Intratruncal Variability of the Thoracodorsal Nerve: Anatomical Research
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Abstract

Thoracodorsal nerve (TDN) injuries not infrequently occur in the setting of brachial plexus
injuries from various etiologies. On the other hand, the TDN may be spared even in severe brachial
plexus lesions, allowing it to serve as a graft for other nerve lesions aimed at maintaining upper
limb function. The aim of the present study was to investigate the types of topography of the
thoracodorsal nerve within the trunk from the latissimus dorsi muscle to the spinal cord and to
develop a technique for intraoperative identification of nerve fiber bundles.

On 105 male and female cadavers aged 40 to 97 years, 121 brachial plexus and thoracodorsal
nerve specimens were dissected macromicroscopically intraneurally from the latissimus dorsi
muscle to the spinal cord.

The thoracodorsal nerve is a mixed nerve consisting of 1-3 thin and soft bundles of sensory
fibers and one thick and dense bundle of motor nerve fibers. The number of sensory bundles
ranges from 1 to 3, and the motor bundle is one in all cases. As for thickness and density, the
sensitive bundles are thinner and denser than the motor ones. Depending on the relationship and
topography: in the thoracodorsal nerve, the motor bundle is located posteriorly and the sensory
ones anteriorly in 98.3% of the cases; in the posterior bundle of the brachial plexus, the fiber
bundles are in the posterior inferior part in 89%. The nerve fiber bundles are also located in the
posterior-inferior part of the middle and superior trunks, in the posterior-superior part - of the inferior
trunk, with the motor bundle located lower and the sensory bundle higher in 55.3% of the cases and
vice versa in 38.0%; in the roots of the brachial plexus, in 98.3% of the cases, the motor bundles
are in the posterior superior part and the sensory bundles in the posterior inferior part.

The thoracodorsal nerve is mixed and consists of sensory and motor bundles with a clear
posterior localization throughout from the widest muscle of the back to the spinal cord. Has been
developed a method of intra-trunk identification of sensitive and motor bundles which is based on
determining their number, thickness, density, relationship, and localization. The obtained data can
be used in intraoperative diagnosis of thoracodorsal nerve bundles and fascicular reconstruction of
damaged nerves of the brachial plexus.

Clinical article (J Int Dent Med Res 2023; 16(1): 447-454)

Keywords: Thoracodorsal nerve; intra-trunk topography; sensitive bundles; motor bundles.

Received date: 27 September 2022 Accept date: 22 October 2023
Introduction dissection 234, neurotization®®, auto
transplantation”®® and stitching'®'"'?, work has

Inconnection with the development of peen done on the identification of sensory and
new neurovascular technologies, such as motor neurons, variants of their location in the
whole nerve™™. The complexity of solving this
problem lies in the fact that only in the distal part
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also related to the fact that after the injury,
fascicular atrophy of the nerve is observed, which
progresses and affects 60-70% of the nerve
fibers in the first three months. At the same time,
fascicular atrophy is less pronounced in the area
of the nerve where the bundles are clearly

separated by the intraneural epineurium'”'®. In

this regard, in proximal nerve lesions, where
many mixed nerve fibers are present and
identification is difficult, epineural repair is
preferable, whereas in distal sections, fascicular
(perineural) plastic is more appropriate'®2021,

However, to restore the function of the
distal portion of the nerve, accurate
intraoperative identification is required because
the bundles are formed only a few centimeters
before exiting the main trunk?23,

Despite significant advances in
microsurgical treatment of nerves, the various
techniques that allow rapid and accurate
identification of motor and sensory fiber bundles
during surgery and their localization have serious
drawbacks'® 2%, Currently, there are
histochemical, electrophysiological, instrumental,
and anatomical methods for identifying nerve
fibers within a nerve'*?2,

Histochemical methods are used because
the activity of choline acetylase and choline
acetyltransferase is higher in motor nerve
bundles than in sensory ones?*?¢. The enzymatic
activity method can also detect sympathetic
postganglionic fibers?’. Detection of carbonic
anhydrase has been proposed to identify sensory
neurons?®2°. However, histochemical methods
inaccurately detect sensory and motor fibers,
require a long incubation time (50-80 minutes),
and do not allow diagnosis 5 days after injury®>3'.
Immunohistochemical methods, including
dynamic observation of specific proteins of
sensory and motor nerve bundles (proteomics),
as well as molecular fluorescent labeling with
qguantum dots performed in experimental animals,
show promising results but require long-term
adaptation for use in patients'#3233,

Electrophysiological methods such as
electrical stimulation, central motor evoked
potentials, H-reflex and M-wave showed good
results in differentiating sensory and motor
bundles in peripheral nerves intraoperatively in
patients and in animal experiments®**3°. However,
these methods are very sensitive to many factors
and are not accurate enough, are uncomfortable
for patients, require awakening from anesthesia,

local anesthesia, or the method cannot be
applied to intact nerve trunks in situ and late
injuries14'24'36'37.

Instrumental methods include a wide
range of modern investigations: Spectroscopy,
ultrasound, magnetic resonance imaging®. The
positive results of spectroscopy and cluster
analysis methods cannot be readily applied
during surgery due to the extensive equipment
and complex calculations required®>4°.

Ultrasound and MRI imaging techniques
are making progress but do not yet allow
assessment of the fine structure of the nerves.
Diffusion tensor MRI also does not provide
accurate information about the features of the
intranerval structure due to its small size and
course, geometric distortions, and
artifacts*' 424344 Numerous anatomical studies
have contributed greatly to the identification of
fascicular structure and underlie all methods
developed'"516:2045  Data from various sources
indicate somatotopic grouping of nerve fibers in
strictly localized areas (up to 21 cm long) of the
distal parts of the nerve'>**’ and sensory
bundles are much denser than motor bundles?'.
However, there is no appreciable information on
the fascicular structure of the proximal nerve

bundle. Therefore, nerve morphology alone
cannot effectively help in identifying nerve
bundles'?*%,

Considering that the above results are
based on the study of long mixed nerves of the
upper and lower extremities, we performed a
study of the intratruncal structure of the
thoracodorsal nerve, which is a "short" nerve of
the brachial plexus. Only a limited number of
papers have been devoted to the intratruncal
structure of the thoracodorsal nerve. The
thoracodorsal nerve is purely motor, the number
of myelinated fibers ranges from 1530 to 2470
axons*®, and more than 52% of motor fibers are
in its posterior part*®. The thoracodorsal nerve
consists of 2-4 bundles, and the average number
of myelinated nerve fibers in the branches is 974-
1843 axons®®®'. Immunofluorescence method
detected 6904 (¥3070) axons in the
thoracodorsal nerve, of which 927 (+79) are
motor axons and 5977 (+3066) are sensory
axons?.

Consequently, many complex and
inaccurate identification methods force surgeons
to rely mainly on their own experience to
evaluate the nerve fibers in the stump of an
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injured nerve. Therefore, there is a great need for
new simple and more efficient methods to identify
sensory and motor fiber bundles along the entire

length of the nerve®*%.

With this background, the aim of the
present study was to analyze different types of
topography of the thoracodorsal nerve in its
course from the latissimus dorsi muscle to the
spinal cord and to develop a technique for

intraoperative identification of nerve fiber bundles.

Materials and methods

The study was conducted in the
Department of Cadaveric Examinations of the
Krasnoyarsk Regional Bureau of Forensic
Medical Examinations on 121 specimens of the
brachial plexus and thoracodorsal nerve from
105 male and female cadavers aged 40 to 97
years. All cadavers were examined on the right
side; in 16 cadavers, both sides, right and left,
were examined simultaneously. All subjects
examined had died recently; the time between
death and dissection ranged from 4 - 20 hours.
The cause of death in all cases was general
somatic disease, with no injuries to the head,
neck, upper limbs, or chest. The study was
approved by the local ethics committee of

KrasSMU (Protocol No. 91, September 11, 2018).

The study of variants of intratrunkal topography
of the thoracodorsal nerve was performed by
macroscopic slice-by-slice anatomical and macro
microscopic intratrunkal preparation. In the first
phase, a slice-by-slice anatomic preparation was
performed with isolation of the spinal cord,
radicular filaments, anterior (motor) and posterior
(sensory) roots, anterior branches of spinal
nerves, roots, trunks, divisions, and bundles, and
the thoracodorsal nerve.

The isolated brachial plexus preparation
was placed in a 10% solution of neutral formalin
for 1-3 days, which is most used and does not
affect the structure of proteins®'. The preparation
was then fixed in a 2% acetic acid solution until
the end of the preparation. The choice of acetic
acid is related to its properties of counteracting
the shrinkage effect and dissolution of the extra-
and intraneural epineurium collagen' %% %3 The
choice of concentration and duration of fixation in
acetic acid is due to the need to isolate the nerve
fiber bundles a traumatically from the dense
structures of the brachial plexus.

In the second step, local intratubular

macro-microscopic dissection of the
thoracodorsal nerve with exposure of nerve fiber
bundles along the length from the latissimus
dorsi muscle to the posterior bundle of the
brachial plexus was performed using
microsurgical instrumentation, Carl Zeiss x2.5
binocular loupe, and MBS-10 x8 and x16
stereoscopic loupe. The third step was complete
macro-microscopic intratruncal dissection of
nerve fiber bundles of the thoracic nerve along
the entire length of the brachial plexus to the
spinal cord. Dissection of the nerves was
performed under visual control by opening the
epineurium and separating the bundles with
extreme care to avoid damaging their
perineurium. Special attention was paid to the
roots of the spinal cord through which the
selected bundles of the thoracic nerve pass,
which made it possible to determine their
functional affiliation: by the anterior - motor,
posterior - sensory.

All identified features of the intrastematic
structure of the thoracic nerve were entered into
the MS Excel 10.0 program, and the database
was analyzed using the Statistica for Windows
10.0 program.

Results

Macro microscopic intratrunk preparation
revealed that the thoracodorsal nerve is a mixed
nerve consisting of a varying number (1-3) of
sensory bundles and one motor bundle (Fig. 1).
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Figure 1. Macro preparation of the formation of

the sensitive and motor bundles of the
thoracodorsal nerve, their topography as part of
the spinal nerve C7 (longitudinally divided into
two halves), anterior and posterior roots
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(longitudinally divided into two halves), of the
spinal cord (dorsal view) of the brachial plexus of
a 79-year-old woman. 1 - thoracodorsal nerve; 2
— sensory bundle; 3 - motor bundle; 4 - spinal
nerve (C7); 5 - ganglion sensorium nervi spinalis;
6 - radix posterior; 7 - radix anterior.

Thus, the thoracodorsal nerve consists of
two bundles in 76% (92 plexuses) of cases, three
in 21.5% (26 plexuses), one in 1.7% (2 plexuses),
and four in 0.8% (1 plexus). Sensitive bundles
were found to be significantly (p=0.008) thinner
than motor 0.71 [0.5; 0.83] mm with a thickness
of 0.58 [0.33; 0.66] mm. When touched with
microsurgical instruments, sensitive bundles
were softer and motor bundles were
harder/tighter. The smaller the thickness and
softness of the sensory bundles, the greater the
thickness and density of the motor bundles,
which were preserved to the spinal cord. In a
two-bundle structure of the thoracodorsal nerve,
one thin and soft bundle of sensitive fibers is
identifiable and the other thick and dense motor.
In a three-bundle structure, one thick and dense
bundle is motor and the other two thin and soft
are sensitive. In a four-bundle structure, one thick
and dense motor bundle and three thin and soft
sensitive ones are identifiable. In a single-beam
structure of the thoracodorsal nerve, the nerve
fibers are intertwined, so that it is not possible to
distinguish motor and sensitive portions.

The isolated bundles in the thoracodorsal
nerve were not intertwined in 98.3% of cases and
were isolated from each other in strictly localized
areas. Thus, in 90.9% (110 plexuses) of cases,
the motor bundle was in the posterolateral part of
the thoracodorsal nerve and the sensory bundle
in the anteromedial. In 7.4% (9 plexuses) of
cases, the motor nerve fiber bundle was in the
posteromedial portion and the sensory bundle in
the anterolateral portion. In 1.7% (2 plexuses) of
cases, sensory and motor nerve fibers were
intertwined, making it impossible to isolate the
bundles and determine their location.

Distally, 1 cm before the division of the
thoracodorsal nerve into its extramuscular
branches, the nerve fibers of the sensory and
motor bundles intertwine and branch into
different branches. In the branches, the
intertwining of the nerve fibers continues 1 cm
from the branching point, and then separate
sensory and motor bundles are again formed, but
of smaller diameter.

Gorbunov N.S. and et al

In the posterior bundle of the brachial
plexus, the motor and sensory bundles of the
thoracodorsal nerve are localized in the posterior
inferior part in 89.2% (108 plexuses) of cases, in
the anteroinferior in 5.8% (7 plexuses), and in the
middle posterior in 5.0% (6 plexuses) (Fig. 2).
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Figure 2. Macro preparation of the thoracodorsal
nerve as part of the posterior bundle
(posteroinferior surface) of the brachial plexus of
a 59-year-old man. 1 - Thoracodorsal nerve (2-
bundle structure); 2 - axillary nerve; 3 - radial
nerve; 4 - posterior fasciculus; 5 - medial
fasciculus.

The first variant of posterior-inferior
localization and the third posterior-medial
localization are found when the thoracodorsal
nerve emerges from the posterior bundle. The
second variant of anterior-inferior localization is
noted when the thoracodorsal nerve arises from
the axillary nerve. The relationship between
sensory and motor portions in the posterior
bundle of the brachial plexus is stable: in 98.3%
(119 plexuses) of cases, the motor bundle is
located inferiorly, and the sensory portions are
located superiorly. In 2 plexuses (1.7%), it was
not possible to determine the mutual localization
of the bundles because of the intertwining of the
nerve fibers.

In the brachial plexus trunks, the sensory
and motor bundles of the thoracodorsal nerve are
unevenly distributed. More often, in 43% (52
plexuses) of cases, the bundles are in the
posterior part of the middle trunk; in 38.8% (47
plexuses), the bundles are in the posterior part of
the middle trunk and the posterior superior part of
the inferior trunk. Less frequently, sensory and
motor bundles have different localization in the
trunks of the brachial plexus: in 7.4% (9
plexuses) of the posterior superior part of the
inferior trunk, in 5.8% (7 plexuses) of the
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posterior inferior part of the superior and middle
trunks, in 5.0% (6 plexuses) of the posterior part
of the superior and middle trunks and the
posterior part of the inferior trunk.

The ratio of motor and sensory bundles in
the brachial plexus trunks is also different: in
55.3% (67 plexuses) of cases, the motor bundle
is lower, and the sensory ones are higher; in 38.
0% (46 plexuses), however, the motor bundle is
higher, and the sensory bundles are lower; in
5.0% (6 plexuses), the motor bundle is in the
middle and the sensory ones are higher and
lower; in 1.7% (2 plexuses), the interfascicular
localization could not be determined.

In C6, C7, and C8 roots, in 98.3% (119
plexuses) of cases, the motor bundle is localized
in the posterior superior part and the sensory
bundles are localized in the posterior inferior
parts (Figure 3). In rare cases (1.7%-2 plexuses),
the thoracodorsal nerve consists of a mixed
bundle located in the central medial part.

Figure 3. Schematic representation of the
variants of the relationship and localization of the
sensory (indicated in yellow) and motor (red)
bundles of the thoracodorsal nerve along the
entire length from the latissimus dorsi muscle to
the spinal cord: 1 - in the anterior and posterior
roots, 2 - spinal nerve, 3 - upper, the middle and
lower trunks of the brachial plexus, 4 - the
posterior bundle, 5 - the thoracic nerve. | —
coordinate system of fiber localization in roots,
spinal nerve, trunks, bundle; Il - thoracic nerve.

In the middle third of the anterior root of
the spinal cord is the motor bundle, and in the
posterior root, the sensory bundles of the
thoracodorsal nerve are closely intertwined with
other fibers, and it is not possible to determine
their localization. The anterior root is formed by
two common motor fiber bundles that divide into

7 - 8 spinal cord filaments near the spinal cord.
The posterior root is formed by a common bundle
of sensory fibers that split into 9 - 10 spinal cord
filaments as they approach the spinal cord. With
intratubular dissection, it is therefore possible to
identify the sensory and motor bundles of the
thoracodorsal nerve throughout.

Thus, macro microscopic intratrunk
preparation of 121 specimens from 105 cadavers
revealed that the thoracodorsal nerve is mixed
and consists of 1-3 thin and soft bundles of
sensory and one thick and dense bundle of motor
nerve fibers. Types of topography of bundles of
thoracodorsal nerve along the entire length from
latissimus dorsi muscle to spinal cord on the
plane: nerve - 3, bundles - 3, trunks - 5, roots of
brachial plexus - 2, roots of spinal cord - 1. A
method of intra-trunk identification of sensitive
and motor bundles has been developed, which is
based on determining their number, thickness,
density, relationship, and localization.

Discussion

Views on the structure of peripheral
nerves have changed three times in the last
century'® . Originally, the concept of fiber tracts
and functional nerve topography was developed.
The essence of this concept was that the fibers
supplying a particular muscle or region are
strictly localized in the nerve. The concept is that
the fiber bundles are crossed before the nerve is
divided into branches, and that these branches
are set high in the proximal direction.

Later, a second, opposite view of nerve
structure emerged, assuming numerous and
irregular anastomoses and division of the
bundles along their entire length. However, it was
assumed that motor or sensory fibers could be
grouped into bundles in a particular quadrant of
the nerve. The third, intermediate, view
envisages the presence in the distal part of the
nerve of sections (up to 21 cm long) with a
clearly defined course of nerve fiber bundles,
mainly before division into branches.

Therefore, our knowledge of intratruncal
topography, especially of the proximal part of the
nerve, is still far from certain and accurate'® #°.
Considering that the above results were obtained
in the study of the long nerves of the extremities,
we performed a study on the possibilities of
intratrunkal topography of the thoracodorsal
nerve, which is a short nerve of the brachial

Volume - 16 - Number - 1 - 2023 Page 451




plexus.

We performed intratrunkal preparation on
121 brachial plexus preparations from 105
human cadavers and found that the

thoracodorsal nerve is a mixed nerve. This is
consistent with the data®®, who found that only
15% of the axons in the thoracodorsal nerve are
motor and 85% are sensitive. Our data on the
bundle structure (1-4) of the thoracodorsal nerve
are consistent with the work where was identified
2-4 bundles of nerve fibers®.

In our work we managed to isolate the
bundles of the thoracodorsal nerve to the roots of
the spinal cord and to determine their functional
affiliation: the bundles passing through the
anterior root are motor; those passing through
the posterior root are sensory. The
characteristics of the bundles of the
thoracodorsal nerve are given sensory - thin and
soft, and there are from 1 to 3 of them, at motor
bundles there is always only one, this one is
thicker and denser in relation to the sensory
bundles. The obtained results do not agree with
results according to which the enzymatic density
in the unmyelinated fibers of sensory bundles is

much denser than in the fibers of motor bundles?’.

Apparently, the mechanical and enzymatic
density of the bundles differ from each other; in
motor bundles, which are dense on contact, the
enzymatic activity of the fibers is less
pronounced, and in soft, sensitive ones it is
higher.

In addition, we identified variants of
intraneural topography of bundles to the spinal
cord: Nerve - 3, bundles - 3, trunks - 5, roots of
brachial plexus - 2, roots of spinal cord — 1
(Figure 3). The most common variant is the
course of bundles of thoracodorsal nerve through
posterior parts of the nerve itself, the posterior
bundle, trunks, roots of brachial plexus and roots
of spinal cord. This is in partial agreement with
the data where was found that more than 52% of
motor fibers are in the posterior part of the
thoracic nerve®.

Based on the data obtained, a method
was developed for intratrunkal identification of
the sensory and motor bundles of the
thoracodorsal nerve based on their number,
thickness, density, relationship, and topography.
The number of sensory bundles ranges from 1 to
3, and the motor bundle is one in all cases. As for
thickness and density, the sensitive bundles are
thinner and denser than the motor ones.

Depending on the relationship and topography: in
the thoracodorsal nerve, the motor bundle is

located posteriorly and the sensory ones
anteriorly in 98.3% of the cases; in the posterior
bundle of the brachial plexus, the fiber bundles
are in the posterior inferior part in 89%. In the 2%
of the cases, with the sensory bundles always
higher up in the nerve when dissecting downward
from the front of the recumbent cadaver than the
motor bundles. The nerve fiber bundles are also
located in the posterior-inferior part of the middle
and superior trunks, in the posterior-superior part
- of the inferior trunk, with the motor bundle
located lower and the sensory bundle higher in
55.3% of the cases and vice versa in 38.0%; in
the roots of the brachial plexus, in 98.3% of the
cases, the motor bundles are in the posterior
superior part and the sensory bundles in the
posterior inferior part. In the roots of the brachial
plexus, the motor bundle is localized in the
posterior superior and the sensory in the
posterior inferior in 98.3% of cases; in the middle
third of the roots of the spinal cord, the bundles
(the sensory in the posterior and the motor in the
anterior) are tightly intertwined with other fibers
and it is not possible to further determine their
localization.

Conclusions

The thoracodorsal nerve is a mixed nerve
and consists of sensory and motor bundles with a
distinct posterior localization from the latissimus
dorsi muscle to the spinal cord. An algorithm for
intratrunk identification was developed based on
the number, thickness, density, relationship, and
topography of the sensory and motor bundles.
The data obtained can be used in intraoperative
diagnosis of thoracodorsal nerve bundles and in
fascicular reconstruction of damaged brachial
plexus nerves.
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