the thoracodorsal nerve (TN) (9). 
LD is supplied primarily by the thoracodorsal artery, the termi-
nal branch of the subscapular artery (9). LD is supplied sec-
ondarily by the ninth, tenth, and eleventh posterior intercostal 
arteries, subcostal artery, first and second lumbar arteries (9).

█   INTRODUCTION

Latissimus dorsi (LD) is a large triangular-shaped muscle 
that originates from the third or fourth ribs, iliac crest, 
spinous processes of the last six thoracic vertebrae (T7-

T12), and thoracolumbar fascia (TLF) (9). The upper part of the 
muscle undergoes a 180-degree rotation to form the tendon 
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Most of the studies on LD have been done on adult cadav-
ers. Few studies have been found in the literature on fetal ca-
davers using the dissection method (5,9,17). It is essential to 
investigate LD in fetal cadavers. It is a versatile muscle with 
a wide range of use in neonatal and intrauterine flap surgery 
and adults (5).

We believe that understanding the development and varia-
tions of the LD during the fetal period will enhance the eval-
uation of intrauterine cases. It will offer insights for future in-
trauterine flap surgery in patients with myelomeningocele, as 
well as aid in diagnosing anomalies and pathologies related to 
LD. Accordingly, this study aimed to explore the morphome-
try, innervation, vascularization, and variational states of the 
LD in fetuses.

█   MATERIAL and METHODS
This study was performed in line with the principles of the 
Declaration of Helsinki. Approval was granted by the Ethics 
Committee of the Faculty of Medicine (Date: 01.04.2021, 
Decision No: 9/161). The study was conducted on 49 forma-
lin-fixed fetuses (98 pcs LD) (25 male, 24 female) in the lab-
oratory of the Department of Anatomy, Faculty of Medicine. 
Fetuses, aged between 15–40 weeks of gestation, not having 
external anomalies and pathologies (Table I), were procured 
from the Maternity and Children’s Hospital between 1996 and 
2014, with the consent of their families. The reason for death 
in fetuses are not specified. All fetuses were arterially injected 
with 10% (v/v) formaldehyde solution into the water and pre-
served in a pool containing the same solution.

Crown-rump length, bi-parietal diameter, head circumference, 
femur length, and foot length were used to determine the 
gestational age (20,23). Cases with tissue loss from previous 
dissections, which would prevent safe measurements, were 
excluded from the study. This study was approved by the Clin-

ical Research Ethics Committee of the Faculty of Medicine 
(Date: 01.04.2021, Decision No: 9/161). The authors confirm 
that all efforts were made to comply with local and interna-
tional ethical guidelines and laws regarding the use of human 
cadaveric donors in anatomical research.

A skin incision was made along the mid-axillary line in the ax-
illary region of fetuses. In the same way, a skin incision was 
made along the line of spinous processes of vertebrae, and 
superficial fascia was removed from fetuses by lifting it to-
gether with skin.

The lower part of the trapezius was removed, making LD visi-
ble. Fetuses were photographed from the same distance and 
position with a millimeter scale by placing arms in a prone 
horizontal position in abduction so that right and left LD are 
visible (Figure 1A). Then, by feeding the LD proximally, the tho-
racodorsal artery, vein, and nerve were dissected bilaterally 
and made visible using magnifying glasses with 3.5x magni-
fication.

By preserving the integrity of the LD, its anterior edge, poste-
rior edge, attachment to the iliac crest, and the tendon in the 
humerus where it was inserted were cut and removed, along 
with the muscle’s neurovascular structures. LDs were photo-
graphed again on a flat surface with its costal surface on top 
(Figure 1B).

Anterior border length of LD: The distance between the ten-
don origin of LD and the iliac crest was measured (Figure 2). 
Superior border length of LD: The length of the upper edge 
of the muscle from the tendon origin of LD to the spinous 
process of the thoracic vertebra was measured (Figure 2). 
Posterior border length of LD: The distance from the spinous 
process of the thoracic vertebra, where the upper edge of LD 
terminates, to the place where it attaches to the iliac crest, 
was measured (Figure 2). Width of LD: Measured at the widest 
level of the muscle (Figure 2). Tendon length of LD: Measured 

Table I: Number of Fetuses by Trimester, Month and Sex

Trimester (Weeks) Months (Weeks)
Number of gender

%
Male Female

2nd trimester (15-24 weeks)

4th month (15-16 weeks) 0 1 2.04

5th month (17-20 weeks) 2 5 14.29

6th month (21-24 weeks) 3 3 12.24

Total (15-24 weeks) 5 9 28.57

3rd trimester (25-36 weeks)

7th month (25-28 weeks) 7 4 22.45

8th month (29-32 weeks) 4 4 16.33

9th month (33-36 weeks) 3 3 12.24

Total (25-36 weeks) 14 11 51.02

Full term (37-40 weeks)
10th month (37-40 weeks) 6 4 20.41

Total (37-40 weeks) 6 4 20.41

Total (15-40 weeks) 25 24 100.00
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at the middle level of the tendon (Figure 2). Tendon width of 
LD: Measured at the widest level of the tendon (Figure 2).

Distance between insertion of LD and dominant pedicle (DP) 
(Insertion of LD - DP): The longest distance between the in-
sertion of LD and the point where the dominant neurovascu-

lar pedicle enters LD was measured (Figure 3A). Dominant 
pedicle width of LD: The longest distance between the points 
where the neurovascular structures of the dominant pedicle 
enter LD was measured (Figure 3B).

Horizontal lengths of thoracolumbar fascia at T7, T10, T12, L2, 
and L4 vertebral segments (TLF T7, TLF T10, TLF T12, TLF 
L2, TLF L4): The distance from spinous processes of T7, T10, 
T12, L2 and L4 vertebrae to the junction of LD with TLF was 
measured horizontally (Figure 4).

It was evaluated whether the attachment of the lowest muscle 
fibers of LD to the iliac crest was direct or through fascia. It 
was assessed whether LD was attached to the inferior angle 
of the scapula (Figure 5). The positional relationship between 
LD and teres major (TM) tendons was evaluated (Figure 6). 
The branching pattern and number of TN were determined 
when entering LD.

In our study, necessary evaluations were documented, and 
measurements of Insertion of LD – DP and Dominant pedicle 
width of LD were taken using a digital vernier caliper with 0.01 
mm sensitivity. Other measurements were conducted using 
the ImageJ program (National Institutes of Health, Bethesda, 
MD) on photographs. Additionally, any detected variational 
conditions were recorded.

The data were analyzed using SPSS version 20 for Windows. 
Minimum, maximum, mean, and standard deviation (SD) val-
ues of parameters were calculated according to gestational 
age groups (trimester and month) and gender. The normality 
of Z-score distributions was assessed using the Kolmogorov–
Smirnov and Shapiro–Wilk W-tests. Due to the large sample 
sizes, a statistically significant non-normality was accept-
ed unless the normal plot showed a clear deviation from a 
straight line (22). Independent samples t-test, One-way ANO-
VA, Pearson correlation test, and Simple Linear Regression 

Figure 1: A) Right and left latissimus 
dorsi (LD) image of a 24-week-old fetus. 
B) The costal surface on top, left LD 
with dominant pedicle removed.

Figure 2: Left latissimus dorsi (LD) image of a 24-week-old fetus 
with costal surface on top, 1- Anterior border length of LD, 2- 
Superior border length of LD, 3- Posterior border length of LD, 
4- Width of LD, 5- Tendon length of LD, 6- Tendon width of LD.

A B
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Models were used since our data showed normal distribution. 
The P value <0.05 was considered statistically significant.

█   RESULTS
All 49 fetuses in our study had bilateral LD. The maximum, 
minimum, mean, and SD of all the measured parameters relat-
ed to the LD are presented in Table II. When right and left side 
measurements were compared, no significant difference was 
found in all parameters in general and trimester groups. No 
statistically significant difference was determined upon evalu-
ating the parameters regarding gender.

It was determined that all of these parameters of LD increased 
according to trimesters, and there was a statistically signifi-
cant difference between trimesters (p<0.001, Table II).

When examining the correlation of gestational age (weeks) 
with the Anterior border length of LD (r = 0.913), Posterior bor-
der length of LD (r=0.912), and Width of LD (r=0.942), a very 
strong relationship was detected. The regression graph and 
equation showing the change in these parameters according 
to gestational age (weeks) are given in Figures 7 and 8.

Attachment of LD to the iliac crest was evaluated in 98 cases. 
It was determined that it was attached directly by muscle fiber 
in 59 cases (60.2%), and in 39 cases (39.8%) it was attached 
through fascia.

The attachment of LD to the inferior angle of the scapula was 
investigated in 96 cases. Attachment to the inferior angle of 
the scapula was detected in 85 cases (88.5%). It was seen 
that only 4 (4.1%) of those attachments were through muscle 
fiber, while 81 (84.4%) of them were through fascia (Table III).

Positionally, due to the close proximity of LD and TM ten-
dons, the separate or combined course of the tendons was 
investigated. It was observed that LD and TM tendons were 
completely separated and inserted into separate places in 83 

Figure 3: A) Insertion of latissimus 
dorsi (LD) - dominant pedicle (DP): 
Distance between insertion of LD 
and dominant pedicle. B) Dominant 
pedicle width of LD.

Figure 4: Red vertical dashed line: shows the middle line (spinous 
processes of vertebrae), Blue pins: indicate the junctional 
border of thoracolumbar fascial (TLF) with latissimus dorsi (LD), 
Horizontal yellow lines: show horizontal length between spinous 
process (T7, T10, T12, L2, and L4) in the corresponding vertebra 
and the junction of TLF with LD.

A B
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Table II: The Maximum, Minimum, Mean, SD Values and Comparison according to Trimesters of all the Measured Parameters Related 
to LD

Parameters Trimester n Minimum 
(mm)

Maximum 
(mm) Mean (mm) SD p-value

Anterior border 
length of LD

2 26 37.55 73.04 51.49 9.12

<0.001
3 46 46.11 122.42 82.27 17.43

4 20 79.97 130.87 108.17 11.83

Total 92 37.55 130.87 79.20 24.72

Superior border 
length of LD

2 26 15.28 43.24 27.30 5.94

<0.001
3 46 22.39 70.13 42.47 10.27

4 20 39.23 71.51 54.92 8.80

Total 92 15.28 71.51 40.89 13.24

Posterior border 
length of LD

2 26 22.02 53.07 37.22 8.43

<0.001
3 46 42.68 84.93 61.09 12.07

4 20 55.54 100.55 82.03 11.21

Total 92 22.02 100.55 58.90 19.29

Width of LD

2 26 10.52 33.18 23.78 5.84

<0.001
3 46 27.00 59.06 40.35 8.70

4 20 44.74 63.88 54.69 4.65

Total 92 10.52 63.88 38.78 13.13

Tendon length of LD

2 26 7.22 14.93 11.91 1.92

<0.001
3 46 10.31 24.17 16.21 3.21

4 20 16.80 27.52 20.90 2.63

Total 92 7.22 27.52 16.01 4.20

Figure 5: A) Latissimus dorsi 
(LD) is attached to the inferior 
angle of the scapula. 
B) LD not attached to the 
inferior angle of the scapula.

A B
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Parameters Trimester n Minimum 
(mm)

Maximum 
(mm) Mean (mm) SD p-value

Tendon width of LD

2 26 2.00 5.19 3.75 0.89

<0.001
3 46 3.36 8.89 5.68 1.40

4 20 5.92 9.79 7.73 0.99

Total 92 2.00 9.79 5.58 1.84

Insertion of LD - DP

2 25 16.93 29.52 22.57 3.08

<0.001
3 48 20.08 44.32 31.07 5.63

4 20 31.45 46.90 39.32 3.68

Total 93 16.93 46.90 30.56 7.46

Dominant pedicle 
width of LD

2 25 3.57 9.30 5.45 1.46

<0.001
3 48 4.07 16.52 8.13 2.69

4 20 5.15 14.85 11.14 2.47

Total 93 3.57 16.52 8.06 3.07

TLF T7

2 26 7.23 17.64 10.86 2.60

<0.001
3 50 6.73 24.24 12.62 3.58

4 20 10.96 22.17 16.69 3.01

Total 96 6.73 24.24 12.99 3.79

TLF T10

2 26 5.45 13.10 8.44 1.75

<0.001
3 50 5.75 17.11 10.12 2.69

4 20 9.51 18.56 13.88 2.38

Total 96 5.45 18.56 10.45 3.05

TLF T12

2 26 3.95 13.79 9.35 2.45

<0.001
3 50 6.45 24.85 13.10 3.73

4 20 9.47 18.88 15.15 2.37

Total 96 3.95 24.85 12.51 3.78

TLF L2

2 26 7.93 16.50 11.50 2.40

<0.001
3 50 8.97 30.43 16.96 4.18

4 20 14.11 27.82 21.76 3.46

Total 96 7.93 30.43 16.48 5.07

TLF L4

2 26 7.97 19.61 12.93 2.84

<0.001
3 50 12.34 31.42 18.16 3.48

4 20 17.23 33.81 24.37 5.21

Total 96 7.97 33.81 18.04 5.42

LD: Latissimus dorsi, Insertion of LD - DP: Distance between insertion of LD and dominant pedicle, TLF: Thoracolumbar fascia, SD: Standard 
deviation.

Table II: Cont.
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Figure 6: LD: Latissimus dorsi, TM: Teres major, (*): adhesion point. A) LD and TM tendons are completely separate. B) LD and TM 
tendons are adhered. C) LD and TM tendons are fully fused.

Figure 7: Linear regression graphs and equations of all parameters with gestational age. A) Anterior border length of LD. B) Superior 
border length of LD. C) Posterior border length of LD. D) Width of LD. E) Tendon length of LD. F) Tendon width of LD.
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cases. At the same time, it was determined that the tendons 
progressed together and separated from each other during 
insertion in 9 cases. No tendon relationship was observed that 
progressed completely together and ended by insertion in the 
same place in any case (Table IV).

TN was seen to branch in different numbers up to the point 
where it entered LD. Accordingly, it was determined that TN 
gave 2-8 branches (Figure 9, 10). The way TN is divided into 
branch numbers was also noted (Table V).

Variation Outcomes

In the study, 4 axillary arches were found bilaterally in two fe-
male fetuses at 21 (second trimester) and 28 (third trimester) 
weeks of age. It was detected that there was an additional 
tendon for LD insertion bilaterally in the 21-week-old fetus. It 
was observed that both right and left variational tendons were 
inserted into the coracoid process.

It was determined that the axillary arch, which was detected 
bilaterally in the 28-week-old fetus, had a different course. The 
right axillary arch inserts into the short head of the biceps bra-

Table IV: Relationship Between LD and TM Tendons

Relationship between LD and TM 
tendons n (%)

Adhered 9 (9.8)
Completely separate 83 (90.2)
Total 92 (100.0)
LD: Latissimus dorsi, TM: Teres major..

Table V: Branch Number and Shape of TN

Number 
branches of TN Branching pattern of TN n (%)

2
2 major branches 11 (11.3)
Total 11 (11.3)

3
3 major branches 15 (15.4)
2 major branches; one of the branches splits into 2 2 (2.1)
Total 17 (17.5)

4

4 major branches 28 (28.9)
2 major branches; one of the branches splits into 3 1 (1.0)
2 major branches; both branches split into 2 8 (8.2)
Total 37 (38.1)

5
5 major branches 18 (18.6)
2 major branches; one of the branches splits into 3, the other splits into 2 1 (1.0)
Total 19 (19.6)

6

6 major branches 7 (7.2)
4 major branches; one of the branches splits into 3 1 (1.0)
3 major branches; all three branches split into 2 1 (1.0)
2 major branches; both branches split into 3 2 (2.1)
Total 11 (11.3)

7
2 major branches; one of the branches splits into 4, the other splits into 3 1 (1.0)
Total 1 (1.0)

8
2 major branches; one of the branches splits into 6, the other splits into 2 1 (1.0)
Total 1 (1.0)

Total 97 (100.0)

TN: Thoracodorsal nerve.

Table III: Attachment of LD to Inferior Angle of Scapula

Attachment of LD to inferior angle of 
scapula n (%)

Absent 11 (11.5)
Available (via fascia) 81 (84.4)
Available (via muscle fiber) 4 (4.1)
Total 96 (100.0)
LD: Latissimus dorsi.
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Figure 8: Linear regression graphs and equations of all parameters with gestational age. A) Insertion of LD – DP. B) Dominant pedicle 
width of LD. C) TLF T7. D) TLF T10. E) TLF T12. F) TLF L2. G) TLF L4.

Figure 9: LD: Latissimus dorsi, TN: Thoracodorsal nerve, Red dots: branches from TN. A) TN is divided into 2 branches. B) TN is divided 
into 3 branches. C) TN is divided into 4 branches. D) TN is divided into 5 branches.
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anterior, superior, and posterior border lengths of LD were 
79.20±24.72 mm, 40.89±13.24 mm, and 58.90±19.29 mm, 
respectively. Although anterior, superior, and posterior border 
lengths of LD in our study were consistent with the data of 
other studies, slight differences were observed. We think this 
may be due to the difference in the population and the number 
of samples studied.

Mean width of LD, tendon length of LD, and tendon width of 
LD values were reported by Beger et al. as 23.32±5.85 mm, 
6.77±1.56 mm, and 3.46±0.96 mm, respectively (5). In our 
study, the mean width of LD, tendon length of LD, and ten-
don width of LD values were found to be 38.78±13.13 mm, 
16.01±4.20 mm, and 5.58±1.84 mm, respectively. The mean 
width of LD, tendon length of LD, and tendon width of LD 
values in our study were found to be higher than the values in 
the study of Beger et al. (5). We believe that this discrepancy 
could be because, in our work, LD-related parameters were 
measured after the fetus was separated, whereas Beger et al. 
(5) measured LD-related parameters on the fetus. Our mea-
surement method may provide more reliable results, consid-
ering using LD as an appropriately sized free flap.

We could not find a statistically significant difference when we 
compared all the length and width measurement values be-
tween right - left and genders. Similar to our findings, Beger et 
al. also observed no statistical difference between sides and 
genders during the fetal period (5).

LD tendon transfer has been used before for irreparable tears 
of Rotator Cuff and has been reported to give successful re-
sults (12). In addition, LD tendon transfer can be performed in 
children born with brachial plexus palsy (4). It is predicted that 

chii. It was revealed that the left axillary arch was divided into 
two parts and inserted in two different places; one of the vari-
ational tendons was inserted in the short head of the biceps 
brachii, while the other was inserted in the coracoid process.

█   DISCUSSION
It has been shown that prenatal intervention in patients with 
myelomeningocele can arrest the neural destruction caused 
by exposure of the spinal cord to the intrauterine environ-
ment and thus significantly improve the neurological outcome 
at birth (17). Latissimus dorsi is widely used in intrauterine 
or postnatal myelomeningocele repairs (17,28,29). Although 
there are many studies on LD morphometry, innervation, vas-
cularization, and variations (14,19,21), little information has 
been published about these data in fetal cadavers (5,9). In-
vestigating variations and development of LD and TLF in the 
fetal period, revealing the normal anatomy, will be a guide in 
studies and surgical interventions in this region.

When length and width measurements were evaluated, a sta-
tistically significant increase was observed in all parameters 
during gestational age (p<0.001). We found few studies in the 
literature on anterior, superior, and posterior border lengths 
of LD (5,9). In the study conducted by De Andrade et al. 
on the left side of 8 fetuses, anterior, superior, and posteri-
or border lengths of LD were reported as 59-98 mm range, 
21-58 mm range, and 40-71 mm range, respectively (9). In 
the study conducted by Beger et al. bilaterally on 50 fetus-
es, the mean anterior, superior, and posterior border lengths 
of LD were reported as 76.41±21.40 mm, 45.44±13.53 mm, 
and 44.44±11.84 mm, respectively (5). In our study, the mean 

Figure 10: LD: Latissimus dorsi, TN: Thoracodorsal nerve, Red dots: branches from TN. A) TN is divided into 6 branches. B) TN is divid-
ed into 7 branches. C) TN is divided into 8 branches.

A

CB



86 86 | Turk Neurosurg 35(1):76-89, 2025

Ozdemir B. et al: Latissimus Dorsi for Prenatal Surgery

muscle fibers come into contact with the iliac crest before the 
operation (7). In the study of Yahia and Vacher (7), on 30 adult 
and 6 fetal cadavers, they reported the rate of direct attach-
ment of LD muscle fibers to the iliac crest as 13.33% and 
66.66%, respectively. Beger et al. reported the rate of direct 
attachment of LD muscle fibers to the iliac crest as 59% in 
their study on 50 fetuses (5). Our study determined the rate of 
direct attachment of LD muscle fibers to the iliac crest to be 
60.2%. The similarity between our results and those of Beger 
et al. could be attributed to their study’s comparable number 
and population of fetuses (5). We think the difference in the re-
sults of Yahia and Vacher (7) may be due to the different num-
ber of fetuses studied. The results of adult and fetal cadaver 
studies suggest that the fascia attachment of LD to the iliac 
crest may vary with age. Early in development, LD was pre-
dominantly attached directly to the iliac crest by muscle fibers. 
Still, as it developed, it revealed a more extensive attachment 
to the iliac crest via fascia. Thus, it can be considered that LD 
muscle can be used effectively in cases requiring osteomus-
cular flaps at an early age.

Very few studies have been conducted on the relationship be-
tween LD and the inferior angle of the scapula (22, 31). Some 
anatomy textbooks state that the LD attaches to the inferior 
angle of the scapula, yet no detailed information is provided 
on this aspect (25, 26). It has been stated that the attachment 
of LD to the inferior angle of the scapula via muscle fibers may 
limit the mobility of the tendon and muscle in the abduction 
and external rotation of the humerus (22). It was noted that 
43% of LD was attached to the inferior angle of the scapula 
via muscle fibers in 100 cadaver shoulders examined by Pou-
liart and Gagey (22). Williams et al. (31) examined 8 cadaver 
shoulders and reported that no LD was attached to the inferior 
angle of the scapula by muscle fibers. Our study noted that 
88.5% of LD was attached to the inferior angle of the scapula, 
and only 4.1% of these were via muscle fiber. The results of 
our study regarding the attachment of LD to the inferior angle 
of the scapula show some differences from other studies. This 
difference may be due to the different cadaver populations 
and the number studied.

It has been reported that the LD tendon is a suitable option for 
use in tendon transfer surgery in the shoulder region due to its 
ideal length and strength (10). Moreover, findings have been 
reported that LD and TM tendons are interconnected, which 
makes separation difficult (4). Therefore, various studies on 
the relationship between LD and TM tendons (4,6,10,11). Ta-
ble VI summarizes studies on the relationship between LD and 
TM tendons. The results of these studies, ours included, differ 
from each other, possibly due to the variety of breeds studied 
and the differences in sample sizes. Investigating the tendon 
relationships between the LD and the TM may aid in predicting 
outcomes in surgical procedures requiring tendon release or 
transfer and preventing damage to adjacent structures.

It has been reported that the TN yields successful outcomes 
in situations requiring nerve grafting, such as in cases of facial 
nerve paralysis (24). This success is attributed to TN’s charac-
teristics as a motor nerve, including its appropriate branching 
pattern, length, and capacity (30). Therefore, there are various 

defining the location of neurovascular structures relative to the 
tendon of LD will provide information that will facilitate tendon 
transfer (21). For this reason, we included measurements of 
the insertion of LD – DP and dominant pedicle width of LD in 
our study, as these were not reported in the existing literature. 
We believe this data is crucial for identifying the entry points of 
neurovascular structures into the LD and preserving the tho-
racodorsal artery, vein, and nerve. Based on our findings, the 
inferior limit should not exceed approximately 30 mm from the 
insertion point to ensure safe LD tendon transfer in newborns.

It was stated that to understand and palpate TLF, the width of 
TLF should be measured according to different vertebral seg-
ments (16). It was emphasized that these measurements are 
essential in diagnosing TLF-related pathologies, determining 
correct palpation methods, and planning treatment (16). Data 
comparison is based on a previous fetal histological section 
study and an adult anatomical study, as we could not find any 
published studies in fetuses of the horizontal length of TLF 
to the border with LD. In the study by Abe et al., in which 
they examined the connections of the posterior layer of the 
TLF on paraffin-embedded histological sections of 25 fetus-
es, they reported that they saw LD in the thoracic sections, 
not in the abdominal sections (1). In a study conducted by 
Marpalli et al., using a millimetric ruler on 20 adult cadavers, it 
was reported that the horizontal length of TLF was different at 
different vertebral segments, and the measurement at the L4 
segment was higher than at other vertebral segments. In addi-
tion, the authors found no significant difference between side 
measurements at the same vertebral segment (16). Similarly, 
in our study, the widest TLF horizontal length was measured 
at the L4 segment, and no statistically significant difference 
was observed between the sides at the same vertebral seg-
ment. We think that the reason why our results are similar to 
those of Abe et al. and Marpalli et al. may be because the 
direction of TLF during prenatal growth and development is 
compatible with the adult TLF configuration (1,16). We think 
TLF horizontal length data at the vertebral level can contribute 
to determining the appropriate LD flap designs for prenatal 
and postnatal repair surgeries.

It has been reported that regression formulas related to LD 
width and margin lengths may be helpful in designing flap siz-
es when LD muscle is suitable for flap surgery that should 
be performed immediately after birth or in the womb (5). Of 
100 LD muscles aged between 18 to 36 weeks, Beger et al. 
identified a positive correlation between gestational age and 
Surface Area of LD (R2 = 0.814; p<0.001), Length of Anteri-
or Margin of LD (R2 = 0.794; p<0.001), Length of Posterior 
Margin of LD (R2 = 0.706; p<0.001) (5). In this study, a robust 
relationship was established between gestational age and 
Anterior border length of LD (R2 = 0.834; p<0.001), Posterior 
border length of LD (R2 = 0.831; p<0.001), Width of LD (R2 = 
0.888; p<0.001), (Figure 7).

Beger et al. emphasize that LD can be preferred in cases re-
quiring osteomuscular flaps, and for this, how LD is attached 
to the iliac crest plays a crucial role (5). Moreover, it may also 
be necessary for LD flap design to be planned more distally. 
It has been stated that it is not possible to know whether LD 
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period is crucial for diagnosing pathologies in that region and 
planning treatments for anomalies. For this reason, our study 
presents data on parameters and variational conditions of LD 
not observed in initial examinations of fetal cadavers, offering 
insights from a more comprehensive series than those in pre-
vious studies. In the morphometric measurements obtained, it 
was discovered that the development of LD in the intrauterine 
period was similar between right - left sides and between gen-
ders, and no statistically significant difference was observed 
in the developmental patterns of these groups during the in-
trauterine period. Moreover, the detailed description of muscle 
anomalies in the axilla and evaluation of the associated clinical 
results may help better understand the basis of surgical inter-
vention in this region. In the presence of a variational condition 
in this region, such as the axillary arch, it may be beneficial 
for clinicians and surgeons to consider that the lymph node 
may be hidden behind this arch and cause compression of the 
neurovascular structures.

It seems possible that the LD musculocutaneous flap can be 
used effectively and reliably to close large lumbosacral de-
fects. It should be taken into consideration that, especially 
in cases where myelomeningocele is detected, repair before 
birth may have a protective effect and prevent the neural plate 
from drying out. We anticipate that this study and subsequent 
research comparing prenatal and postnatal treatments will 
provide valuable insights for developing intrauterine invasive 
fetal procedures and determining the optimal timing for inter-
vention.
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studies on how many branches TN splits before entering LD 
(3,5,28,29). It was determined by Bartlett et al. that 2 branches 
were separated in 86% of the samples, and a small medial 
branch was separated from the lateral branch in 14% (3). It 
was reported by Theeuwes et al. that 2 branches were sepa-
rated in 27% (on three sides) and 3 branches in 73% (on eight 
sides) of the samples (28). It was found by Tobin et al. that 2 
branches were separated in 94% and 3-4 branches in 6% of 
the samples (29). It was reported by Beger et al. that 2 branch-
es were separated in 93% (93 sides), 3 branches in 6%, and 
4 branches in 1% of the samples (5). Although our data on 
the branching of TN did not match the rates of other studies, 
it was observed that TN was divided into 5-8 branches with a 
rate of 32.9%. We think that the differences may be due to the 
number of samples studied and differences between popula-
tions. Therefore, more studies are needed on the number and 
shape of TN branching.

The axillary arch is a variational muscle originating from LD 
while inserting in different places (13). It has been observed 
that this anomaly commonly extends to TM, long head of tri-
ceps brachii, short head of biceps brachii, coracobrachialis, 
coracoid process, medial epicondyle of humerus, pectoralis 
major and minor (2). When Taterra et al. evaluated all 28 stud-
ies in their meta-analysis study, the incidence of the axillary 
arch was found to be 5.3% (27). In our study, we observed the 
axillary arch in 4 cases (4.1%). This rate is consistent with the 
rates reported in the literature. Moreover, the literature has re-
ported that the axillary arch is a bidirectional slip that typically 
includes an origo and an insertion (8). However, a few cases 
where the connections of the axillary arch are more complex, 
extending to more than one region, have also been described 
(15,18). Similarly, our study found a multiple axillary arch in 
one axilla, originating from the LD, then branching off and ter-
minating in two regions: the short head of the biceps brachii 
and the coracoid process.

█   CONCLUSION
Understanding the development, morphometric character-
istics, and variations of the LD and the TLF during the fetal 

Table VI: Comparison of the Relationship Between LD and TM Tendons in Our Study with Other Studies

LD and TM tendons are 
fully fused (ending with 

insertion at the same point)

LD and TM tendons adhered
(ending with insertion at 

different points)

LD and TM tendons are 
completely separate

(ending with separate 
insertion)

n (%) n (%) n (%)

Beck and Hoffer, (4) (n=8) 1 (12.5) 7 (87.5)

Iamsaard et al., (11) (n=1) 1 (100.0)

Goldberg et al., (10) (n=12) 1 (8.3) 3 (25.0) 8 (66.7)

Beger et al., (6) (n=100) 4 (4.0) 2 (2.0) 94 (94.0)

Present study (n=92) 0 (0.0) 9 (9.8) 83 (90.2)

LD: Latissimus dorsi, TM: Teres major.
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