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SUMMARY: The objective of the study was to evaluate the anatomical characteristics and variations of the palmaris longus
nerve branch and define the feasibility of transferring this branch to the posterior interosseous nerve without tensiomsTinany 15
adult male cadavers were dissected after preparation with 20 % glycerin and formaldehyde intra-arterial injection. Thiepglearis
muscle (PL) received exclusive innervation of the median nerve in all limbs. In most it was the second muscle of the feeearm to
innervated by the median nerve. In 5 limbs the PL muscle was absent. In 5 limbs we identified a branch without sharingititanches
other muscles. In 4 limbs it shared origin with the pronator teres (PT), in 8 with the flexor carpi radialis (FCR), ifeRavithgitorum
superficialis (FDS), in 4 shared branches for the PT and FCR and in two with PT, FCR, FDS. The mean length Wway &ha the
thickness (1.4 0.6). We investigated whether the branch for PL was long enough to be transferred to the posterior interosseous nerve
(PIN). The branch diameter for PL corresponds to 46 % of the PIN. The PL muscle branch presented great variability. Téte PL bran
could be transferred to the PIN proximally to the Froshe arcade without tension in all specimens even with full range @ff thetion
forearm. In 13 limbs was possible the tensionless transfer to PIN distal to the branches of the supinator muscle.
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INTRODUCTION

Nerve transfer in brachial plexus injuries is a well establish&$pecially problematic. Because of the distance from target
procedure to restore primordial functions: for examplénuscles and time necessary for reinnervation of extensor
transfer of the musculocutaneous nerve to the bicepy/scles in the forearm, these lesions usually generate
brachialis for restore elbow flexion (Oberkn al, 1994), functional impairments (Lowet al; Ray & Mackinnon;

and transfer of the accessory nerve to the suprascapular né&rykegawat al).

to restore abduction of the shoulder (Chuang, 1995).
Nerve injuries are managed by direct repair, nerve

Injuries to the radial nerve in the lower third of thedrafts, tendon transfers and free functioning muscle transfers.
arm or proximal forearm generally can be directly repairddowever, some nerve injuries are not amenable to primary
or reconstructed with nerve grafts with good functiondiepair and nerve grafts does not provide satisfactory results.
results (Sukega\/\m al, 2016) Outcomes in surgica] repairThiS includes proximal nerve lesions, extended zone of injury
of the radial nerve are usually better than median and uln¥ith large gap between stumps, and idiopathic paralysis or
nerves due to its majority of motor fibers and not innervatingguritis with no healthy nerve fibers proximally (Ustn
intrinsic muscles of the hand (Lovet al, 2002; Ray & al., 2001; Loweet al; Ray & Mackinnon; Sukegavet al).
Mackinnon, 2011; Sukegaved al.).

In brachial plexus injuries with extended gap between

However, high radial nerve injuries, close to the axillgtumps, there may be not sufficient time for regenerating
or posterior fascicle injury of the brachial plexus, ar@xons to reach the target muscle motor plate before they
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become permanently resistant to reinnervation. Thts the brachialis (MB), brachioradialis (BR), extensor carpi
prolonged period of denervation makes the target muscleslialis longus (ECRL), extensor carpi radialis brevis
susceptible to irreversible degeneration and fibrosis to tlECRB); superficial branch of the radial nerve; PIN and its
terminal motor plates (Ustlet al ; Loweet al; Ray & branches to the supinator were identified. Vascular structures
Mackinnon; Sukegawat al). were not preserved to facilitate nerve dissection. The
following measures with ruler and digital pachymeter were
Due to the proximity of median nerve to the radiaperformed: (1) forearm length measured from the center of
nerve branches in the elbow it has been used for restorendine between the medial and lateral epicondyles
radial nerve function. Nerve transfers to restore wrist ar{thtercondylar line) to the center of a line between the radial
fingers extension has been reported using donors suchaasl ulnar styloid processes; (2) distance between the medial
median nerve branches to the pronator teres (PT), flexor cagpicondyle and the site of PL branch origin; (3) length of
radialis (FCR), palmaris longus (PL), and flexor digitorunthe PL motor branch. In vitro evaluation of in vivo feasibility
superficalis (FDS); anterior interosseous nerve (AINOf transferring the PL branch of the PIN without tension
branches to the pronator quadratus (PQ), and radial newas performed.
branches to the supinator (Sukega®taal.; Ray &
Mackinnon; Ukritet al, 2009; Bertelli & Ghizoni, 2010; All the specimens made available followed the
Lowe et al; Ustlinet al). Good functional outcomes haveinstitutional ethical precepts and the project was approved
been reported from clinical series of nerve transfers to thg the Research Ethics Committee of the institution.
posterior interosseous nerve (PIN) following high radial
nerve palsies and brachial plexus injuries (Nath &
Mackinnon, 2000; Sukegawet al; Ray & Mackinnon; RESULTS
Bertelli & Ghizoni; Ukritet al; Lowe et al; Ustlnet al;
Garcia-Lépezt al, 2014).
The median forearm length was 26:2(7 cm). The
The aim of this study was to analyze themean origin of the AIN from the median nerve was 3.7cm
characteristics and anatomical variations of the PL musdl&.2 + 5.5) distal to the intercondylar line. The PL muscle
innervation and evaluate the feasibility of transferring theeceived exclusive innervation of the median nerve in all
PL branch to restore fingers extension regarding tensionlimbs. In most it was the second muscle of the forearm to be
the repair and distance to target muscles. innervated by the median and (Fig. 1A). The PL muscle was
absent in 5 limbs (Fig. 1B). In five limbs we identified a
branch without sharingbranches to other muscles (Fig. 1A).
MATERIAL AND METHOD In four limbs it shared origin with the PT muscle (Fig. 2A),
in eight with the FCR (Fig. 2B), in 2 with FDS, in 4 shared
branches for PT and FCR and in two with PTM, FCR, FDS.
Thirty upper limbs of 15 male adult cadavers wer&he mean length was (4:0.4) and the thickness measured
prepared by intra-arterial injection of 10 % glycerin anét the midpoint of its length was (1£4.6). The mean PIN
formaldehyde solution. Each forearm was dissected with fudingth was 5.2 mntt 2.5 and mean diameter was 3.0 tam
elbow extension, wrist in neutral and forearm in pronatioi@.5. The length of the PIN was measured from its origin in
No specimen had evidence of previous deformity, surgictie radial nerve to the distal margin of the supinator muscle.
procedures or traumatic injuries in the studied area. SKikle evaluated the possibility of the median nerve branch
and fascia of the distal third of the arm, forearm and wrisissigned to the PL, to be transferred to the tension-free PIN,
was removed. The median nerve was identified in the amalating to the movements of forearm pronation-supination
and dissected from proximal to distal. Biceps aponeurosasd flexion-extension of the elbow. The mean nerve diameter
was sectioned and the PT humeral head was detached distaliythe PL muscle corresponds to 46 % of the PIN diameter
and retracted. FCR and PL tendons were severed in their
distal third to increase exposure of their motor branches.
Median nerve branches to the PT, FCR, PL, FDS and AIDISCUSSION
branches to the FDP, FPL and PQ were dissected after
longitudinal division of the FDS and its fibrous arch.
Anatomical variations of the PL innervation were recorded. Anatomical treatises generally describe the most
classical pattern of medial nerve distribution in the forearm:
The radial nerve was identified in the arm betweetwo branches (upper and lower) for PTM, a common trunk
the brachialis and brachioradialis muscles. Motor branch&s the FCR and PL muscles, and a branch for FDS (Paturet,
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Fig. 1A. (a) median nerve; (b) branch to the pronator teres musdigg. 2A. (a) median nerve; (b1) first branch to the pronator teres
(c) branch to the palmaris longus muscle; (d) branch to the flex@iuscle. (Common trunk for (b2) second branch to the pronator
carpi radialis muscle (e) branch to the flexor digitorum superficialiseres muscle and (c) branch to the palmaris longus muscle). (d)
(f) anterior interosseous nerve. 1B. (a) median nerve; (b) branstanch to the flexor carpi radialis muscle (e) branch to the flexor
for the pronator teres muscle; (c) branch to the flexor carpi radialgigitorum superficialis; (f) anterior interosseous nerve. 2B. (a)
(d1) first branch to the flexor digitorum superficialis; (d2) secongéhedian nerve; (b) branch to the pronator teres muscle. (Common
branch to the flexor digitorum superficialis; (f) anterior interosseousunk for (c) branch to the palmaris longus muscle and (d) branch
nerve; palmaris longus muscle absent. to the flexor carpi radialis). (e) branch to the flexor digitorum
superficialis; (f) anterior interosseous nerve.

1954; Rouviere & Delmas, 1984). However, more recent Chantelotet al (1999) studied 50 limbs, confirmed
studies report that there is great variability in the origin arttie great variability of the distribution of the branches, in
distribution of the median nerve branches in the forearmanly 15 limbs the PL branch did not share with branches for
There is no definitive description of this innervationother muscles. They found the classic distribution (a common
Sunderland & Ray (1946) made a biometric description a&funk for the FCR and PL) in only 40 % of the cases.
the branches, but did not distinguish the main branches of
small secondary branches, does not mention the palmaris  Ukrit et al identified an isolated limb for the PL
longus muscle innervation. muscle in 5 limbs, in 4 originated from a common trunk
with the proximal branch of the FDS. El Zawawy al.
Canovast al (1998) demonstrated 10 limbs, found(2016) report that they dissected 20 forearms, identified great
considerable variability in the branches for the innervatadariability in the innervation of the forearm muscles
muscles by the median nerve, without a clear innervatiamnervated by the median, forming different nerve trunks,
pattern, presenting a huge variation between the branchdsch were distributed to the muscles of the forearm. The
for PT, FCR, PL and FDS muscles. It describes that in L is one of the most variable muscles in the human body
dissected limbs, the branch for PL, originated as an isolatédble ) (Machado & DiDio, 1967; Kleinedt al, 1991,
branch, without sharing branches with branches to othBowdy et al, 1994; Ceyhan & Mavt, 1997; Thompsen
muscles in only one case, in nine of a fairly variable comma., 2001; O'Sullivan & Mitchell, 2002; Ukrit al; Gangata,
trunk, with branches to other muscles. 2009; Raoutt al, 2013; El Zawawt al).
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Fig. 3A. The arrow indicate the transfer of palmaris longus ner¥gg. 4A. The posterior interosseous nerve (a) was sectioned distally

branch (a) to posterior interosseous nerve (b) proximal famm the origin of the branches to the supinator (b) and connected

branches to supinator muscle origin (c) supinator muscle (dj.the branch of the palmaris longus (c). The supinator muscle (d)

B- Schematic representation of the branches of the radial amds sectioned in the trajectory of the posterior interosseous nerve

median nerves. B- Schematic representation of the transfer of the palmaris distal
branch to the posterior interosseous nerve.

Mooreet al (2014) report that for the restoration of
radial nerve function prefer double transfer: 1- a branch for
FDS to the ECRB branch to extend the wrist. 2-The FCR or
PL or both for the PIN to extend the fingers and thumb.
Lowe et al reported 2 cases of PL nerve transfer to PIN in
radial nerve palsy with good results. Ulgttal. report that

/4‘ F=3 in only one in 10 dissected limbs the PL muscle was absent,
s/ g however the branch for PL muscle was identified in only 5
& 0 g f— ; (50 %), so the branch for the PL was not constant, they
/ I5L Z - o consider that the average proportion of nerve fibers was not
AV ' high enough compared to other branches of the median nerve.
In the present anatomical study, we adopted the following
- SBRN EA epL procedure (Sukegaved al), so the branch for the PL muscle
_41 ] was sectioned at the neuromuscular junction and directed
3 Ecv - laterally to be connected to the PIN, its section depends on
- s - e each situation and must be decided during the surgical
procedure.
B LR In 12 limbs, we noticed that the branch of the PL

muscle was long enough to reach the PIN, distal to the

S *$%nches to the supinator muscle, free of tension even with

allow the posterior interosseous nerve (a) to be moved medi e movements of the forearm and elbow (Figs. 3A,B and
shortening the distance allowing the conection with Palmaris Iongﬁi ith the ad hat d gs. A,

branch (c). B-Schematic representation of this transfer. B). W't the advantage t a.t onor nerve axons We_re not

wasted in the unnecessary innervation of the supinator
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Table |. Prevalence of absence of palmaris longus in diferent studies.

Authors Y ear Limbs Type of study PL absent

El Zawawi et al. 2016 20 Anatomical 12 60%)
Dowdy et al. 1994 52 Anatomical 3 (6%)
O’Sullivan & Mitchell 2002 47 Anatomical 25 (58.19%)
Ukrit et al. 2009 10 Anatomical 1 (10%)
Kleinert et al. 1991 -- Clinical (surgery) - (15%)
Ceyan & Mavt (Turkish population) 1997 7000 Clinical 4480 (64%)
Gangata (Zimbabue population) 2009 890 Clinical 13 (15%)
Machado & Didio (Indian from Amazonia) 1967 379 Clinical 14 (3.7%)
Raouf ez al. (Egyptian students) 2013 386 Clinical 196 (50.80%)
Thompson et al. (Northern Ireland) 2001 300 Clinical 75 (25%)
Cacetano et al. (in this study) 2018 30 Anatomical 5 (12%)

muscle, because its anatomical characteristics are not u88d% of muscle fibers is compatible with normal muscle
for tendinous transfers and supination is maintained by thenction. Jianget al (2007) report that axons in the proximal
biceps brachialis. In 13 limbs, the branch destined to the Btump can multiply by increasing their number by 3 to 4
could be connected to the PIN, distally to the branchestimes. Lutzet al (2000) demonstrated in rabbits that this
the supinator muscle even with full range of motion of thaxonal multiplication between donor and recipient was 1: 3.
forearm. In 12 limbs the branches to the supinator musclétosy de Zepetnedt al (1992) observed that at least 30 %
(usually two or more branches) were sectioned to allow tloé the original motor neurons are needed to achieve normal
PIN to be moved medially shortening the distance allowinguscle strength in rats. Therefore, the donor nerve must have
this neurotization distal to the supinator branches. Tlat least 30 % of the number of axons of the receptor nerve.
supinator muscle was sectioned longitudinally, following th®ther factors reinforce the justification for this nerve transfer,
PIN path from the Froshe arcade to the distal margin of tlegen if the mean diameter of the PL muscle branch is 46 %
supinator, in this way the PIN was released and can bkthe mean diameter of the PIN, for example the muscular
mobilized medially towards the PL branch and can bstrength necessary for the extension of the fingers and thumb
connected without tension. This mobilization is facilitateds minimal, since we require little force to open the hand,
by the section of the branches intended for the supinattre muscular force required for apprehension is greater than
which tend to retain the PIN by restricting its excursionecessary for release (Ukeit al.).
towards the median nerve. The section of the branches to
the supinator also allows all the axons of the PIN to be The median nerve branch for the PL muscle is
directed to muscle groups that provide extension of the wristpendable, its fibers are motor in nature, have sufficient
and fingers avoiding the loss of critical axons in redundatgngth to be connected to the target muscles distal to the
functions. The PL muscle is sectioned as long as possilblenches of the supinator, thus very close to the target
and neurolyzed as much as possible without damaging iitsiscles, diameter of 46 %, compatible with the diameter of
axons, in order to favor axonal regeneration, it is desiraliiee PIN according to the above studies (Totosy de Zepetnek
to perform nerve conection, as close as possible to the targetl; De Medinaceli; Jiangt al, Lutz et al). It has the
muscle, without tension in the suture, even during elbodisadvantage of being absent in 5 of the 30 (17 %) of
and forearm movements. This procedure was done, thidissected limbs.
imitating in cadaver limbs the clinical procedure in vivo (Fig.
5A,B).
CONCLUSION

We identified that the mean diameter of the branch
for the PL muscle registered in 14 limbs was #.9.6,
corresponds to 46 % of the diameter of the PINE® in The PL muscle presented great variability. In 12
30 limbs. limbs, the branch destined to the PL could be connected to

the PIN, distally to the branches to the supinator muscle even

Several papers described in the literature, show thatth full range of motion of the forearm. In 13 limbs it was
nerve transfers of branches with considerable diametegcessary to mobilize the PIN for this neurotization. The PL
differences and nerve fibers provide good results. O®anch has the potential to be transferred to the PIN, thus
Medinaceliet al (1994) believe that reinnervation of 20 toallowing the extension of the fingers and thumb.
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