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ABSTRACT

Aim. To identify the correspondence in the diameter of the thoracodorsal and musculocutaneous nerves, depending
on the level of branching.

Materials and Methods. Using 121 preparations of the brachial plexus from 105 corpses of men and women
aged 40-97 years, the diameter of the thoracodorsal nerve was measured at five levels, and the diameter of the
musculocutaneous nerve was determined at two levels. For each parameter, the median and the interquartile range
Me [Q,; Q,] were determined. The significance of differences between the groups was found by the Mann — Whitney
test. The differences were considered significant at p < 0.05. The correlation was evaluated by the Spearman’s rank
correlation coefficient. At 0.7 <rs < 0.9, the correlation was regarded as strong, at 0.5 <rs < 0.7 — as moderate.

Results. The diameter of the thoracodorsal nerve varied throughout its length: in the initial section, it was
1.66 [1.66; 1.99] mm, before branching — 3.00 [2.65; 3.50] mm, at the first- and second-order extramuscular
branches — 4.2 [3.2; 5.0] mm and 5.25 [4.50; 6.50] mm, at the first-order intramuscular branches — 4.00 [3.50;
4.66] mm. The diameter of the musculocutaneous nerve in the initial section was 3.0 [2.6; 3.3] mm, and before the
coracobrachialis muscle — 2.7 [2.4; 3.0] mm.

The total diameter of the extra- and intramuscular branches of the thoracodorsal nerve was equal to or greater than
the thickness of the musculocutaneous nerve in 90.1-95.0% of cases. Excess total diameter of the branches of the
thoracodorsal nerve (0.05-8.0 mm) and fascicular dissection make it possible to preserve 1-2 first- and second-
order extramuscular branches and 1-4 first-order intramuscular branches.

Conclusion. The diameter of the thoracodorsal nerve in the initial section is smaller than that of the musculoskeletal
nerve, but the total thickness of its extra- and intramuscular branches is equal to or greater by 0.05-8.0 mm in
90.1-95.0% of cases. Different levels of branching of the thoracodorsal nerve contribute to extended transfer, and
an excess diameter with fascicular dissection will preserve the function of the latissimus dorsi muscle.

Keywords: thoracodorsal nerve, musculocutaneous nerve, levels of branching, latissimus dorsi muscle, fascicular
dissection
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PE3IOME

I_Iem, — BBIABUTH COOTBETCTBUC AUAMCTPOB y I'PyJOCHHUHHOI'O U MBIIIEYHO-KOXXHOI'O HEPBOB B 3aBUCUMOCTU OT
YPOBHSA BETBJICHUA.

Marepuanbl u Metoasl. Ha 121 npenapare muiedeBoro cruieteHust oT 105 TpymoB MyX4YHH U JKEHIIUH B BO3-
pacte 40-97 mer mM3MepeH AMaMETp TPyJOCIHHHOTO HEpBAa HA IISITH, 4 MBIMIEYHO-KOKHOTO — ABYX YPOBHSIX.
V KaXJI0ro moKa3aTels onpezeNnena MeJuaHa MeXKBapTHIIbHOTO HHTepBana Me [Q,; Q,]. 3naunMocts pasmuunii
B rpynmnax Haxoawm mo U-tecty Manna — YutHu. Pazmimuus cuuranucek 3HaunMbiMu 1ipH p < 0,05. CompsixeH-
HOCTH oIleHuBanH 1o kodddurmenty Crnupmena. [Ipu 3navennn 0,7 < rs < 0,9 cBSA3b paclueHUBAIH KaK CHIBHYIO,
0,5 <rs <0,7 — cpenHei CHITBL

PesyabTarsl. JJuamMerp rpyJOCIIMHHOIO HEpBa M3MEHAETCS Ha BCEM NPOTSHKEHHU: B HadalbHOM oTnene — 1,66
[1,66; 1,99] MM, nepen pazaenenuem Ha BeTBH — 3,00 [2,65; 3,50] MM, Ha ypOBHE BHEMBIIIEYHBIX BETBEH EpBOr0O
u BTOporo nopsnakos — 4,2 [3,2; 5,0] mm u 5,25 [4,50; 6,50] MM, BHyTPUMBIIIEYHBIX BETBEH MEPBOT0 MOPAIKA —
4,00 [3,50; 4,66] mm. [lnameTp MBIIICUHO-KOXKHOTO HEPBA B HadyalnbHOM oTAese paseH 3,0 [2,6; 3,3] MM, a nmepen
KIIFOBOBUAHO-IUIEYEBOM Mbluei — 2,7 [2,4; 3,0] mm. OOmuit AuamMeTp BHe- U BHYTPUMBILIEYHBIX BETBEH Ipya0-
CIIMHHOTO HEPBA PaBEH WM OOJbLIE TONIIMHBI MBIIIEYHO-KOXKHOTO B 90,1-95,0%. M30bITOK O0LIEro muameTpa
BeTBeil rpynocnuaHoro Hepsa (0,05-8,0 MM) 1 daciuKyIsipHast AUCCEKIMS MO3BOJIAT COXPAHUTD MO 1—2 BHEMBI-
IIEYHbIC BETBH IIEPBOTO M BTOPOTO MOPAAKOB, 1—4 BHYTPHMBIIIEYHbIE BETBU NIEPBOTO MOPSIKA.

3akuouenne. [[uametp rpyIOCIUHHOTO HEPBA B HAYAJILHOM OTJIENIC MEHBIIIE, YUEM Y MBIIIIEYHO-KOKHOTO, HO 00-
1ast TOJIIMUHA €r0 BHE- M BHYTPUMBIIICYHBIX BeTBeH paBHa win Oonbiie Ha 0,05-8,0 mm B 90,1-95,0%. Pa3ubie

YPOBHH BETBJIEHHS TPYIOCIIMHHOIO HEPBA CIIOCOOCTBYIOT NIPOTSHKEHHOMY HEpPEeHOCY, a H30BITOK Juamerpa ¢ dac-
[UKYJISIPHOM ANCCEKIMEH O3BOINT COXPAHUTH (DYHKIMIO IIHPOYAHIIeii MBIIIIIBI CITUHEL.

KiroueBble ciioBa: rpyfOCIMHHON HEPB, MBIIIEYHO-KOXKHBII HEPB, YPOBHU BETBICHMS, IIHPOYAMIIAs MBIIIIA
CTMHBI, (GACHUKYIISIPHAS JUCCEKIHS

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHUUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[PIKaIlPIeI71 HaCTOS{U.[efI CTaTbu.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM (PHHAHCHPOBAHUS IPH NPOBEICHHN HUCCIENO-
BaHMSI.

CooTBeTcTBHE NMPUHIUNAM 3THKHU. [IpoTokon ucciaenoBanus onoOpeH studeckuM komuteroM KpacITMVY nm.
npod. B.®. BoiiHo-fcenenxoro (Ne 127/24 ot 25.09.2024).

Jost nutuposanus: ['opoynos H.C., Kobep K.B., Kacmapos 3.B., Pocrosues C.1., l'opoynos J[.H., Jlebene-
Ba J[.H. Anaromnueckoe 000CHOBaHHE I'PYZOCHHHHOTO HEpBa KaK HEpBa-IOHOPA W MBIIIEYHO-KOXKHOTO HepBa
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INTRODUCTION

Despite the encouraging and predictable results
of surgical treatment for injured nerves, questions
regarding the choice of a donor remain relevant. [1, 2].
Countless studies specify the main requirements that
potential nerve donors must meet [3—5]. First of all,
they must be sufficient in length, match the diameter
of the recipient, and minimally disrupt the function of
the muscles innervated by the donor nerve. [6].

Thoracodorsal nerve (TDN) is a mixed nerve that
contains a sufficient amount of sensory (85%) and
motor (15%) fibers and has a convenient location and
optimal size, which allows it to be used as a donor,
including for transfer to the position of the damaged
musculocutaneous nerve (MCN) [7-9]. The anatomy
of the TDN has been studied in great detail. It has been
established that this nerve is formed from the spinal
nerves C7, C8 and less frequently from C6-C8. Its
length ranges from 12.3 to 14.1 cm, with a diameter of
2.1 to 3.0 mm. The number of extramuscular branches
is 1-4, and the number of myelinated fibers ranges
from 1,530 to 9,974. [8, 10, 11]. However, despite the
conducted research, there is no information about the
diameter of the TDN at different levels of branching,
which complicates its selection as a donor nerve.

Considering the above, the aim of this study was
to identify the correspondence of the diameters of
TDN and MCN depending on the level of branching.

MATERIALS AND METHODS

Anatomical dissection was conducted on 105 human
cadavers (66 men and 39 women) aged 40-97 years,
with 121 specimens of the brachial plexus (105 from

the right side and 16 from the left) at the Department
of Forensic Examination of the Krasnoyarsk Regional
Bureau of Forensic Medical Expertise and at the
Department of Operative Surgery and Topographic
Anatomy of the Krasnoyarsk State Medical University
named after Professor V.F. Voyno-Yasenetsky. The
time from the death of individuals to the examination
was up to 20 hours, and the bodies were stored in a
refrigeration chamber at a temperature of 3-5 °C. The
cause of death for all individuals was systemic disease
without head, neck, upper limbs, and thorax injuries.
The research protocol was approved by the Ethics
Committee at Krasnoyarsk State Medical University
named after Professor V.F. Voyno-Yasenetsky
(Minutes No. 127/24 dated September 25, 2024).

Anatomical layer-by-layer dissection of all
elements of the brachial plexus was performed on the
human corpses with the isolation of TDN and MCN
(Figure). Special attention was paid to the extra- and
intramuscular branches of TDN. Using an NTB-4B
microscope (China), the epineurium was removed
from TDN and MCN, leaving the perineurium intact.
The length of various segments of TDN along its
entire length was measured with an electronic caliper.

The diameter of TDN was measured at five levels
using the eyepiece scale of the microscope: 1 —
immediately after branching from the posterior bundle;
2 — before splitting into extramuscular branches; 3 —
after splitting into first-order extramuscular branches;
4 — after splitting into second-order extramuscular
branches; 5 — after splitting into first-order intramuscular
branches. At the last three levels, the total diameter of
all branches was determined.

Figure. Musculocutaneous nerve (MCN) and
thoracodorsal nerve (TDN) nerves in the right
brachial plexus of the male corpse aged 62 years
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The diameter of MCN was measured at two levels:
1 — after branching from the lateral bundle; 2 — before
entering the coracobrachialis muscle.

After measuring the diameters of the nerves in
each brachial plexus specimen (n = 121), a paired
comparison was made between the thickness
measurements of the donor nerve — TDN at five levels
and the corresponding measurements of the recipient
nerve — MCN at two levels. The absolute and relative
(%) number of specimens where the diameter of the
donor nerve was equal to, greater than or less than that
of the recipient nerve was determined.

The conclusions of the study were obtained on the
basis of statistical processing of data obtained from
the entire sample population, since no significant
gender, age, or bilateral features of the TDN and
MCN diameters (from p = 0.08 to p = 1.0) were
revealed. All obtained data were entered into MS
Excel 12.0 software (Microsoft Corporation, USA).
Using Statistica for Windows 12.0 (StatSoft, USA),
normality of distribution was tested using the Shapiro —
Wilk test, and thereafter non-parametric methods were
employed. Minimum and maximum values, as well
as the median and the interquartile range Me [Q,; Q.]
were determined for each parameter. The significance
of differences between nerve diameters was assessed
using the Mann — Whitney U-test. The differences
were considered significant at p < 0.05. The correlation
between the diameter of TDN and the length of its
segments was evaluated using the Spearman’s rank
correlation coefficient (75). A coefficient value of 0.7 <
rs < 0.9 indicated a strong correlation, while 0.5 <rs <
0.7 indicated a moderate correlation.

RESULTS

The conducted study revealed that the diameter of
the TDN significantly changes along its entire length
up to the latissimus dorsi muscle. After branching
from the posterior bundle of the brachial plexus, the
diameter of the TDN ranges from 0.83 to 3.33 mm,
with a median of 1.66 [1.66; 1.99] mm. In the distal
section, the diameter of the TDN increases and reaches
3.00 [2.65; 3.50] mm (p < 0.001) before splitting into
extramuscular branches, at a distance of 9.5 [8.3;
11.0] cm from the point of origin. After the splitting,
the total diameter of the first-order extramuscular
branches at a distance of 12.5 [11.5; 14.3] cm is 4.2
[3.2; 5.0] mm (p < 0.001), while for the second-order
branches at 14.1 [11.5; 15.5] cm, it is 5.25 [4.50; 6.50]
mm (p < 0.001), and for the first-order intramuscular
branches at 18.7 [16.3; 21.0] cm, it is 4.00 [3.50; 4.66]

mm (p < 0.001). Correlation analysis revealed a strong
but insignificant correlation between the length and
diameter of the TDN (rs = 0.828; p = 0.083).

The diameter of the MCN after branching from the
lateral bundle varies from 1.5 to 5.0 mm, with a median
of 3.0 [2.6; 3.3] mm, and at a distance of 6.0 [4.5; 7.8]
cm, before reaching the coracobrachialis muscle, it
makes 2.7 [2.4; 3.0] mm (p < 0.001). Statistical analysis
showed that these values are greater than the diameter
of the TDN in the initial segment (p < 0.001), equal to
and smaller than the TDN diameter before splitting into
branches (p = 0.167 and p < 0.001), and smaller than
the TDN diameter at all subsequent levels (p < 0.001).

In pairwise comparisons of the two nerves in each
specimen of the brachial plexus, it was established that
TDN is qualified as a donor nerve at the level of first-
and second-order extramuscular branches and first-
order intramuscular branches, with total diameters
that are equal to or greater by 0.05-8.0 mm than the
diameter of the MCN in the initial segment in 90.1—
92% of cases and before reaching the coracobrachialis
muscle in 93.4-95% of cases (Table).

Choosing TDN with branches at different levels
expands the surgeon’s options and allows for selecting
a longer and appropriately sized donor nerve,
transferring it as close as possible to the denervated
muscle, which will shorten the path and time for
regeneration. A positive aspect of using TDN as a
donor nerve is that its excess diameter of 0.05-8.0
mm allows for fascicular dissection and transfer of
individual branches, thereby preserving the function
of the latissimus dorsi muscle.

Table

Compliance of Diameters of TDN and MCN at Different
Levels, n (%)

Diameter of MCN at the level:
Diameter of TDN at the level: initial in front of the cora-
segment | cobrachialis muscle

— Initial section (n = 121):

matches or is greater

by 0.06-1.82 mm, 7 (5.8) 10 (8.3)
smaller by 0.01-3.51 mm. 114 (94.2) 111 (91.7)
— Before splitting (n = 113):

matches or is greater 69

by 0.06-2.8 mm, (61.1) 81 (71.7)
smaller by 0.1-2.0 mm. 44 (38.9) 32 (28.3)
— First-order extramuscular

branches (n = 113):

matches or is greater by 0.1-

4.3 mm, 102 (90.3) 106 (93.8)
smaller by 0.05-1.2 mm. 11 (9.7) 7(6.2)
— Second-order extramuscular

branches (n = 64):

matches or is greater by 0.3—

8.0 mm, 59 (92) 61 (95)
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Endof table

Diameter of MCN at the level:

Diameter of TDN at the level: initial in front of the cora-
segment | cobrachialis muscle

smaller by 0.1-2.5 mm. 5(8) 3(5)

— First-order extramuscular
branches (n = 121):
matches or is greater by 0.05—-| 109
4.66 mm, (90.1) 113 (93.4)

smaller by 0.07-1.87 mm. 12 (9.9) 8 (6.6)

DISCUSSION

Restoration of flexion function in the elbow joint
for patients with brachial plexus injury is of primary
importance [12, 13]. To restore the function of the elbow
flexor muscles, the clinical practice of transferring
bundles from the ulnar and median nerves has shown
excellent functional results [14, 15]. If the motor
function of these nerves is not preserved, alternative
donor nerves include intercostal nerves, the phrenic
nerve, the accessory nerve, the medial pectoral nerve,
the contralateral spinal C7, and the TDN [10, 16-18].

We have chosen TDN as the donor nerve for
transfer to the position of the MCN for two reasons.
First of all, existing studies have demonstrated that
the lengths of TDN with extramuscular branches
are sufficient for transfer to the position of MCN in
95% of cases [8]. Secondly, there are conflicting data
regarding the diameter and sufficiency of the fiber
ratio between these two nerves [7, 10].

Although TDN has fewer motor fibers than the
MCN, there is evidence that normal muscle activity
can be achieved with approximately 30% innervation
of motor neurons [19]. In TDN, the number of motor
fibers is 58% from that in MCN, and, therefore, it
is sufficient to maintain the function of the shoulder
flexors. In another study, when comparing the
number of axons with clinical outcomes for elbow
flexion strength recovery, a threshold ratio of motor
fibers in the donor nerve to the recipient nerve was
recommended at 0.7:1.0 [20]. For TDN, this ratio is
0.6:1.0, which is below the required norm. A double
transfer of bundles from the ulnar and median nerves
has been developed for restoring elbow flexion [21].
Considering these results, it can be suggested to use
TDN as an additional donor nerve.

Onthe other hand, the number of axons is proportional
to the diameter of the nerve, and, therefore, the thickness
of the donor and recipient must match [6]. M.S. Sporer
et al. noted without specifying to which nerve TDN is
transferred that its length and cross-sectional area are
not suitable for fascicular transfer [22].

Considering the contradictory literature data, we
studied the diameter of TDN on 121 specimens of
the brachial plexus from 105 human cadavers at five
levels, while for MCN, the diameter was studied at
two levels. It was established that the diameter of
TDN varied from 0.83 to 3.33 mm, with a median
of 1.66 [1.66; 1.99] mm. Comparing our data with
known studies revealed inconsistencies in results.
For example, M. Samardzic et al. found that in
15 cadavers, the diameter of TDN ranged from 2.1
to 3.0 mm [23]. After removing the epineurium and
in some cases perineurium on 20 specimens from 17
cadavers, K.S. Lee found that the diameter of TDN
ranged from 1.16 to 1.92 mm, with a median of 1.45
[1.33; 1.65] mm, which was significantly (p < 0.001)
smaller than our findings [24]. M. Dancker et al.
identified on 28 specimens from 14 cadavers that the
diameter of TDN and the lower subscapular nerve was
2.5+ 0.4 mm (range of 1.6-3.5 mm) [25].

The diameter of MCN in the initial segment varied
from 1.5 to 5.0 mm, with a median of 3.0 [2.6; 3.3]
mm, which was significantly greater (p < 0.001) than
that of TDN at a ratio of 0.6:1.0. Previous studies also
report conflicting results. For instance, V. Macchi et
al. determined that in 6 cadavers, the average diameter
of MCN before branching was 1.96 + 0.2 mm, while
in a trunk variant (6 cadavers), it was 2.86 + 0.3 mm
[26]. H. Namazi et al. found that on 10 specimens of
the brachial plexus, the diameter of MCN was 1.8 +
0.7 mm [27]. E. Clarke et al. reported diameters of
MCN of 2.49 mm on one cadaver and of 4.87 mm
on another [28]. L. Foroni et al. determined on
26 cadavers that the diameter of the nerve ranged from
2to 4 mm [29]. According to A. Hansasuta et al., after
dissecting 35 specimens from 18 human cadavers,
it was found that the diameter varied from 3.0 to
5.5 mm, with a median of 4.3 mm [30]. J.P. Lee et al.
established sex differences showing that in men (n =
6), the diameter of MCN was 4.3 + 1.1 mm (range of
2.5-6.0), while in women (n = 6), it was 3.1 £ 1.5 mm
(range of 1.6-4.0) [31].

The variability in the measurements is clearly
related to the different number of specimens, levels
of measurement, and the dissection techniques used,
where some researchers remove the epineurium while
others preserve the nerve sheath.

The conducted study revealed that the closer to the
latissimus dorsi muscle, the significantly greater the
total diameter of the extra- and intramuscular branches
of TDN (p < 0.001), which is sufficient for transfer to
the position of MCN. The significant predominance
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of the diameters of TDN branches (0.05-8.0 mm) in
90.1-95.0% of cases allows the surgeon to approach
fascicular transfer individually while maximizing
the preservation of latissimus dorsi function. Thus,
the excess total diameter of TDN will allow, through
fascicular dissection, to preserve 1-2 first-order
extramuscular branches (diameter of 1.00 [0.75;
1.25] mm) from 2—4 ones, 1-2 second-order branches
(diameter of 0.75 [0.5; 1.0] mm) from 2—4 ones, and
1-4 first-order intramuscular branches (diameter of
0.57 [0.5; 0.66] mm) from 2—7 ones.

Therefore, the conducted study demonstrates
that TDN as a donor nerve exceeds MCN as a
recipient nerve in diameter at the levels of extra- and
intramuscular branches, and its fascicular dissection
with account for the branching level will allow for the
preservation of latissimus dorsi function.

CONCLUSION

The diameter of the thoracodorsal nerve at the initial
section is smaller than that of the musculocutaneous
nerve, but the overall thickness of its extra- and
intramuscular branches is equal to or greater by
0.05-8.0 mm in 90.1-95.0% of cases. Different
branching levels of the thoracodorsal nerve contribute
to extensive transfer, and the excess diameter with
fascicular dissection will allow for the preservation of
latissimus dorsi muscle function.
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