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Abstract

Aim. To assess the anatomical possibility of the use of the thoracodorsal nerve as a donor for nerve transfer to the
musculocutaneous nerve.

Methods. Anatomical dissection of the brachial plexus with layer-by-layer dissection of secondary bundles, short
and long branches was performed in 121 male and female corpses. The localization of the origin of thoracodorsal
and musculocutaneous nerves relative to the clavicle, the takeoff angle (degrees) from the secondary bundle, the
length (in centimeters) of the nerves from the site of origin to the latissimus dorsi muscle entry point and the per-
foration of the coracobrachialis muscle, respectively, were investigated. The length of the thoracodorsal nerve with
and without extramuscular branches was studied separately.

Results. It was revealed that, in 58.7% of cases, the thoracodorsal nerve has the optimal length required for trans-
position to the musculocutaneous nerve. The excess length of the thoracodorsal nerve was between 0.1 and 9.1 cm.
In 41.3% of cases, the length of the thoracodorsal nerve is not enough for transposition. Of these, in 17.4% of cases,
the shortage of the length of the thoracodorsal nerve was —2 cm or less, which categorically does not allow its trans-
fer to the musculocutaneous nerve. Only in 5% of cases, the length of the nerve was not enough for transposition in
the use of the thoracodorsal nerve with extramuscular branches.

Conclusion. Due to tension in many cases, the thoracodorsal nerve transfer to the musculocutaneous nerve can be
performed with difficulty, and in some cases it is impossible, solving the problem in this category of people dictates
the development of new surgical techniques with the thoracodorsal nerve or the use of another nerve as a donor.
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Background. Damage to the structures (spinal
nerves, trunks, and fascicles) of the brachial plexus
is considered a severe condition. It is accompanied
by a loss of peripheral nerve function and leads to
patient disability. With this type of injury, the nerve
transposition technology is especially effective,
as it restores nerve conduction to the denervated
muscle as close as possible [1]. Nerve transposi-
tion technology implies that the less needed donor
nerve is transected near the muscle innervated and
transported to the more important distal segment
of the recipient nerve. Thus, the proximal injury at
the brachial plexus level is transformed into a dis-
tal one, which enables to shorten the path of nerve
fiber regeneration [2].

Currently, surgeries are performed to transpose
the thoracodorsal nerve (TDN) to the musculocu-
taneous nerve (MCN), whose function is impaired

when the spinal nerves C,, C; or the superior pri-
mary trunk of the brachial plexus are damaged [3].
It should be noted that the brachial plexus is most
often damaged precisely in the supraclavicular re-
gion with the separation of the upper primary trunk
[4]. When the upper primary trunk is damaged, the
TDN remains intact, since the TDN nerve fibers
are mainly formed from the spinal nerves C, and
C,, which enables to use the nerve as a donor case
of damage to the MCN [5].

To perform the transfer of the donor nerve to the
position of the recipient nerve, an optimal length of
the donor nerve is a necessary condition [6]. Since
the introduction of TDN transposition surgeries,
there have been cases in which the TDN length was
not enough, and other nerves were used as donors
during the surgery, which were inferior in charac-

teristics to the TDN [7]. Such cases are rare, but
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they require a longer surgery time, and also are as-
sociated with an attempt to match the ends of the
nerves with tension, development of complications,
and this generally does not enable to plan an opti-
mal surgical technique.

It is obvious that in order to understand the ap-
proach of patient management and the develop-
ment of surgeries for the neurotization of damaged
nerves using the nerve transposition technology, a
detailed study of the anatomical characteristics of
donor and recipient nerves is necessary [§8]. TDN
has already been described in anatomical and cli-
nical studies when comparing donor nerves using
a latissimus dorsi flap in reconstructive surgery [9,
10]. A number of clinical studies on the results of
transferring the TDN to the MCN position have
been published, but there are still no anatomical
studies in this field [7,11].

This study aimed to assess the anatomical pos-
sibility of using the TDN as a donor nerve when
transferring to the MCN recipient nerve position.

Materials and methods. The study was con-
ducted on preparations of the brachial plexus of 121
male and female corpses. Most of the subjects were
the corpses of men (76, 63%), with fewer corpses of
women (45, 37%). The criterion for inclusion in the
study was the absence of injuries to the upper limb,
chest, neck and head.

Anatomical preparation of the brachial plexus
was performed with the layer-by-layer isolation
of secondary fascicles, including short and long
branches. The TDN and MCN were studied in de-
tail as a donor nerve and a recipient nerve. The
TDN was dissected from the posterior secon-
dary fascicle throughout to the entry of the latissi-
mus dorsi muscle. The localization of the place of
TDN origin relative to the clavicle, length (centi-
meters) of the nerve, angle (degrees) of divergence
from the secondary fascicle, number of extramus-
cular branches, and length of each branch were
determined.

MCN was also isolated along the entire length
from the lateral secondary fascicle to the point
of penetration into the coracobrachialis muscle.
The localization of the MCN origin relative to
the clavicle, length (centimeters) of the nerve, and
angle (degrees) of divergence from the secondary
fascicle were determined.

Based on the length of the two nerves, two in-
dicators were determined, namely the difference in
length between the TDN and MCN (centimeters)
and the difference in length between the TDN with
extramuscular branches and MCN (centimeters).

Data analysis was performed using the Statistica
10 software package. The indicators were tested for
normality of distribution using the Kolmogorov—
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Fig. 1. Formation of the thoracodorsal nerve (TDN) and
musculocutaneous nerve (MCN): A—clavicle; B—the place
of origin of the MCN from the lateral secondary fascicle of
the brachial plexus; C—the place of MCN entry into the
coracohumeral muscle; D—the place of origin of the TDN
from the posterior secondary fascicle of the brachial plexus;
1—MCN; 2—TDN; 3—median nerve; 4—radial nerve; 5—
ulnar nerve; 6—axillary nerve.

Smirnov test. Characterization of the quantitative
traits with a nonparametric distribution was pre-
sented using the median (Me) and interquartile
range [P,; P_]. The determination of the signifi-
cance of intergroup differences in quantitative traits
was performed using the Wilcoxon nonparametric
test. The lower limit of significance p was 0.05.

Ethical principles and norms were observed
during the study (extracts from the minutes of the
meeting of the local ethical committee of the Kras-
noyarsk State Medical University No. 91 dated No-
vember 09, 2018).

Results. In 94.2% of cases (n = 114), the TDN
departed from the posterior secondary fascicle of
the brachial plexus at a distance of 5.0 [4.5; 6.0] cm
from the clavicle, and an angle of 130 [120; 135]°
downwards to the anterolateral surface of the latis-
simus dorsi. In 5.8% of cases (n = 7), the TDN was
formed from the axillary nerve at a distance of 6.0
[5.5; 6.3] cm from the clavicle, and at an angle of
115 [110; 133]° (Fig. 1).

The TDN length to the entrance of the latissi-
mus dorsi was composed of the length of the TDN
itself (9.5 [8.0; 11.0] cm) and that of its longest
branch (4.6 [3.5; 5.2] cm). As a result, the length
of the TDN was 14.1 cm with variations from 11.5
to 15.5 cm [P_,; P_]. Most often, in 62.0% of cases
(n = 75), the TDN divided into two branches with
a length of 4.0 [2.8; 4.5] cm each; In 27.3% of
cases (n = 33), it did not divide into branches, but
penetrated with a length of 11.0 [10; 12.5] cm the
latissimus dorsi muscle with one trunk; in 8.2% of
cases (n = 10), it divided into three branches with
a length of 4.3 [3.5; 6.0] cm; and in 2.5% of cases
(n = 3), the nerve divided into four branches of 4.8
[4.0; 5.2] cm each.
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Fig. 2. The value of the level of origin of the thoracodorsal
nerve (TDN) and musculocutaneous (MCN) nerve during
transposition: A—clavicle; B—MCN origin from the late-
ral secondary fascicle; C—MCN entry into the coracohume-
ral muscle; D—origin of the TDN from the posterior secon-
dary fascicle; [—with a low MCN origin relative to the TDN,
greater length of the TDN is required for transposition; 11—
with a high MCN origin relative to the TDN, shorter TDN is
required for transposition

In 96.7% of cases (n = 114), MCN departed
from the lateral secondary fascicle of the brachial
plexus at a distance of 8.0 [7.0; 9.5] cm from the
clavicle, and an angle of 10 [10; 20]° in the antero-
lateral direction and, perforating the coracobra-
chial muscle, it entered the biceps brachii muscle.
In 3.3% of cases (n = 4), the MCN was absent, and
the branches of the median nerve innervated the
anterior muscle group of the shoulder. The MCN
length before the perforation of the coracohume-
ral muscle was 6 cm with variations from 4.5 to 7.8
cm [P25; P75] (Fig. 1).

Regarding the transfer of the TDN to the MCN
position, in addition to the sufficient length of the
TDN, it is necessary to match the level of origin of
these nerves. It was showed that the clavicle serves
as an important reference point relative to which
the correspondence between the levels of the MCN
and TDN origin can be determined. This indica-
tor is of great importance for nerve transposition;
if the distance AB is greater than the distance AD,
this will require an additional length of the TDN,
and vice versa. A greater distance AD allows the
shorter TDN to be transferred to the MCN posi-
tion (Fig.2).

A comparative study showed that the median
value of the distance from the clavicle to the place
of origin of the TDN was 5.0 [4.5; 6.0] cm, and that
of the MCN was 8.0 [7.0; 9.5] cm. Consequently,
the place of MCN origin was farther from the clav-
icle, while that of TDN was closer (differences are
significant, p = 0.00001). The pairwise comparison
of these indicators in each brachial plexus revealed
that in 93.4% of cases (n = 113), the distance from
the clavicle to the MCN origin was greater than

Fig. 3. Calculation of the additional length of the thoraco-
dorsal nerve (TDN) during transplantation into the position
of the musculocutaneous nerve (MCN): B—the place where
MCN originates from the lateral secondary fascicle of the
brachial plexus; E—the upper point of the lateral secondary
fascicle of the brachial plexus, opposite to the place of origin
of the TDN; D—the place of origin of the TDN from the pos-
terior secondary fascicle of the brachial plexus; 1—MCN;
2—TDN.

the distance from the clavicle to the TDN origin
(Fig.3). The difference in length ranged from 0 to
13.5 cm, and the median was 2.9 [1.5; 4.0] cm. In
5.8% of cases (n = 7), the distance from the clavicle
to the site of MCN formation was less than the dis-
tance from the clavicle to the site of TDN forma-
tion, and it was equal in 0.8% of cases (n = 1).

During transposition, this difference must be
taken into account when calculating the TDN
length. In this regard, a more detailed measure-
ment of the difference in length between the two
nerves was made (see Fig.3).

It was found that the brachial plexus thickness
at the level of the TDN origin (DE distance) ranged
from 1.0 to 2.9 cm, with a median of 1.7 [1.3; 2.5]
cm. The difference from the TDN and MCN places
of origin (BE distance) ranged from 0 to 10.7 cm,
and the average value was 2.7 [0; 4.7] cm. There-
fore, the additional length of the TDN (BD hypot-
enuse) ranged from 0 to 10.8 cm, and the average
value was 3.3 [1.9; 4.3] cm.

Thus, to transfer the TDN to the MCN position,
the length of the first one must correspond to the
following:

— The length of the second (from the origin
from the lateral secondary fascicle of the brachial
plexus to the point of entry into the coracobrachial
muscle);

— Additional distance from the origin of the first
to the origin of the second nerve (hypotenuse).

The MCN length was 6.0 [4.5; 7.8] cm, and
that of the TDN was greater than 9.5 [8.3; 11.0]
cm, the differences were statistically significant
(p =0.00000). Considering that the additional
length (hypotenuse) accounts for 3.3 [1.9; 4.3] cm,
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the length of the TDN (9.5 [8.3; 11.0] cm) is suf-
ficient to perform the transplantation to the MCN
position (6.0 [4.5; 7.8] cm + 3.3 [1.9; 4.3] cm).

However, a pairwise comparison revealed sig-
nificant differences in the length of the nerves. It
was revealed that the TDN length was sufficient for
transposition to the MCN position in only 58.7%
of cases (n = 71). The excess length of the nerve
ranged from 0.1 to 9.1 cm, and the average value
was 2.9 [1.4; 4.3] cm. In 41.3% of cases (n = 50),
the length of the TDN was insufficient for transpo-
sition. The difference in length ranged from —0.1
to —8.9 cm, and the average value was —1.5 [-3.3;
—0.5] cm. Among these, in 17.4% of cases (n = 21),
the lack of the TDN length was —2.1 cm and less,
which already totally prevents its transfer to the
MCN position.

With a lack of the TDN length, its lower inter-
section together with the extramuscular branches
is possible. The length of the TDN with extramus-
cular branches ranged from 5.5 to 18.9 cm, and the
median was 12.5 [11.5; 14.3] cm, which was sig-
nificantly greater than the length of the nerve with-
out branches (p = 0.000). Pairwise comparison
revealed that in 13.2% of cases (n = 16), the length
of the TDN with extramuscular branches was still
not sufficient to be transferred to the MCN posi-
tion. The difference in length ranged from —0.1 to
—5.8 cm, and the median was —1.3 [-2.5; —0.7] cm.
In 5.0% of cases (n = 6), the difference in length
was —2.1 cm or less, which prevents the transposi-
tion of the TDN with extramuscular branches to the
MCN position, even with tension

Discussion. This study was the first to as-
sess the anatomical possibility of transferring
the TDN to the MCN position. According to our
data, in 58.7% of cases, if the length of the TDN
nerve is used before it is divided into extramuscu-
lar branches, then this length will be sufficient to
transpose the TDN to the MCN position. In a cli-
nical study by F. Soldado et al., the use of the TDN
length without extramuscular branches also provi-
ded the optimal nerve length required for the trans-
position to the MCN position [7].

In 23.9% of cases, the length of the TDN is not
sufficient, since the diastasis between the TDN and
MCN ranges from 0.1 to 2.0 cm, but this allows
the transposition with an acceptable tension of the
nerves. In 17.4% of cases, transposition of the TDN
is impossible, since the diastasis between the TDN
and MCN is > 2.1 cm.

According to several authors, when suturing the
nerves, the maximum permissible tension is con-
sidered to be that at which the nerve segments can
be matched with the simultaneous tying of two 8/0
threads, which corresponds to a diastasis of up to
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2.0 cm [12,13]. According to the study results, the
use of the TDN with extramuscular branches can
increase the length of the nerve required for trans-
position to the MCN and reduce the risk of ineffec-
tive surgery from 17.4 to 5.0%.

CONCLUSION

Due to the discrepancy in the length of the nerves
in 13.2-41.3% of cases, the transfer of the thora-
cic nerve with and without extramuscular branches
to the position of the musculocutaneous nerve can
be performed with tension, and this is impossible
in 5.0-17.4% of cases. Solving the problem in this
category of patients necessitates the development of
new surgical techniques with the transposition of
the thoracodorsal nerve or the use of another nerve
as a donor. In any case, it is advisable for the sur-
geon to have information about the length of the
donor nerve, the length of the recipient nerve of the
patient and, especially, about the difference in the
length of the two nerves with and without extra-
muscular branches.
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