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SUMMARY

Superficial forearm flexors receive primary and
secondary branches from the median nerve (mn).
These branches vary in number, size and motor
entry points (m) into the muscles. Knowledge of
these points is essential for maximal compound
muscle action potential (cmap) recording from
these muscles. Spasticity of these flexors is treat-
ed using botulinum toxin (bt) injection or selective
partial neurotomy (spn) of the nerve branches to
the spastic muscles. Twenty human cadaveric
forearms were dissected. The location of the motor
entry points of the median nerve to the superficial
forearm flexor muscles was expressed as a dis-
tance from the medial (me) and lateral (le) epicon-
dyles of the humerus. Fifty apparently healthy vol-
unteers (25 males and 25 females) underwent
cmap recording from the superficial forearm flex-
ors. Thirty patients (15 males and 15 females) with
spastic hyperflexion of the wrist and fingers under-
went bt injection or spn. Pronator teres (pt) had 2-4
m, flexor carpi radialis (fcr) had 1-3 m and flexor
digitorum superficialis (fds) had 3-8 m. Variable
shapes of the cmap were recorded from them
(monophasic, biphasic or multiphasic). Based on
the anatomical results, bt injection was done at 5
points (p1-p5); pt was injected at p1, fcr was inject-
ed at p2, and fds is a large muscle and was inject-
ed at p3, p4, p5 (proximal, middle, distal), giving
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good results in 85% of cases; spn was done in
severe cases refractory to bt injection with excel-
lent to good results in 80% of cases. The patterns
of branching of mn differ from the classically de-
scribed patterns. Therefore, revising the innerva-
tion patterns of the superficial forearm flexors is
mandatory, since the variations observed are more
diverse than has been described. Identification of
the branches and the motor entry points of mn are
essential for cmap recording from the superficial
forearm flexors, bt injection, spn and tendon trans-
fer.
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— Compound muscle action potential recording —
Botulinum toxin

INTRODUCTION

The muscle motor points are the sum of the pri-
mary and/or secondary branches of a motor nerve
entering the muscle. The primary branches arise
from the main nerve trunk, while secondary
branches arise from the primary branch. Each
muscle of the superficial forearm flexors has multi-
ple motor entry points (Liu et al., 1995; Liu, 1997a,
b).

As stated in the literature, the median nerve (mn)
classically gives two branches, superior and inferi-
or for the 2 heads of pronator teres (pt); the super-
ficial head (s) and the deep head (d), a common
trunk for flexor carpi radialis (fcr) and palmaris lon-
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Median nerve motor entry points

gus (pl) and a single branch for flexor digitorum
superficialis (fds) (Gunther et al., 1992).The part of
fds to the index finger may be supplied from the
anterior interosseous nerve (ai) (Standring et al.,
2005). Many anatomists have reported that the
median nerve may exhibit a different distribution
from this classical pattern (Abd-Elhamid, 2008;
Canovas, 1998; Chantelot, 1999; Safwat and Ab-
del-Meguid, 2007; Sunderland and Ray, 1947).
Knowledge of these patterns is important for ten-
don and nerve transfer in the forearm (Yavari,
2014).

For maximal compound muscle action potential
(cmap) recording from the superficial forearm flex-
or muscles, the exact location of the motor entry
points is essential for the precise insertion and the
suitable selection of the number of electrodes used
for these muscles (Popovic et al., 1991; Wu et al.,
2002).

Muscular spasticity of the wrist and fingers is
very common in hypertonic cerebral palsy and post
-stroke patients. This involves flexor muscle
groups of the wrist and fingers and pronators of
the forearm (Kong and Chua, 2005). Spasticity is
treated through either botulinum toxin (bt) injection
into the motor entry points (Won et al., 2010), or
selective partial neurotomy (spn) of the nerve
branches to the spastic muscles (Msaddi et al.,
1997; Page et al., 2003).

The aim of this work was to determine the medi-
an nerve branches and their precise motor entry
points to the superficial forearm flexor muscles.

MATERIALS AND METHODS

Anatomical study

Twenty human adult (between the ages of 30
and 60 years) cadaveric forearms were obtained
from the Anatomy Department, Faculty of medi-
cine, Alexandria University. Both sides of five male
and five female cadavers were dissected. The
limbs were extended at the elbow, with the wrist in
the neutral position. Midline volar incisions were
made from above the elbow to the wrist. The medi-
an nerve and its branches were exposed and fol-
lowed distally to the terminal nerve entry points
into the superficial forearm flexor muscles. The
number of the primary branches (p) arising from
the main nerve trunk and the secondary branches
(if found) arising from the primary branches to the
individual muscles and their motor entry points (m)
into the muscles were recorded. The location of
the motor entry points was expressed as a dis-
tance from the medial (me) and lateral (le) epicon-
dyles of the humerus. Forearm length was meas-
ured from the lateral epicondyle of the humerus to
the styloid process of the radius. All measure-
ments were done using a Vernier caliper.

Statistical analysis
The statistical analysis was done using Statistical

Package for Social Sciences (SPSS/ version 15)
software. Arithmetic mean, standard deviation and
mode were calculated. For numerical data, t-test
was used to compare between two groups. The
level of significance was at p < 0.05.

Clinical study

The clinical study was done in light of the ana-
tomical results, and included fifty apparently
healthy adult (between the ages of 30-60 years)
volunteers (25 males and 25 females) from those
attending the outpatient clinic of Physical Medi-
cine, Rheumatology and Rehabilitation Depart-
ment. All the included subjects signed informed
consent. They had no neurological diseases that
could affect their nerves. Motor conduction studies
of the median nerve were done on both sides for
the included subjects. Nehon Coden apparatus
was used to conduct the tests. Surface recording
using round silver 1x 1cm in diameter electrodes
were used. The electrodes were applied to the skin
through the use of gel after cleansing the skin with
alcohol prior to application. Stimulation was done
at the cubital fossa and recording from the superfi-
cial forearm flexors at the points explained in the
anatomical results. The ground electrode was
placed between active and stimulating electrodes
(Kimura, 2001).

Those who had normal motor conduction study
of the median nerve were included in the study.
Analysis of the shape of cmap curve was per-
formed, and correlation between it and the ana-
tomical innervations of the forearm flexors was
calculated.

Thirty adult (between the ages of 30 and 60
years) patients (15 males and 15 females) with
spastic hyperflexion of the wrist and fingers, and
attending the outpatient clinic of Department of
Neurosurgery, were included in the study. Selec-
tion and assessment of patients were performed
carefully, and this process included observation of
posture, assessment of passive range of motion,
orthopedic status (musculoskeletal contractures),
and quantification of the degree of spasticity using
modified Ashworth scale. All patients preoperative-
ly had spasticity either grade 3 or 4 as measured
by modified Ashworth scale.

When a motor block using anaesthetic or a first
test using bt had given good functional results, bt
injection was proposed first. Botulinium toxin type
A (Botox) is dispensed as a freeze dried powder in
vials containing 100 units of the toxin. The powder
is reconstituted with 0.9% saline prior to use. Dos-
ing of Botox is based on the number of units of
toxin. 1 cc tuberculin syringe and a 27 gauge, 1.5
inch needle was used for injection. Correct place-
ment of the needle was confirmed by muscle acti-
vation, ultrasound or electromyographic control.
The target muscle was stretched and palpated,
and the toxin was infiltrated into the area of maxi-
mal myoneural concentration, guided by previous



methods of control that were matched with
results of the motor entry point and patterns
of branching of the median nerve obtained
from cadaveric dissection. Twenty cases had
multiple injections of bt in the forearm flexors
every 6 months at the points explained in the
anatomical results. The number of repeated
injections ranged from 3 to 6, with a mean
follow-up examination period 24 months after
the first injection.

Ten cases with severe spasticity involving
multiple muscles and/or bt resistance under-
went surgery in the form of spn of mn. 50—
80% of the isolated motor branchlets were
resected under the operating microscope.
The amount of nerve fibers to be resected
depended on the degree of preoperative
spasticity, on maintaining residual force, on
the result obtained by an anesthetic motor
block, and on the response to intraoperative
electrical stimulation after sectioning 50% of
the fibers. The mean postoperative follow-up
examination period was 21 months.

RESULTS

Anatomical results

The median nerve branched in a tree-like
fashion as it entered the forearm in most
specimens (Figs. 1, 2, 3). It passed in the
plane between fds and fdp in all specimens
(figs.1-10). fds formed a thin sheet of muscle
superficial to fdp in 2 of 20 specimens (10%)
(Figs. 1, 4B, C). The mn passed deep to deep

Fig. 1 (top). Left forearm. The median nerve
(mn) gives branches in a tree-like fashion as it
enters the forearm. The superficial head of pro-
nator teres (s) is divided at its middle and reflect-
ed medially and laterally to show the branches of
mn. It gives branches (1,5) that arise from a com-
mon stem and supply s. It gives branch (2) to
flexor carpi radialis (fcr), branches (3,4) to flexor
digitorum superficialis (fds) which is a thin sheet
split vertically at its middle, branch (4) gives a
secondary branch (pointed by arrow) to flexor
digitorum profundus (fdp) and branch (6) to deep
head of pronator teres (d). mn gives anterior in-
terosseous nerve (ai) to the deep flexors. The
brachial artery (ba) is seen lateral to mn and it
divides into ulnar artery (ua) and radial artery

(ra).

Fig. 2 (bottom). Right forearm of the previous
cadaver showing the median nerve (mn) entering
the forearm with ba and its two terminal branch-
es, ra and ua lateral to it and tendon of biceps
(bc) more laterally. s is divided and reflected to
show the branches of mn which pass in a tree-
like fashion. The branches are: (1) to s, branches
(2,3,4) to fcr, (5,6) to fds, (7) to d and ai which
gives a branch (pointed by arrow) to fdp.
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head of pt instead of the usual pathway between
its superficial and deep heads, and was accompa-
nied by ulnar artery (ua) in 1of 20 specimens (5%)
(Fig. 5A). The mn entered the forearm with the
brachial artery and its terminal branches (ulnar and
radial arteries) lateral to it, except in 1of 20 speci-
mens (5%) where mn passed lateral to the brachial
artery (Fig. 6).

mn gave its first muscular branch to pt, which
may arise in the lower part of arm (Figs. 1, 2), fol-
lowed by the branch to fcr and the branch to fds in
all specimens(Figs. 1-10). pl was absent in 12 of
20 specimens (60%), and, if present, it was sup-
plied by a separate branch (Fig. 8). The branch to
fds gave a secondary branch to fdp in 2 of 20
specimens (10%) (Figs. 1, 3).The branch to fcr
gave secondary branches to fdp in 1of 20 speci-
mens (5%) (Fig. 5C), or mn itself gave a primary
branch to fdp in 1 of 20 specimens (5%) (fig.10).
mn gave the anterior interosseous nerve (ai) which
supplied mainly the deep flexors in all specimens
(Figs. 1, 2, 5C, 7).

There were 5 types of nerve supply to pt; type 1:
two branches (superior and inferior), one for each
head in 6 of 20 specimens (30%) (Figs. 2, 8, 10),
the branch to the superficial head gave 2 second-
ary branches (Fig. 1); type 2: a common trunk for
both heads and fcr in 4 of 20 specimens (20%)

Modified Ashworth scale for grading spasticity.

Grade Patient’s status

0 No increase in muscle tone

Slight increase in tone with a catch and release or

! minimal resistance at end of range of motion
Slight increase in tone but with minimal resistance
. through range of motion following catch
More marked increase in tone but limb easily
2 moved
Considerable increase in tone, passive movement
3 is difficult
4 Affected part is rigid

(Fig. 4A); type 3: a common trunk for pt, fcr and
fds in 4 of 20 specimens (20%) (Figs. 6A, 9); type
4: multiple small branches for the superficial head
and a single branch for the deep head in 4 of 20
specimens (20%) (Fig. 3), the branch to the deep
head supplied the superficial head as well (Fig.
5A), and type 5: a single branch to both heads in 2
of 20 specimens (10%) (Fig. 7).

There were 2 types of nerve supply to fcr; type 1:
a single branch in 14 of 20 specimens (70%), ei-
ther from mn (Figs. 1, 8, 10) - this branch may give

2-3 secondary branches (Fig. 7) - or from
a common trunk with pt (Fig. 4B) or fds

(Fig. 3) or pt and fds (Figs. 6A, 9) or fdp
(Fig. 5C). Type 2: in 6 of 20 specimens
(30%); it was supplied by 2-3 branches
from mn (Fig. 2).

Types of nerve supply to fds were: type
1: mn gave 2-4 branches to fds, 2 branch-
es in 3 of 20 specimens (15%) (Figs. 1,
10), 3 branches in 2 of 20 specimens
(10%) (Figs. 2, 8), 4 branches in 2 of 20
specimens (10%) (Fig. 7); type 2: a single
or multiple branches from mn in the upper
forearm and additional supply from ai near
mid-forearm in 6 of 20 specimens (30%)
(Figs. 4C, 5C, D); type 3: a common trunk
for pt, fcr and fds and 1 or 2 branches
from ai in 4 of 20 specimens (20%) (Fig.

Fig. 3. Right forearm showing the median
nerve (mn) with ba and the biceps tendon
(bc) lateral to it and the bicipital aponeurosis
(a) is cut and reflected laterally. s is cut and
reflected medially. fds is split vertically in the
midline to show mn passing in the plane be-
tween it and fdp. mn gives muscular branch-
es in a tree like fashion. s is supplied by
branches (1,2,3), branch (4) supplies fcr and
fds through branch pointed by arrow, branch
(5) supplies fds and gives a secondary
branch pointed by arrow head to fdp and
branch (6) to d. Brachioradialis muscle (br)
can be seen on the lateral side of the fore-
arm.




Table 1. The number of the primary branches of the median nerve

forearm flexors

E.M. El Zawawy et al.

and the motor points supplying the superficial

Flexor muscle

p=Primary branches

m=Motor points=1ry+2ry branches

Pt

Fcr

Fds

PI

Range

MeanzS.D.

Range

MeanzS.D.

Range

MeanzS.D.

Range

MeanzS.D.

1-3

2.0+0.33

1-3

1.40+0.79

2-6

4.0£1.01

1-2

1.2+0.44

2-4
3.08+0.28

1-3
2.06+0.82

3-8
5.21+0.84

1-2
1.32+0.52

Table 2. Diameter (mm), length (cm) of the branches supplying the forearm flexors and the distances (cm) of their

motor entry points from me and le

95% Confidence Inter-

val for Mean

Std.
Flexor muscle Mean Deviation  otd-EMOr | ower Upper Min. Max. Mode
Bound Bound
pt 1.0800 42131 .08426 .9061 1.2539 .40 2.10 1.0
fer 1.2581 40561 .07285 1.1093 1.4068 .40 2.00 1.1
Diam fds 1.3167 .50188 .10245 1.1047 1.5286 .50 2.10 1.4
pl .7600 16733 .07483 .7522 1.1678 .30 1.20 0.8
pt 2.1368 1.01610 .23311 1.6471 2.6266 1.50 4.50 2.3
fer 2.8935 1.50487 .27028 2.3416 3.4455 1.50 6.00 3.0
Length fds 3.3958 1.71070 .34920 2.8735 3.9182 1.80 6.00 3.5
pl 1.6233 .5034 .11003 1.1070 1.6800 1.00 2.00 15
pt 3.9789 1.00088 .22962 3.8965 4.1614 3.50 4.20 4
fer 5.4871 .90985 .16341 4.9534 5.7208 4.55 5.90 54
Distance
fds 7.7792 2.00954 41020 6.9306 7.8277 5.30 12.30 7.8,10.2,11.4
From me
pl 4.7600 .46368 .20736 4.4243 4.8757 3.60 5.10 4.6
pt 5.4800 1.13284 .22657 5.2124 5.8476 4.00 7.30 5.6
fcr 6.8968 1.51492 .27209 5.1411 6.2525 5.10 8.30 7.1
Distance
from le fds 9.1790 2.38783 48741 8.0709 9.4875 7.00 12.50 8.8,9.0,12.0
pl 4.3800 .22804 .10198 3.9969 4.5631 4.00 4.94 4.5
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Fig. 4 (A,B,C). Left forearm showing the median nerve
(mn) giving branch (1) which divides into 3 branches:
(a), (b) and (c). Branch (a) supplies s. Branch (b) sup-
plies fcr. Branch (c) supplies both heads of pt (s,d).
Branches (a) and (b) divide into several secondary
branches before entering s and fcr respectively. mn
gives ai and branches (2,3,4,5) to fds which forms a thin
sheet of muscle. ai gives 4 small twigs (pointed by
arrow) to supply fds and continues distally to supply fdp.
The brachial (ba), the radial (ra) and ulnar (ua) arteries
are seen. The Biceps tendon (bc) and the medial epi-
condyle (me) are noted.
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Fig. 5 (A,B,C,D). Right forearm. The median nerve (mn) gives 2 branches (1,2) to s and branch (3) which supplies s
and d. mn passes deep to d instead of the usual pathway between s and d and is accompanied by the ulnar artery
(ua). The brachial (ba) and radial (ra) arteries are noted. The bicipital apponeurosis (a) is cut and reflected laterally.
After cutting the deep head of pronator teres (d), mn gives a large branch (4) (pointed by forceps) to fcr and a large
branch (5) which divides into several secondary branches to supply fds which is split vertically along its middle.
Branch (4) to fcr (held by white pin) also supplies the proximal part of fdp by several branches (pointed by arrows).
mn gives branches (5,6) to fds and ai. ai gives 2 branches (a, b) to supply fds before continuing as branch (c) to the
deep flexors. mn gives branches (7, 8) to supply the distal part of fds.
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Fig. 6 (A,B). Left forearm, the medial humeral epicondyle (me) is noted. The median nerve (mn) crosses lateral to the
brachial artery (ba) in the cubital fossa. It gives branch (1) that divides into (a) which supplies s and (b) which gives 3
branchlets (¢) to supply d, fcr and fds. Branch (2) divides into 2 branches (pointed by arrows) and supplies the proxi-
mal part of fds. Branch (3) supplies fds. Brachioradialis (br) can be seen on the lateral side of forearm.mn gives 3 ad-
ditional branches (4, 5, 6) to the distal part of fds. The radial artery (ra) is seen on the lateral side of the forearm.

Fig. 7. Left forearm. fds is split vertically along its mid-
dle. mn gives branch (1) to s which is cut and reflected,
branch (2) which divides into (a,b) to the proximal part
of fcr, branches (3,4) to fds, branch (4) gives 3 second-
ary branches (a,b,c) before entering the muscle.
Branches (5,6) supply the distal part of fds. Branch (5)
divides into (a,b). ai is seen passing to the deep flex-
ors, Palmaris longus (pl) is cut and reflected down-
ward.
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Fig. 8. Left forearm. The median nerve (mn) passes
medial to the brachial artery (ba) and gives branch (1) to
s, branch (2) to palmaris longus (pl), branch (3) to fcr,
branches (4,5,6) to fds which is split vertically along its
middle and branch (7) to d. Radial artery (ra), ulnar ar-
tery (ua) and Brachioradialis (br) are seen on the lateral
side of the forearm.

Fig. 9. Right forearm. s is cut and reflected medially
while d is left in its place. fds is split vertically along its
middle. The median nerve (mn) gives branch (1) to s,
branch (2) splits into (a,b) to fcr and fds respectively,
branch (3) to fds and ai which gives 2 branches (a,b) to
the lateral part (radial head) of fds. The brachioradialis
(br) and radial artery (ra) are seen on the lateral side of
the forearm. The brachial artery (ba) is seen lateral to
mn.

Fig. 10. Left forearm. The median nerve (mn) gives
branch (1) to s, branch (2) to d, branch (3) to fcr,
branch (4) to the lateral part (radial head) of fds,
branch (5) which splits into 3 smaller branches (a,b,c)
before supplying the medial part (humeroulnar head) of
fds and a small branch (6) to fdp. The brachial (ba),
radial (ra) and ulnar (ua) arteries and biceps tendon
(bc) are noted.
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Fig. 11. Diagrammatic illustration of the motor entry points (m) of the superficial forearm flexors. The forearm is divid-
ed into 6 rectangles by 3 vertical lines (represent forearm length) and 4 transverse lines. The vertical lines connect
me and us (ulnar styloid process), le and rs (radial styloid process) and the midpoint of the inter-condylar line with the
midpoint of the line connecting us and rs (red line). The 4 transverse lines are the intercondylar line, the line connect-
ing us and rs and upper and lower transverse lines that divide forearm into upper, middle and lower thirds. Point 1
(p1) is m of pt: 4.1 cm below and lateral to me and 5.6 cm below and medial to le. Point 2 (p2) is m of fcr: 5.4 cm be-
low and lateral to me and 7.1 cm below and medial to le. fds has 3 points: Point 3 (p3): 7.8 cm below and lateral to
me and 8.8 cm below and medial to le. Point 4 (p4): 10.2 cm below and lateral to me and 9 cm below and medial to
le. Point 5 (p5): 11.4 cm below and lateral to me and 12 cm below and medial to le. The first 3 points are in the upper
medial (um) 1/6 of the forearm which is further subdivided equally by 3 transverse lines. Point 1 is on the middle of
linel, point 2 is on the middle of line 2 and point 3 in on the middle of line 3. Point 4 is just above the junction of the
medial 2/3 and lateral 1/3 of the upper transverse line in the upper lateral (ul) 1/6 of the forearm. Point 5 is the only
point in the medial middle (mm) 1/6 of forearm on the middle of line 4 dividing mm into upper 1/4 and lower 3/4.
( Mean forearm length: 27.4+0.72cm. Mean inter-condylar distance: 7.5+0.83 cm).
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9); type 4: a common trunk for fcr and fds and a
single branch from mn in 2 of 20 specimens (10%)
(Fig. 3); type 5: a common trunk for pt, fcr and fds
and multiple branches from mn in 1 of 20 speci-
mens (5%) (Figs. 6A, B).

The number of the primary branches (p) of the
median nerve and the motor entry points (m) sup-
plying the superficial forearm flexors are shown in
Table 1. The diameter, length of the branches sup-
plying the forearm flexors and the distances of
their motor entry points from me and le are shown
in Table 2.

Clinical results

1. Based on the anatomical results, the record-
ing electrodes were best placed at p1, p2 and
p3 (the modes for pt, fcr and fds respectively)
(Table 2, Fig. 11). The shapes of cmap curve
obtained from the superficial forearm flexors
were as follows:

-20 out of 100 forearms (20%) had a bell- or
dome-shaped monophasic cmap (Fig. 12).
-36 out of 100 forearms (36%) had biphasic
or double peak cmap (Fig. 13).

-44 out of 100 forearms (44%) had a multi
phasic cmap (Figs. 14, 15).

2. As regard cases that underwent spn: based
on the anatomical results, the microsurgical
spn of the motor branches of the median
nerve were performed by one surgical ap-
proach, since all of them enter the muscles in
a short interval located between 3.5 and 12.5
cm below the medial and lateral humeral epi-
condyles. This surgical approach is a vertical,
S-shaped incision with a short proximal curve
at the bicipital medial groove, and a longer
distal curve following the medial edge of the
brachioradialis. There is no need for the usual
transverse incision in the middle of the cubital
fossa described by Msaddi et al. (1997).
There was no operative mortality. Transient
paresis of flexors of the wrist and fingers be-
cause of excessive nerve sectioning occurred
in one patient that responded well to physio-
therapy. Postoperatively, all the patients had
immediate improvement of their spasticity
grade. After initial improvement, recurrence of
spasticity occurred in one patient 6 months
postoperatively, and that might be due to in-
sufficient amount of nerve sectioning. Abnor-
mal hand posture that was present in all cas-
es improved in 9 of 10 patients (90%), while
pain that was present in 5 of 10 cases (50%)
of cases improved in all cases as measured
by visual analogue scale. Assessment of out-
come after surgery was done by comparing
modified Ashworth scale preoperatively and
postoperatively. At the last follow up examina-
tion period, excellent results were obtained in
4 of 10 patients (40%), good results in 4 of 10

patients (40%), fair results in 1 of 10 patients
(10%), and poor results in 1 of 10 patients
(10%).

3. As regard cases that underwent bt injections,
based on the anatomical results, 5 motor en-
try points were chosen for the injection: pt
was injected at p1; fcr was injected at p2; fds
is the largest and most important muscle in
the superficial group having two heads (radial
and humeroulnar) and has the largest number
of motor entry points, and for this reason and
for its superficial easily accessible location, it
is the main target of bt injection to relieve
forearm spasticity. It was injected at 3 points
p3, p4, p5 (figure 11). p3 (the proximal point)
is the mode=the most frequently encountered
point. p4 (the middle point) and p5 (the distal
point) are the 2nd and 3rd most frequently
encountered points in the present results.
Transient paresis of flexors of the wrist and
fingers occurred in 3 of 20 cases (15%),
which improved spontaneously two months
after injection. All the patients had improve-
ment of their spasticity grade two weeks after
injection. Recurrence of spasticity occurred in
all patients after a period ranging from 6 to 9
months; they necessitated another set of in-
jection. Abnormal hand posture that was pre-
sent in all cases improved in 15 of 20 cases
(75%), while pain that was present in 8 of 20
cases (40%) improved in all cases as meas-
ured by visual analogue scale. Assessment of
outcome after injection was done by compar-
ing modified Ashworth scale before and after
injection.

The patients were classified into four groups ac-

cording to their results.

Group 1: Reduction of three or more grades was
considered excellent; Group 2: reduction of two
grades was considered good; Group 3: reduction
of one grade was considered fair; and Group 4: no
grade reduction was considered poor. All patients
had immediate initial improvement of their spastici-
ty.

At the last follow-up examination period, excel-
lent results were obtained in 8 of 20 (40%) of pa-
tients, good results in 8 of 20 (40%) of patients, fair
results in 2 of 20 (10%) of patients, and poor re-
sults in 2 of 20 (10%) of cases due to development
of resistance (antibodies) to bt.

In excellent and good results, the reduction of
spasticity was accompanied by complete with-
drawal of medication.

DISCUSSION

Many authors have reported their results con-
cerning variations in the nerve supply of the fore-
arm flexors (Abd-Elhamid, 2008; Safwat and Abdel
-Meguid, 2007; Standring et al., 2005; Unver et al.,

11
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2010). Canovas et al. (1998) reported that the
muscular branches of mn to the superficial forearm
flexors are very variable, while ai is less variable,
and is therefore more reliable in free transfers to
restore finger mobility. Chantelot et al. (1999) ob-
served that classical nerve supply was found in
26% in case of pt, in 40% in case of fcr and in 68%
in case of fds.

The distribution of mn to pt, fcr, pl and fds in the
present study showed great variability. In fact,
classic textbook description was rarely encoun-
tered. The variable distribution of median nerve
may be linked to muscle anomalies such as acces-
sory, duplicate or absent pl (Kawashima et al.,
2002; Raouf et al., 2013). Absent pl was found in
60% of our specimens compared to 53% in the
study of Raouf et al. (2013), marking the Egyptians
as the highest population with absent pl. When
present, pl can be used in tendon transfer along
with its nerve as it receives a separate branch from
mn (Yavari et al., 2014).

The present work, as well as previous studies
(Chantelot et al., 1999, 2000; Gunther, 1992), em-
phasized that the first motor branch from mn was
the pt branch which can arise proximally in the
arm. pt received a single branch either alone or in
common with other flexors in 50%, while it re-
ceived multiple branches in the other 50% of our
series. Injury of the branch to pt could lead to
grave outcome if it arises as a common trunk with
other muscular branches. This situation makes the
branch to pt unsuitable for nerve transfer. Unver et
al., (2010) reported that the first motor branch from
mn was the pt branch except in lout of 50 cases; it
was ai. They determined the main pattern of inner-
vation of the pt as a single branch in the majority of
their cases. If pt is supplied by more than one
branch, which was observed in 50% of our cases,
it can maintain pronation of the forearm in case of
injury of one branch.

Segal et al. (2002) mentioned that fcr was sup-
plied by one primary nerve. In the present study,
fcr was supplied by one primary nerve in 70% of
cases. This nerve could arise as a single branch
from mn or in common with other muscular
branches. Only 30% of dissected muscles were
supplied by more than one branch marking fcr as
the least variable of the superficial forearm flexors
regarding nerve supply. Nevertheless, Hua et al.
(1999) reported that in case of split fcr, each half of
the muscle receives separate nerve supply facili-
tating muscle transfer.

The present results coincide with those of Abd-
Elhamid (2008), Safwat and Abdel-Meguid (2007)
and Liu et al. (1997a, b) in the number of the pri-
mary branches and the number and location of the
motor entry points to fds (Tables 3, 4). Fds is sup-
plied at regular intervals by two, three or four
branches from mn and occasionally from ai coin-
ciding with previous reports (Abd-Elhamid, 2008;
Chantelot et al., 1999; Liu et al., 1997a, b; Safwat

and Abdel-Meguid, 2007; Standring et al., 2005).
This pattern of nerve supply as well as the exist-
ence of two muscle heads is an advantage and
disadvantage at the same time. The disadvantage
is the often unpredictable therapeutic results of
injections of bt into this muscle. To overcome this
problem, bt was injected at the 3 most frequently
encountered motor entry points with good results.
The advantage of the presence of several branch-
es and the fact that these branches are the longest
and thickest among the nerves supplying the su-
perficial flexors make the muscle and/or its nerve
supply suitable for transfer in case of forearm inju-
ries. Unver et al. (2010) reported that fds was in-
nervated by a single muscular branch in 88% and
by two branches in 12% of their cases. They stat-
ed that their study was conducted on aborted pre-
term fetuses and this could explain the much less
number of branches.

fdp is mainly supplied by the ulnar and ai nerves
and rarely by mn itself (Bhadra et al., 1999; Hwang
et al., 2007; Marur et al., 2005). In the present
study, the muscle took additional nerve supply
from the nerve to fcr (5%) or fds (10%) or from mn
itself in 5% of cases. Therefore, these additional
branches can be used for nerve transfer. Bertelli et
al. (2014) reported that mn and/or ai usually supply
the whole of fdp, and this explains the persistence
of flexion of the distal interphalangeal joint of the
little and ring fingers in high ulnar nerve lesions,
and they advise nerve transfers to ai to provide
flexion of all fingers in these lesions. Chantelot et
al. (1999) reported that 4% of the branches inner-
vating the radial part of the fdp arose from mn
through a common root supplying the fds as well.
As much as 2% of their cases were shown to re-
ceive nerve supply from mn as a single branch.

The median nerve and its muscular branches
can be isolated above pt. It then enters distally
between the superficial and the deep head of this
muscle. This usual arrangement was found in 95%
of specimens of this study, thus making it easy to
dissociate the two muscle heads to expose mn
before running deep to fds arcade. In 5% of the
present results, mn ran deep to both heads of pt
accompanied by the ulnar artery. According to Von
Lanz and Wachsmuth (2004), mn perforates the
superficial head in 2% of cases or it runs deep to
the two heads in 3% of cases. It is important to
keep these particular arrangements in mind, as
surgical dissection during spn could need to be
modified.

The multiphasic appearance of cmap recorded
from the superficial forearm flexors was the most
common type (44%). The recording electrodes
were placed at 3 motor points representing the 3
superficial forearm flexors and this explains the
multiphasic cmap where each peak represents
contraction of one of the 3 muscles. This con-
cludes that the points chosen were the closest to
the motor entry points.
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In 36% of forearms, the cmap of the median
nerve is biphasic and this can be explained by
two waves of muscle contraction: the first one is
caused by contraction of pt and fcr supplied from
a common trunk, and the second wave is pro-
duced by contraction of fds supplied by a sepa-
rate branch from mn and/or ai. fdp is supplied by
mn itself, or in common with the superficial mus-
cles in some cases, and could be responsible for
the second wave of contraction if the recording
electrode passes into the muscle through a thin
or absent radial head of fds.

The less common monophasic (bell- or dome-
shaped pattern) occurs in only 20% of cases and
can be explained by the fact that mn gives a
common trunk for pt, fcr and fds muscles in 20%
of cases of the present study, and the signals
reach all the superficial flexor muscles simultane-
ously, causing contraction at the same time.

The anatomical results of this study were used
as a guide to select the best sites for electrodes
insertion. It is obvious that electrodes insertion at

these points yields excellent cmap recording from
the superficial forearm flexors in spite of its varia-
ble shapes caused by the different patterns of mn
distribution. Electrical stimulation through elec-
trodes placed near or at the motor points of a
muscle gives maximal cmap recording from this
muscle (Bottle et al., 1999).

In numerous studies, it has been found that the
efficiency of bt varies from one patient to another
(Basu et al., 2015; Brashear et al., 2002; Hurvitz
et al.,, 2003; Page et al., 2003; Speth et al.,
2015). There is no doubt that the results of these
injections can be improved if they are made as
near as possible to the motor entry points. In fact,
there is no present imaging technique that per-
mits the determination of these points, and it is
mandatory to revise anatomic cadaveric dissec-
tions to determine practical mappings to propose
injection sites that can be considered optimal.
Also, cmap recording before bt injection or spn
can give a good idea about mn distribution pat-
tern.

Table 3. Comparison between the present study and Abd-Elhamid et al. as regards the number of branches and

points of their entry into fds

Abd-Elhamid et al. (2008)

Elzawawy et al.

[=]

Min Max Mean + SD Min Max Mean + SD
Forearm length (cm) 25 27.4 26.9 £0.65 26.1 28.80 27.4+0.72 >0.05
No. of p 2 7 4.3+1.6 2 6 4.0£1.01 >0.05
No. of m 2 9 57+1.7 3 8 5.21+0.84 >0.05
d.m (cm) 2.4 11.2 6.32+2.9 3.30 10.30 6.77+2.0 >0.05

No. of p: number of primary branches of median nerve to fds. No. of m: number of motor entry points into fds. d.m: distance between motor entry

points and me.

Table 4. Comparison between the present study and previous studies regarding primary branches of median

nerve and their motor points to the forearm flexors

Safwat and Abdel- Meguid

(2007) Liu et al. (1997) Elzawawy et al.
Flexor muscle
P M P M P M
Pt MeantS.D. 2-2 2-4 1-3 2-4
Range 2.0£0.0 3.04+0.7 2.0+0.67 3.4+0.70 2.04+0.33 3.08+0.28
Fcr Mean+S.D. 12 2.3 1-3 13
Range 1.1+0.3 2.2+0.4 1.0 3.1+1.10 1.40+0.79 2.06+0.82
Fds Mean+S.D. 2-8 3-9 2-6 3-8
Range 4.242.6 4.842.8 4.2+1.23 5.6+1.65 4.0+1.01 5.21+0.84
Pl MeantS.D. 11 2-2 1-2 1-2
Range 1.0+0.0 1.7+0.5 1.0 1.1+0.33 1.2+.44 1.32+0.52
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Based on the anatomical and electrophysiologi-
cal results, bt injections should be made for pt, fcr
and fds at the 5 points described in the results.
These points are changeable according to the
length and width of forearm (figure 11). Injections
of bt at these points are easy to perform, ensure
adequate response and avoid complicated mathe-
matical or algorithmic equations as proposed by
previous studies of Hwang et al. (2007) and Ye et
al. (2011).

Injections of bt and spn are two therapeutic op-
tions for treatment of localized spasticity with ab-
sence of associated contracture. There are tech-
nical constraints concerning these two therapies:
determination of the appropriate surgical ap-
proaches for spn, and the optimal injection sites
and the number of injections for bt treatment. In
well-selected patients, spn can yield good effects
on refractory spasticity of the hand and its conse-
quences. Msaddi et al. (1997) confirmed that spn
is an effective procedure in the treatment of seg-
mental spasticity after failure of a well-conducted
conservative treatment associating physiotherapy
and antispasmodic medications. It must be per-
formed before the fixed deformities and other or-
thopedic complications arise. bt injection is a safe,
effective procedure in all cases but has many dis-
advantages that are: it is expensive; the effect is
transient and necessitate repeated injection after 6
months and the possibility of development of re-
sistance due to formation of antibodies to bt.

Brashear et al. (2002) and Hurvitz et al. (2003)
concluded the same results as the present work.
bt reduced spasticity of the wrist and fingers, im-
proved hand grip and increased range of motion.
Future research should focus on the value of ad-
junct therapy, such as task-specific training, in ad-
dition to bt treatment to facilitate functional im-
provement of the spastic upper extremity. Page et
al. (2003) suggested the use of modified constraint
-induced therapy in combination with bt as an ef-
fective management of stroke-induced motor dis-
order to improve hand function. Recent treatment
options have been suggested by Speth et al.
(2015) either alone or in combination with bt injec-
tion as the bimanual task oriented therapy which
gives more improvement of functional grip
strength.
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