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Objective: retrospective analysis of the outcomes of selective surgical
reinnervation (SSR) of the axillary nerve (Ax) in patients with supraclavicular
brachial plexus injury (SBPI).

Materials and methods. Forty-two patients (mean age 31.2 years) received
25 SSR with extraplexus donor nerves (e-ND) - 9 cases of subtotal SBPI
and 16 cases of complete SBPI. In 17 cases of subtotal SBPI exclusively
intraplexus donor nerve (i-ND) were utilized. Twenty-nine (69%) patients
received SSR in terms up to 6 months, 13 patients (31%) - in terms more than
6 months. All patients at the time of inclusion were examined neurologically,
electophisilogically and in 6, 9, 15 and 17 months. Recovery of the deltoid
(D) muscle was assessed on Medical Research Council Scale (MRC Scale) -
effective power (Ep). Recovery of effective function (Ef) has been assessed
on the basis of flexion angle in glenohumeral joint in sagittal plane.

Results. Ep of D recovered in 12 patients (28%), in terms up to 6 months
- in 31%, more than 6 months - in 23%. Ep of D recovered after SSR with
i-ND in 9 patients (52%), in terms up to than 6 months - in 60%, more than 6
months - in 43%. Ep of D recovered after SSR with e-ND in 3 patients (12%),
in terms up to 6 months- in 16%, no recovery of Ep has been observed in
terms more than émonths.

Ef of D recovered in 11 patients (26%), in terms up to 6months - in 31%, more
than 6months - in 15%. Ef of D recovered after SSR with i-ND in 8 patients
(53%), in terms up to 6 months - in 60%, more than 6 months - in 29%. Ep
of D recovered after SSR with e-ND in 3 cases (12%), in terms up to 6months
- in 16%, no recovery of Ep has been observed in terms more than 6months.
Recovery of Ef of D at subtotal SBPI occurred in 10 cases (38%), regardless
of whether i-ND or e-ND have been utilized. SSR with e-ND at subtotal SBPI
allowed restoring Ef of D in 2 cases (22%). SSR with i-ND at subtotal SBPI
allowed restoring Ef of D in 8 cases (47%). SSR at complete SBPI allowed
restoring Ef of D in 1 case (6%).

Conclusions. e-ND can be utilized at complete SBPI in order to provide
stability to glenohumeral joint in terms up to 6 months; i-ND should be utilized
in all cases of subtotal SBPI in order to provide Ef to D in terms up to 6 months.

Key words: injury,; brachial plexus; selective surgical reinnervation; nerve
transfer; axillary nerve

Introduction

the recovery process using protocol [10] conservative

Supraclavicular brachial plexus injuries (SBPI)
result in long-term and sustained global or segmental
dysfunction of the upper extremity [1]. Even with
modern electrophysiological [2-4] and radiological
[5-8] examination methods, evaluating the possibility of
spontaneous recovery is an extremely difficult task with
no guarantee of success [1]. The expectation of probable
spontaneous recovery (SR) is clearly time-bound [1,
9], in other words, the terms are determined [1, 9]
beyond which one should not hope for the restoration
of the lost function [1, 9]. Waiting for recovery is by no
means a passive process. During a certain [9] period of
time allocated to SR, an active multimodal impact on

treatment methods is carried out.

As the critical deadline set for SR approaches, and
in the absence of objective, primarily clinical [9], data
on the restoration of lost function, the need for surgical
reconstructive techniques becomes paramount [9]. The
fundamental difference between conventional surgical
methods of influencing the regenerative process is their
aggressiveness and selectivity [1, 11-13]. Accordingly,
they can be arranged in the following order according
to the degree of aggressiveness/selectivity: neurolysis,
autologous plasty, and reinnervation. Each of them has
certain advantages and disadvantages, limitations in
use, etc. [1, 11-14].
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During the last decade, the increased use of a more
aggressive and selective surgical technique for the
regenerative process - selective surgical reinnervation
(SSR) has led to a dramatic change in the approach to the
treatment of not only traumatic brachial plexus injuries,
but also injuries to the structures of the peripheral
nervous system (PNS) in general [11, 12]. Numerous
SSR techniques developed and put into practice make
it possible to achieve the predictable functional result
within a prognostic period [9, 11, 12]. The priority of
segmental functions restoration in case of the upper limb
PNS structures damage at any level has been determined
[1], reliable potential donor nerves (ND) and acceptor
nerves (NA) have been identified accordingly.

The only objective limitation of the possibility of
using the SSR method, apart from the time factor [9],
is the specific anatomy of damage to PNS structures,
in particular supraclavicular brachial plexus injury
(SBPI). This limitation is caused by a decrease in the
number and, consequently, the availability of potential
intraplexus ipsilateral ND (i-ND) as the number of C5-D1
(sometimes - C4-D2) anterior spinal nerves branches
involved in the pathological traumatic process increases
[9, 12, 15]. In this context, total SBPI has the greatest
limitations: only extraplexus ipsilateral ND (e-ND) or
contralateral ND are available.

The priority of muscles and their groups renewal
in case of damage to the BP structures is of crucial
importance for global upper limb function [1]. The
highest priority for the overall upper limb functional
capacity is the flexion of elbow joint (1st order of priority)
[1]. Involvement of all possible e-ND and i-ND when
performing the SSR is aimed at restoring exactly the 1st
order priority function. The next priority function (2nd
order of priority) is stability and multiaxial movements
in the glenohumeral joint. The stability of the shoulder
girdle, to a certain extent, can be provided by the
preserved function of only the axioscapular group of
muscles (trapezius, major and minor rhomboid muscles,
levator scapula muscle [16]), the innervation of which
is provided by nerve structures outside the BP. On the
other hand, active multiaxial movements in the shoulder
joint are provided by muscles from the innervation pool
of the BP - the innervation pool of the axillary (Ax) and
suprascapular (SS) nerves, respectively, the probability
of their recovery with the help of SSR is even more
dependent on both the order of recovery (2nd order) in
a certain order of priority, and the anatomy of the SBPI.

Traditionally, the effectiveness of motor function
restoration by any conservative or surgical method is
determined by assessing the effective power of a muscle
(or groups of muscles that provide multiaxial movements
in a particular joint, often from different innervation
pools) using the Medical Research Council Scale ( MRC
Scale) [17]. However, the effective power of a muscle or
groups of muscles in normal and pathological conditions
do not imply the ability of these muscles to perform
a function effectively [18]. The effiectve function of a
muscle or group of muscles of any segment of the upper
limb, the maximum effective range of motion (eROM) in
a joint of the segmental apparatus, which they provide,
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differs significantly from the maximum possible range
of motion (MROM).

The key muscle [16] from the Ax innervation pool
- the deltoid muscle (D) ensures the implementation of
its main function - mainly flexion in the shoulder joint
(sagittal plane) [16], as well as the shoulder abduction
[16] (frontal plane), mROM in the shoulder joint in the
sagittal plane, which is provided by D, is equal to 180°
[18]. Dynamic analysis of the activities of daily (ADL)
monomanual and bimanual living suggests that the
eROM in the shoulder joint in the sagittal plane is equal
to 108° [18], respectively, the effective restoration of
the effective power (Ep) of D and its effective function
(Ef) is the main task of the SSR.

Purpose: to retrospectively analyse the results of
selective surgical reinnervation of the axillary nerve in
patients with supraclavicular brachial plexus injuries.

Study objectives:

1) to evaluate the results of restoration of effective
power and effective function of D after performing SSR
AXx;

2) to determine the main factors affecting the
effectiveness/ineffectiveness of SSR Ax in patients
with SBPI.

Materials and methods

Study participants

Sixty-eight patients (57 males and 11 females) with
SBPI (level 1-3 according to D.C. Chuang classification
[13]) were enrolled in the study. Informed and voluntary
written consent to participate in the study was obtained
from all patients. The study was approved by the
Committee on Ethics of the Institute of Neurosurgery
named after Acad. A. P. Romodanov, Ukraine (Minutes
N°3 dated November 22, 2021).

Inclusion criteria:

Patients without age restrictions; presence of
clinically verified SBPI (including gunshot character);
postoperative follow-up period of at least 15 months;
patients who underwent surgical intervention using
methods of neurolysis, autologous plasty and SSR.

Characteristics of the patient cohort

A simplified approach was used to form the cohort
of patients according to D.C. Chuang classification. Thus,
all injuries according to the closed type (without damage
to the soft tissue surface and deep structures of the
lateral triangle of the neck) of the SBPI corresponded to
level 1-2 according to D.C. Chuang classification, while
injuries according to the open type corresponded to
level 3. The simplified approach is due to the inability to
perform visualization structures of the BP/cervical spine
in the pre-surgical period using computer and magnetic
resonance imaging during 2013-2014, to accurately
identify cases with preganglionic and postganglionic
tears or a mixed nature of injury [13].

In 63 (92%) patients SBPI was due to a high-energy
closed traction injury without disrution of the integrity
of the superficial and deep soft tissue structures
of the lateral neck triangle without/with fracture/
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osteosynthesis of the clavicle (level 1-2 according to
D.C Chuang classification), in 5 (8%) individuals with
open injury to BP structures in the lateral triangle of
the neck (level 3).

The mean age of the patients was 28.4 years (from
0.5 to 72 years). The average time from the moment
of injury to the time of SSR was 7.4 months (from 2
weeks to 6 years). Forty-six (68%) patients underwent
SSR (selective surgical reinnervation) within 6 months,
22 (32%) after 6 months. In the cohort of 68 patients
involved in the study, the anatomical characteristics of
SBPI were as follows: damage to the anterior branches
of the spinal nerves (hereinafter only the number of the
spinal nerve is indicated) C5 - 1 (1.5%) case, C5-C6 - 18
(27% ), C5-C6-C7 - 22 (32%), C5-C6-C7-C8 - 1 (1.5%),
C5-C6-C7-C8-D1 (total version of SBPI) - 26 ( 38%).

The formation of patients cohort was based on the
confirmed fact of selective reinnervation (SSR), aimed at
restoring the priority function of the 1st and 2nd orders
in one patient (or the priority function of any one order, or
their combination), as well as the combination of orders
and suborders (innervation pools for the priority function
of the 2nd order - Ax/SS), respectively, the number of
patients in the study corresponds to the absolute number
of cases of SSR in the study (68 patients underwent 68
SSR): 55 SSR aimed at restoring the 1st order priority
function, 42 SSR aimed at restoring the 2nd order
priority function (suborder 2, innervation pool Ax) and
29 SSR aimed at restoring the 2nd order priority function
(suborder 2, innervation pool SS) (Table 1).

The study group was formed on the basis only on the
confirmed fact of performing SSR aimed at restoring the
2nd order priority function - Ax surgical reinnervation
(suborder 2), regardless of the existing cases of
combining SSR aimed at restoring other functions in
the order or suborder of their priority, respectively, the
group consisted of 42 patients. The average age of the
patients was 31.2 years. Twenty-nine (69%) patients
underwent SSR Ax within 6 months, 13 (31%) - after
6 months. In this group, the anatomical characteristics
of SBPI were as follows: C5-C6 in 14 cases (33% in the
study group and 21% in the cohort of patients in the
study), C5-C6-C7 in 12 (respectively 29 and 18%), C5
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-C6-C7-C8-D1 (total version of SBPI, hereinafter - total)
in 16 (38 and 24%).

Study design

Analytical controlled retrospective cohort single-
center study conducted during 2013-2019.

Characteristics of surgical interventions

Selective surgical reinnervation of Ax in the study
group of patients was performed using standard
techniques described in numerous literature sources
over the past 20 years [11,12]. Donor nerves used in
SSR can be divided into two main subgroups - i-ND
and e-ND. The main i-ND (17 cases of use, 41%) were
the radial nerve branches to the caput mediale of the
triceps brachii muscle (RN (CMTB)) in 14 (33%) cases and
common trunk of the thoracodorsal nerve (ThorDors) in
1 (2%). In two cases, the anterior branch of the anterior
spinal nerve C5 was used as i-ND in the absence of
other ipsilateral i-ND and e-ND and the macroscopic
integrity of the latter was preserved (the viability of the
proximal C5 stump was not determined using standard
morphological methods [19] during surgery) - "donor
of despair". Various branches of the accessory nerve
(Acc) were used as the main source of e-ND (25 cases
of use, 41%).

In the majority of cases, the choice in favor of i-ND
or e-ND was due to the anatomy of the SBPI (total
lesion variants): there was no alternative to e-ND in
16 (38%) cases. In the case of subtotal SBPI variants,
preference was given to the use of i-ND over e-ND (15
and 9 excluding "donors of despair").

The main fundamental technical difference between
the use of e-ND and i-ND was the need to perform the
interposition of an autologous nerve graft (the size of
which significantly exceeded the critical dimensions of
the peripheral nerve defect [14]) between the e-ND and
the recipient nerve (NR) and direct anastomosis of the
i-ND -NR, respectively. In all cases of using both e-ND
and i-ND, total (complete or non-selective with respect
to Ax branches) reinnervation of Ax was performed.

Evaluation of results

All patients included in the study were instructed
to restore lost function and follow standardized
rehabilitation programs 3 months after SSR. All patients

Table 1. Number of cases of selective surgical reinnervation aimed at restoring the 1st
and 2nd orders priority function in one patient, or any one order or their combination, as
well as the combination of orders and suborders (innervation pools for 2nd order priority

function—- Ax/SS) in the patient cohort

I PF of the PF of the
Priority order 2nd order PF of the 2nd order
1st order

Suborder Ax pool SS pool
Only one PF (sum of facts of SSR
performance for one PF only) 42 55 29
PF1+PF2 (Ax+SS) 12
PF1+PF2 (Ax) 35
PF1+PF2 (SS) 8
PF2 (Ax+SS) 20 20

Note: PF - function priority (according to M.G. Siqueira et al. [1]); Ax — axillary nerve;

SS - suprascapular nerve.
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underwent a neurological examination after SSR,
supplemented with an electrophysiological examination
(electroneuromyography) according to the standard
method after 6, 9, 15 and 17 months. Rehabilitation
programs after SSR were formed according to the
specific functions initially provided by the ND used during
surgery: patients were instructed on the need to perform
specific motor exercises both under the supervision of
a rehabilitation physician and independently at home.

The primary aim of the neurological examination was
to evaluate the effective power of D recovery according
to the MRC Scale [17]: recovery of function to the
M4-5 level was considered to be an effective recovery
of effective power (Ep). The functional efficiency of
the effective power of D was evaluated by measuring
the flexion angle in the glenohumeral joint in sagittal
plane. Effective function (Ef) was considered effective
if D restored to M4-5 was able to provide flexion in the
glenohumeral joint 2108° (eROM). The requirement for
flexion in the glenohumeral joint in the sagittal plane
is based on the peak values of angular activity D when
performing most activities of daily living (ADL) [18].

Needle and surface electroneuromyography were
mainly used in the early (after 9 and 12 months) and
late (after 15 and 17 months) periods after SSR to
confirm ineffective reinnervation or lack of activity in D,
making it possible to recommend orthopedic corrective
interventions (transposition of tendon-muscle complex/
complexes) to restore flexion in the glenohumeral joint
in those cases where it was possible.

Statistical analysis

There were limitations of the study when
conducting statistical data processing. Thus, significant
heterogeneity of characteristics (age, gender, terms
of injury, etc.) did not allow groups based on similar
characteristics to be formed for statistical analysis.

Results and their discussion

Among 42 patients from the study group, clinical
signs (from M2 to M5) of D reinnervation were achieved
in 25 (59%) cases (Fig. 1). In 17 (41%) cases, D
reinnervation did not occur after performing SSR. Within
6 months, D reinnervation was achieved in 16 (55%)
patients, after 6 months - in 13 (69%). Restoration of
effective power (Ep) D was achieved in 12 (28%) patients
(before 6 months - in 9 (31%), later than 6 months -in 3
(23%)). The ratio of cases of effective (M4-5), ineffective
(M2-3) and absence of reinnervation D according to the
research results was 12:13:17.

The use of i-ND made it possible to achieve clinical
signs of D reinnervation in 12 patients (71% of cases
using all i-ND and 80% excluding "donors of despair"),
within 6 months - in 8 patients (80% of all cases using
i-ND in this period and in 100% of cases excluding
"donors of despair"), 6 months later - in 4 patients
(57%). Recovery of Ep D when using i-ND was achieved
in 9 (52%) patients (up to 6 months - in 6 (60%), after
6 months - in 3 (43%)). The ratio of cases of effective
(M4-5), ineffective (M2-3) and absence of D reinnervation
when using i-ND was 9:3:5.

The use of e-ND resulted in clinical evidence of D
reinnervation in 13 (42%) patients (up to 6 months - in 8
patients (42% of all cases using e-ND at this time), after 6
months - in 5 (83%)). Recovery of EP D when using e-ND
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was achieved in 3 (12%) patients (up to 6 months - in 3
(16%), later than 6 months - in none). The ratio of cases
of effective (M4-5), ineffective (M2-3) and absence of D
reinnervation when using e-ND was 3:10:12.

Clinical signs of restoration of effective function (Ef)
D (under conditions of restoration of Ep) were achieved
in 11 (26%) cases, regardless of the timing of SSR
(Fig. 1) (up to 6 months - in 9 (31%), after 6 months
—-in 2 (15%)).

The use of i-ND made it possible to achieve
restoration of Ef D in 8 (53%) cases (before 6 months - in
6 (60%), after 6 months - in 3 (29%)). The ratio of cases
of recovery of Ef in the case of recovery of effective Ep
D when using i-ND was 8:9.

The use of e-ND made it possible to achieve recovery
of Ef D in 3 (12%) cases (up to 6 months - in 3 (16%),
later than 6 months - in none). The ratio of cases of
recovery of Ef in the case of recovery of effective Ep D
when using i-ND was 3:3.

Recovery of Ef D in subtotal variants of SBPI was
achieved in 10 cases when using both i-ND and e-ND
(38% efficacy). The use of e-ND in subtotal variants of
SBPI resulted in Ef D recovery in 2 cases (22% efficacy),
the use of i-ND in 8 (47% efficacy). Recovery of Ef D
with total variants of SBPI was achieved in 1 case (6%
efficacy).

The main goal of surgical reinnervation of muscular
structures is to restore their effective function. The
processes accompanying both spontaneous and
surgically induced recovery are subject to well-known
physiological mechanisms of recovery of PNS structures
[20]. The main factors influencing the efficiency of
motor function recovery are the distance from the site
of damage to the PNS structure to the effector muscle
and the integral time indicator, i.e. the sum of the time
from the moment of damage and the predicted time of
muscle reinnervation [9, 20].

Surgically induced selective reinnervation (SSR) is
able to modify the influence of the above-mentioned
factors, by modifying the "distance" factor and,
consequently, the "time factor" component (predicted
period of muscle reinnervation). In other words, the
recruitment of nerves that can potentially become donors
of motor fibers (which also have certain requirements
[20, 21]) should take place in close proximity to a
muscle or a group of muscles from the same innervation
pool. Adherence to this principle allows the negative
impact of the "distance" factor and the component of
the "time" factor to be reduced to a certain extent.
This statement is reflected in the basic principles of
effective use of the SSP technique [9, 14, 20]. The
effectiveness of the SSR technique depends on another
factor that cannot be modified under any circumstances,
the factor of "anatomical characteristics" of damage
to PNS structures. In the context of using the SSR
technique, the derivative of this factor — the subfactor
of "accessibility/availability" of motor fiber ND - is of
the greatest importance. It is well known that the most
severe injuries of PNS structures are supraclavicular
and subclavicular injuries of the BP, respectively, the
anatomical characteristics of the damage of the BP to
a greater extent affect the accessibility/availability of
ND in close proximity to the muscle whose function
needs to be restored. Since the source of such ND is
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Fig. 1. Effectiveness of restoring the effective power of the deltoid muscle as a result of reinnervation with the
involvement of donor nerves of extraplexus and intraplexus origin up to 6 months and after 6 months after
supraclavicular brachial plexus injuries: Acc(SCM) - pars sternocleidomastoideus nervi accessorii; Acc (LT) — pars
trapezoideus (to pars ascendens of trapezius muscle) nervi accessorii; RN(CMTB) - motor branches n. radialis
(from 1-3 pcs.) to caput mediale m. triceps brachii; C5 - the stump of the anterior branch of the C5 spinal nerve;
ThorDors - common trunk of the thoracodorsal nerve; RI - reconstructive intervention

mostly the damaged BP itself (i-ND), the "anatomical
characteristics" factor of the injury can minimize the
advantages of the SSR technique (decrease the number
of accessible/available i-ND), forcing the use of e-ND.

The correlation between the use of ND on the
anatomy of the SBPI in this study is presented in Table 2.

It is noteworthy that only e-ND was used in the
study group when performing SSR in all total SBPI
variants, whereas the SSR in subtotal variants of SBPI
was performed with the involvement of i-ND in 17 cases
and e-ND in 9 (36% of all cases using e-ND).

Since e-NDs are located at a considerable distance
from the muscle to be restored, the factor of "anatomical
characteristics" of the injury directly affects the factor of
"distance" and indirectly - the component of the factor of
"time". The resulting influence of the mentioned factors
leads to ineffective reinnervation or no recovery of
muscle function at all. This factor influence is confirmed
by the low rate of effective Ep and Ef D recovery after
the SSR involving e-ND both in subtotal (22% of cases
for Ep and Ef from those performed) and in total (6%
of cases for Ep and Ef from those performed) variants
of SBPI (Fig. 2).

The use of different branches of the accessory nerve
(Acc) at a considerable distance from the Ax (10-18 cm)
significantly increased the influence of the "distance"
factor and the "time" factor component. Conversely,
the presence of available i-ND in the close vicinity of Ax
with subtotal SBPI largely neutralized the influence of
the "distance" factor and the "time" factor component.
This is confirmed by the high rate of recovery of Ep and
Ef D after SSR involving i-ND with subtotal SBPI: 60%
of those carried out without taking into account the use
of "donors of despair" - for Ep and 53% - for Ef (Fig. 2).

Elimination of another component of the "time" factor
(modulation (reduction) of the time from the moment of
injury to the SSR performance involving i-ND at up to 6
months) increased the frequency of recovery of Ep and Ef
D to 75% (without taking into account the effectiveness
of using "donors of despair") .

Beyond the purely "mechanistic" analysis of the
results of using SSR, aimed at restoring the priority
function of the 2nd order (suborder 2, innervation
pool Ax, D), by identifying the connections between
the reasons of effectiveness/ ineffectiveness of SSR
and factors (as well as their components) of time
and distance, an equally important factor is the
"philosophical" component - the "readiness" of the profile
specialist to use more aggressive surgical methods of
selective reinnervation. Thus, during 2013-2019 and
as positive results of SSR were obtained in general, an
absolute "readiness" of profile specialists to use more
aggressive surgical approaches (SSR) was formed in
order of priority when restoring the upper limb functions.
After receiving numerous negative results when using
"traditional" methods (techniques) of SSR using e-ND
(Acc) regardless of the anatomical characteristics of
the injury (with total and subtotal variants of SBPI
characterized by the presence of available i-ND) and
impact analysis component factors of time and distance
(during the 2013-2015 study), there was a need for
intensive use of "new" (which had not been used at
all or by a particular specialist) methods (techniques)
of SSR involving new NDs. In the study group, during
2013-2019, 3 "new" techniques of SSR D - SSR Ax were
introduced (its portions - superselectivity) involving as
i-ND the radial nerve branch to the caput mediale of
the triceps brachii muscle (RN(CMTB)), common trunk
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Table 2. Dependence of the origin of the donor nerves used in the study on the anatomical
characteristics of supraclavicular brachial plexus injuries

Origin of ipsilateral ND
Anatomy of Number of e-ND i-ND
SBPI cases
Utilized Total Utilized Total
Subtotal
variants 26 26 9 25 17 17
(C5-C6 and C5-
C6-C7)
Total variant 16 16 25 0 17

Note: ND - nerve donor; e-ND - extraplexus nerve donors; i-ND - intraplexus nerve donors.

D ND
Acc* | RN(CMTB) ThorDors
Ep| Ef | Ep | Ef | Ep | Ef
C5-Cé 4 4 1 1
C5-C6-C7 | 2 2 4 3
Complete | 1 1

Fig. 2. Dependence of restoration of effective power and effective
deltoid muscle function after selective surgical reinnervation

of the axillary nerve when using donor nerves of extraplexus

and intraplexus origin on the anatomical characteristics of
supraclavicular brachial plexus injuries: e-ND - extraplexus

donor nerves; i-ND - intraplexus donor nerves; Acc — nervus
accessorius; RN(CMTB) - motor branches n. radialis (from 1-3 pcs.)
to caput mediale m. triceps brachii; ThorDors - common trunk of
thoracodorsal nerve; Total - total variant of SBPI; * — generalized
for all possible SSR techniques involving only Acc (any branches

from any approach)

or portion of the thoracodorsal nerve (ThorDors) and
as e-ND - branches of the accessory nerve to pars
ascendens of trapezius muscle (Acc(LT)). The expansion
of the ND spectrum, which is directly related to the
change in the philosophy of using selective reinnervation
techniques, is shown in Fig. 3. The use of e-ND did not
allow leveling the "time" factor component (time given for
recovery) and aggravated the problem of the "distance"
factor (the distance from the ND to the nerve-acceptor
- muscle-effector) both in total and subtotal variants of
SBPI: the overall effectiveness of "traditional" methods
allowed to restore Ep D in total only in 12% of cases used
(Fig. 3). Active introduction of "new techniques" of the
SSR made it possible to level the "time" factor component
(time allocated for recovery) to a certain extent and to
completely solve the problem of the "distance" factor in
subtotal variants of the SBPI: the overall effectiveness
of the "new" techniques made it possible to restore Ep
D in total in 53% of cases of use (Fig. 3).
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Consequently, consideration of the influence of many
factors (time, distance, anatomical characteristics of the
injury) is the key to effective individualized and systemic
use of the SSR technique in case of damage to any PNS
structures of any limb at any level.

Conclusions

1. The use of extraplexus donor nerves (branches
of the nervus accessorius) for reinnervation of the
axillary nerve is ineffective in the context of providing
the restoration of effective power and function of the
deltoid muscle in supraclavicular brachial plexus injuries
(achieved in only 12% of patients).

2. The use of extraplexus donor nerves (branches
of the nervus accessorius) may be justified to ensure
stability of the glenohumeral joint (restoration of the
deltoid muscle to M2-3) (achieved in 40% of patients).

3. The use of intraplexus donor nerves is effective
in the context of providing the restoration of effective
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Fig. 3. Dynamics of using "traditional" and "new" methods (techniques) of selective surgical
reinnervation of the axillary nerve involving donor nerves of extraplexus and intraplexus origin
during 2013-2019: e-ND - extraplexus donor nerves; i-ND - intraplexus donor nerves; Acc -
nervus accessorius; RN(CMTB) - motor branches n. radialis (from 1-3 pcs.) to caput mediale
m. triceps brachii; ThorDors — common trunk of thoracodorsal nerve; >6 - performance of
SSR later than 6 months after injury; <6 — performance of SSR within 6 months after injury;
Ep - effective power of the muscle (M4-5 according to the MRC Scale);, green color - effective
restoration of power of the deltoid muscle; red color — ineffective restoration of power of

the deltoid muscle (M1-3 according to the MRC Scale); * — generalized for all possible SSR
techniques involving only Acc (any branches at any approach)

power and effective function of the deltoid muscle
in subtotal supraclavicular brachial plexus injuries
(achieved in 53% of patients).

4. Extraplexus donor nerves (branches of the
nervus accessorius) should not be used for axillary
nerve reinnervation in patients with subtotal variants
of supraclavicular brachial plexus injuries.

5. Extraplexus donor nerves (branches of the
nervus accessorius) should be used for axillary
nerve reinnervation in patients with total variants of
supraclavicular brachial plexus injuries.

6. Modulation (reduction) of the time from the
moment of injury to selective reinnervation of the
axillary nerve is mandatory when performing selective
reinnervation using both extraplexus and intraplexus

donor nerves in appropriate variants of supraclavicular
brachial plexus injuries.

7. The period of 6 months from the moment of
injury to selective reinnervation by any technique
should be considered critical for achieving restoration
of effective power and effective function of the deltoid
muscle in subtotal supraclavicular brachial plexus injuries
(achieved in 75% of patients).

8. Performing selective reinnervation using both
extraplexus and intraplexus donor nerves in appropriate
variants of supraclavicular brachial plexus injuries
later than 6 months after injury allows restoration
of glenohumeral joint stability (achieved in 46% of
patients).

http://theunj.org
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