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Abstract

Objective To locate the intramuscular nerve branches of the flexor digitorum superficialis (FDS) and determine the accurate
site for botulinum toxin injection.

Design This study anatomically dissected 24 arms of 12 fresh adult cadavers to find intramuscular nerve endings in the FDS.
The motor branch points (MBPs), proximal limit points (PLPs), and distal limit points (DLPs) of the terminal intramuscular
nerve endings were identified. These three parameters were expressed in longitudinal and transverse coordinates in relation
to the FDS driving as a reference line.

Results The mean length of the reference line was 234.6 + 11.2 mm. In the longitudinal coordinate, the MBPs, PLPs, and
DLPs were located at 41.6% (standard deviation (SD) 2.6%), 35.1% (SD 4.1%), and 53.4% (SD 4.6%) of the reference line
in the first main branch and 72.4% (SD 4.5%), 67.5% (SD 1.5%), and 82.0% (SD 5.7%) in the second main branch, respec-
tively. The mean value of the transverse coordinate was not greatly deviated from the reference line.

Conclusion The MBPs of the first and second main branches are located approximately 41.6% and 72.4% of the reference
line, which considers the FDS direction, respectively. This finding helps determine the optimal injection site for botulinum

toxin in the FDS.
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Introduction

Spasticity is a state of increased muscle tone that can occur
after damage to the central nervous system due to stroke,
traumatic brain injury, or spinal cord injury. The preva-
lence of spasticity after acute stroke may vary from 19%
[16] to 92% [10]; particularly, the prevalence of upper limb
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spasticity is approximately 25% at 1 month and 22% at 6
months after the primary injury [9].

Generally, upper limb spasticity develops as a flexor
synergic pattern: shoulder adduction and internal rotation,
elbow flexion, forearm pronation, wrist and finger flexion
posture [18]. In particular, spasticity of the finger flexor
causes impairment of hand intrinsic movements such as
grasping, pinching, and manipulating objects. It also affects
the finger extension, which is needed to initiate hand grasp
[18]. Therefore, treating finger spasticity is crucial for
improving patients’ quality of life.

Spasticity can be treated in several ways. Recently,
selective treatment of focal spasticity by local injection of
botulinum toxin is an important and widespread therapeutic
strategy. Botulinum toxin works by blocking the presynap-
tic release of acetylcholine to the neuromuscular junction,
thereby decreasing the abnormal increase of the muscle tone
[18].

Flexor digitorum superficialis (FDS) and flexor digito-
rum profundus are two important muscles for flexion of the
index, middle, ring, and little fingers. FDS inserted into the
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intermediate phalanx to flex the proximal interphalangeal
joint, metacapophalangeal joint, and wrist [17]. Regarding
the origin of tendons, some study reports anatomical varia-
tions. Previously published textbooks described it as having
two (humeroulnar and radial) or three (medial epicondyle,
coracoid process of ulnar, anterior border of radius) ori-
gins [12, 17]. Recently, a more detailed description of the
origin of FDS has been reported. The middle and ring fin-
gers derive mostly from the radius, anterior common ten-
don (ACT), and posterior common tendon (PCT), while
the index and little fingers mostly derive from the ACT,
PCT, and anterior oblique ligaments of the ulnar collateral
ligament, and occasionally originate from the tendon con-
nected to the ACT [3, 11]. FDS is divided into superficial
and deep layers. The more superficial and more proximal
muscles form the tendons of the middle and ring fingers,
while the deeper and more distal muscles form the tendons
of the index and little fingers [12, 17]. Therefore, injecting
into each digastric muscle bellies is necessary to effectively
treat the spasticity of FDS. Although some studies suggest
botulinum toxin injection sites for the FDS, no study has
suggested injection sites at the intramuscular nerve endings
of each digastric muscle, especially using the FDS driving
as the reference line.

Hence, this study aimed to identify the location of the
intramuscular nerve branches for each digastric muscle
belly of the FDS and to provide an accurate injection region
for the botulinum toxin.

Methods

Twenty-four arms of 12 fresh adult cadavers were anatomi-
cally dissected to find the intramuscular nerve endings of
the FDS. These cadavers were all Koreans, and the donor’s
ages ranged from 61 to 97 years. None of them had any his-
tory of neuromuscular disease, and none of the arms showed
any evidence of previous surgery, trauma, or deformity. All
cadavers were anatomically placed. The arm was incised at
the midline, from the wrist joint to the elbow joint. In addi-
tion, two transverse incisions were made: a superior incision
above the antecubital fossa and an inferior one below the
wrist crease. The skin and the subcutaneous fat layer were
removed to expose the forearm muscles. Then, the flexor
carpi radialis and pronator teres muscles were dissected,
taking care not to damage the branches of the median nerve.
In the dissected specimen, digital caliper (Mitutoyo Co.,
Japan) was used to measure the distance between the ref-
erence line and the nerve entry point, and the number of
branches in each segment was counted.

For all dissected nerves, the following points were identi-
fied: motor branch points (MBPs), which are the entry sites
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of the nerve into the muscle belly, and the proximal limit
points (PLPs) and distal limit points (DLPs) of the termi-
nal intramuscular nerve endings. These three parameters
were expressed in longitudinal and transverse coordinates
in relation to the reference line. The reference line was set
as a line connecting the most prominent point of the medial
epicondyle and the center of the line connecting the radial
and ulnar styloid processes, taking into account the direc-
tion of the FDS. This reference line corresponds to the
x-axis, and the vertical line to it is set to the y-axis. The
location of each point was measured as the distance along
the x-axis and y-axis, and each was defined as longitudinal
and transverse coordinates. In particular, for longitudinal
coordinates, the distance from the medial epicondyle was
measured and divided by the reference line length to obtain
a percentage value. For transverse coordinates, positive val-
ues were given when the point was located medial to the
reference line. The longitudinal coordinates are expressed
in % (standard deviation (SD)) and millimeter (SD), and the
transverse coordinate in millimeter (SD) (Fig. 1).

Results

A total of 24 arms were investigated in 12 cadavers (7 males
and 5 females: age, 79.7+ 8.8 years). The mean length of
the reference line was 25.09 +£2.09 cm.

Of the 24 arms, 23 (95.8%) had the first and second
main nerve branches, and 1 (4.2%) had only the first main
branch. The number of twigs in the first main branch was 3
in 12 (50%) and 2 in 12 (50%) arms, and that in the second
main branch was 3 in 6 (26.1%), 2 in 15 (65.2%), and 1 in
2 (8.7%) arms.

The longitudinal coordinates of the MBPs were 41.6%
(SD 2.6%) of the reference line for the first main branch and
72.4% (SD 4.5%) for the second main branch. The longitu-
dinal coordinates of the PLPs and DLPs were 32.9% (SD
5.9%) and 49.8% (SD 6.9%) of the reference line in the first
main branch, and 65.1% (SD 5.2%) and 78.6% (SD 6.9%) in
the second main branch, respectively (Fig. 2). Moreover, the
mean value of the transverse coordinate was — 1.3 mm (SD
4.0 mm) in the first main branch and 2.0 mm (SD 8.5 mm) in
the second main branch, indicating that each parameter did
not deviate significantly from the reference line. The longi-
tudinal and transverse coordinates of each point are listed
in Table 1.
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Fig. 1 Anatomic dissection
showing the median nerve branch
entering the flexor digitorum
superficialis muscle. RS, radial
styloid process; US, ulnar styloid
process; ME, medial epicondyle;
MBP, motor branch point; LC,
longitudinal coordinate; TC
transverse coordinate

Reference line

RS
&
~ Us MBP2 MBP!

Fig. 2 Schematic drawing of the MBP distribution in the FDS. Blue age value of the MBPs in each branch. RS, radial styloid process; US,
dots indicate the MBPs of the first main branch, green dots indicate ulnar styloid process; ME, medial epicondyle; MN, median nerve;
the MBPs of the second main branch, and black dots indicate the aver- MBP1, MBP of first main branch; MBP2, MBP of second main branch

Table 1 Location of the MBPs, PLPs, and DLPs of the flexor digitorum superficialis
First main branch

Longitudinal coordinate Transverse coordinate

Mean + SD (%) Mean =+ SD (mm) 95% CI (%) Mean + SD (mm) 95% CI (mm)
PLP 329+59 81.63+14.12 30.6-35.3 03+32 -1.5-2.1
MBP 41.6+2.6 97.67+7.48 40.2-43.1 -1.3+4.0 -3.5-1.0
DLP 49.8+6.9 123.67+16.71 47.0-52.6 -0.5+4.4 -3.0-2.0

Second main branch

Longitudinal coordinate Transverse coordinate

Mean+ SD (%) Mean =+ SD (mm) 95% CI (%) Mean + SD (mm) 95% CI (mm)
PLP 65.1+52 165.10+19.16 62.8-67.4 0.8+6.7 -3.9-54
MBP 72.4+4.5 170.30 +12.05 69.6-75.1 2+8.5 -3.2-72
DLP 78.6+6.9 197.90 +24.26 75.5-81.6 2.1+9.8 -4.7-8.9

PLP, proximal limit point; MBP, motor branch point; DLP, distal limit point; CI, confidence interval; SD, standard deviation
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Discussion

In this study, the reference line was established considering
the direction of the FDS and MBP locations of the first and
second main branches were identified. The MBPs of the first
and second main branch are located at approximately 40%
and 70% of the reference line, respectively.

Most previous studies presenting injection points for
FDS used forearm length as a reference line. Bickerton et
al. identified individual digastric muscle bellies of the FDS
and recommended these bellies as optimal sites for botu-
linum toxin injections [1]. This study found two injection
points by focusing on the digastric muscle belly of FDS but
could not provide an accurate injection location based only
on one-dimensional information from the forearm length as
a reference line. In addition, the muscle belly was suggested
as the injection point, which was not based on the location
of the intramuscular nerve ending,

To increase efficacy [2, 7, 13] and minimize side effects,
such as paralysis of the adjacent muscles [15], the best place
for botulinum toxin injections is considered to be close to
the motor end plate, where the neuromuscular junction is
located. In addition, targeting not only motor points but
also muscle innervation areas may optimize the effective-
ness of botulinum toxin injection [4, 6]. To that end, a pre-
cise knowledge on the anatomical location of intramuscular
nerve endings is needed.

Some studies have recommended injection sites based on
the location of intramuscular nerve endings in the FDS, but
still only suggested one-dimensional locations based on the
forearm length. Won et al. identified intramuscular the nerve
distribution patterns of FDS using Sihler’s staining, finding
two main nerve branches [19]. The entry points of each
branch were 18.1% and 35.9% from the interepicondylar
line. Compared to the present results, the location of each
branch resulted from the proximal branch whereas that of
the distal branch did not. Furthermore, Lepage et al. identi-
fied that FDS is innervated with two or three branches of the
median nerve [8]. They demonstrated that end twigs of the
proximal branch were located between 27.4% and 47.8%
along the forearm length, those of the middle branch 44.8%
and 63%, and those of the distal branch between 63.5% and
72%. The proximal and distal branches were located simi-
larly to those in this study. However, they suggested that the
penetration points of the nerve branches spread along the
lateral edge of the muscle and that these sites were appro-
priate as the injection points. These locations are difficult to
determine from the surface anatomy.

Only one previous study used the FDS direction as a ref-
erence line. Huber & Heck’s atlas suggested the injection
into half of the distance between the medial epicondyle and
the line connecting the radial styloid process to the ulnar
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one [5]. They recommended a reference line considering
the origin and insertion of the FDS muscle, similar to this
research. However, only one point was proposed for botu-
linum toxin injection; thus, the digastric muscle bellies of
FDS were not considered.

A recent study revealed that the muscle belly of FDS for
digit 2 is divided into proximal and distal belly and con-
nected via the intermediate tendon [3]. In addition, most of
the muscle belly of FDS for digit 5 was present, and it was
suggested that the location was on the distal and ulnar side.
In this study, we confirmed that the distal bellies for digits
2 and 5 are more distal than the muscle bellies for digits 3
and 4, which maybe the reason why injections are necessary
for both, the distal and proximal part of FDS. In particular,
given that the index finger is important for fine motor func-
tions such as lateral and tip pinching, the spasticity of this
finger must be treated. Therefore, clinicians need to inject
botulinum toxin at the site of the distal nerve branch when
treating spasticity of FDS.

This study has some limitations. First, the location of
the intramuscular nerve ending was visually confirmed,
and the pattern and density of this nerve ending could not
be confirmed microscopically. However, considering the
volume of botulinum toxin typically used in clinical set-
tings, the injection should be sufficiently close to the tar-
get point—the motor end plate—even if injected into the
visually confirmed intramuscular nerve ending. Second,
although two-dimensional information on the injection site
was obtained, the depth was not measured. Since the FDS
is located in the intermediate layer of the anterior forearm
muscle, the appropriate injection depth can be estimated
based on the results of a study that determined the location
of the FDS muscle based on magnetic resonance imaging
and ultrasonography [14]. Thus, for more accurate injec-
tions, using electrical stimulation or ultrasonography as
guide to determine the depth closest to the motor point is
highly recommended. Third, the study has a small sample
size, analyzing only 24 arms from 12 fresh adult cadav-
ers. Thus, anatomical variants in FDS muscle bellies and
location of main nerve branches may not have been fully
elucidated.

Conversely, the strength of this study is that the proximal
and distal intramuscular nerve branches were considered
when proposing the injection site for botulinum toxin in
the FDS. In addition, two-dimensional location information
was proposed, with the FDS driving line used as a reference,
and the points involved did not deviate greatly from the
FDS line; thus, the clinicians can easily identify the points.
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Conclusions

In this study, we proposed two optimal injection sites for
botulinum toxin based on the FDS driving line. The MBPs
of the first and second main branches were located approxi-
mately 41.6% and 72.4% of the reference line, based on the
FDS direction, respectively. These findings can help deter-
mine the optimal botulinum toxin injection site in the FDS.
In addition, injections in these two areas can effectively
treat finger spasticity and restore hand function.
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