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We review our experience treating 358 adult patients with supraclavicular brachial plexus injuries over a 7-year
period at the University of Southern Santa Catarina, in Brazil. Patients were categorized into 8 groups, according
to functional deficits and roots injured: C5-C6, C5-C7, C5S-C8 (T1 Hand), C5-T1 (T2 Hand), C8-T1, C7-T1,
C6-T1, and total palsy. To restore function, nerve grafts, nerve transfers, and tendon and muscle transfers were
employed. Patients with either upper- or lower-type partial injuries experienced considerable functional return.
In total palsies, if a root was available for grafting, 90 % of patients had elbow flexion restored, whereas this rate
dropped to 50 % if no roots were grafted and only nerve transfers performed. Pain resolution should be the first
priority, and root exploration and grafting helped to decrease or eliminate pain complaints within a short time of

surgery.
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Brachial plexus lesions are a tragic conditionthat
usually affects young adults, with significant so-
cioeconomic implications. Only four decades ago,
brachial plexus surgery still was approached with
considerable pessimism. As recently as the 1996
International Society for Orthopaedic Surgery and
Traumatology (SICOT) in Paris, it was concluded
that surgical repair of these lesions was almost im-
possible and, even when performed, did not guaran-
tee a useful result'. However, the ongoing increase
in the number of civilian brachial plexus lesions due
to motorcycle accidents has, without a doubt, pro-
moted interest in this field, and recent years have
witnessed tremendous progress in surgical tech-
niques for brachial plexus repair. At our institution,
between January 2002 and December 2008, 338 pa-
tients suffering from supraclavicular brachial plexus
palsy underwent surgical repair. In the present re-
port, we review our results and current approach to
treatment.

DIAGNOSING BRACHIAL PLEXUS PALSIES

In half of our patients, electrophysiological stud-
ies were available preoperatively. In 102 patients,
magnetic resonance imaging (MRI) of the brachial
plexus, including the spinal cord, was obtained,
whereas computed tomomyelography (CT myelog-
raphy) was performed in all cases. The clinical diag-
nosis of root involvement was correct in 85% of our
patients. Extremely reliable tests or signs were a su-
praclavicular Tinel’s sign to indicate a graft-able root,
and a Horner’s sign to indicate lower root avulsion®.
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Electrophysiological studies did not contribute, in
any way, to identifying indications for surgery or
to surgical planning. Consequently, we no longer
request electrophysiological studies preoperatively.
MRI was useful merely to document avulsion of the
lower roots. However, Horner’s sign was 96 % pre-
dictive of lower root avulsion’. MRI was not help-
ful in identifying a graft-able root at the CS or C6
level, because of poor visualization of the intradural
portion of these roots. This is the main reason for
interest in CT myelography: confirming that a root
stump located in the supraclavicular region during
dissection is in continuity with the spinal cord and,

thereby, eligible for grafting.

TIMING OF SURGERY

Patients with total palsy of the brachial plexus
following a traffic accident have almost no chance of
spontaneous recovery. In our series of patients with
total palsy, spontaneous recovery was not observed.
This is different for partial injuries, in which some
spontaneous improvement might occur. We prefer
to operate on such patients after the thirdmonth but
before the sixthmonth after injury. Some of our pa-
tients were operated upon after the seventh month
with good results. However, more than 9 months af-
ter trauma, our results declined dramatically.

In partial injuries, we observed some good re-
sults even 10 months after surgery when distal nerve
transfers were employed. This was not observed in
patients with total palsy in whom nerve grafts were
used 10 months or more following the accident?.
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DEFINITION OF PARALYSIS
ACCORDING TO ROOT
INVOLVEMENT

C5-C6 ROOT INJURY

This group consisted of those patients
with palsy involving shoulder abduction
and external rotation, elbow flexion, and
forearm supination. The coracobrachialis re-
mained innervated in all patients. The flexor
carpi radialis and pronator teres functioned,
but were weak. Wrist flexion was largely
preserved, because the palmarislongus and
the flexor carpi ulnaris were unaffected. The
upper head of the pectoralis major was par-
alyzed or weak; but, during resisted adduc-
tion, there was no apparent atrophy of the
muscle. Hand grasp strength was 68 % that
of the normal side, and pinch strength was

Table 1

Grasping, pinch and wrist and elbow extension strength
in the different group of palsies

Type Grasping Pinch ers't Elbo?v
of palsy (Kg) (Kg) extension | extension
(Kg) (Kg)
26,3
! 8(95%CL| 7,1 (95% | 7,8 (95%
CS-C6 | (95% (], P ’
22,0.2297) 7,1-8,8) |CL 6,1-8,1)| CI, 6-9,5)
cs_cr | 147 (95% |6(95%CIL,| 5,6(95% | 4,8(95%
CI,8,7-20,7)| 4,8-7,1) |CL 5,1-6,2)|CL 4,2-5,4)
lyzed
13 (95% CL |4 (95% C1,| P¥*?
C5-C8 9,7-16,3) | 2.8-5,3) or extremely| paralyzed
weak
CS5-T1 extremely | extremely parilyzedl lvzed
(postfixed) weak weak ~ |OF SXTremely) paraiyze
weak
10,1 11,8
0, ) 0, )
Normal 3§ 6(25 ;’931’ (95% CI, 1131(251ﬁ S)I (95% CI,
YT 19,2-10,9) | T T 10,4-13,2)

80% of normal. Wrist extension strength
was 55 % that of the normal side, while el-
bow extension was 66 % the normal value
(Table 1). The hand exhibited normal sen-
sation. One zone of lost protective sensa-
tion was observed along the lateral aspect of
the forearm extending towards but not nec-
essarily reaching the thumb. A second zone
was noted over the deltoid chevron (Fig. 1).

Strength with grasping, pinching and wrist and elbow exten-
sion in the different palsy groups and in the normal contralateral
limb — In all groups, strength was significantly decreased relative
to the normal side (p<0,005). Grasp strengths were 70 %, 40 %
and 36 % that of the normal limb in those with C5-C6, C5-C7
and C5-C8 injuries, respectively. All inter-group differences were
statistically significant; however, only the difference between
the C5-C6 and C5-C7 groups can be considered clinically rel-
evant. Pinch strengths were 80 %, 60 % and 40 % of normal with

C5-C6, C5-C7 and C5-C8 lesions, respectively; these differ-
ences all were significant, both statistically (p<0,05) and clini-

CS-C7ROOT INJURY

The clinical picture with this lesion was
similar to what we observed in the C5-C6
palsy group. Wrist, finger and elbow exten-
sion were preserved, but there tended to be
a greater loss of strength than in the CS-C6 patients
(Table 1). The upper portion of the pectoralis was
atrophied. The latissimusdorsi was paralyzed in half
of the patients. The flexor carpi radialis and prona-
tor teres were paralyzed. There was an extended
sensory deficit, but no loss of protective sensation
in the fingers. Hand grasp strength was just 39 %
that observed in the normal contralateral limb,
whereas pinch strength was 60 % the normal value.
Wrist extension and triceps strength were 43 % and
41 % that of the normal side, respectively. Relative
to the C5-C6 group, grasp, pinch, triceps and wrist
extension strength were significantly decreased
(p<0,0S). There was a reduction in sensation in all
fingers, but especially in the thumb. However, pro-
tective sensation was preserved throughout the en-
tire hand. There was a continuous longitudinal area

cally. Wrist extension strengths were 55%, 43 % and 0% in the
C5-C6, C5-C7 and CS-C8 palsy groups, respectively; and cor-
responding elbow extension strengths were 66 %, 41 % and 0 %.
These differences in wrist and elbow extension strength all were
statistically significant (p<0,05).

of anesthesia along the lateral aspect of the forearm
and arm, and over the deltoid chevron (Fig. 1).

C5-C8 ROOT INJURY (T1 HAND)

In addition to the shoulder and elbow flexion
palsy, the teres major, latissimusdorsi and triceps all
were paralyzed. The pectoralis major was paralyzed.
Wrist extension was paralyzed in all patients. How-
ever, some patients could extend their wrist with
the help of thumb and finger extensors. In these
cases, wrist extension strength did not exceed 1kg.
In a few patients, only extension of the thumb and
index finger was preserved. The triceps, flexor carpi
radialis, pronator teres and flexor carpi ulnaris were
paralyzed. Wrist flexion was possible, thanks to the
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Figure 1. Zones of lost protective sensation with the different
types of brachial plexus palsy. Mapping was performed following
assessments using Semmes-Weinstein monofilaments. In those
with a C5-C6 injury, hand sensation was totally preserved. In
the C5-C7 injury group, hand sensation was decreased, but
still was within the normal range. A longitudinal area of absent
protective sensation was present on the lateral aspect of the
forearm and arm. In the C5-CS8 palsy group, there was a similar
longitudinal area along the lateral side of the arm and forearm,
associated with no protective sensation. The dorsal side of the
hand also was now markedly affected. On the palmar aspect of
the hand, sensation decreased to a variable degree. Almost half
of the patients had normal sensation, and the remaining half
experienced thumb anesthesia. In those with a C5-T1 lesion
with post-fixation of the plexus, only a small zone was observed
in which there was preserved sensation over the medial side of
the forearm. Hand sensation was markedly reduced. The thumb
was anesthetized, but protective sensation was demonstrated
in the long fingers (inset). In the C8-T1 palsy group, a loss
of protective sensation was evident on the medial side of the
forearm and in the ulnar fingers. In the C7-T1 injury group,
the inner aspect of the arm also was affected, together with
additional involvement of the long finger

palmarislongus. Pronation was possible
because the pronator quadratus func-
tioned. Hand grasp strength was 36 % that
of the normal side, and pinch strength
40 % of normal (Table 1). In comparison
with the C5-C6+C7 groups, grasping
and pinch strength were significantly re-
duced (p<0,05). A mean 20 % reduction
in pinch strength was observed, making
this weakness more pronounced than
the loss of grasp strength; the decline in
grasp strength, although significant, was
only 3%. There was a continuous longi-
tudinal zone of lost protective sensation
over the lateral forearm, lower arm and
deltoid chevron, as in the previous group.
However, this region was wider, affecting
1/3 of the limb circumference. Contrary
to the previous group, the dorsal aspect
of the hand, including the dorsal ulnar
side, now was affected. With respect to
the fingers, there was no particular pat-
tern of sensory disturbance. For instance,
a few patients presented with thumb
anesthesia, but others exhibited normal
sensation in all fingers. In no instance
was complete anesthesia of all fingers ob-
served (Fig. 1). Horner’s sign was absent.

C5-T1 ROOT INJURY WITH PARTIALLY
PRESERVED FINGER FLEXION
AND HORNER'S SIGN (T2 HAND)

In these patients, the shoulder was
completely paralyzed. Adduction was
impossible, because the pectoralis major
was totally paralyzed in all patients. Fin-
ger and wrist extension were paralyzed.
Wrist flexion was weak, but preserved
in half of the patients because the pal-
marislongus remained functional. Finger
flexion was noted in all cases, but it was
incomplete in excursion, and in no hand
were all fingers functional. Grasping and
pinch strength were not measurable due
to extreme weakness. Thumb anesthe-
sia was frequent. The dorsal aspect of
the hand was completely anesthetized.
The lateral longitudinal bundle, over the
forearm and arm, was wider, now com-
prising 2/3 of the limb circumference
(Fig. 1). There was a zone of normal
sensation over the ulnar border. It is our
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impression that these patients had either
an undetected partial root injury of T1,
though CT tomomyeloscans confirmed

Table 2

Values of strength for elbow flexion/extension
and wrist extension in C8-T1 and C7-T1 palsies

avulsion; or, more likely, post-fixation of Type Elbow Elbow Wrist
the brachial plexus by T2. We now call |ofpalsy| Flexion/Kg | Extension/Kg | Extension/Kg
this cohort of patients the T2 hand group. C8T1 16,2 (95% CI, [12,5(95% CL 7,9| 9,5(95% CI,
13,5-18,9) 17) 6,7-12,2)
C7_T1 11,6 (95% CI, 3(95% CI, 6 (95% CI,
C8-T1 ROOT INJURY 10,6-12,6) 1,7-4,2) 3,6-8,3)
13 (95% CI,
Shoulder and elbow flexion were nor- Normal | 19(17,2-207) | 11,8 (104-13,2) 11,(4—14,5)

mal (Table 2). Wrist and finger extension
were preserved. The flexor carpi radialis
was preserved, but the flexor carpi ulnaris
and palmarislongus were paralyzed. The
pronator teres was preserved. Intrinsic
muscles of the hand were partially pre-
served. The flexor pollicislongus was par-
alyzed. Strength of wrist extension was
73% that of the normal wrist. Elbow flexion was
equal to the contralateral side. Sensory disturbances
compromised the ulnar aspect of the hand and fore-
arm. Horner’s sign was present in all cases, and CT
myeloscans indicated avulsion of both C8 and T1 in
all patients.

C7-T1 ROOT INJURY

These patients with more extensive palsy recov-
ered spontaneously in the territory of the upper
roots of the brachial plexus. Shoulder and elbow
range of motion were normal. However, strength
was markedly reduced (p<0,05) relative to the
patient’s normal side, and relative to the affected
limb in the C8-T1 palsy group (Table 2). For in-
stance, elbow flexion strength was 61 % and triceps
strength just 25 % that of the normal side. Wrist ex-
tension was weak, corresponding to 46 % that of the
normal side. When patients extended their wrist,
radial deviation occurred. Both the extensor carpi
radialisbrevis and longus functioned, but the exten-
sor carpi ulnaris was paralyzed. Sensory disturbance
was present along the ulnar aspect of the hand,
forearm and arm. As opposed to the C8-T1 group,
decreased sensation also was apparent in the third
finger. Thumb sensation was normal.

C6-T1 ROOT INJURY

We observed 4 patients with paralysis of finger
flexion/extension,accompanied by weak wrist ex-
tensors and triceps paralysis. Triceps paralysis and

Table 2: Values of strength for elbow flexion/extension and wrist
extension in C8-T1 and C7-T1 palsies. Strength in C7-T1 inju-
ries was significantly (p<0,05) reduced relative to the normal, con-
tralateral limb. The rates for the C8-T1 injury group did not differ
from normal values. In the C7-T1 group, elbow and wrist extension
strengths were 25 % and 46 % those of the normal side, respectively.

weak wrist extension were the main differences
in this versus the previous group. Shoulder motion
and elbow flexion were almost normal. Surgery
was not performed for brachial plexus exploration;
hence, the status of the roots was not inspected di-
rectly. On CT myeloscan, avulsion of C7-T1 was
confirmed in all cases. The nature of the lesion affect-
ing C6 was not clear. Most likely, there was partial
injury with spontaneous recovery. Of importance is
that, in this group of patients, elbow extension re-
construction is mandatory.

TOTAL PALSY

In these patients, the clinical picture was a flail
limb. All patients presented with a Horner’s sign.
The sensory deficit included the entire limb, except
for the inner aspect of the arm.

SURGICAL TREATMENT
UPPER TYPE PALSIES (C5-C6+C7)

In these patients, elbow flexion and shoulder
abduction/external rotation are the missing func-
tions that require reconstruction. When roots are
avulsed, which occurred in only 22 % of our patients,
reconstruction is achieved by triple neurotization:
(1) the accessory nerve is transferred to the supra-
scapular nerve; (2) the triceps long head motor
branch is transferred to the anterior division of the
axillary nerve and to the teres minor motor branch;
and (3) fascicles of the ulnar nerve are transferred
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Figure 2. Intra-operative view ofaleftaxillaryapproach
to neurotize the anterior division (AD) of the axillary
nerve and the teres minor motor branch. Through this
same approach, ulnar nerve fascicles are concomi-
tantly transferred to the biceps motor branch. (PD)
posterior division of the axillary nerve and its branch-
es: (TM) teres minor motor branch, (POD) branch
to the posterior deltoid muscle, and (CB), the upper
arm lateral cutaneous nerve

to the biceps motor branch®. We now perform tri-
ceps-to-axillary nerve transfers using an axillary ap-
proach (Fig. 2). Comparing results for patients with
root avulsions treated by triple neurotization exclu-
sively versus those who had roots grafted to the up-
per trunk plus triple neurotization, we observed bet-
ter results for the combined root grafting plus nerve
transfer procedure®. We believe that root grafting
was helpful for reinnervation of antagonist muscles
or shoulder stabilizers, which were not addressed by
the nerve transfer intervention. For instance: when
elbow flexion is resisted, pectoralis major contrac-
tion is easily perceived, even though the pectoralis
major is not an elbow flexor. The pectoralis major
contracts to stabilize the shoulder joint. Also, we
observed that patients with CS and C6 root grafting
in whom the suprascapularnerve was transferred to
the XI" cranial nerve and fascicles of the ulnar nerve
were transferred to the biceps motor nerve, but who
had no triceps transfers to the axillary nerve, exhib-
ited less external rotation recovery than patients
who underwent triple nerve transfers. In this group
of patients, external rotation is the most difficult
motion to restore. Therefore, contrary to what other
surgeons have proposed,® we believe that not only
the anterior branch of the axillary nerve, but also
the teres minor motor branch should be consistent-
ly neurotized by triceps nerve branches. Hence, it is
our policy now that, even when we have two graft-
able roots (C5+C6), we graft the roots to the upper
trunk and perform a triple nerve transfer.

Our overall results for reconstruction of upper-
type lesions of the brachial plexus are encouraging.
Both full abduction and full external rotation of the
shoulder were restored in 15 % among those in the
CS and C6 nerve root avulsion group reconstruct-
ed by triple nerve transfer, in 67 % of the patients
who received C5 nerve root grafting plus a triple
nerve transfer, and in 33 % of patients who received
a C5+C6 nerve root graft group, plus transfer of cra-
nial nerve XI to the suprascapularnerve and ulnar
nerve fascicles to the biceps motor branch. The av-
erage percentages of elbow flexion strength recov-
ery, relative to the normal, contralateral side, were
27 %, 43 % and 59 % for the C5-C6 nerve root avul-
sion, CS nerve root graft, and C5+C6 nerve root
graft groups, respectively. Hence, it seems that com-
bining grafted roots with distal nerve transfers also
improves elbow flexion strength.

T1 HAND

When the C5 root was available for grafting,
it was grafted either to the anterior or posterior
division of the upper trunk. To date, we have not
observed clear differences in recovery of motion
attaching nerve grafts to the anterior versus pos-
terior division of the upper trunk, but this may be
because of the few patients like this that we have
had. In the «T1 hand» group of patients, elbow
extension has required reconstruction. In a few pa-
tients, we have used the median nerve to neurotize
the biceps motor branch, while ulnar nerve fascicles
were used to neurotize the triceps long head motor
branch. None of these patients recovered satisfacto-
ry elbow flexion/extension. Consequently, we have
abandoned the procedure of triceps reinnervation
by ulnar nerve fascicles.

In another group of 4 patients, we tried inter-
costal nerve transfers to the triceps long head mo-
tor branch, with fruitless results, either because
of poor reinnervation or poor motor control. Our
current approach is to transfer the levator scapu-
lae motor branch to the triceps long head motor
branch, aided by a sural nerve graft. Recovery of
elbow extension is not strong, but is fully under
voluntary control, and control over elbow flexion-
extension is important to stabilize the elbow when
tendon transfers are needed for thumb and finger
extension reconstruction. In this regard, we should
highlight an important point. If the motor fascicles
of the flexor carpi ulnaris(FCU) are transferred
for elbow flexion through biceps reinnervation,
and then the FCU is transferred to the extensor
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digitorumcommunis(EDC) and extensor pollicis-
longus (EPL) for reconstruction of a radial nerve
palsy, results will be very poor. When the patient ex-
tends the thumb and fingers by activating the trans-
ferred FCU, the elbow flexes concomitantly. In the
T1 hand, ulnar nerve fascicles to the intrinsic mus-
cles of the hand should be used for finger flexors in-
stead of fascicles for the FCU, as originally proposed
by Oberlin et al.”. Transferring fascicles of the ulnar
nerve to the intrinsic muscles of the hand does not
downgrade hand fucntion®.

Another interesting observation we have made
is that, in general in the T1 hand, intra-operative
electrical stimulation of the median nerve produces
stronger finger motion than stimulation of the ul-
nar nerve. Hence, in the T1 hand, we always dissect
both the ulnar and median nerves, stimulate them
with a nerve locator, and then use the «stronger>
nerve as a donor of fascicles for biceps reinnerva-
tion.

TOTAL PALSY

A) With graft-able roots

In 87 % of our patients with total palsy, a graft-
able root was available®. In these patients, the acces-
sory nerve is always transferred to the suprascapular
nerve, which yields an average of 57° of shoulder
abduction. When two roots were available for graft-
ing, typically C5+C6, CS was grafted to the anterior
division of the upper trunk, and C6 was grafted to
the posterior division. Sural grafts were less than
10 cm long. After surgery, forearm muscle rein-
nervation was not useful. Some patients recovered
wrist flexion and some finger flexion, albeit weak.
We consider M3-level finger flexion useless, because
our patients did not use their hand for active grasp-
ing. Elbow flexion/extension could not be restored
simultaneously. Elbow flexion was M3 or more in
85 % of these patients. Elbow flexion always was ac-
companied by pectoralis major contraction.®

In a second group of patients, the C5 root was
grafted more distally, either to the lateral cord or to
the musculocutaneous nerve. When available, the
C6 root was grafted to the radial nerve. The pec-
toralis major was reinnervated by branches to the
platysma, whereas the triceps long head was rein-
nervated by branches to the levator scapulae nerve.
Elbow flexion scoring M3 or better was identified
in 91 % of patients, a score slightly better than when
short grafts were connected to the upper trunk®’.
These findings might result from double lesions
of the musculocutaneous nerve, which occurred in

18 % of our cases’ and would have been passed un-
detected when only the supraclavicular region of the
brachial plexus was explored®. Transferring the le-
vator scapulae motor branch to the triceps long
head restored elbow extension predictably, albeit
weakly. Using the C6 root to reconstruct the radial
nerve largely was unpredictable, both with respect
to elbow extension and wrist and finger extension.
Though partially successful, definitive conclusions
regarding the transfer of the platysma motor nerve
to the medial pectoralis nerve cannot be drawn.

In a third group of patients, we grafted the CS
rootto the lateral cord using a vascularized ulnar
nerve graft'’. Results were poor. In our opinion, the
reasons for failure are related to the length of our
grafts allied with the unfavorable internal morphol-
ogy of a trunk graft. It is possible that regeneration
in long, vascularized trunk grafts is worse than what
occurs after the same repair using a sural nerve graft.
We have since abandoned the use of vascularized ul-
nar nerve grafts. In total palsies, our current trend is
to graft roots and donor nerves directly to recipient
nerves using longer grafts.

In total palsies of the brachial plexus, it is impera-
tive to graft viable roots. This offers not only a good
potential for recovery, but also treats brachial plexus
pain. In total lesions, 84 % of the patients suffered
from pain and almost 84 % have a graft-able root>"".
Pain subsided in half of these patients in the days af-
ter grafting. We have postulated that pain in brachial
plexus injuries stems from ruptured rather than
avulsed roots'?, challenging current concepts which
blame deafferentation as the origin of pain®. In pa-
tients who have been grafted but pain persists, we
have attributed pain to the growth of axons, because
this process is associated with the large production
of neurotrophic factors that produce pain'*'.

B) Without graft-able roots

In these patients, not only are there no roots
available for grafting, but donor nerves for trans-
fer — like the accessory and phrenic nerve — may
not be available either. After surgery, only half of
these patients achieved recovery of elbow flexion
when we used the phrenic nerve, contralateral C7 or
hypoglossal nerve. For suprascapular nerve neuro-
tization, we used the accessory nerve, contralateral
C7, hypoglossal nerve, cervical plexus and platysma
motor branch. Shoulder abduction was restored in
half the patients, to an average of 28°. Results for
reconstruction of total palsies without a graft-able
root clearly were worse than when a root was eli-
gible for grafting. This suggests that root grafting is

better than extraplexual nerve transfers for elbow
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Figure 3. Intra-operative view of a pulley dermodesis for correction of metacarpophalangeal hyperextension
in a patient with a lower type palsy of the right brachial plexus. After resection of a cutaneous ellipse centered
on the distal palmar crease, the Al pulley was sutured to the palmar aponeurosis and proximal dermis

flexion reconstruction. Extension of the trauma also
may have affected donor nerves for transfer. For in-
stance, results for shoulder abduction following cra-
nial nerve XI to suprascapular nerve transfers were
poor, relative to when a root was available for graft-
ing. This might reflect not only an associated lesion
of the accessory nerve, but also an extended lesion
affecting the suprascapular nerve.

LOWER TYPE PALSIES

In all patients, thumb and finger flexion was re-
constructed by transferring the brachialis muscle to
the flexor digitorumprofundus and flexor pollicis
longus". Tension was adjusted according to eachpa-
tient’s needs. Restoration of at least 2 kg of grasp-
ing strength allowed our patients to use their hand
during daily activities. Some patients recovered up
to 8 kg of strength, because more tension was ap-
plied during the transfer. This augments the power
of grasping when the elbow is extended as a conse-
quence of atenodesis effect. In addition, strong wrist
extension is helpful to increase the range of motion
and power of finger flexion. However, when more
tension is applied for the brachialis transfer, hand

span may be jeopardized. It is particularly impor-
tant to reconstruct thumb motion, more than that
of the fingers. In two patients, besides a brachialis
transfer, during a second surgery we transferred the
brachioradialis to the flexor digitorumsuperficialis
and flexor pollicislongus. These two patients expe-
rienced a 50 % improvement in grasp strength, with
preserved hand span.

When paralyzed, elbow extension was recon-
structed by transferring the posterior deltoid to
the triceps using a fascia lata graft. All 4 patients
recovered enough stability of the elbow to allow us
to proceed to tendon transfers for hand reconstruc-
tion. Only one patient recovered M4 elbow exten-
sion, with the remaining scoring M3. If surgery is
performed within 6 months of injury, we now prefer
to reconstruct elbow extension by transferring ei-
ther the motor branch of the posterior deltoid or the
motor branch of the teres minor, as we have done
for tetraplegics'”'®.

Finger extension, when absent, was successfully
reconstructed by transferring the supinator motor
branches to the posterior interosseous nerve'®*.
Tenodesis of the EDC and EPL produced poor re-
sults. Poor outcomes also resulted from transferring
the extensor carpi radialis longus or brachioradialis
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to the EDC. In chronic cases, because of poor results
of nerve repair and tendon transfers, our strategy is
no reconstruct thumb and finger extension by a free
gracilis muscle reinnervated by the supinator mo-
tor nerve (Fig 3). When radial wrist extensors and
brachioradialis muscle is functioning the supinator
nerve is always preserved and available as donor for
transfer.

Thumb stabilization by tenodesis of the abduc-
tor pollicislongus on the dorsal side of the radius or
to the FCU produced limited improvement. In con-
trast, excellent results for thumb stabilization and
spanning occurred after transferring the supinator
motor branch to the posterior interosseous nerve®.
Good results also were observed in two patients
with chroniclesions who had their supinator muscle
transferred to the extensor pollicisbrevis,aided by
a tendon graft*’. When needed, stabilization of the
thumb interphalangeal joint was achieved by trans-
ferring half of the flexor pollicislongus to the exten-
sor pollicis longus®.

Intrinsic muscle function reconstruction was at-
tempted by removing an ellipse of skin over the distal
palmar crease and suturing the proximal dermis and

GraBilissmuscle

Figure 4. A — Intra-operative view of a dissected fore-
arm from a patient with longstanding lower type in-
jury of the brachial plexus. Reconstruction of thumb
a finger extension was reconstructed by a free gracilis
muscle innervated by the supinator nerve. B — Note
the gracilis muscle. The gracilis artery was coaptated
end-to-side to the radial artery, whereas the one of
gracilis vein was anastomosed end-to-end with a co-
mitant radial artery vein. The motor branch of the
gracilis muscle was connected with the supinator
nerve. C — Results 12 months after surgery. This pa-
tient is capable to extend the thumb and fingers. Note
the bulky of the transplanted gracilis muscle (arrow)

palmar aponeurosis to the Al pulley (Fig 4). If good
function of the extrinsic extensors of the fingers was
preserved, or reconstructed by nerve transfers, good
results were observed. Otherwise, the results were
poor. In patients with poor results, we have tried to
improve intrinsic function by transferring the exten-
sor carpi radialisbrevis, prolonged by four-tailed ten-
don grafts, to the interosseous tendon, as proposed
by Brand*. There was no improvement in proximal
interphalangeal joint extension. When the extensor
indicisproprius was preserved, it was successfully
transferred to reconstruct thumb abduction.

Sensation on the ulnar side of the hand was
reconstructed either by transferring the palmar
branch of the median nerve to the dorsal branch of
the ulnar nerve, or by connecting the proper digital
ulnar nerve of the little finger with fascicles of the
median nerve to the palm or index finger (Fig S).
We now prefer to reconstruct protective sensation
using the proper digital nerve of the little finger, be-
cause when the dorsal branch of the ulnar nerve was
reinnervated, sensation was not restored on the ul-
nar side of the little finger, only on the ulnar side of
the hand.
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Branches of the m|
to the palm and to

Palmar cutaneous b!
of the median nerv

Dorsal branch of the
ulnar nerve

Figure S. Schematic representation of procedures to restore sensation on the ulnar side of the hand in patients
with a lower-type palsy of the brachial plexus. Either the palmar cutaneous branch of the median nerve was
transferred to the dorsal branch of the ulnar nerve, or the proper digital nerve of the little finger was sutured
to fascicles of the median nerve to the palm, either in association or not in association with fascicles raised
from the proper ulnar digital nerve of the index finger

CONCLUSIONS function is not yet possible with total lesions. Fin-

ger flexion or wrist extension scoring M3, although

In partial injuries, brachial plexus surgery is high-
ly rewarding. In total palsies, motion of the shoulder
and elbow can be predictably reconstructed, pro-
vided that a root is available for grafting. If no root
is available, only half of the patients will experience
improved motion. Useful reconstruction of hand
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XUPYPITNYECKAA PEKOHCTPYKIIUA ITAPAANYIA
ITAEYEBOTO CITAETEHUA Y B3POCADBIX

J.A. Bertelli, M. F. Ghizoni

SURGICAL RECONSTRUCTION OF BRACHIAL
PLEXUS PALSY IN ADULTS

Llenmp 6uorozuueckux Hayk o 30oposve, Yuusepcumem FOxucroti Canma Kamapunwvl, bpasuius
© Bepmearu Awc. A., XKuyonu M. O.

Mbr usyunan 358 B3pOCABIX MAITUEHTOB C HAAKAIOUMYIHBIMUA TPAaBMAMU IA€YEBOIO CIIACTEHHS 3a 7-AeTHHH IIe-
puoa B yausepcurere IOxuoi Canra Katapunsi, B Bpasuanu. ITanueHTs! 651A1 paspeAeHbl Ha 8 IPyIII, coraac-
HO HapylleHHI0 QYHKIUHU U ypoBHIO noBpexaenus: C5-C6, CS-C7, CS-C8 (T1 xucrs), CS-T1 (T2 xucrs),
C8-T1, C7-T1, C6-T1 u noassrit mapaaud. YTo6bI BOCCTAHOBUTD PYHKIJHIO, HCIIOAB3YIOTCSI HEPBHASI, CYXOXKHAD-
Has Y MbIIIeYHasl IAACTHKH. Y MAIJMeHTOB C BEPXHUM MAM HU3KHM THIIOM YaCTHYHOTO IIOBPEXKACHHUS CIIACTEHIL
HAOAIOAQAOCH 3HAUMTEABHOE BOCCTaHOBAeHHe QpyHKIuY. [Tpy ITIOAHBIX TApaAUYaX, €CAM CETMEHT OBIA AOCTYIIEH AAS
IIepeCcaAKH HEPAABHOTO AOCKYTa, Y 90 % ManneHTOB OBIAO BOCCTAHOBAEHO CTUOAHIE AOKTEBOTO CYCTaBa, TOTAQ KaK
3TOT IIOKA3aTeAb yMeHbIIAACS A0 SO %, ecAu ObIAa BBIIOAHEHA [IAACTHKA HEPBHBIM TpaHcIAaHTaTOM. [Ipnopurerom
AOAKHA OBITH AUKBUAAIMS OOAM, M IAACTHKA CETMEHTA TOMOTAA YMEHDIIUTD HAU YAAAUTD OOAD B KOPOTKHE CPOKH
IIOCA€ OIIePAIIKH.

Karwuesvie crosa: soccmaroseniie napasuda niewesozo cnAemenus, napasuy nie4e6020 CnAemenis, HepeHas nAGCMuKa,

nepecadka Hepéa.

BBEAEHHME

TpaBMa 1Ae4eBOTO CIAETEHUSI — Tparmdeckoe
coOBITHE, KOTOPOE OOBIYHO BCTPEYAETCS B MOAO-
AoM Bo3pacTe. TOABKO YeThIpe AeCATHUACTHS Ha3a
K XUPYPTHH IIA€YEBOrO CIIACTEHHS BCe elje OTHO-
CHUAMCH CO 3HAUMTEABHBIM IIeCCUMU3IMOM. B 1996 .
Mexaynapoanoe O6mecrtso OpTomepudeckoit
Xupypruu u Tpasmarosoruu (SICOT) B ITapu-
JKe 3aKAIOYHAO, UYTO XUPYPTUYeCKOe AeUeHHe ITHX
TPaBM IIOYTH HEBO3MOXKHO U, AQ’KEe €CAH BBIIIOAHS-
AOCh, He TapaHTHUPOBaAo pesyabrara |1]. OpaHako
IIPOAOASKAIOIIleecsl yBeAuueHHe KOAUJIeCTBa TPaBM
IIAEYEeBOTO CIIATEHMS M3-3a HeCYaCTHBIX CAydaeB
(aBapwit), 6e3 cOMHeHHs, BbI3BAAO HHTEPEC B 3TOM
06AACTH, U ITOCACAHHME TOABI 3aCBHAETEABCTBOBA-
AY OTPOMHBIH NPOrPecC XUPYPru4ecKOn TeXHUKU
A€UeHHs TPaBM IIAEYEBOTO CIIAeTeHHs. B Hamem
yuapesxxpeHun Mexay siHBapeM 2002 r. u AekabpeM
2008 r. 6p1A0 mpoomepupoBaHO 338 MalKeHTOB,
CTPAAQIOIUX OT HAAKAIOUMYHOTO ITapaAWva IIAe-
4eBOro craeTeHus. B HacTosmem pookaaae MbI pac-
CMaTpuBaeM HAIIX Pe3yAbTATHl U COBPeMeHHbIe
ITOAXOABI K ACYEHHIO.

YAK 616.833.34-009.11-089.844:001.894

AUATHOCTHUKA ITAPAAUYEN

Y IOAOBHHBI HAIIHX MAIJHEHTOB 3AEKTPOPU3NO0-
AOTHYECKHE HCCAEAOBAHMS OBIAM BO3MOXHBI Ha
mpeponepauoHHoM aTane. Y 102 marueHToB 6b1Aa
mpoBepeHa SIMPT maeyeBoro craeTeHHs], BKAIO-
Yas CIUMHHOM Mo3r, Torpa kak KT-mueaorpadus
OblAa BBIIIOAHEHA BO Bcex cAydasx. KamHuueckwit
AMArHO3 BOBAEUEHHS KOPEIIKOB OBIA ITPAaBUABHBIM
y 85% namux manuentos. Hanboaee 3HaumMbiMu
CHMIITOMAMH OBIAM HAAKAIOUMYHBIA cuMmnToM Tu-
HeAs, YKa3bIBAIOIIMI HAa BO3MOXKHOCTb IAACTHKU
KOpemka, U cumnroM lopHepa, CBHAETEABCTBYIO-
M O HYDKHEM paspbiBe Kopemka [2]. Daexrpo-
$HU3MOAOTHYIECKHE HCCACAOBAHUS HE II03BOASAH
OIIPEAEAHTD ITOKA3aHHA K XUPYPTUIeCKOMY BMela-
TeAbCTBY. CA€AOBaTEABHO, MBI OOABIIIE HE IIPOBOAUM
IpeAOIIepalHOHHbIE 9AeKTPOPU3UOAOTUIECKUE HC-
caepoBanus. SIMPT 6biaa HCIOAB30BaHA AASL ITOA-
TBEpP)KAEHHUS paspbiBa HIDKHero kopemka. OpHako
cumnrom Topaepa B 96% ObIA BbISIBAGH IPH IIO-
paxenun HwkHero kopemka. IMPT 6ecroaesna
B OIIPEAGACHHH BO3MOXHOCTU IAACTHKU KOpeIIKa
Ha ypoBHe CS5-C6, BBHAY CAabOil BU3yaAH3AIUU

BOI'IpOCbI PEKOHCTPYKTVBHOW U MNacTU4YEeCKOW XUpyprum
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HMHTPAAYPAABHOM YaCTH OTHUX KOPEIIKOB.
OTO — raaBHas npuduHa BpimosHeHus KT-
MUeAOTPapUH: IOATBEP)KACHUE, UTO KYABTS

NpeAnAedbsi B rpynax napaAnda

Tabauna 1

C:karue KHMCTH, ITIAABIIEB 1 pasrnﬁaﬂne 3aIsICThA,

KOPEIIKA, PACIIOAOXKEHHASI B HAAKAIOUMIHOM Tun | Cuaacka- | Cuaa cxa- |Pasrm6anue| Pasru6a-
06AacTH BO BpeMs pa3pbiBa, HAXOAHUTCS B He- mapa- | THS KHCTH |THS MAABIEB| 3aIsICTbsI | HHeE IPeA-
HPePHIBHOCTH CO CIIMHHBIM MO3IOM ¥, TAKAM | AHYA (xr) (xr) (xr) nmaeubs (Kr)
06pa30M, MOAXOAUT AASI IAACTHUKH. 26,3 3 ( 95% CI, |7,1 (9 5%CL| 7,8 ( 95 %
Cs-Ce| (95%Cl, 7,1-8,8) 6,1-8,1) | CI, 6-9,5)
22,9-229,7)| Y r
CPOKH OIIEPATUBHOI'O cs_c7| 147 (95% | 6(95%CI, |5,6 (95% CL,| 4,8 (95%
BMEIIATEAbCTBA CL87-207)| 48-71) | 51-62) |CL4,2-54)
v Cs_cg| 13(95% CL| 4(95% CI ggﬁzﬁ‘;"z; NapaAn30-
IMaIlEHTOB C IIOAHBIM IIAPAAHYIOM IIAE- 9’7_16,3) 2,8—5,3) p BaHO
gyeporo craetenus npu ATTI mpakTmdecku He cAaboe
HeT IIAHCOB Ha BOCCTAHOBAEHHe 0Oe3 orle- KpaiiHe Kparine HaPaAH3°B%' TMapaAH30-
paTHBHOTO Aeuenms. Y Hamwx mammentos ¢ |CO-TL| oo craboe |HOMAMKpaM- o
MOAHBIM ITAPAAMYOM He HabOAIOAAAOCH CaMO- He caaboe
IIPOM3BOABHOTO BOCCTAaHOBAEHHUS, B OTAMYHE Hopwa 38 (95% CI, © SIS’ZICI 13 (95% CI, (951 i/;gCI
) )
OT JaCTUYHBIX Pa3pbIBOB, MIPU KOTOPBIX MO- 36,6-39,4 9,2-10,9) 11,4-14,5) 10,4-13,2)

XKeT BCTPEeYaTbCs He3HAYMTeAbHOe BOCCTa-
HOBAeHHe. MbI peATIounTaeM onepupoBarh
TAKUX MAIJUEHTOB C 3-TO MO 6-F MeCAIbI 10-
cae panbl. HexoTopble 13 HalMX NaIfMeHTOB
OBIAM IIPOOIIEPUPOBAHBI IIOCAE CEABMOTO
Mecslja C XOpOIIUMH pesyAbTaTaMu. OpHAKO
crycTs 9 MecsleB IMOCA€ TPaBMbl HAIllU pe-
3YABTAaTBI PE3KO YXYAIIHAKC.

IIpu yacTUYHOM MOPAKEHHH MBI HAOAIO-
AQAU XOpOIIHe pe3yAbTaThl paxe crycts 10
MecsIieB IIOCA€ OINEePaTHBHOTIO BMeIIaTeAb-
ctBa (mAacTHKe HepBa). DTOTO He HABGAMO-
AQAOCh y OOABHBIX C IIOAHBIM ITAPAAHUYOM,
y KOTOPBIX [TAACTHKA HepBa ObIAQ BBIITOAHEHA
uepes 10 mecsines u 6oaee mocae Tpasmbl [ 3].

ANATHOCTHUKA ITAPAANTYA
B 3ABUCHUMOCTU OT YPOBHA

ITOBPE>XKAEHHWE KOPEIIIKA C5-C6

OTa rpymma COCTOsdAQ U3 MAITMEHTOB C IIApaAHM-

Craa cKaTHs KHCTH, ITAABIIEB M PA3THOAHIS 3aIICThs, TIPEA-
IAeYbs B IPYIIIAX C MAPAAMYOM U Ha 3A0POBOi KOHeYHOCTH. Bo
BCeX IPYIIIAX CHAA ObIAQ 3HAYUTEABHO MEHblIe, YeM Ha 3A0pOBOI
cropone (p<0,005). Cuaa cxarust kuctu c rpasmoit CS-C6,
CS5-C7 u C5-C8 6p1aa 70%, 40% 1 36 % OT CHUABI 3A0POBOIL
KOHEYHOCTH COOTBETCTBEHHO. Bce MeXrpymnioBble pasAMuus
OBIAM CTATHCTUYECKHU 3HAYMMBI, OAHAKO TOABKO PA3AHYUS MEXAY
rpynnamu C5-C6 u C5-C7 MOXHO paccMaTpHBaTh KAMHHYECKH
sHaunmbiMu. Craa oxaTus masbieB 6b1aa 80 %, 60 % u 40 % ot
HopwmsI ¢ TpaBMoit C5—-C6, C5—-C7 u CS5-C8, cooTBeTCTBEHHO.
Ot pasanans craructudecku (p<0,05) U KAMHMYeCKH 3HAYH-
mbL. Craa pasrubanus xuctu 61 55 %, 43 % u 0% B rpymmax
¢ mapaanaoM C5-C6, C5-C7 u C5-C8 cooTBETCTBEHHO, a CHAA
pasrubaHms IpeanAedbsi OblAd COOTBETCTBEHHO 66 %, 41% u
09%. OTH pasAMYMs B CHA€ PA3TUOAHIS 3AILICTbS U [IPEAIACUbSI
6biAM cTaTuCTHIecKU 3HaumMbI (p<0,05).

COIIPOTHUBACHUH IPHBEACHUIO He BO3HHMKAAO BBI-
pakeHHOH aTpo¢uu Mbrmbl. CHAA CKaTHS KUCTU
cocTaBrAa 68 % OT CHABI HETIOBPEKAEHHON KHCTH,
craa cxaTus masbreB — 80 % ot Hopmbl. CHaa pas-
rubaHus 3arsicTbs 6b1Aa S5 %, B TO BpeMs KaK pas-

YOM, BKAIOYAIOIIMM OTBEACHHE IIA€YA M BHEIIHIOI0
pOTanuio, CrubaHre AOKTS U CYIHHALMIO IIPEeAIIAe-
ubst. M. coracobrachialis 6p1aa nHHepBHpOBaHa y
Bcex manueHToB. M. flexor carpi radialis u m. pro-
nator teres caabo ¢yukumonuposasu. Crubanue
3aILICTDSI OBIAO COXPAHEHO, IOTOMY 4TO m. palmaris
longus u flexor carpi ulnaris 6p1AM He mOBpexae-
Hbl. BepxHss roaoBka OOABIION TIPYAHOM MBILI-
0pl OblAQ ITAPAAM30BaHA HAU OCAabAeHA, HO IIpU

*PHUCYHKH IIPeACTaBACHbI B AHTAMIICKOM BEPCHH CTAThHL

rubaHue AOKTEBOro cycraBa 66% OT HOPMAABHBIX
BeanunH (Taba. 1). KucTb coxpansisa HopmaabHyO
TaKTHABHYIO YYBCTBHTEABHOCTb, OAHAKO BAOAb Ha-
PY>KHOM IIOBEPXHOCTH IIPEATIA€Ybs HAOAIOAAAACH
30HA [IOHIKEHHOM YyBCTBUTEABHOCTH, HALIPABASIO-
INasiCsl K OOABIIOMY ITaABIly, HO HEOOSI3aTEABHO AO-
cruramomas ero. Bropas 30Ha CHU>XeHHOM 1yBCTBH-
TEABHOCTH HaOAIOAQAACH B IIPOEKIIUH ACABTOBHAHOM
mbist (puc. 1)*.
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ITOBPE’KAEHHE KOPEIIIKA C5-C7

Kamnnyeckass KapTMHa C 3THM HOpaKeHHeM
ObIAa IIOAOOHA TOJ, YTO MBI HAOAIOAQAM B IpYIIIIE
mapasnda C5-C6. Pasrubanue KuCTH, HaAbLieB U
IPeAIIA€YbsI OBIAM COXPAHEHBI, HO CHAQ 3HAYUTEABHO
MeHble, 9eM y narmentoB CS-C6 (raba. 1). Bepx-
HS 4acTb TPYAHBIX MbINI OblAa aTpodUpOBaHA.
M. latissimus dorsi 65142 TapaAr30BaHa Y TOAOBHUHBI
maruentoB. M. flexor carpi radialis 1 m. pronator
teres mapaausoBansl. HabA0AQAOCH 3HAYHTEABHOE
CHIDKeHUE TaKTUABHOM YyBCTBUTEABHOCTH, OAHAKO
6oAeBast 4yBCTBUTEABHOCTDH coxpaHeHa. CHaa cxa-
THS KUCTH COCTaBASIAQ TOABKO 39 % OT 3A0pOBOii KO-
HEYHOCTH, TOTAA KaK CHAA CKaThs maAbreB — 60 %
OT HOpMaAbHOM BeArmduHbL. CHAQ pasrrbaHust 3ars-
CTbsl U AOKTEBOTO CycTaBa cocTaBAsAau 43 % u 41 %
OT HOPMbI, COOTBeTCTBeHHO. CpaBHUTEABHO C IPYII-
noit C5-C6 craa cKaTus KHMCTH, MAABLA, pasruba-
HYe 3aIICTDsI M PEATIACYbS OBIAU 3HAYUMO MeHbIIIe
(p<0,0S). Bo Bcex maabijax HAGAIOAAAOCD CHIDKEHME
TAKTHABHOW YyBCTBHTEABHOCTH, IIPEHMyIIeCTBEH-
HO 6Ooapmoro maasra. OpAHAKO 00AeBast IyBCTBU-
TEABHOCTb OblAQ COXpAaHEHa IO BCell KOHEYHOCTH.
BAOAD HApY>KHOM IOBEPXHOCTH IIA€YA H IIPEATIAe-
9bsi, B IIPOEKI[MU AEABTOBHAHOM MBIIIIBI UMEAACh
obmupHas 30Ha aHecresuu (puc. 1).

ITOBPEXKAEHHE KOPEIIIKA C5-C8
(T1 KHCTB)

AOIIOAHHUTEABHO K IApaAMdy CrHOAHS IA€Ya U
IpeATIAeUbsi OBIAM NAPAAM30BAHBI M. teres mayor,
m. latissimus dorsi, m. triceps, m. pectoralis major.
Pasrubanue 3aIsiCTbsi OTCYTCTBOBAAO Y BCEX IALy-
€HTOB, OAHAKO y HEKOTOPBIX OHO OBIAO PeaAU30BAHO
3a cyeT pasrubaHus maableB. B aTHX cAydasx cuaa
pasrubaHust 3aIsICThsI He IpeBblmasa 1 kr. Y Heko-
TOPBIX IAIIUEHTOB OBIAO COXPAHEHO pasrubaHue
ToabKO I-II maapues. TpexraaBas Mpimiia, m. carpi
radialis, m. pronator teres 1 m. carpi ulnaris 6b1au mma-
paausoBaubl. CrubaHue 3arsCcThst U IPOHALMS OBIAK
BO3MOXXHBI 32 C4eT QYHKIMOHUPOBaHus m. palmaris
longus u m. pronator quadratus cooTBeTCTBEHHO.
Curaa oxaTus KHCTH cOCTaBAsiAA 36% OT 3A0po-
BOM KOHEYHOCTH, a CHAA CKaTus maAbiieB — 40 %
ot Hopmbl (Taba. 1). ITo cpaBHeHuio ¢ rpymmamu
CS5-C6+C7, craa cxaTvs KHUCTU U IAAbIla OBIAM
sHaunmo Menbie (p<0,05). B cpeanem cuaa cxarus
IAABIIeB YMEHBITHAACh Ha 20 %, a CHIDKeHHe CHABI
CXKaTHS KHCTU cocTaBuAo 3 %. Hapymenue 60aeBoit
YyBCTBUTEABHOCTH QaHAAOTHUYHO HAPYIIEHUIO B IIpe-
ABIAYIIIETT TPYIIIIE, OAHAKO 9Ta 00AACTb OblAA IIKpE,

BKAIOYaAa 1/3 OKPY>KHOCTH BepXHel KOHEYHOCTH.
B oTAMume OT mpeabIAyIIell TPYIIIIBI, B IPOIIecC BO-
BAEKAAMCh THIAbHASI U AOKTeBasl MOBEPXHOCTU. dTO
KacaeTcs IIAABIIeB, CIEIMPUIECKOTO HApPYyUIeHHUS
TAKTHABHON YyBCTBHTEABHOCTH He HAOAIOAQAOCH.
OAHAKO HECKOABKO MAIUEHTOB IIPEABSBASAU JKa-
AOOBI Ha AaHECTEe3UI0 GOABIIOTO MAABIA, B TO BPeMs
KaK Y APYTHX IALHE€HTOB YyBCTBUTEABHOCTb ObIAQ
coxpaHeHa y Bcex naablieB. Hu oauH caydait He co-
IIPOBOXKAAACSI TIOAHOM aHeCTe3Hel BCeX ITAAbIleB
(puc. 1). Cumnrom opHepa oTcyTcTBOBaA.

ITOBPE>KAEHHE KOPEIIIKA C5-T1
CYACTHUYHO COXPAHEHHDBIM
CITUBAHHUEM ITAABLIEB U CUMIITOMOM
TOPHEPA (T2 KMCTB)

Y 9THX ManHeHTOB OBIAO MOAHOCTBIO MAPAAU3O-
BaHO mAedo. [IpuBepeHre OBIAO HEBO3MOXHO, IIO-
TOMY YTO HMEACS IOAHBIM IapaAmd m. pectoralis
major. PasrubaHue maAplieB U 3aIsICThst OTCYTCTBO-
Baao. CrubaHue 3armsicTbsi 6HIAO CAAOBIM, HO COXpa-
HHAOCH Y [IOAOBUHBI IAIJEHTOB 6AAroaapsi QyHKIU-
onupyromeit m. palmaris longus. Crubanue maasiien
OBIAO OTMEUEHO BO BCEX CAYYAsIX, OAHAKO AMIIAUTY-
Aa ABIDKeHMsI ObiAa HeroAHO#. CHAa CKATHst KHCTU
U TIaADbIIeB He U3MEPSIACh U3-32 BHIPKEHHOM! MBI-
IIeYHON CAA6OCTH. AOBOABHO YacTO BCTpedYaAach
aHecTe3usi | maAblja, IOAHOCTBIO OTCYTCTBOBAAQ
4YBCTBUTEABHOCTh HA THIABHOM IIOBEPXHOCTH KH-
cru. HapyxxHast mpoaoAbHasi 06AaCTb CHIDKEHHOM
YyBCTBUTEABHOCTHU Ha IpeAIAedbe U IAeYe Terepb
BKAIOYaAa 2/3 OKpyXHOCTH KoHeuyHoctu (puc. 1).
CoxpaHsiAach 30Ha HOPMAABHOM TYBCTBHTEABHOCTH
[0 AOKTEBOMY Kparo IpearnAedbs. CKAAABIBAAOCH
BIIEYATACHUE, YTO Y ITUX [ALIUEHTOB ObIAQ HAU HEOO-
Hapy>XeHHas YaCTHYHAs TpaBMa Kopemka T1, xoTs
KT-muerorpadust moaTBepAMAQ PaspbiB; HAH, UTO
boAee BepOSITHO, CBSI3b ITAEUEBOTO CIIACTEHHSI C Cer-
MeHTOM T2. MBI Ha3bIBaeM 3Ty KOTOPTY ITAI[HeHTOB
rpymmon « T2 kucTp>».

ITOBPE>’KAEHHWE KOPEIIIKA C8-T1

CrubaHue IpeArAedbs U IAe4a ObIAO COXPAHEHO
(Taba. 2). Pasrubanue maAbIieB U KUCTH Takxke OBIAO
coxpaneno. M. flexor carpi radialis 6s1a0 He mo-
BpexxAeHo, HO m. flexor carpi ulnaris u m. palmaris
longus 6p1au mapasusosassr. M. pronator teres 6biA
coxpaneH. CoOCTBeHHbIe MBINIIIBI KUCTH ObIAM Ya-
cruaHO coxparensl. M. flexor pollicis longus mapa-
AusoBaH. CHAa pasrubaHusI 3aIsICThs COCTABASAQ
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73 % ot 3popoBoit koHeuHOCTH. CrubaHue
B AOKTEeBBIX CYCTaBaX OAMHAKOBO C obemx
cropoH. Hapymenne 4yBCTBUTEABHOCTH

Tabauna 2

OneHKa CHAbI CrHOAHHS/ Pa3rHGAHMS TP ATIACYDST
¥ pa3ruGaHus samsicrbs npu mapasngax C8-T1 u C7-T1

MPUCYTCTBOBAAO ITO AOKTEBOMY KPalO IIPEA- Tun Crubanne Pazru6anmne | PasruGanme
naedbss ¥ kuctd. Cumnrom [opHepa mpu-  |mapasmya| mpeanaednsi/Kr | mpeAnAedbsi/Kr | 3amsiCThbst/ KT
cyTcTBOBaA Bo Beex caydasax, KT onpeaeas- C8_T1 16,2 (95% CI, [12,5(95% CI,7,9| 9,5 (95% CI,
Aa paspsiB C8 u T1y Bcex maijueHTOB. 13,5-18,9) 17) 6,7-12,2)
C7T1 11,6 (95% CI, 3(95% 6 (95% CI,
10,6-12,6) CI,1,7-4,2) 3,6-8,3)
ITOBPE>KAEHHE KOPEIIIKA C7-T1 Hopwa | 19 (17,2-20,7) | 11,8 (104-132) 1131(355; g)l,
yr—17

I'pynma manmeHTOB ¢ 60Aee OOMMPHBIM
HOBPEXXAEHHEM, y KOTOPBIX B 00AACTH HH-
HepBallUl BEPXHUX KOPEIIKOB IA€YeBOro
CIIAeTeHUsI BOCCTAaHOBA€HHEe QYHKI[UH IIPO-
HCXOAMAO  CaMOCTOSTEABHO. AMIIAUTYAQ
ABIDKEHMIT TIA€YA M AOKTS ObIAQ COXPAHEHA.
OaAHaKO CHAQ MBIIIIEYHOTO COKpAIeHHs ObIAd
sHaanMo MeHbire (p<0,0S) oTHOCHTEABHO
3AOPOBOM KOHEYHOCTH IAIUEHTA U OTHOCHUTEABHO
MOBPEXXACHHON KOHEYHOCTH B TpyIIle MapaAnda
C8-T1 (taba. 2). Hanpumep, craa cru6anus B AOK-
TEBOM CyCTaBe cocTaBAsAa 61 %, a craa TpexraaBoi
MBIIIIBI — TOABKO 25 % OT CHABI 3A0POBOI1 KOHEY-
HocTH. Pasrubanue 3amsacTbs OBIAO OCAAOAEHO, CO-
CTaBASIAO 46 % OT NMPOTHUBOIOAOXKHOM CTOPOHBL M.
extensor carpi radialis brevis et longus ¢ynkrmonu-
poBaAwm, HO m. extensor carpi ulnaris 6s1aa mapaauso-
BaHa. PaccTpoicTBO 4yBCTBUTEABHOCTH IIPUCYTCTBO-
BAAO IIO AOKTEBOI MOBEPXHOCTU KHCTH, IIPEAIIACYbSI
u maeva. B mportuBomoaokHocTh Tpymme C8-T1,
CHIDKEHHE YyBCTBHUTEABHOCTH ormpepeasaoch B III
maablje. JyBcTBUTEABHOCTD | maAblja coxpaHeHa.

ITOBPE>KAEHHE KOPEIIIKA C6-T1

Mp1 HabAIOAQAY 4 TTAIIMEHTOB C TAPAANIOM (cm-
GaHus M PasTubAHNs) TAABIEB, COMPOBOKAAEMBIM
OcAabAeHHEM pPasTHOAHUS 3AILICThSI M IIAPAAMIOM
TPEXTAaBOM MBIIIIIbL. Bhllleyka3aHHbIe HAPYILICHUS
SIBASIFOTCSL OCHOBHBIM OTAMYHEM OT IIPEABIAYILeit
rpynmbl. ABIKeHHe B IIA€4eBOM CyCTaBe U cruba-
HUe AOKTEBOTO CyCTaBa OBIAM COXpaHeHbI. XHPYp-
IrMYeCKOe BMEIIATeAbCTBO He BBIIIOAHSAOCH AAS
HMCCACAOBAHMS [IAEYEBOIO CIIAETEHUS; CAEAOBATEAD-
HO, COCTOSIHHE KOPEILIKOB He OBIAO OCMOTPEHO He-
nocpeacrBenHo. Ha KT paspeis C7-T1 6514 moa-
TBEPXKAEH BO Bcex cAydasx. KanHuyeckas xapTuHa
nospexxpenns C6 He 6biaa sicHa. Hauboaee Bepo-
SITHO, 9TO OBIAQ YACTHUYHAS TPABMA CO CIIOHTAHHBIM
BOCCTaHOBAeHMeM. BaxHO To, 4TO B 9TOM rpymIe ma-
LIMEHTOB 005I3aTeAbHO BOCCTAHOBACHUE Pa3rHOaHmUs
B AOKTEBOM CYCTaBe.

OueHKa CHABI CrU6aHYs/ pasTHOAHIUS IIPEATIACUbS U Pasruba-
Hus 3aracTbs npu mapasndax C8-T1 u C7-T1. Cuaa B C7-T1
6piaa 3HaunMO (p<0,05) CHMKEHa OTHOCHUTEABHO 3AOPOBOIL KO-
Heynoctu. Cuaa B rpynme ¢ TpaBmoii C8-T1 He oTAmYasack or
HOpMaAbHBIX BeAndnH. B rpymnme C7-T1 cuaa pasrubanus sars-
CThsI M ITpeATIAedbst ObIAK 25 % 1 46 % OT HOPMbI, COOTBETCTBEHHO.

TTOAHBIN TTAPAAMY

V Bcex aTux IIAIJUECHTOB Ha6A}0Aa.AC5[ CHUMIITOM
FopHepa. HapymeHHe 9YBCTBUTEADHOCTH HabArO-
AQAAOCBH 110 BCel KOHE€YHOCTH, 32 MCKAIOYEHHEM BHY-
TPeHHefI IIOBEPXHOCTH IIA€YA.

XHUPYPITUYECKOE AEYEHUE
BEPXHHH THII [TAPAAMYA (C5-C6 +/-C7)

Y 9THX MaIMeHTOB CrubaHie B AOKTEBOM CyCTaBe
U OTBeAeHUe/Hapy)KHasl POTALUS I[IA€YA SIBASIOTCS
HEAOCTAIOIUMY QYHKIIMSIME, TPEOYIOMIMU PEKOH-
crpykimu. Koraa ykasaHHbBIe KOPEIIKH IOBpeXAe-
HBI, YTO BCTPEYAAOCh TOABKO y 22 % HalIMX IaIf-
€HTOB, PeKOHCTPYKIHS ObIAQ AOCTUTHYTA TPOHHOM
HeBPOTHU3aLeN:

1) TpaHcro3urus A06aBOYHOTO HepBa K HAAAO-
[IATOYHOMY HEpBY;

2) TPAHCIIO3UIIMSA ABUTATEAbHOM BeTBH AAMH-
HOM TOAOBKH TpPHIeIICa K IlepeAHeil YacTH IIOAMBbI-
IIEeYHOTO HepBa U K ABUTaTE€AbHOI BeTBU m. teres
minor;

3) TpaHCO3MIHS MyYKOB AOKTEBOTO HepBa K
ABUTaTeAbHOI BeTBH m. biceps brachii [4].

Mb1 BBIIIOAHSIEM TPAHCIIO3ULMIO N 2, FICIIOAB3YSI
MTOAMBIIIEYHBIN AOCTYII (pnc. 2).

CpaBHMBasi pe3yAbTaTbl IIAIIMEHTOB, KOTOPBIM
ObIAQ BBIIIOAHEHA TPOMHAS HeBPOTHU3ALYS, C ITAL[HeH-
TaMH, Y KOTOPBIX ObIAQ IIPOBEAEHA HAPSIAY C HEBPO-
TH3aLMell U MAACTHKA BEPXHETO CTBOAQ, MbI HaOAIO-
AQAU AYYIIHE Pe3yAbTAThl IPH KOMOMHUPOBAHHOM
meToawKe [ S ]. Mbl moAaraem, 4To MAACTHKA KOPEIIKa
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ObIAQ IIOAE3HA AASL PeMHHEPBAIIMH MBIIIL] AHTarOHH-
CTOB U CTAOMAM3ATOPOB IIA€YA, YerO He MPOUCXOAUT
npu TpaHcnosunuu HepsoB. Hampumep, xoraa oxa-
3BIBA€TCSI COIPOTHBACHHE CTUOAHMIO IIPEATIACHBS,
cokpaimeHne m. pectoralis major aerko aocrura-
eTcsl, AKe XOTs COKpamjeHHe m. pectoralis major
He crubaer mpeanaeube. CoxpaleHHeM OOABIION
TPYAHOM MBIIIIBI CTAOMAMBHUPYETCS [A€YEBOH Cy-
craB. Kpome Toro, MbI OTMeTHAH, YTO Yy MAI[HEHTOB
¢ maactuxor kopemkos CS m C6, mpu koTopoi
n. suprascapularis 6s1a coepnren ¢ XI gepenHo-mo3-
rOBBIM HEPBOM H IIy4YKH AOKTEBOTO HepBa OBbIAM Ite-
peHeceHBI K ABUTaTeABHOM BeTBU m. biceps brachii
6e3 TPAHCIIO3UIIUKM ABHIATEABHON BETBH AAMHHOM
FOAOBKH TPHIIEIICA K TIOAMBIIIEYHOMY HEPBY, MEHb-
Ille BOCCTAHABAMBAAACH HAPYIXKHASI POTALHS, YeM Y
IAI[IeHTOB, KOTOPBIM ObIAQ BBIIIOAHEHA TPONHAs
HeBpoTu3anus. BoccTaHOBAeHHe HApYKHOM poTa-
LM y 9TUX IAIJMeHTOB — caMoe cAokHoe. IToaro-
My, BOIIPEKH PeKOMEHAALMSM APYTUX XUPYpProB [6],
MBI TT0AQraeM, 4TO BeTBH m. triceps brachii ooaxHs
OBITH TOCAEAOBATEABHO HEBPOTH3UPOBAHbI HE TOAb-
KO IIepeAHell BeTBBIO IIOAMBINIEYHOrO HEpPBA, HO
U ABHIATeAbHOH BeTBbIO m. teres minor. CaepoBa-
TEABHO, Hallle MHEeHHe TaKOBO, YTO, KOTAQ HUMEIOTCs
Ad@Xe ABa KOpeIIKa C BO3MOXKHOCTbIO IIAACTUKH, MBI
BBIIIOAHSIEM IIAACTHKY KOPEIIKOB BEPXHEro CTBOAA U
TPOWHYIO HEHPAABHYIO TPAHCIIO3UIIUIO.

Hanm pesyAbraTsl peKOHCTPYKIIMH Pa3phIBOB
IIA€YEeBOTO CIIACTEHHsI BEPXHEro THIA OOHAAEKUBA-
10T. MakcuMaAbHOe OTBeAeHHe M Hapy>KHasl poTa-
1S T1A€9a OBIAM BOCCTAaHOBAEHBI y 15 % maijreHTOB
¢ paspoiBoM CS u C6, KOTOPBIM ObIAQ BBITOAHEHA
TpOMHAsl HeBPOTU3aLKs, y 67 % MAIeHTOB C IIAA-
CTHKOI HepBHOTO Kopemka CS B codeTaHuH ¢ TPOii-
HOH HeBpoTH3anuen u'y 33 % MalueHTOB C MAACTH-
kot CS—C6 HepBHBIX KOPEIIKOB U TPAHCHO3HIHeH
XI YMH « n. suprascapularis, Iry4KoB AOKTEBOTO He-
pBa K ABUrareAbHOI BeTBH m. biceps brachii. Cpea-
HUI IIPOIIEHT BOCCTAHOBAGHMS CHABI CTHOAaHKS
AOKTEBOT'O CYCTaBa [0 CPABHEHHIO CO 3A0POBO CTO-
ponon coctaBua 27 %, 43% u 59 % y manueHTOB €
paspbiBoM HepBHbIX KopemkoB CS5—-C6, maacTukoit
HepBHOTO Kopemka CS M ¢ MAACTHKOH HEpPBHBIX KO-
pemkoB CS5-C6, coorBercTBeHHO. CAAOBATEABHO,
KOMOMHAIIHS [IAQCTHKH HEPBHBIX KOPEIIKOB C AMC-
TAABHOY TPAHCIIO3UIHell HEPBOB, II0-BHAUMOMY, TaK-
’Ke yBEeAMYHBAET CHAY CTHOAHHSI B AOKTEBOM CyCTaBe.

T1 KHCTb

HpI/I BO3MOXXHOCTHU BbIIOAHeHMsT maacTuku CS
HEPBHOI'O KOpENIKa OHA BPIIIOAHSIAACD HePEAHEﬁ AN

3aAHeI YaCTbIO BepXHero cTBoAd. MbI He HAOAIOAAAH
3HAYMMBIX Pa3AUYUI B BOCCTAHOBACHHMH ABIDKEHHUI
IIPH UCIIOAB30BAHHH AASI TIAACTHKH IEePEeAHeH HAU
3aAHeI YaCTH BEPXHErO CTBOAQ, BO3MOKHO, IO IIPH-
4KHEe MAaAOTO KOAMYeCTBa manueHToB. B rpynme «T'1
KHCTb>» BOCCTAHOBAEHHE PasrHOAHUS IIPEAIIACUbs
TpeOOBAAO PEKOHCTPYKLUH. Y HECKOABKUX MAIfHeH-
TOB MBI HCIIOAb30BAAU CPEAMHHBIN HEPB AASI HEBPO-
TH3AIUH ABUIaTeAbHO BeTBH m. biceps brachii, B To
BpeMsl KaK ITyYKH AOKTEBOIO HepBa HCIOAb30BAAU
AASL HEBPOTH3AIIUU ABHTATEAbHOM BETBH AAMHHOM
TOAOBKM m. triceps brachii. Hu Y OAHOIO U3 3THUX
MALMEHTOB He HAOAIOAAAOCH ITOAHOTO BOCCTAHOB-
AeHUSI CTU0aHUS U pasriOaHUs B AOKTEBOM CYCTaBe.
BriocaeacTBHM MBI IIepeCTAAU BBHITIOAHATD peHHHEP-
BAIIMIO ITyYKaMH AOKTEBOTO HepBa.

B Apyroii rpynme u3s 4 nanueHTOB Mbl BHITOAHSIAM
TPAHCIIO3UIIUIO MEXXPeOepHOro HepBa K ABHTATEAb-
HOI1 BeTBH AAMHHOM I'OAOBKH M. triceps brachii, oaHa-
KO AOCTHYb IIOAOKUTEABHBIX PE3YABTATOB He YAAAOCD,
BO3MOXXHO, H3-32 HEAOCTAaTOYHOHN peHHHepBaIluU
UAH YXYAIIEHUS ABHIATEABHOTO KOHTpoOAsl. B paH-
HOM CAy4ae MBI BBIITOAHSIEM TPAHCIIO3HIHIO ABHUTA-
TeAbHOU BeTBH m. levator scapulae x ABuraTeApHOI
BETBU AAMHHOM FOAOBKH m. triceps brachii ¢ momo-
I[bI0 TPAHCIAAHTATA U3 UKPOHOXKHOTO HepBa. Boc-
CTAaHOBA€HHE PasrHOaHUSI B AOKTEBOM CyCTaBe CAa-
00€, HO IIOAHOCTBIO HAXOAUTCS II0A IIPOU3BOABHBIM
KOHTPOAEM, a IIPH HEOOXOAUMOCTH BOCCTAHOBACHUSI
pasrubaHus MaAbLIEB KUCTH CYXOXKHABHOM ITAACTH-
KO, BaXXeH KOHTPOAb IPOU3BOABHBIX ABHIKEHUH
B AOKTEBOM CYCTaBe AASI €TO CTAOHAU3ALIUHL.

Heo6X0AUMO OTMETHTD CAeAyIOIee: eCAM ABUTA-
TeabHble myuku m. flexor ulnaris (FCU) ucnoapso-
BaTb AASL peMHHepBanu m.biceps, a 3areM BbIIOA-
HuTh Tpancnosuumo FCU k m. extensor digitorum
communis (EDC) u m. extensor pollicis longus
(EPL) AAS BOCCTAaHOBA€HHMSI MApaAdda, TO PE3YAb-
TaThl OyAyT He3HaunTeAbHble. Koraa mammeHTt pas-
rubaer maabipl Kuct 3a cqeT FCU, opHOBpeMeHHO
IIPOUCXOAUT CrrOaHue B AOKTEBOM CycTase. B rpyrme
«T1 KuCTh> IMyYKH AOKTEBOTO HepBa, UHHEPBUPYIO-
Ivie COOCTBEHHBIE MBIIIIIBI KUCTH, CAEAYET HCIIOAB30-
BaTb AAS BOCCTAHOBAEHWSI CTHOaHMS TTaAbIIEB BMECTO
yukoB FCU, 4ro mepBoHa4aABHO OBIAO IIPEAAOXKEHO
Oberlin u ap [7]. TpaHcrosuuys Iy4KOB AOKTEBOTO
HepBa, NHHEPBHUPYIOLINX COOCTBEHHbIE MBIIIIBI KH-
CTH, He YXYAIIAeT QYHKIMIO MOCAeAHel [S].

Apyroe uHTepecHOe HabAIOAEHHE, KOTOPOE MBI
CAEAAAH, COCTOHUT B TOM, UTO B rpyme « 11 kuctp>
MHTPAOIIEPAIIMOHHAS SAKTPOCTHUMYASIIHS CPEAUH-
HOTO HepBa BBI3bIBAeT OOAee CHABHOE ABIDKEHHE
MAAbIA, YeM IIPH CTUMYASLIMH AOKTEBOTO HepBa.
CaepOBaTeAbHO, B 9TOM IPYIIIIE MbI BCETAQ BHIACASIEM

BOI'IpOCbI PEKOHCTPYKTVBHOW U MNacTU4YEeCKOW XUpyprum

Ne 2 (37) nioHp’2011



o0 beprennu Ox. A., XXuuoxun M. ®.

06a HepBa, CTUMyAUpPYeM HX, H 3aTeM HCIIOAb3yeM
boAee «CHABHBIIT> HepB B KadeCTBEe AOHOPA HepB-
HBIX ITy9KOB AASI PEHHHEpBALUH OHIlerIca.

TTOAHBIN [TAPAAUY

A) CBO3MOKHOCTBIO NAQCTHKHA KOPEIKOB

Y 87% HammMx ManueHTOB C TOTAAbHBIM IIapa-
AMYOM TIAACTUKA KOPEWKOB 6bAa BO3MOXHA [2]. Y
BCEeX MAI[MEHTOB BBIIOAHSAACH TPAHCIIO3HIIHS AO-
6aBOYHOro HepBa K n. suprascapularis, KoTopsbIit
obecreunBaeT B cpepHeM 57 rpapycoB IIPUBEASHHS
maeda. Korsa BO3MOXHA IAACTHKA ABYX KOpeIl-
k0B, 06br9HO CS5+C6, maactuky CS BBITOAHSIAK
nepeaHer JacTpio, a C6 — 3apHel YacThIO Bepx-
Hero CTBOAA. TPAHCIIAQHTAT MKPOHOXXHOTO HepBa
6b1A aAauHOI He Ooaee 10 cm. ITocae onmeparusHOro
AeUeHHs PEMHHEepBAIIMs MbIIII] IPEATIAeUbs ObIAA
KpaiiHe CAa060. Y HeKOTOPBIX MAIJMeHTOB BOCCTA-
HABAMBAAOCh CrHOaHMe 3aILICThsi M IAABLIEB, XOTS
65180 cAabbIM. Ml cunTaeM ypoBers M3 crubanust
IaAbIIeB OeCrIOAe3HbIM, IIOTOMY YTO HAIIM IIAIld-
€HTBI He MCIIOAb30BAAU MIOBPEXXAEHHYIO KHCTb AAS
akTuBHOrO 3axBara. Crubanue u pasrubaHue B AOK-
TEBOM CYCTaBe He MOXET ObITb BOCCTAHOBACHO OA-
HoBpeMeHHO. Crubanue npearaedsst Ao M3 u 6oaee
66110 y 85 % aTHx manuenTos. CrubaHue AOKTEBOTO
CyCTaBa BCETAQ COIPOBOXKAAAOCH COKpAIjeHHeM M.
pectoralis major [8].

Bo Bropoii rpyme manuenTtos maacruxa CS 6biaa
BBIIIOAHEHA AMICTAABHEE: AATEPAABHOM YaCThIO CTBO-
Ad MAU KOXXHO-MBIIIEYHBIM HepBOM. IIpy BO3MOX-
HocTH, maacTuka C6 ObiAa BRITOAHEHA AyYeBBIM He-
pBoM. M. pectoralis major 6b1aa penHHepBHpOBaHA
BeTBSIMH HepBa m. platysma, TOraa Kak AAMHHAsI 0-
AoBka m. triceps brachii — BeTBsimu HepBa m. levator
scapulae. Crubanme aokrTeBOro cycraBa A0 M3
U Aydlle HAOAIOAQAOCH Y 91 % IaljieHTOB; IPOILIeHT
IOBBIMIAACS, KOTAQ KOPOTKHE TPAHCIAAHTATHI aHa-
CTOMO3HPOBAAM C BEPXHUM CTBOAOM |8, 9]. DTu Ha-
XOAKU MOTYT OBITb Pe3yABTATOM ABOFHOIO PaspbiBa
KOXKHO-MBIIIIEYHOTO HEPBa, KOTOPbIN HAOAIOAAACS Y
18 % Hammx mayueHToB [9] U 6BIA AMATHOCTHPOBAH
TOABKO ITOCA€ O0OCAEAOBAHMS HAAKAIOUMYHOM 4acTH
maeveBoro criaerenust |[8]. TpaHcrosuuust ABwra-
TeAbHOU BeTBH M. levator scapulae kx AAMHHO¥ rOAOB-
ke m. triceps brahii caabo BoccraHaBAMBAAO pasru-
baHue AOKTeBOro Cycrasa. lcrioap3oBaHie Ay4eBOro
HepBa [IpH peKOHCTpyKIuu kopeiika C6 6b1A0 daire
BCEro HeIlpeAackasyeMo. XOTs 4acTh Pe3yABTaTOB
yCIIElIHAa, OKOHYATEAbHbIE BBIBOABI OTHOCHTEABHO
TPAaHCIIO3UIIMM ABHTATEABHOTO HepBa m. platysma
K n. pectoralis medialis He MoryT 65ITH CA€AQHBL

B III rpynrie nanyeHTOB Mbl BBIITOAHSIAH TIAQCTH-
Ky kopemxka CS ¢ TOMOIbI0 BaCKyASIPU3UPOBAHHOTO
TPaHCIIAQHTaTa AOKTeBOro Hepsa [ 10]. Pesyasrarst
Ob1AM He3HaunTeAbHble. Ha Ham Barasa, Oesycrem-
HOCTb MOXET OBITD CBSI3aHA C AAMHOM TPAHCIIAQHTATA
U ero HeOAArOIPHATHBIM BHYTPEHHHM CTPOEHHEM.
BoamosxHO, 4TO pereHeparsa B AAMHHOM, KPOBOC-
Ha0>KaeMOM CTBOA€ TPAHCIIAAHTATa XYKe, YeM IIPU
AHAAOTHYHOM IIAACTHKE HKPOHOXHBIM HEpPBHBIM
TpaHcraanTaroM. [locae aToro Mel mepecraAu npu-
MeHATb KPOBOCHAOKaeMBIil TPAHCIIAQHTAT AOKTEBO-
ro Hepsa. IIpu ToTaAbHOM mapaAuye B HacTosIlee
BpeMs Mbl BBITIOAHSIEM ITAACTHUKY KOpellKa C ITOMO-
11bI0 60A€e AAMHHBIX TPAHCIIAQHTATOB.

IIpy TOTaAPHOM IapaAude IAEYEBOTO CIIAETe-
HUSL O0sI3aTeAbHA SKH3HECIIOCOOHOCTh KOpeIIKA.
Toraa mosiBAsieTcs BO3MOXKHOCTb He TOABKO BOC-
CTAHOBAEHHS HepBAa, HO M YMEHbIIAETCS 00AeBO
cuappom. Ilpu moanom mospesxxpenun 84 % mnarm-
€HTOB HCIIBITBIBAIOT OOAD U IIOYTH Y 84 % BO3MOXKHA
naactuka kopemkos [2, 11]. Boab ymenbmuaace y
IIOAOBHHBI ITAIJUEHTOB Yepe3 HECKOABKO AHEM IocAe
onepanuu. Mbl yoexaeHsl, 9T0 60Ab IIPH TPaBMax
IIA€YEeBOTO CIIAETEHHS OT pasphiBa OOABIIE, YeM IIPU
paspaBAMBaHuM Hepsa [ 12], 910 cTaBuT 1O COMHe-
HHe TeKyIIyl0 KOHIENIHIO O AeadpPpepeHTaIu KaK
06 ucrounuxe 6oau [13]. V maumenTos, nepenec-
IIVX TAACTHUKY KOPEIIKOB, COXPAHUBIIHIACS 60A€BOI
CHHAPOM MbI CBS3bIBa€M C POCTOM aKCOHOB, IOTOMY
9TO 9TOT IPOLIECC CBSI3aH C MPOAYKIHMEH OOABIIOTO
KOAMYeCTBA HeHpOTpoPuyeckux $PaKTOPOB, BbI3bI-
Baromux 60ab [ 14, 15].

B) nAacTHKa KOpemKOB HEBO3MOKHA

Y 3TuX ManeHTOB He TOABKO HEBO3MOXKHA IIAa-
CTHKA KOPEIIKOB, HO U HEPBBI AAS TPAHCIO3UILIUU
(a06aBouHbIl 1 ,A,Haq)parMaAbeIﬁ) MOTYT OBITH
TaloKe HeAoCTYnHbL ITocae onmepanuu ToAbko y mo-
AOBHUHBI 3THX NAIIMEHTOB AOCTHUTrAeTCsl IOSIBACHHE
CruOaHus. AOKTEBOTO CYCTaBa IIPH HUCIOAb30BAHUH
AMadparMaAbHOTO  HepBa, IMPOTHBOIIOAOXKHOIO
C7, 1AM IOABS3BIYHOTO HepBa. AAS HeBpOTH3AIIUH
HAAAOIIATOYHOTO HEpBa Mbl IIPUMEHSAU A0OABOY-
HBII HepB, MPOTUBOMOAOXKHBIN C7, MOABA3BIMHBIN
HEpPB, eHHOe CIIACTeHNE HAN ABUTaTeAbHbIE BETBH
m. platysma. OTBepeHMe IAeYa BOCCTAHOBHAOCH
Y IIOAOBHHBI IIAITHEHTOB, B CpeAHeM A0 28°. Pesyab-
TaTbl PEKOHCTPYKIMH IPH TOTAABHOM ITapaAnye
IIPU HEBO3MOXXHOCTH IAACTHKH CIIMHHOMO3TOBBIX
HEPBOB HECOMHEHHO Xy>Xe, 4YeM IIPH HepBax C BO3-
MO>KHOCTBIO TIAACTHKHU. DTO IPEATIOAATALT, YTO AAS
BOCCTAHOBAEHMSI CTHOAQHMS IIPEATIAeYbs] IIAACTH-
Ka CIMHHOMOSIOBBIX HEPBOB Ay4lle, 4eM TpaHC-
MO3ULMA HEPBOB, He OTHOCAIMUXCA K IIA€YEBOMY
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craereHuio. IIpoTsbkeHHass TpaBMa TakXke MOXeT
IIOBPEXAATh AOHOPCKHE HepBbl, HEOOXOAUMbIE AAS
TPAHCHO3UIUH. TaK, pe3yAbTaThI IIO OTBEACHHIO TIAE-
4a npu TpaHcrnosuuuu XI 4epernHo-MO3roBOro He-
PBa K HAAAOIIATOYHOMY HEpPBY OBIAM XyiKe, YeM IIPU
IIAACTHKE KOPELIKOB. BO3MOXXHO, 3TO 6BIAO BbI3BaHO
He TOABKO COYETAHHBIM ITOBPEKAEHUEM A0OABOYHO-
rO HepBa, HO U MPOTSDKEHHOM TPaBMOM, BAUSIONIEH
Ha HAAAOIIATOYHbIN HEPB.

HIW>KHWU TUIT ITAPAAHYA

V Bcex manueHTOB crubaHue MaAblieB OBIAO BOC-
CTaHOBAEHO TPAHCIIO3UIIEN [TA€YEBOM MBIIILIBI K M.
flexor digitorum profundus u flexor pollicis longus
[15]. HaTskeHHe MBIIIIBI GBIAO YCTaHOBAGHO HH-
AUBUAYaABHO, COTAACHO IOTPeOHOCTSIM ITAIUeHTOB.
BoccranoBaeHme cuAbl 3aXBaTa AO 2 KI' IIO3BOASIAO
HAIIKM MaIlieHTaM IPHUMEeHSTb KUCTD B eXKeAHEeBHOM
AeSTeABHOCTH. Y HEeKOTOPBIX IAIUeHTOB CHAQ 3a-
XBaTa BOCCTAaHOBAEHA CBBIIIE 8 KT, TaK KaK OoAbIee
HATSDKeHHe OBIAO IIPUMEHEHO IPH TPAHCIO3HIHHL
YBeAndeHMe CHABI 3aXBaTa NPOUCXOAUT IIPH pas-
rubanuu npeanaedsbs.. CuabHOe pasrubaHie KUCTH
IIOAE3HO AASl YBEAMYEHHMS aMIIAMTYABI ABMDKEHHI
¥ CHABI CriOaHus maAbieB. TeM He MeHee, Ipu 60AB-
IIeM HaTsDKeHHH TPAHCIAAQHTATA IAEYeBOM MbIIIIIbI
MOXET IIOCTPAAATh AMIIAMTYAQ ABIDKEHHH KHUCTEBO-
ro cycraBa. TO 0COOEHHO BAXKHO AASI BOCCTAHOBAE-
HUS ABIDKeHH I maabija. Y AByX IaIjeHTOB, KpoMe
TPAHCIIO3UITMHY TIA€YEBOM MBIIIIIbI, BTOPBIM 3TAIIOM
BBIITOAHMAM TpaHcmosunuio m. brachioradialis x
m. flexor digitorum superficialis u flexor pollicis
longus. Y aTux AByX NMaIjlIeHTOB CHAA 3aXBATa AYd-
muAach Ha S0 % ¢ coxpaHeHHeM aMIIAUTYABI ABIDKe-
HHI KUCTEBOTO CyCTaBa.

Pasrubanme mpeanaedbsi ObIAO BOCCTAaHOBAe-
HO TPaHCIO3UIIMEN 3apAHEH 9aCTH AEABTOBUAHOM
MbIIIBl K m. triceps brachii ¢ momompro Tpanc-
naaHTara fascia lata. Bcem 4 manmesTaM BocCTaHOB-
A€HA AOCTATOYHASI CTAOUABHOCTh AOKTEBOTO CYCTa-
Ba C CYXOXXHUABHOM ITAACTHKOM AASL BOCCTAaHOBAEHUS
kucTh. Toapko y 1 marueHTa BOCCTAaHOBHAOCH pas-
rubaHue mpeanaedbsi A0 M4, y ocraapHbIX A0 M3.
Ecau onepanus BbImoAHsIeTCst AO 6 Mec. TOCAe TpaB-
MBI, MBI IIPEAIIOYNTAEM BOCCTAHABAUBATD pasruba-
HHE IIPEAIIA€YDbS TPAHCIIO3ULMEN ABUIATEAbBHOM
BETBU 3aAHEN AEABTOBHAHOM MBIIIIBI UAU ABHIA-
TEAbHOM BEeTBH M. teres minor, Kak IpH TeTpamAe-
ruu [17, 18].

Pasrubanue maAbiieB OBIAO YCIIEIIHO BOCCTAHOB-
ACHO TPAHCIO3HIIMEN ABUIAaTEABHOM BETBH M. SU-
pinator K 3apHeMy MeXKocTHoMy HepBy |19, 20].

Teropez EDC u EPL 6esycremen. [Taoxue pe3yas-
TaTBI TAKKE OT TPAHCIIO3UIMH extensor carpi radialis
longus or brachioradialis x extensor digitorum com-
munis. ITpu 3acTapeAbIx TpaBMax, y4uThIBas IIAOXHE
Pe3yAbTaThl PEKOHCTPYKI[H HepBa M CYXOXXHABHON
TIIAAQCTHKH, HAIlla TAKTHKA 3aKAI0YAeTCS B BOCCTAHOB-
A€HUM PasrHOaHMs MAAbIIEB CBOOOAHBIM AOCKYTOM
m. gracilis, peMHHepBHPOBAHHBIM ABHIATE€ABHBIM
HEepPBOM m. supinator (pHc. 3). Koraa m. extensor
carpi radialis 1 m. brachioradialis ¢yHkuHOHMpYIOT,
HepB m. supinator Bceraa COXpaHeH M AOCTYIIeH B
Ka4ecTBe AOHOpPa AAS TpaHcosuuuu [20].

Crabuamsanua 1 maapnma TeHoaesoM abductor
pollicis longus Ha Thise AydeBoit kocTu nau k FCU
BBI3bIBAeT YACTUYHOE YAydlIeHHe. XOpPOIIMI pe-
3YABTaT IO CTabMAM3anuu I maAbia u ero Harspe-
HUSI TTOSIBASIETCS IIPU TPAHCIIO3UIIUH ABUTATEAbHOMN
BETBH M. supinator K 3apHeMy MeXKOCTHOMY He-
pBy [20]. Xopommit pe3yAbTaT MbI TaKKe HabAOAR-
Ay ABYX ITALJHEHTOB C 3aCTaPEAbIM IIOBPEXXACHUEM,
KOTOPBIM BBIIIOAHEHA TPAHCIO3UIUS m. supinator
k m. extensor pollicis brevis ¢ cyxoxxuabHbIM TpaHC-
maanTaToM [21]. ITpu HEOOXOAUMOCTH, CTAOHAH-
3anust MexX$paAaHIOBOTO CYCTaBa OOABIIOTO MAABL}A
6bIAQ AOCTHTHYTA TPAHCIIO3HIfHel moaoBuHbI flexor
pollicis longus x EPL [22].

Hamu 6bIAO IPEAIPHHSTO BOCCTAHOBAEHHE
dyHKuMM co6CTBeHHbIX Mbim (MaAbLeB) mMyTeM
CMeIleHHs YYacTKa KOXXH HAaA AMCTAABHOHM AQAOH-
HOM CKAAAKOM H ITOAIIMBAHUS IIPOKCHUMAABHOM Aep-
MBI ¥ AAAOHHOTO aIIOHeBPO3a K IONepedHOM CBI3Ke
Al (puc. 4). Ecan QyHKIHS AAMHHBIX pasrubare-
Aeil TIaABIIeB ObIAA COXPaHEHA HMAH BOCCTAHOBAEHA
TPAHCIIO3ULMEl HEPBOB, HAOAIOAAACS XOPOIIMIT
pe3yAbTat. B IpoTHBHOM CAydae pe3yAbTaT ObIA ITAO-
XUM. Y TAIIMeHTOB C TAOXHMH Pe3yAbTaTaMHU MBI IT0-
IIBITAAKCDH YAYYIIUTD $YHKIIUIO COOCTBEHHBIX MBIIIII]
TpaHcrosumpeil m. extensor carpi radialis brevis,
YAAMHEHHOH YeTBIPbMS CYXOXKHABHBIMH TpPaHC-
TIAQHTATaMHU K MEXXKOCTHBIM CYyXOKHAMM 110 Brand
[23]. 31O He yAyqImmAO pasrn6aHus B IPOKCHMAAD-
HBIX Me>X($AaAAHTOBBIX CycTaBax masblieB. Koraa m.
extensor indicis proprius 6bA cOXpaHeH, ero ycre-
HO HCIIOAB30BAAH AASI BOCCTAHOBACHHUSI OTBEACHUS
6OABIIIOrO MAaABLA.

YyBCTBUTEABHOCTD AOKTEBOM ITOBEPXHOCTH KH-
CTH MbI BOCCTAaHABAMBAAM TPAHCIO3UIIMEH AAAOH-
HOM BETBU CPEAMHHOIO HEpBa K THIABHOM BETBH
AOKTEBOTO HepBa UAU COEAMHEHHEM COOCTBEHHOTO
IIAABIIEBOTO HepBa V ITaAbIja C IfyYKaMU CPEAMHHOTO
HepBa AQAOHH MAH YKa3aTeABHOTO Haabua (puc. S).
Ceityac MbI TIPEATIOYHTaeM BOCCTAHABAMBATH 6O-
AEBYIO UyBCTBHTEABHOCTb, HCIIOAB3YSI COOCTBEH-
HBI MAABLIEBOM HepB V IMAABIIA, IOTOMY YTO KOTAQ
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peMHHEepPBUPYeTCs ThIAbHAs BeTBb AOKTEBOIO He-
PBa, YYBCTBUTEABHOCTD IO AOKTEBOM IMOBEPXHOCTH
V maApIia He BOCCTAHABAMBAETCS, A peHHHEPBHPYeT-
Cs1 TOABKO AOKT€Basi IOBEPXHOCTD KUCTH.

BbIBOADI

IIpn 4YacCTHYHBIX MOBPEXACHUAX XUPYpPTuUs
ITA€YEBOTO HEPBHOTO CIIAETEHMS O4YeHb BOCTpe-
6oBana. Ilpu TOTaABHOM IApaAude ABHKEHHSI
IA€Ya M IPEANIAeYbs] MOTYT OBITH IPEACKa3yeMo
BOCCTAaHOBAEHbI DU HAAWYHMH BO3MOXKHOCTH IIAA-
CTHKH CIMHHOMO3IOBBIX HepBOB. Ecam maacruka

CIIHHHOMO3IOBOTO HepBa HEBO3MOXKHA, TOTAA
TOABKO y IIOAOBHHBI IAIIMEHTOB YAYYLIATCS ABH-
JKeHMs. YCIIeNIHOe BOCCTAHOBA€HHE (YHKIMU
KUCTH HEBO3MOXXHO I[P TOTAaABHOM ITOBPEXAe-
HUU TIAEYEBOro craeTeHHs. IlosgBAeHME crubaHus
IIAABIIEB M PasTHOAHUS 3aILICTbs AO YPOBHI M3,
BOCCTAaHOBA€HHOE B HECKOABKUX CAy4YasiX, He ObIAO
OL|eHEHO 110 AOCTOMHCTBY HAIIUMH IAIjHeHTAMH.
ITaeye-rpyaHONl M IpeAlA€dbe-aOAOMHMHAABHBIN
3axBaT OBIA UX IPEUMYIeCTBEHHBIM METOAOM YAEP-
JKUBAHUSI IPeAMeTOB. AedeHne OOAU AOAKHO OBITH
[IEPBOOYEPEAHDBIM IIPHOPUTETOM. B CBsi3u ¢ aTuM,
CIIHHHOMO3TOBble HePBBI AOAXKHBI OBITH 00CA€AO-
BaHbI X BOCCTAHOBAEHBL,
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Onuncanne pUCYyHKOB:

Puc. 1. 30HbI yTpaueHHOI HOAEBOM TyBCTBUTEABHOCTH IIPH PA3AMYHBIX THIIAX TAPAAMYA TIACUEBOTO CIIACTEHHS.
Pasmerka 6bIAa BBIIIOAHEHA C TOMOIIBIO MOHOdHAAMeHTOB Semmes-Weinstein. B rpynme CS5-C6, 4yBcTBUTEABHOCTD
KHCTHU OBbIAQ IOAHOCTBIO coxpaHeHa. B rpymme C5—C7 4yBCTBUTEABHOCTb KUCTH ObIAA CHIDKEHA, HO ellfe 0CTaBaAACh
B IIpeaeAax HOpMbL IIpoAOABHAS 30HA YTPAYeHHON TyBCTBUTEABHOCTH OBIAQ [IO HAPYIXKHOM IOBEPXHOCTH IIPEATIAE-
4bst U mAeva. B rpymme mapaanda C5-C8 6b1aa MOAOOHAS IPOAOABHAS 30HA OTCYTCTBHSL YyBCTBUTEABHOCTH II0 Ha-
PY>KHOI IOBEPXHOCTH ITAeYA U ITPEATIACYbs], KUCTH. 110 AaAOHHOM MOBEPXHOCTH KUCTH YyBCTBUTEABHOCTD CHIDKEHA B
PasAMYHOM cTeneHH. BoAblle MOAOBUHBI MAIEHTOB MMEAU HOPMAAbHYIO YyBCTBUTEABHOCTD M IIOAOBHHA NAIJHEHTOB
MOABEPTAMCDH AHeCTe3UH OOABIIOrO MmaAbIa. Y marueHToB ¢ TpaBmoit CS-T'1 HabAI0A2AACh MaAAst 30HA COXPAHEHHOM
IyBCTBUTEABHOCTH 110 BHYTpPEeHHE! MOBEPXHOCTHU IIPeATIAedbsi. TyBCTBUTEABHOCTD KHCTU OBIAQ 3AMETHO CHIDKEHA.
Brira aHecTesust 6OABIIOrO MaAbLA, TAKTHABHAS YyBCTBUTEABHOCTD HAABLIEB COXpaHeHa (BKaaaka). B rpymme mapa-
anmda C8-T'1 moTepst TAKTMABHOH YyBCTBUTEABHOCTH OIIPEAEASIAACD ITO BHYTPEHHe! IIOBEPXHOCTH TIPEAIIACUDSI U IO
AOKTeBBIM IIOBEPXHOCTSIM maAblieB. B rpymme mapaamda C7-T16b1Aa BoBAeUeHA TakKe BHYTPEHHSS IOBEPXHOCTb
TA€YA C TAABIJAMH.

Puc. 2. MIHTpaomepaiOHHbIi BHA AEBOTO MOAMBIIIEYHOTO AOCTYTIA AASL HEBPOTH3ALUK MepeaHeit yactu (AD)
IIOAMBIIIEYHOTO HEPBA M ABUT'ATEABHOM BeTBU m. teres minor. Yepes Takoi ke AOCTYII BHIITOAHSAETCS TPAHCIO3UIIMS
ITyYKOB AOKTEBOTO HepBa K ABUTaTeAbHOI BeTBH m. biceps brachii. 3apnss actp nopmpimeunoro uepsa (PD) u ero
Bersu: (TM) aBurateabHas BeTBb m. teres minor, (POD) BeTsb 3apHeit AeabTOBHAHOM Mbimnpl, 1 (CB) AaTepasbHbIit
KOXKHBIH HEpB IAeYa.

Puc. 3. A) VIHTpaonepaljuoHHbIil BUA TIPEATIA€Ybs Y TIALMEHTA C 3aCTAPEABIM HIKHIM TUIIOM TPABMbI IIA€Y€BOTO
criaeTeHmst. BoccraHoBA€HUMe PasTHOaHIs TAABLIEB BBIIIOAHEHO CBOOOAHBIM AOCKYTOM M. gracilis, HHHepBHPOBaHHBIM
HepBoM m. supinator. B) Ormeuena m. gracilis. Aprepus m. gracilis coeaunena «kxoner—-B—60k> ¢ AyueBoit aprepuei,
TOTAQ KaK OAHA M3 BEH M. gracilis AHACTOMO3UPOBAHA «KOHEI[-B—KOHeI|>» C Ay4eBOil BeHOM . ABUraTeAbHas BeTBb M.
gracilis coepnnena c n. supinator. C) Pesyabrar yepes 12 Mec. nocae onepanyuu. ITOT NaLMEHT cocobeH pasrubars
maabibl. CTpeAKoit OTMeueHa TPAHCIAAHTHPOBaHHas m. gracilis.

Puc. 4. VIHTpaonepaliioHHbII BUA ACPMOAE3 AASI KOPPEKIIUH ILICTHO-PAAAHTOBOTO IIepepasrubaHis y IIAI[eHTOB
C HIDKHMM THITOM TTapaAM4a TPABOTo MmaedeBoro craeTeHns. [locae pesexniuy yyacTKka KOXKU Ha CEPEANHE AMCTAABHOMN
AAAOHHOM CKAAAKH CITMBAETCs IoIepeyHas cBA3ka Al ¢ AAAOHHBIM allOHEBPO30M U IPOKCUMAABHOM AePMOIA.

Puc. S. CxemaTuyecKkoe IpeACTABACHHE METOAQ BOCCTAHOBACHHS YYBCTBUTEABHOCTH AOKTEBOH IIOBEPXHOCTH KH-
CTH Y IALJUEHTOB C HIDKHUM TUIIOM [TAPAANYA IIA€YEBOTO CIIAeTeHus. BoimoAHAeTCs TpaHCIO3UIA AAQAOHHOM KOXKHOM
BETBU CPEAMHHOTO HePBa K THIAbHOM BETBH AOKT€BOI'O HepBa HAM COOCTBEHHOTIO MAAbIIEBOTO HepBa MU3HHIIA.
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