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ABSTRACT

Aim. To study anatomical variations of the intra—trunk pathways in the thoracodorsal nerve bundles and to develop
a system for their coding.

Materials and methods. After fixation in a 2% solution of acetic acid using the MBS-10 stereomicroscope,
we performed macro- and microscopic intra-trunk dissection of thoracodorsal nerve bundles in 121 specimens
obtained from 105 corpses of males and females who died at the age of 40-97 years. Using the obtained findings,
we compiled a database in the MS Excel 12.0 software and determined the number of anatomical variations in
absolute and relative (% from 121 specimens) units.

Results. The study revealed that the thoracodorsal nerve is a mixed nerve, which consists of 1 motor and 1—
3 sensory bundles that variously pass through the spinal nerves, trunks, and the axillary nerve with the formation of
20 intra-trunk pathways. In 77% of cases, sensory bundles arising from the thoracodorsal nerve pass through the
posterior bundle, the posterior division, the middle trunk, and the C7 spinal nerve or the inferior trunk and the C8
spinal nerve. In 22% of cases, the thoracodorsal nerve has one or, rarely, two duplicate sensory pathways besides the
main one. In 93% of cases, the motor bundle to the thoracodorsal nerve passes through the C7 spinal nerve and the
middle trunk, the posterior division, and the posterior bundle. Coding the anatomical variations of the intra-trunk
pathways in the direction of sensory bundle «posterior bundle — posterior division — trunk — spinal nerve; motor
bundle « posterior bundle « posterior division « trunk « spinal nerve allows to briefly yet clearly and fully
display the morphological diversity of the nerve anatomy.

Conclusion. The identified anatomical variations of the intra-trunk pathways can be useful in the diagnosis of
injuries and diseases. They expand indications for the use of spinal nerves, trunks of the brachial plexus, and the
thoracodorsal nerve in reconstructive surgery.
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PE3IOME

Iesib — M3y4YnTh BApHAHTBI BHYTPHCTBOJIBHBIX IMyTEil ITyYKOB IPYAOCIHMHHOTO HEpBa U pa3paboTaTh CUCTEMY HX
KOZIUPOBaHUS.

Marepuassl u Mmetoabl. [Tocne ¢pukcanun B 2%-M pacTBOpe yKCYCHOM KHCIIOTHI C IOMOIIBIO CTEPEOCKONNYECKOM
synsl MBC-10 BbIIONHEHO MaKPOMHUKPOCKOIIMYECKOE BHYTPUCTBOJIBHOE NIPENapUpOBaHUE [IyYKOB IPYJOCIMHHO-
ro Hepsa Ha 121 nmpenapate iedeBoro cruiereHus ot 105 Tpynos My>X4MH U >KEHIIUH B Bo3zpacte 40-97 ner. U3
MOJTy4eHHBIX MoKasareneil B mporpamme MS Excel 12 chopmupoBana 6a3a JaHHBIX M IIPOBEICHO OIpEeICHHe
KOJIMYECTBA BCTPEUAIOIINXCSl BAPHAHTOB CTPOCHHS B aOCOJIIOTHBIX M OTHOCHTENBHBIX (% oT 121 npenapara) exu-
HULIAX.

Pe3yabTatsl. [IpoBeieHHOE HCCIEIOBAHNE TIO3BOIMIIO BBISIBUTH, YTO TPy JOCIMHHON HEPB SIBISAETCS CMEITaHHBIM
HEPBOM, COCTOUT U3 1—3 WyBCTBHUTEIBHBIX M OJHOTO JBUTATELHOTO ITyYKOB, KOTOPHIE HEOJMHAKOBO IPOXOST
Yepe3 CIIMHHOMO3TOBEIE HEPBBI, CTBOJIBI, IOAMBIIICYHEIH HEPB ¢ oOpa3zoBanneM 20 BHYTPHCTBOJBHBIX ITyTEH.
B 77% ciydaeB qyBCTBUTENBbHBIE ITyYKH OT TPYJOCITHHHOTO HEPBa MPOXOJAT Yepe3 3aJHUI MydOoK, 3aHee pasJie-
JIeHUe, CPeHUI CTBOJI M cIMHHOMO3roBo# HepB C7 mimm  HwkHHH cTBoa u C8. B 22% y rpymocnuHHOTO HepBa
KpOME OCHOBHOTO HMEETCs €IIe OANH, PEIKO — IBa AyOINpPYyIOMNX TyBCTBUTEIBHBIX ITyTH. J|BUTaTeIBHBINA ITyqOK
JI0 TPYAOCIIHHOTO HepBa B 93% MpoxXoauT depe3 CIMHHOMO3Tr0oBoH HepB C7 M CpeiHHH CTBOJI, 3aJHEE pa3/IelICHue
u 3aaHAl mydok. KoaupoBaHue BapHaHTOB BHYTPUCTBOJIBHBIX MyTel B HANPAaBICHUH TyBCTBUTEIBHBIN ITydOK —
3aHUH ITy4OK — 3aJHee pasje’eHre — CTBOJ — CIIMHHOMO3IOBOI HEpB; ABUTaTEIbHBIA IydOK + 3aIHUH ITy-
YOK + 3aJHee pa3JeleHHe + CTBOJI ¢ CIIMHHOMO3TOBOI HEPB MO3BOJSIET KPATKO, HATJISAHO U MOIHO OTOOPa3UTh
Bce MOp(oTOrHuecKrue pasHOOOpasust CTPOCHUSL.

3ak/04eHne. BrIsBICHHBIE BAPUAHTHI BHYTPUCTBOIBHBIX ITyTEH MOTYT OBITh MMOJE3HBI MPH THATHOCTHKE TPAaBM
1 3a00/1€BaHUMH, PaCHINPSIOT MOKA3aHUS UCTIOIb30BAHMUS CIIMHHOMO3TOBBIX HEPBOB U CTBOJIOB ILJIEUEBOTO CILIETE-
HUS, TPYJOCITHHHOTO HEPBA B PEKOHCTPYKTHBHBIX OMEPAIHAX.

KiroueBble ciioBa: prHOCHHHHOﬁ HEPB, BHYTPUCTBOJIbHBIC ITYTH, UYBCTBUTCIIbHBIC IIYyYKH, JIBUTATEILHBIN my-
40K, CMETIaHHBIN ITY4O0K, BapUaHTbI, KOJbL

KOHq).]Il/lKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUC SABHBIX U NOTCHIUAJIbHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHH.[efI CTaTbHU.
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uM. pod. B.d. Boitno-fAcenenxoro (mporoxon Ne 91 ot 11.09.2018).
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INTRODUCTION

The brachial plexus has been studied in detail and
is characterized by significant anatomical variations
[1, 2]. However, in clinical practice, anatomical vari-
ations of the brachial plexus are more common than
reported and account for 50% of all features of the
nervous system [3]. Despite great uncertainty of the
somatotopic arrangement, sensory and motor nerve
fibers tend to group into bundles [4], which are studied
in sections by histologic, histochemical, and immuno-
histochemical methods [5, 6]. In clinical practice, the
knowledge of anatomical variations of the intra-trunk
pathways in the nerve bundles from organs to the cen-
tral parts of the nervous system is in demand [7, 8].
This is especially relevant due to advances in micro-
surgical technologies used in peripheral nerve bundles
[9, 10]. A detailed comparison and ligation of unifunc-
tional bundles in accordance with their intra-trunk to-
pography are the key to successful restoration of nerve
mobility and sensitivity in full [11, 12].

Despite the active use of the thoracodorsal nerve
in the clinical practice [13, 14], few studies have been
devoted to its fascicular anatomy [15-17]. However,
existing works do not describe the features of the path
of each thoracodorsal nerve bundle along its entire
length with account of functional affiliation.

The aim of this study was to investigate anatomical
variations of the intra—trunk pathways in the thoraco-
dorsal nerve bundles and to develop a system for their
coding.

MATERIALS AND METHODS

The study was conducted at the Department of
Postmortem Examination of the Krasnoyarsk Region-
al Bureau of Forensic Medical Examination using 121
brachial plexus specimens obtained from 105 corpses
of males and females who died at the age of 40-97
years. Most of the examined corpses were male (76—
69%); 29-31% were female. The cause of death in all
cases was somatic symptom disorder without head,
neck, upper limb, and chest injuries.

The brachial plexus was studied on the right side in
all corpses, and bilaterally in 16 corpses. The predom-
inant choice of the side was associated with a large
number of right-sided injuries and surgical interven-
tions.

Anatomical variations in the thoracodorsal nerve
were studied using macro- and microscopic in-
tra-trunk dissection. At the first stage, layer-by-layer
anatomical dissection was carried out with isolation of
a fragment of the cervical and thoracic spine, radicu-

lar filaments, anterior (motor) and posterior (sensory)
roots, anterior branches of the spinal nerves, trunks,
posterior divisions, posterior bundles, and axillary and
thoracodorsal nerves.

The isolated brachial plexus specimen was placed
for 1-3 days in a 10% neutral buffered formalin solu-
tion and then fixed in a 2% acetic acid solution. The
choice of acetic acid is associated with its ability to
counteract the shrinkage effect and dissolution of col-
lagen in the epi- and perineurium [18].

At the second stage, macro- and microscopic in-
tra-trunk dissection of the thoracodorsal nerve bun-
dles along the entire length of the brachial plexus
(from the latissimus dorsi muscle to the spinal cord)
was performed using the MBS-10 stereomicroscope.
Special attention was paid to identifying spinal nerve
roots through which the thoracodorsal nerve bundles
passed, which made it possible to identify their func-
tional affiliation: motor bundles passed through the
anterior roots, and sensory bundles passed through the
posterior roots.

The article presents the study results after investi-
gating 121 brachial plexus specimens obtained from
105 corpses without gender distinction and bilateral
affiliation. This is due to the fact that we did not iden-
tify statistically significant gender and bilateral dif-
ferences in the incidence of anatomical variations of
intra-trunk pathways in the thoracodorsal nerve.

All identified features of the intra-trunk pathways
in the thoracodorsal nerve were input into the MS
Excel 12.0 program (Microsoft Corporation, USA),
and the number of anatomical variations in absolute
and relative (% from 121 specimens) units was deter-
mined.

RESULTS

The macro- and microscopic dissection revealed
that the thoracodorsal nerve has clear fascicular anat-
omy and consists of a different number (1-4) of bun-
dles. Further proximal dissection of these bundles
made it possible to determine their functional affilia-
tion and anatomical variations of the intra-trunk path-
ways. The functional affiliation of the bundles in the
thoracodorsal nerve was determined on the basis of
their passage through the roots of the spinal nerve:
through the posterior roots — sensory bundles, through
the anterior roots — motor bundles (Figure).

The precisely established functional affiliation of
each thoracodorsal nerve bundle made it possible to
determine their number. In 98% of cases (119 / 121),
1-3 sensory bundles and only one motor bundle were
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observed in the thoracodorsal nerve. In two plexuses
out of 121, sensory and motor bundles in the thoraco-
dorsal nerve were tightly intertwined, and it was not
possible to determine their number via intra-trunk dis-
section. In 119 plexuses where the isolated fascicular
anatomy of the thoracodorsal nerve was determined,
most often (77% — 92 / 121) one bundle was sensory,
and the other one was motor, less often (22% — 26 /
121) two bundles were sensory and one bundle was
motor. In one plexus out of 121, there were three sen-
sory and one motor bundles.

Figure. Schematic representation of the sensory (indicated in

yellow) and motor (red) bundles of the thoracodorsal nerve:

1 — spinal cord, 2 — posterior (sensory) root, 3 — anterior
(motor) root, 4 — spinal nerve.

In 94% of cases (114 / 121), sensory and motor
bundles from the thoracodorsal nerve passed into the
posterior bundle of the brachial plexus, and in seven
plexuses out of 121, they passed first into the axillary
nerve and then also into the posterior bundle. It was
further established that the thoracodorsal nerve bun-
dles variously passed in the anterior branches of three
spinal nerves: C6, C7, and CS8.

Studying the path of each bundle throughout the
entire latissimus dorsi muscle to the spinal cord iden-
tified 20 anatomical variations of the intra-trunk path-
ways in the thoracodorsal nerve. To clearly demon-
strate the identified pathways, we developed a system
for coding the anatomical variations in the direction:
sensory bundle — posterior bundle — posterior divi-
sion — trunk — spinal nerve; motor bundle « pos-

terior bundle < posterior division « trunk « spinal
nerve (Table). As seen from the Table, the first three
variations are more common (72% —87 / 121), varia-
tions 4—8 are less common (18% — 22 / 121), and the
remaining twelve variations are rare and occur in a
single case each (10% — 12/ 121).

Table

Codes for anatomical variations of the intra-trunk pathways
in the thoracodorsal nerve, n = 121

Varia-
tion Code
number

Num-
ber

SB—PB—PD—->MT—C7; MB«PB«
PD—MT+C7
SB—PB—PD—IT—C8; MB«PB«—
PD—MT+C7
SB—»PB—PD—-MT—C7; SB>PB—
PD—-IT—C8; MB«PB«PD«MT«C7
SB—PB—PD—IT—CS8; MB«PB«—
PD—IT—CS8
SB—PB—PD—-MT—C7; SB>PB—
PD—-MT—C7; MB«PB«PD«—MT«C7
SB—PB—PD—ST—C6; MB«PB+«
PD—MTC7
SB—PB—PD—ST—C6; SB—>PB—
PD—IT—C8; MB«—PB«—PD«MT«C7
SB—Ax—PB—PD—IT—-C8; MB«—Ax«—
PB—PD«IT«C8
SB—PB—PD—ST—C7; MB«PB«
PD«—ST«C7
SB—PB—PD—IT—C8; MB«PB«
PD—ST«C7
SB—Ax—PB—PD—IT—C8; MB«—Ax«
PB«PD«—MT«C7
SB—Ax—PB—PD—IT—C8; MB«—Ax«
PB—PD«IT«C7
SB—Ax—PB—PD—->MT—C7; SB—>Ax—
13 PB—PD—-MT—C7; MB«—Ax«PB« 1
PD—MT+C7
SB—Ax—PB—PD—-ST—C6; MB«—Ax<«—
PB«PD«+—MT«C7
SB—PB—PD—ST—C6; MB«PB+«
PD—IT«C7
SB—»PB—PD—->MT—C6; SB>PB—
PD—-IT—C8; MB«—PB«—PD«—MT«C7
SB—PB—PD—BC—C6; SB—PB—
PD—-MT—C7; MB«PB«PD«—MT«C7
18 MB1DPBDPDDMTDC7 1
19 MBI1DAXxDPBDPDDMTDC7 1
SB—PB—PD—BC—C6; SB—PB—
20 PD—MT—C7; SB>PB—PD—IT—CS,; 1
MB«—PB«PD—MT«C7

1 43

30

14

10

11

12

14

15

16

17

Note: SB — sensory bundle; MB — motor bundle; MB - mixed bundle;
Ax — axillary nerve; PB — posterior bundle of the brachial plexus;
PD — posterior division; ST — superior trunk; MT — middle trunk;
IT — inferior trunk; C6, C7, C8 — ventral branches of spinal nerves;
— , «, D — direction of nerve impulse conduction
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The coding system allows to briefly yet clearly
and fully display all the anatomical variations of the
intra-trunk pathways in the thoracodorsal nerve. So,
the first anatomical variation is deciphered as follows:
the thoracodorsal nerve has a two-bundle structure,
where the sensory and motor bundles pass along the
C7 spinal nerve, then through the middle trunk, its
posterior division, and the posterior bundle.

The study showed that the sensory bundles of the
thoracodorsal nerve passed through most components
of the brachial plexus. The sensory bundles primari-
ly passed through the C7 spinal nerve and the middle
trunk (42% — 51/ 121), as well as through the C8 spi-
nal nerve and the inferior trunk (35% — 42/ 121). It is
possible that they are the main sensory pathways in
the thoracodorsal nerve. In 22% of cases (26 / 121),
the thoracodorsal nerve had one more duplicate senso-
ry pathway besides the main one, and one plexus out
of 121 had two duplicate sensory pathways.

Unlike sensory bundles, the motor pathway was
not duplicated and passed through the C7 spinal
nerve (93% — 112/ 121) and the middle trunk (89% —
108 / 121), less often — through the C8 spinal nerve
(nine plexuses out of 121) and the inferior trunk
(11 plexuses out of 121), rarely — through the C7 spi-
nal nerve and the superior trunk (two plexuses out of
121).

Thus, using macro- and microscopic dissection of
the thoracodorsal nerve, 20 anatomical variations of
intra-trunk pathways were identified. Duplicate path-
ways of sensory bundles were revealed. To illustrate
the entire structural diversity and simplify the use of
anatomical variations in clinical practice, a coding
system for the identified intra-trunk pathway varia-
tions was proposed. The obtained data on intra-trunk
pathway variations in the thoracodorsal nerve can be
used in reconstructive surgery and in clinical practice
to diagnose injuries and diseases.

DISCUSSION

The macro- and microscopic intra-trunk dissec-
tion revealed that the thoracodorsal nerve is a mixed
nerve with clear fascicular anatomy which contains
mostly sensory bundles (1-3) and only one motor
bundle. These results confirm the findings obtained by
B. Gesslbauer et al. (2017), who, using the immuno-
fluorescence method, counted 6,904 (£ 3,070) axons
in the thoracodorsal nerve, of which 5,977 (£ 3,066)
were sensory and 927 (£ 79) were motor [17]. This
predominance of sensory fibers and bundles over mo-
tor ones in the nerve allows to get complete informa-

tion about the state of the latissimus dorsi muscle and
to constantly coordinate and correct its contractions.

The determination of the functional affiliation of
the thoracodorsal nerve bundles was achieved due to
their thorough dissection along the entire length of the
brachial plexus after fixation in a 2% acetic acid solu-
tion. W. Lu et al. (2008) used a similar technique but
managed to dissect the thoracodorsal nerve bundles
only to the level of the brachial plexus trunks [15]. We
managed to trace the path of the thoracodorsal nerve
bundles further — in the spinal nerves and their anterior
(motor) and posterior (sensory) roots. We did not find
similar works in the available literature.

Such an anatomical approach has two advantages
over histochemical, electrophysiological, and instru-
mental methods and allows not only to accurately de-
termine the functional affiliation of each bundle, but
also to trace their path along the entire length of the
brachial plexus (from the latissimus dorsi muscle to
the spinal cord). As a result, 20 anatomical variations
of the intra-trunk pathways in the thoracodorsal nerve
were identified. Moreover, variable and stable regions
were established. The posterior divisions, the posteri-
or bundle, and the roots of the spinal nerves are stable
regions (sensory bundles pass through the posterior
roots, motor bundles pass through the anterior roots),
while the spinal nerves and trunks are variable ones.

The main number of variations are associated with
the unequal passage of sensory and motor bundles
through the superior, middle, and inferior trunks, and
C6, C7, and CS8 spinal nerves. The isolation of the re-
maining six variations is associated with the passage
of the thoracodorsal nerve bundles through the axil-
lary nerve. According to R. Rastogi et al. (2013), the
thoracodorsal nerve departed from the axillary nerve
in 23% of cases [19], and according to our data, it oc-
curred in seven out of 121 plexuses.

The predominant path for the sensory bundles is
the middle trunk and C7 (42%) or the inferior trunk
and C8 (35%), and for the motor bundles — C7 (93%)
and the middle trunk (89%). This is somewhat differ-
ent from the findings obtained by W. Lu et al. (2008),
who found that more than 52% of motor fibers in the
thoracodorsal nerve originate in C7 [15]. Accord-
ing to K. S. Lee (2007), most often (in 60%) the tho-
racodorsal nerve originates in two spinal nerves C7
and C8, less often — in C6, C7, and C8 (25%), C6 and
C7 (10%), and C7 (5%) [20]. We identified one more
variation where only the C8 spinal nerve is involved
in the formation of the thoracodorsal nerve, which oc-
curred in nine out of 121 plexuses and has not been

Bulletin of Siberian Medicine. 2023; 22 (2): 21-27 25



Gorbunov N.S., Kober K.V., Kasparov E.V. et al.

Anatomical variations and coding of the intra-trunk pathways in the thoracodorsal nerve

described in the literature. Our data differ from the re-
sults obtained by W. Lu et al. (2008), which identified
only three variations of the path of the thoracodorsal
nerve bundles through the trunks: superior and mid-
dle (5%), all three trunks (85%), middle and inferior
(10%) [15]. According to our data, the passage of bun-
dles through all three trunks was detected only in five
plexuses out of 121. Apparently, all observed differ-
ences are associated with regional and ethnic features
or different amount of studied material.

The study revealed that the thoracodorsal nerve
has a single motor pathway and duplicate sensory
pathways, which occur in 22% of cases. There is no
information in the literature about duplicate sensory
pathways in the thoracodorsal nerve.

To illustrate the entire structural diversity, as well
as to simplify the use of anatomical variations in clin-
ical practice, we developed a coding system for the
identified variations of intra-trunk pathways in the di-
rection: sensory bundle» posterior bundle « posterior
division « trunk « spinal nerve; motor bundle ! poste-
rior bundle ! posterior division ! trunk ! spinal nerve.

On the basis of the obtained data, we determined
the regularity of the intra-trunk pathway formation in
the thoracodorsal nerve. It is characterized by a larger
number of variations of sensory bundles in the proxi-
mal parts of the brachial plexus. Possibly, embryonic
growth of neuronal processes in the rudiment of the
arm early along the path is very susceptible to obsta-
cles, which leads to intra-trunk diversity of sensory
bundles [21]. A more stable intra-trunk path of the
motor bundle is due to the fact that dendrites grow
faster and axons orient themselves according to them
[22]. Young motor fibers move along existing tracts
and encounter fewer obstacles [23].

The identified anatomical variations of the in-
tra-trunk pathways can be useful in the diagnosis of
injuries and diseases. They expand indications for the
use of spinal nerves, trunks of the brachial plexus, and
the thoracodorsal nerve in reconstructive surgery.

CONCLUSION

1. The thoracic nerve is a mixed nerve, which
consists of one motor and 1-3 sensory bundles that
variously pass through the spinal nerves, trunks, and
the axillary nerve with the formation of 20 intra-trunk
pathways.

2. In most cases, sensory bundles from the tho-
racodorsal nerve pass through the posterior bundle,
the posterior division, and the middle trunk to the C7
spinal nerve (42%) or the inferior trunk and the C8

spinal nerve (35%). In 22% of cases, the thoracodorsal
nerve has one or, rarely, two duplicate sensory path-
ways besides the main one.

3. The path of the motor bundle to the thoracodor-
sal nerve is not duplicated and in most cases passes
through the C7 spinal nerve (93%) and the middle
trunk (89%) and then through the posterior division
and the posterior bundle.

4. Coding anatomical variations of the intra-trunk
pathways in the thoracodorsal nerve makes it possible
to briefly yet clearly and fully display the entire mor-
phological diversity of the nerve anatomy.
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