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1. INTRODUCTION
Skeletal muscles are the machines which convert chemical energy into mechanical
energy (1). The motor nerve supplying a muscle not only controls muscle contraction,
but also exerts a trophic influence on the muscle (2). The nerve innervating a muscle
is frequently called as the ‘motor nerve’, but in addition to the motor component
supplying the extrafusal muscle fibres, intrafusal fibres of muscle spindles (fusimotor
fibres) and vascular smooth muscle, it also carries sensory fibres from muscle
spindles, Golgi tendon organs, and from connective tissue sheaths of muscle (1).
The nerves along with the blood vessels supplying the muscle enter into a muscle at a
location called the “neurovascular hilum” (1,3). After entering the muscle, the nerves
and blood vessels branch repeatedly and supply the muscle (1).
A motor entry point is the place where the motor nerve innervating the muscle
penetrates the muscle belly. This is also defined as the location in the muscle where a
minimal intensity, short duration electrical impulse will produce a visible muscle
twitch (1).
One of the important clinical applications of the knowledge of motor entry points is
the motor point block. Motor point block is used for treatment of spasticity by
injecting botulinum toxin precisely at or close to the motor entry points of the muscle
(4). Spasticity is a velocity-dependent increase in stretch reflex. Spasticity is one of
the manifestations of clinical conditions like cerebrovascular accident, spinal cord
injury, traumatic brain injury, multiple sclerosis, and cerebral palsy. Spasticity affects
the quality of life of patients and care-givers (5).
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Spasticity of adductors and internal rotators of the shoulder, pronators of the forearm,
flexors and adductors of the hip, flexors of the knee, plantar flexors, and invertors of
the ankle is commonly confronted by the clinicians (6).
Spasticity of the gastrocnemius, soleus, tibialis posterior, and long flexors of the toe
causes spastic equinovarus of the foot (7). Spasticity of the popliteus causes in-toeing
of the lower leg (8).
Traditional chemical agents used for motor point block like phenol, alcohol or
botulinum toxin can cause complications like sensory nerve disturbances, paralysis of
neighbouring muscles (due to diffusion of the botulinum toxin) because of poor
localization of the motor entry point (9,10). Good localization of motor entry points
increases the effectiveness of motor point block while reducing the amount of
chemical needed and the cost of treatment (3,11).
Neuromuscular Electrical Stimulation (NMES) of the motor nerve at the motor entry
point has been approved as being effective for treatment and rehabilitation. Electrical
stimulation of multiple parts of muscle has been used for improving muscle
performance while training and recovery in sports rehabilitation. The knowledge of
motor entry points also finds application in sports and exercise by augmentation of
motor recruitment in healthy muscles (12).
Transcutaneous Electrical Nerve Stimulation (TENS) is a technique to reduce mild to
moderate neuro musculo-skeletal pain (13). There are various methods of applying
TENS based on the clinical condition being treated. In one of the methods, the
electrode is placed on the skin surface over the location of motor entry points (12). For
this, knowledge about motor entry points is essential.
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Knowledge of the motor entry points of muscles is important for the practice of
neuroscience, rehabilitation and sports medicine. This study is an attempt to determine
the precise location of motor entry points of the muscles of the posterior compartment
of the leg which are commonly involved in spasticity.

3

2. AIMS
 To describe the location of the motor entry points of the muscles in the
posterior compartment of the leg with respect to surface anatomical landmarks
 To suggest optimal sites for effective motor point block
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3. OBJECTIVES
 To describe the location of the motor entry points of the muscles of the
posterior compartment of the leg with respect to surface anatomic landmarks
 To compare the anatomic location of motor entry points between right and left
legs
 To observe for any gender differences in the motor entry points
 To describe the distribution of motor entry points of each of the above muscles
with respect to a specific reference line
 To determine the portion of the reference line with the maximum number of
motor entry points for each of the above mentioned muscles
 To suggest optimal sites for motor point block for each of the muscles of the
posterior compartment of the leg
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4. REVIEW OF LITERATURE
4.1. Gastrocnemius
The gastrocnemius is the most superficial muscle in the posterior compartment of the
leg. It arises by two heads- the medial head and the lateral head. The medial head
takes origin from the upper and posterior part of the medial femoral condyle behind
the adductor tubercle, from the popliteal surface of the femur just above the medial
condyle, and subjacent areas of the capsule of the knee joint. The lateral head takes
origin from the lateral surface of the lateral femoral condyle, from the lower part of
the lateral supracondylar line and subjacent areas of the capsule of the knee joint. The
muscle fibres from medial head and lateral head of gastrocnemius descend and are
inserted in a broad aponeurosis that develops on its anterior surface. The aponeurosis
receives the tendon of soleus on its deep surface, and after narrowing gradually, forms
the calcaneal tendon. The calcaneal tendon is inserted in the midpoint of the posterior
surface of the calcaneus. It is innervated by tibial nerve (S1, S2). It is the chief plantar
flexor and also a flexor of the knee (1).
The current practice of treating spasticity is to give an injection in the proximal third
of the muscle, where the muscle has the greatest diameter, and the needle should not
be inserted very deeply (14).
Segal et al. (1991) (15) studied the innervation pattern of six lateral head of
gastrocnemius muscles by following the intramuscular course of the nerve. The
authors found single trunk dividing into two main branches which further divided into
many branches, innervating three neuromuscular partitions of the muscle (15).
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Wolf et al. (1997) (16) studied eight medial head of gastrocnemius muscles (six rightsided, two left- sided) by dissecting them from their origin till insertion and locating
the point where the primary nerve branch entered the hilum, and measuring this
distance from the origin of the muscle. The authors traced the intramuscular course of
the nerve. They found a single primary branch dividing into two secondary branches
which further divided into a highly variable number of tertiary and quaternary
branches. The primary branch entered the hilum at 5.14 ± 1.19 cm (ranging from
3.0 – 7.2 cm) from the origin of the muscle (16).
Parratte et al. (2001) (3) described the location of penetration and arborisation of the
motor nerve in triceps surae. The authors dissected first macroscopically and then
using a stereoscopic microscope on a total of 36 gastrocnemii in 40 legs. One nerve
supplied each head; the nerves arose either separately or as a common trunk with the
nerve supplying other muscles. Each nerve divided into two or three branches and in
two out of the 36 limbs there were four branches. Distances were expressed as a
percentage of the length of the leg (from medial malleolus up to the proximal margin
of the medial tibial condyle). The mean leg length was 35.1 cm. Limits of the area
where terminal ramifications were most dense were as follows:
For the medial head, proximal and distal limits were 85.9% (30.1 cm) and 65.3%
(23.0 cm) from the medial malleolus up respectively, with the mean of the delimited
segment at 75.6% from the medial malleolus up. For the lateral head, the proximal and
distal limits were 87.7% (30.8 cm) and 71% (24.9 cm) from the medial malleolus up
respectively with the mean of the delimited segment at 79.4% from the medial
malleolus up.
7

Proposed optimal injection sites were three quarters of the way up the leg for the
medial head and four-fifths of the way up for the lateral head of gastrocnemius (3).
Yoo et al. (2001) (11) dissected 40 cadaver knees for locating the motor points of
gastrocnemius muscles in relation to surrounding bony landmarks. The authors found
that the motor branch for medial head of gastrocnemius was given off 0.36 ± 1.14 cm
below the line joining the medial and lateral epicondyles of femur and the motor point
was 3.77 ± 0.78 cm from the motor branch. The average number of small branches at
the motor point was 2.51 ± 0.77. The distance between proximal and distal motor
entry points was 1.62 ± 0.77 cm.
The motor branch for lateral head of gastrocnemius was given off 0.44 ± 1.19 cm
below the line joining the medial and lateral epicondyles of femur and the motor point
was 3.21 ± 0.46 cm from the motor branch. The average number of small branches at
the motor point was 2.39 ± 0.75. The distance between proximal and distal motor
entry points was 1.27 ± 0.69 cm (11).
Kim HS et al. (2002) (17) dissected 36 limbs from 22 cadavers (17 men and 5
women). The authors measured the distance from the intercondylar line of femur to
the intermalleolar line and considered this as the length of the lower leg. The mean
lower leg length was 34.4 ± 5.7 cm (35.7 ± 5.8 cm in men, 35.1 ± 3.2 cm in women).
The authors observed that there were variable numbers of motor entry points for
medial and lateral heads of gastrocnemius muscle.
For medial head of gastrocnemius, a single motor branch was found in 90.5% of
limbs and 9.5% had two motor branches. 69.3% of limbs had one motor entry point,
8

19.2% of limbs had two motor entry points, and 11.5% of limbs had three or more
motor entry points. The first motor entry point was at 11.6 ± 8.5% of lower leg length
distal to the intercondylar line (4.1 ± 3.0 cm distal to the intercondylar line) and
35.2 ± 13% of lower leg width from the medial aspect of the leg; second motor entry
point at 10.7 ± 6.1% of lower leg length distal to intercondylar line (3.9 ± 2.2 cm
distal to intercondylar line) and 37.8 ± 6.8% of lower leg width from the medial aspect
of the leg.
For lateral head of gastrocnemius, a single motor branch was found in 91.6% of limbs,
4.2% limbs had two motor branches, 4.2% limbs had four motor branches. One motor
entry point was found in 80% of limbs, two motor entry points were found in 12% of
limbs, three or more motor entry points were found in 8% of limbs. The first motor
entry point was at 10.7 ± 3.8% of lower leg length distal to the intercondylar line
(4.0 ± 1.5 cm distal to the intercondylar line) and 62.5 ± 11.1% of lower leg width
from the medial aspect of the leg; second motor entry point was at 11.4 ± 2.0% of
lower leg length distal to the intercondylar line (4.0 ± 0.7 cm distal to the
intercondylar line) and 60.9 ± 14.1% of lower leg width from the medial aspect of the
leg.
There was no statistically significant difference between males and females (17).
Bang et al. (2002) (18) injected botulinum toxin in 18 muscles in 16 children with
hemiplegic or diplegic cerebral palsy showing spasticity of calf muscles. The authors
divided the visible bulk of the calf into four equal quadrants. They used the centre of
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the upper two quadrants for injection while suggesting that this corresponded to the
motor points of the gastrocnemius muscle (18).
Hwang et al. (2003) (19) dissected 70 Korean limbs from 35 cadavers (18 males and
17 females) to study the branches to medial and lateral heads of gastrocnemius and
soleus.
The authors found that the medial head of gastrocnemius was innervated by one motor
nerve branch in 36 limbs (51%) and more than one nerve branch in 34 limbs (49%).
The nerve to medial head of gastrocnemius arose 7.0 ± 0.95 mm above the line joining
medial and lateral condyles of femur (ranging from 28 mm above the line joining
femoral condyles to 10 mm below the line). The length of the nerve from its diverging
point till its entrance into muscle was 4 ± 1.1 cm ranging from 1.7 - 6.3 cm.
The lateral head of gastrocnemius was innervated by one motor nerve branch in 20
limbs (29%) and more than one nerve branch in 50 limbs (71%). The nerve to lateral
head of gastrocnemius arose at the level of the line joining medial and lateral condyles
of femur. The length of the nerve from its diverging point till its entrance into muscle
was 3.5 ± 1.1 cm ranging from 1.6 - 6.7 cm (19).
Bodily et al. (2004) (20) dissected 10 limbs from five cadavers and observed a mean
number of one branch from the tibial nerve supplying medial head of gastrocnemius
and a mean number of 1.1 branches supplying the lateral head of gastrocnemius (20).
Kim MW et al. (2005) (21) also studied triceps surae in eight limbs from four male
cadavers to identify the range of terminal motor points in relation to bony landmarks
(medial and lateral epicondyles of femur, medial and lateral malleoli). The length of
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the lower leg was defined as the distance between the intercondylar line of the femur
to the intermalleolar line. The mean lower leg length was 37.2 ± 1.4 cm.
The authors described vertical distribution pattern of terminal motor points in terms of
percentage of lower leg length. There were one or two motor points seen in 90% of
limbs for each head of gastrocnemius.
The motor points of the medial head of gastrocnemius and lateral head of
gastrocnemius were diffusely distributed along the muscle belly. The highest and the
lowest motor points for medial head of gastrocnemius were at 3.6 ± 1.4 cm and
14.0 ± 2.4 cm (9.6 ± 3.5% and 37.5 ± 5.5% of lower leg length) and for lateral head of
gastrocnemius at 4.5 ± 1.4 cm and 14.1 ± 1.1 cm (12.0 ± 3.4% and 37.9 ± 2.3% of the
length of the lower leg) distal to the intercondylar line of femur respectively.
The authors felt that several injections had to be given in several terminal motor points
rather than in middle motor point of muscle belly (21).
Wongphaet et al. (2005) (22) dissected 31 cadavers, 16 males and 15 females with
the mean age of 74 ± 11 years. The authors described the distribution of motor points
of gastrocnemius, soleus, tibialis posterior, flexor hallucis longus muscles and the
needle injection points with respect to anatomical landmarks for increasing the
effectiveness and to minimise the complications of neurolytic block. The authors used
an imaginary line passing through mid-portion of calf passing over Achille’s tendon
insertion and a “reference level” which was an imaginary line passing through the
peak of medial condyle of femur and perpendicular to the above mentioned line. The
most prominent tip of femoral condyle was another reference point. In 18 cadavers the
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motor nerve branching pattern for medial head of gastrocnemius was symmetrical
between right and left limbs, while in 13 cadavers, it was asymmetrical. For lateral
head of gastrocnemius, motor nerve branching pattern was symmetrical in 17
cadavers, while asymmetrical branching pattern was observed in 14 cadavers.
A total of 84 motor branches were found to innervate medial head of gastrocnemius in
62 legs dissected. On an average, there were 1.35 branches supplying each muscle.
There was one branch in 44 legs (70.96%), two branches in 14 legs (22.58%) and
three branches in four legs (6.46%).
A total of 80 motor branches were found to innervate lateral head of gastrocnemius in
61 legs dissected. On an average, there were 1.31 branches supplying each muscle.
There was one branch in 45 legs (73.77%), two branches in 13 legs (21.31%) and
three branches in three legs (4.92%).
The suggested locations for needle insertion for both medial and lateral heads of
gastrocnemius were 3cm distal to the medial femoral condyle and 3 cm proximal to
medial femoral condyle (22).
Nam G. Lee et al. (2008) (23) studied the anatomical location of motor entry points
of triceps surae in 10 cadaveric lower limbs as a part of study of cadavers and healthy
individuals.
The mean total length of the leg from anterior superior iliac spine to the medial
malleolus of the cadavers was 80.5 ± 4.0 cm. The mean lower leg length from
intercondylar line of femur to the intermalleolar line of the cadavers was
34.9 ± 2.2 cm.
12

The longitudinal distance (LD) of the motor entry point was located from the
intercondylar line of femur and expressed as a percentage of the lower leg length. The
horizontal distance (HD) of the motor entry point was measured from the medial
border of the leg and expressed as a percentage of the total lower leg width with
respect to medial aspect of the leg.
LD of medial head of gastrocnemius was 11.2 ± 5.0% along the lower leg length. HD
of medial head of gastrocnemius was 32.0 ± 6.7% along the lower leg width.
LD of lateral head of gastrocnemius was 10.0 ± 2.4% along the lower leg length. HD
of lateral head of gastrocnemius was 61.3 ± 6.2% along the lower leg width (23).
Sheverdin et al. (2009) (24) studied 18 limbs from nine Korean human cadavers (four
males and five females) with age ranging from 56- 87 years (mean age: 69 years). The
distance between knee crease (popliteal fold) to intermalleolar line was divided into
10 equal parts.
There was one branch for each head of gastrocnemius muscle arising separately or as
a common trunk. The branches ramified into five branches on an average (three to
eight branches). There were 90 total number of branches for 18 legs which were
denser in upper 10% of calf length. There were no branches seen beyond 30% of the
calf length.
The authors stained the muscles by modified Sihler’s technique to study the
intramuscular nerve arborisation. When compared with lateral head of gastrocnemius,
the medial head of gastrocnemius had richer innervation (more ramifications). The
area of densest arborisation was 20-30% of the calf length (24).
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Campenhout et al. (2010) (14) proposed optimal injection sites for gastrocnemius,
soleus, tibialis posterior in relation to external anatomical landmarks, after considering
the histological and anatomical studies. The authors suggested that the injection site
was three quarters up from medial malleolus for medial head and four-fifths up from
medial malleolus for lateral head of gastrocnemius along a reference line from medial
malleolus up to the proximal margin of the medial tibial condyle (14).
Botter et al. (2011) (25) studied location of motor points in vastus medialis, vastus
lateralis, rectus femoris, biceps femoris, semitendinosus, semimembranosus, tibialis
anterior, peroneus longus, lateral head of gastrocnemius, and medial head of
gastrocnemius muscles in lower limbs of dominant side of 53 healthy subjects
(28 males and 25 females) of age group 18-50 years. The authors located the motor
point of gastrocnemius muscle with the subject in prone position, knee fully extended
and ankle at 1500 and by using a pen electrode.
For medial head of gastrocnemius, the medial knee joint line to the posterior superior
portion of calcaneal tuberosity was taken as the reference line. One motor point was
found for medial head of gastrocnemius. The average position of motor point for
medial head of gastrocnemius was 10.1 ± 2.6 cm i.e., 24.2% - 26.7% along the
reference line with some motor points proximal to the medial knee joint line.
For lateral head of gastrocnemius, apex of fibular head to the posterior superior
portion of calcaneal tuberosity was the reference line. One motor point was found for
lateral head of gastrocnemius. The average position of motor point for lateral head of
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gastrocnemius was 9.8 ± 2.3 cm i.e., 23.8% - 26.8% along the reference line with
some motor points proximal to the apex of head of fibula (25).
Okamoto et al. (2013) (26) dissected lower limbs from 10 Japanese cadavers (nine
adult and one was five month old male fetus). The authors observed that the nerves to
lateral head of gastrocnemius and soleus muscle took origin from a common trunk in
all the cases (26).
4.2. Soleus
Soleus muscle takes its origin from the proximal 1/4th of the shaft of fibula, posterior
part of head of fibula, soleal arch, soleal line and middle 1/3rd of medial border of
tibia. It inserts along with the gastrocnemius muscle. The nerve supply is by tibial
nerve (S1, S2). Soleus, along with the gastrocnemius is the chief plantar flexor of the
foot (1).
Human soleus has portio posterior and portio anterior. The tibial nerve gives rise to
one branch which enters the posterior surface of the muscle, another branch from
tibial nerve enters the anterior surface of the muscle. There is a possibility that the
nerve entering the anterior surface of the muscle may be unique in humans as the
tibial nerve does not supply the soleus in anthropoid apes (27).
In current practice, the soleus muscle is injected at the middle of the calf between the
heads of gastrocnemius cranial to the aponeurosis of Achille’s tendon (14).
51 legs from 31 Japanese cadavers were dissected by Sekiya et al. (1991) (27). The
nerve entering the anterior surface of the muscle arose as separate trunk in 12 limbs
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(23.5%) and in 39 limbs (76.5%) as a common funiculus with nerve branches
supplying deep flexors of leg (27).
Parratte et al. (2001) (3) dissected 37 soleus muscles in 40 legs. One nerve supplied
the posterior surface of the muscle and one nerve supplied the anterior surface of the
soleus muscle. The nerve supplying the posterior surface of the muscle arose as a
common trunk with the nerve to lateral head of gastrocnemius in 26 out of 37 limbs.
The nerve supplying the anterior surface of the muscle arose either as an independent
branch or in conjunction with the nerves supplying the deep flexors of the leg.
Distances were expressed as a percentage of the length of the leg (from medial
malleolus up to the proximal margin of the medial tibial condyle). Limits of the area
where terminal ramifications were most dense were as follows:
For the nerve supplying the posterior surface of soleus, the proximal and distal limits
were 76.5% (26.8 cm) and 55.6% (19.5 cm) from the medial malleolus up with the
mean of the delimited segment at 66.1% from the medial malleolus up. For the nerve
supplying the anterior surface of soleus, the proximal and distal limits were 64.8%
(22.9 cm) and 52.3% (18.3 cm) from the medial malleolus up with the mean of the
delimited segment at 58.6% from the medial malleolus up.
The proposed injection sites by the authors were at three-fifths of the way up the
medial malleolus at two sites: lateral and medial and at several postero-anterior
intervals (3).
Kim HS et al. (2002) (17) dissected 36 Korean limbs from 22 cadavers and found that
in all the limbs, the soleus was innervated by a single motor branch. The authors
16

described one motor entry point in 18 limbs (72%), two motor entry points in seven
limbs (28%) for soleus. Their highest and lowest motor points were at 6.5 ± 1.6 cm
(18.2 ± 4.3%) and 7.3 ± 1.6 cm (19.1 ± 4.3%) of lower leg length distal to
intercondylar line respectively. The highest and lowest motor points were 50.9 ± 9.6%
and 51.8 ± 13.1% of lower leg width from the medial aspect of the leg respectively
(17).
Bang et al. (2002) (18) injected botulinum toxin in 18 muscles in 16 children with
hemiplegic or diplegic cerebral palsy showing spasticity of calf muscles. The authors
divided the visible bulk of the calf into four equal quadrants. They used the centre of
the lower two quadrants, suggesting that this corresponded to the motor points of
soleus muscle (18).
Hwang et al. (2003) (19) dissected 70 Korean limbs from 35 cadavers (18 males and
17 females) and found that the nerve to soleus arose as an independent branch from
tibial nerve in 70% of limbs and as a common trunk with nerve to lateral head of
gastrocnemius in 30% of cases (19).
Bodily et al. (2004) (20) dissected 10 limbs from five cadavers and observed a mean
number of one branch from tibial nerve supplying posterior surface of soleus and a
mean number of 1.3 branches supplying the anterior surface of soleus (20).
Kim MW et al. (2005) (21) studied triceps surae in eight limbs from four male
cadavers to identify the range of terminal motor points in relation to bony landmarks.

17

There were one or two motor points for soleus in 100% of the limbs. The authors
described the vertical distribution pattern of terminal motor points in terms of the
percentage of the lower leg length.
The motor points to the soleus were diffusely distributed along the muscle belly. The
highest and the lowest motor points for soleus were 7.6 ± 1.5 cm and 17.4 ± 1.6 cm
(20.5% ± 3.9% and 46.7% ± 3.6% of the length of the lower leg) distal to the
intercondylar line, respectively.
The authors suggested that several injections had to be given in several terminal motor
points rather than in the middle motor point of muscle belly (21).
Wongphaet et al. (2005) (22) dissected 31 cadavers, 16 males and 15 females. For
soleus, motor nerve branching pattern was symmetrical in 25 cadavers, while
asymmetrical branching pattern was observed in six cadavers.
A total of 81 motor branches were found to innervate the soleus in 61 legs. On an
average, there were 1.32 branches supplying each muscle. There was one branch in 45
legs (73.77%), two branches in 12 legs (19.67%) and three branches in four legs
(7.56%).
The suggested locations for needle insertion for soleus were 8cm distal to the medial
femoral condyle and 2 cm distal to medial femoral condyle (22).
Nam G. Lee et al. (2008) (23) studied anatomical location of motor entry points of
triceps surae in 10 cadaveric lower limbs.
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Longitudinal distance (LD) of motor entry points of soleus from intercondylar line of
femur was 15.6 ± 2.4% along the lower leg length. Horizontal distance (HD) of motor
entry points of soleus from medial border of leg was 49.1 ± 10.0% along the lower leg
width (23).
Sheverdin et al. (2009) (24) dissected 18 limbs from 9 Korean cadavers. The authors
found three to eight extramuscular nerve branches for soleus. There were 101 total
number of branches for 18 legs which were denser in 20-30% of calf length. There
was no branch seen beyond 60% of the calf length.
The authors stained the muscles by modified Sihler’s technique to study the
intramuscular nerve arborisation. It revealed differential innervation of anterior and
posterior surfaces of the muscle. The posterior part of soleus exhibits richer
arborisations. The area of densest arborisation was 40-50% of the calf length (24).
Campenhout et al. (2010) (14) proposed optimal injection sites for gastrocnemius,
soleus, tibialis posterior in relation to external anatomical landmarks, after considering
anatomical studies. The authors suggested that the injection site was three-fifths in
two sites, lateral and medial and at several postero- anterior intervals along the line
from the medial malleolus up to the proximal margin of the medial tibial condyle (14).
Loh et al. (2003) (28) dissected one right side soleus muscle and constructed a three
dimensional model of intramuscular nerve distribution. He mentioned that one branch
from tibial nerve supplied the posterior surface of soleus muscle and another branch
from tibial nerve supplied its anterior surface. The branch supplying the posterior
surface entered the soleus in the central part of the posterior surface whereas the
19

branch supplying the anterior surface entered the soleus in the proximal 1/3rd of the
anterior surface. Intramuscular nerve distribution was described separately for nerves
supplying the posterior and anterior surfaces of the soleus (28).
4.3. Flexor hallucis longus (FHL)
The muscle takes its origin from the distal 2/3rd of the posterior surface of fibula, the
adjacent interosseous membrane, fascia covering tibialis posterior and posterior crural
intermuscular septum. It inserts into the plantar aspect of the base of distal phalanx of
the great toe. A branch from the tibial nerve (L5, S1, S2) supplies the muscle. It is a
flexor of the phalanges of the great toe and a plantar flexor (1).
Bodily et al. (2004) (20) dissected 10 limbs from five cadavers and observed a mean
number of 1.4 branches from tibial nerve supplying FHL (20).
Wongphaet et al. (2005) (22) dissected 31 cadavers,16 males and 15 females. A total
of 93 motor branches were found to innervate FHL in 31 cadavers. On an average,
there were 1.75 branches supplying each muscle. There was one branch in 27 legs
(50.94%), two branches in 14 legs (26.41%) and three branches in eight legs
(15.09%), and four branches in 13 legs (7.56%).
The suggested locations for needle insertion for FHL were 18cm distal to the medial
femoral condyle, 12 cm distal to medial femoral condyle, and 6 cm distal to medial
femoral condyle (22).
Apaydin et al. (2008) (29) dissected 36 limbs of 18 cadavers (10 males and 8
females). FHL was supplied by one branch in 14 cases (38.9%) and two branches in
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22 cases (61.1%). The mean locations of the proximal and distal motor branch points
from the head of fibula were 6.7 cm (ranging from 0-10.3 cm) and 19.7 cm (ranging
from 13.4-30.2 cm) respectively. The mean length of the nerve supplying FHL from
the tibial nerve till it pierced the muscle was 9.4 cm (ranging from 1.8-24.2 cm). The
number of terminal branches was one to six with a mean of 2.8 (29).
Je Hun Lee et al. (2012) (30) studied 20 Korean cadavers (12 men and 8 women)
with age ranging from 56-89 years. The reference line was considered as a vertical
line joining the midpoints of the line connecting the medial and lateral epicondyles of
femur and the line joining the most distal point of medial malleolus and lateral
malleolus. The mean length of the reference line was 32.4 ± 2.15 cm. This line was
divided into 10 equal parts.
One percentage of motor entry points (MEPs) was located in 20-30% of the reference
line; 14.6% MEPs in 30-40%, 35.4% MEPs in 40-50%, 22.9% MEPs in 50-60%,
17.7% MEPs in 60-70%, and 8.4% MEPs in 70-80% of the reference line.
All MEPs are located within 20-80% of the X-coordinate, of which 58.3% were
located in 40-60% of the X-coordinate. The mean distance of the Y-coordinate of
MEPs ranged from 4.2-9.3 mm. The authors suggested that the injection to be given
several times at 50%-60% of the reference line (30).
Kyu Ho Yi et al. (2016) (31) dissected 40 legs from 20 Korean cadavers (11 male and
9 female), age ranging from 43-96 years (mean age was 70.3 ± 4.3 years). They found
that one nerve branch innervated the muscle. Ten legs were subjected to modified
Sihler’s method to observe intramuscular arborisation. They calculated the percentage
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distance of the intramuscular arborisation with respect to the mean distance from the
lateral malleolus (0%) to the head of fibula (100%). The mean vertical length from
lateral malleolus to head of fibula was 31.2 ± 1.6 cm. The authors found that nerve
entry points were at 17.3 ± 1.4 cm from lateral malleolus up (56 ± 4.5% from the
lateral malleolus up, of the mean vertical length from lateral malleolus to the fibular
head) and two regions of maximum intramuscular arborisation at 30-40% and 60-70%
from lateral malleolus (0%) to fibular head (100%). The authors suggested that
injection could be given at 20-30% and 40-50% from lateral malleolus up based on
intramuscular arborisation area (31).
4.4. Flexor digitorum longus (FDL)
This muscle takes origin from the posterior surface of tibia below the soleal line and
also from the fascia covering the tibialis posterior and inserts into plantar surface of
base of 2nd to 5th distal phalanges. It is innervated by a branch from the tibial nerve
(L5, S1, S2). Its actions are to flex the toes, to maintain the toes in firm contact with
the ground and plantar flexion (1).
Bodily et al. (2004) (20) dissected 10 limbs from five cadavers and observed a mean
number of 2.3 branches from tibial nerve supplying FDL (20).
Apaydin et al. (2008) (29) dissected 36 limbs of 18 cadavers (10 males and 8
females). FDL was supplied by one branch in all cases. The mean location of the
motor branch points from the head of fibula was 19.8 cm (range: 12.5- 29.3 cm). The
mean length of the motor nerve from the tibial nerve till it pierced the muscle was
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9.2 cm (range: 4.2-14.8 cm). Number of terminal branches were one to four with a
mean of 2.3 (29).
Hong Geum Kim et al. (2015) (32) studied 14 lower limbs from 8 Korean cadavers
(5 males and 3 females, age ranging from 52-79 years). The reference line was the line
connecting the most proximal medial point of tibial plateau to most distal tip of medial
malleolus. The mean length of the reference line was 33.4 ± 2.5 cm. There were 29
motor entry points in 14 specimens examined; one motor entry point (MEP) in one
limb, two in 11 limbs, and three in two limbs. The mean distance of MEPs from the
most proximal medial point of tibial plateau was 15.8 ± 3.7 cm (46.78 ± 9.65% of the
reference line). The proximal and distal MEPs were located at 10.7 cm (32.42% of the
reference line) and 26 cm (69.33% of the reference line) from the most proximal
medial point of tibial plateau respectively. The distance of Y-coordinate of the MEPs
from the medial border of tibia ranged from 1.0-2.2 cm. About six MEPs (20.69%)
were found in 30-40%, 12 MEPs (41.38%) in 40-50%, nine MEPs (31.03%) in
50-60%, and two MEPs (6.90%) in 60-70% of the reference line. The authors
recommended that the injection site was 30%-60% of the reference line from the most
proximal medial point of tibial plateau (32).
Kyu Ho Yi et al. (2016) (31) dissected 40 legs from 20 Korean cadavers. They found
that one nerve branch innervated the muscle in all cases. The authors found that nerve
entry points were at 21.3 ± 1.8 cm from lateral malleolus up (68 ± 5.4% from the
lateral malleolus up, of the mean vertical length from lateral malleolus to the head of
fibula) and maximum intramuscular arborisation at 40-50% of the reference line
which was from the lateral malleolus (0%) to the fibular head (100%). The authors
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suggested that injection could be given at 30-40% from lateral malleolus up based on
intramuscular arborisation area (31).
4.5. Tibialis posterior (TP)
Tibialis posterior takes origin from the posterior surface of interosseous membrane,
posterior surface of tibia between the soleal line and junction of middle and lower
1/3rd, and posterior surface of fibula in upper 2/3rd. It inserts to the navicular tuberosity
and all tarsal bones except talus, base of 2nd to 4th metatarsals. Tibialis posterior is
innervated by a branch of the tibial nerve (L4, L5). It is the principal invertor of the
foot and is important for the maintanence of the medial longitudinal arch (1).
In current practice several ways to inject tibialis posterior are given in the literature:
medial (33), anterior (34), or posterior approach (35).If injected medially, it is usually
behind the posterior border of tibia, at the middle of the leg, about halfway between
medial femoral condyle and medial malleolus. The anterior approach is through the
tibialis anterior muscle and the interosseous membrane and injections are given at the
proximal third of the muscle. In the posterior approach, the muscle is injected through
the triceps surae (14).
Bodily et al. (2004) (20) dissected 10 limbs from five cadavers and observed a mean
number of 2.1 branches from the tibial nerve supplying tibialis posterior (20).
Wongphaet et al. (2005) (22) dissected 31 cadavers (16 male and 15 female). For
tibialis posterior, the motor nerve branching pattern was symmetrical in 24 cadavers,
while asymmetrical branching pattern was observed in seven cadavers.
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A total of 65 motor branches were found to innervate tibialis posterior in 53 legs
dissected. On an average, there were 1.22 branches supplying each muscle. There was
one branch in 44 legs (83.01%), two branches in six legs (11.32%) and three branches
in three legs (5.67%).
The suggested locations for needle insertion for tibialis posterior were 18cm distal to
the medial femoral condyle, 10 cm distal to medial femoral condyle, and 4 cm distal
to medial femoral condyle (22).
Perotto’s anatomical guide for the electromyographer (36) mentioned that
electrode placement for TP should be ‘one hand breadth below the tibial tuberosity
and one finger breadth off the medial border of tibia’ with the patient in prone
position. The electrode was to be directed obliquely through soleus and flexor
digitorum longus just posterior to tibia to enter tibialis posterior lying on interosseous
membrane (36).
Oddy et al. (2006) (37) dissected 31 limbs (16 male and 15 female; 18 left and 13
right limbs) from 19 cadavers searching for the motor points of tibialis posterior. The
reference line was the distance between the midpoints of the line between head of
fibula and proximal- medial tibia at the level of knee joint and the line joining the tips
of medial and lateral malleoli. The mean length of the reference line was
36.6 ± 0.8cm. The authors found a second motor branch supplying TP only in 4 limbs.
The motor entry points were found at 22.1 ± 1.1% along the reference line from the
level of proximal knee joint axis. They used ultrasound to identify tibialis posterior
muscle (37).
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Apaydin et al. (2008) (29) dissected 36 limbs from 18 Turkish cadavers (10 males
and 8 females; age ranging from 55-91 years; mean age was 70 years).
In all 36 limbs, tibialis posterior was supplied by two branches. The mean location of
the motor branch points from the head of fibula was 7.6 cm (range: 0- 18.4 cm). The
number of terminal branches was 3.7 on an average (range 1-5). The mean length of
the motor nerve from the tibial nerve till it pierced the muscle was 7.8 cm, ranging
from 2.2-12.6 cm.
There was no statistically significant difference found with regard to side and gender
of the limbs (29).
Lee et al. (2011) (38) observed motor entry points and intramuscular motor points in
tibialis posterior by dissecting 36 fresh specimens from 20 Korean cadavers (11 males
and 9 females); age ranging from 50-88 years. The reference line used was from the
most proximal medial- articular margin of tibia (MPM) to the most distal point of
medial malleolus (MDM). Mean length of reference line was 32.6 ± 2.7 cm. One
branch from the tibial nerve innervated tibialis posterior in all cadavers.
In 13 cases, there were two motor entry points, 17 limbs had three, seven limbs had
four, and one limb had five motor entry points. All motor entry points were located
10-40% from MPM along the reference line, out of which 82.5% of total number of
motor entry points was located at 10-30% of reference line from MPM. The average
distance of Y-coordinate of motor entry points for all regions was between 3.7-3.8 cm
from the medial border of tibia.
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Safety zone for botulinum toxin injection on medial approach was 10-40% from
MPM. No statistically significant difference was observed between male and female
cadavers (4).
Rha et al. (2014) (35) studied 25 children (12 boys and 13 girls) with hemiplegic
spastic cerebral palsy (age ranging from two years six months to five years 11 months)
with the help of sonography. To avoid the neurovascular bundle while placing a
needle in TP, safety window (distance between the tibia and neurovascular bundle)
was measured. In posterior approach, the safety window at mid point (0.74 ± 0.23 cm,
ranging from 0.21-1.28 cm) was larger than at upper 1/3rd of tibia (0.48 ± 0.23 cm,
ranging from 0.10-0.97 cm, p<0.01). The depth of tibialis posterior ranged from
0.99-3.06 cm at mid-point of tibia. It was suggested that in posterior approach, it was
preferable to inject at the midpoint (35).
Won et al. (2012) (39) studied 75 healthy volunteers (150 legs; 26 males and 49
females) to identify the safety window of needle insertion in anterior and posterior
approaches. The authors found that the midpoint has the larger safety window
(0.31-2.78 cm; mean: 1.45 ± 0.39cm) at the posterior approach than at any other
points. The depth at midpoint in the posterior approach was shallower than any other
points (1.57-3.52 cm; mean: 2.43 ± 0.40 cm). The authors suggested that during
needle insertion to tibialis posterior, the midpoint with posterior approach might be
more favourable than any other points (39).
Kyu Ho Yi et al. (2016) (31) dissected 40 legs from 20 Korean cadavers. They found
that one nerve branch innervated the muscle. The reference line used was the vertical

27

length from lateral malleolus to the fibular head. The authors found that nerve entry
points were at 23.4 ± 1.1 cm from lateral malleolus up (75 ± 3.5% of the reference
line, from the lateral malleolus up) and maximum intramuscular arborisation at
70-80% from lateral malleolus (0%) to the fibular head (100%). The authors
suggested that anterior approach of tibialis posterior was safe as tendon was posterior,
so that injury to the tendon could be avoided. Injection was to be given at upper 1/3rd
of tibia in anterior approach (31).
Sun Jae Won et al. (2016) (40) studied 102 limbs of 51 healthy volunteers (25 males
and 36 females, age ranging from 46.6 ± 15.1 years) for finding the proper needle
insertion point in tibialis posterior with respect to 4 points (proximal third of tibia,
midpoint of tibia; anterior and posterior approaches). He used ultrasonography scans.
The authors found that the safety window at midpoint was 0.31-2.78 cm
(mean: 1.45 ± 0.39 cm) in posterior approach. It was significantly greater than other
points. The authors suggested the needle insertion to be done at 0.25cm from medial
tibial border for the posterior approach.
4.6. Popliteus
The origin of popliteus is intracapsular. It takes origin by a tendon from the depression
at the anterior end of the groove on the lateral aspect of lateral condyle of femur and
inserts into posterior surface of tibia above the soleal line. Popliteus is innervated by a
branch of tibial nerve (L4, L5, S1). It rotates the tibia medially on femur (1) .
Bodily et al. (2004) (20) dissected 10 limbs from five cadavers and observed one
branch from tibial nerve supplying popliteus (20).
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Kun Hwang et al. (2010) (41) dissected 22 legs from 13 fresh Korean cadavers of age
ranging from 50 to 80 years. The number of diverging branches from tibial nerve
ranged from one to three with an average of 2.2. The nerve branch entered the
popliteus superficially one cm distal to the superior border.
They located the motor entry points of popliteus with reference to X-axis (transverse
line across lateral and medial epicondyles of femur) and Y-axis (vertical line at
midpoint of medial malleolus and lateral malleolus). The motor point was located at
-0.7 ± 0.9 cm (-5 ± 6%) on X-axis and -3.1 ± 1.1 cm (-9 ± 3%) on Y-axis. Negative
values indicated that the motor points were located to the left of Y- axis and below the
X- axis. 83.3% of motor entry points were located within 2.0 x 3.0 cm rectangle with
the centre located at -1.0cm (-7%) on X-axis and -3.3cm (-9%) on Y-axis (41).
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5. MATERIALS AND METHODS
The study was conducted in the Department of Anatomy, Christian Medical College,
Vellore, after obtaining approval from the Institutional Ethics Committee.
The sample size was determined by the following formula:

In the study done by Lee et al. (2011) on the tibialis posterior muscle, the percentage
of motor entry points located within 10-30% of muscle length was 82% (4). If we
expected a similar result in our study, with the precision of 15% with 95% confidence
interval, the number of limbs to be studied was 25 limbs. However, it was decided to
study 30 limbs as it was mentioned in statistical textbook that for better precision, the
sample size should be atleast 30 (42).
Inclusion criteria
The limbs were chosen regardless of age, sex and methods of embalming.
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Exclusion criteria
The limbs with obvious anatomic deformity, an inability to obtain neutral anatomic
alignment because of contracture or showing evidence of any surgical procedures in
the area were excluded.
Dissection
Thirty limbs from 15 cadavers were dissected, of which 12 were male and 3 were
female cadavers ranging in age from 33 years to 87 years at the time of death. The
muscles dissected in the study included all the muscles of the posterior compartment
of the leg with the exception of plantaris due to its minimal role in plantar flexion and
clinical application related to the study.
The cadaver was dissected in prone position with the hip joint, knee joint, and ankle
joint in neutral position and with the tips of the toes touching the dissection table. Two
transverse incisions were made, a proximal one passing through the middle of the
thigh and a distal one through the heel, thus exposing the entire back of the leg and
popliteal fossa. A vertical incision was made passing through the middle of the leg
connecting the above-mentioned horizontal lines. The skin, subcutaneous tissue,
superficial fascia and deep fascia were reflected laterally. The popliteal fossa was
cleared to expose the tibial nerve, popliteal vein, and popliteal artery. For clarity of
dissection and to study the motor entry points, the blood vessels were removed from
the neurovascular hila.
The gastrocnemius muscle was cleaned and the nerves to the medial and lateral heads
of gastrocnemius muscle were traced from their origin from the tibial nerve till the
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motor entry points. The number of branches of the tibial nerve to the medial and
lateral heads of gastrocnemius muscle was noted. Each branch from the tibial nerve
should have atleast one motor entry point. If the number of nerve branches supplying
the muscle was more, the number of motor entry points would increase.
The medial head of gastrocnemius was cut horizontally at a distance of about 50 mm
from its origin and the muscle belly was reflected laterally to expose the deeper
muscles of the calf. The soleus muscle was supplied by nerve branches on its anterior
and posterior aspect. The nerve supplying the posterior surface of soleus was traced
from its origin from the tibial nerve and cleaned.
The calcaneal tendon was cut about 30 mm from its insertion and the soleus muscle
was detached from its tibial attachments to access the nerve supplying the anterior
surface of soleus muscle. The soleal arch was seen arching over the popliteal vessels
and tibial nerve and was carefully dissected to preserve the nerve. After reflecting the
soleus laterally, the nerve supplying the anterior surface of soleus was traced from the
tibial nerve.
The soleus was then reflected laterally to study the flexor hallucis longus, flexor
digitorum longus and popliteus muscles. The muscles were dissected to clear the
fascia and their nerve supply was traced.
The nerve to flexor digitorum longus was seen passing between the fibular vessels
which were removed to trace the nerve to its entry point.
The posterior tibial vessels were cut horizontally below the lower border of popliteus
and reflected to expose the nerve supply to the popliteus.
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To trace the nerve branch to tibialis posterior, the anterior tibial vessels were cut close
to the place where these vessels pierced the interosseus membrane. Tibialis posterior
was exposed and its nerve branch was traced.
Measurements
Measurements were done while dissecting the muscles before their attachments was
disturbed. A vertical reference line was designated before starting the measurements.
The most proximal medial articular margin of the tibia (MPM) and the most distal
point of the medial malleolus (MDM) were located and pins were inserted into MPM
and MDM.
A vertical line from MPM to the level of MDM was measured using an inch tape and
described as the reference line (Figure 1). This line was further divided into five equal
parts from proximal to distal for descriptive purposes (Figure 2).
The motor entry points (MEPs) were located with respect to surface anatomic
landmarks as follows:
The longitudinal distance (LD) of the MEP was measured from MPM along the
reference line. The horizontal distance (HD) of the MEP was measured from MPM,
perpendicular and lateral to the reference line. For this, a goniometer was used with its
fulcrum on the MPM, the stationary arm parallel to the line passing through the lowest
part of femoral condyles and the movable arm made an angle of 900 with the
stationary arm. This ensured that the movable arm was along the reference line. The
LD of the motor entry points was measured from MPM along the movable arm and
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the HD of the motor entry points was measured from MEP along the stationary arm,
lateral to the reference line.
In case of multiple motor entry points, the most proximal motor entry point (close to
MPM) was designated as Proximal Entry Point (PEP) and the most distal motor entry
point (close to MDM) was designated as Distal Entry Point (DEP). Motor entry points
present in between PEP and DEP were designated as I, II, III, etc., from proximal to
distal. The number of motor entry points was noted. A green pin was inserted at the
PEP and a red pin was inserted at the DEP. Additional motor entry points were
indicated by white pins.
After locating the motor entry points, their location with reference to the stationary
and movable limbs of the goniometer, were measured with a ruler accurate to 0.1 cm.
In addition to absolute distances of LD of PEP and DEP, the ratio of the value of LD
to the length of the reference line was also calculated as follows:
LD of PEP % = (LD of PEP/L) x 100
LD of DEP % = (LD of DEP/L) x 100
where L was the length of the reference line.
It helps to increase the accuracy of placement of needle, as the length of the legs
differ with age and sex; so the absolute length may not be helpful in all occasions,
especially in children. It also helps in comparing the results with other studies.
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Figure 1. Schematic diagram to show the location of motor entry points of the nerve
supplying the posterior surface of soleus muscle with respect to a reference line (RL).
The vertical distance from the most proximal medial articular margin of tibia (MPM)
to the level of the most distal point of medial malleolus (MDM) was considered as the
reference line. A goniometer was used with its fulcrum at MPM, stationary arm
parallel to the line passing through the lowest part of femoral condyles, movable arm
perpendicular to the stationary arm. The horizontal distance (HD) of the proximal
motor entry point (PEP) was measured perpendicular and lateral to the reference line
and the longitudinal distance (LD) of PEP was measured along the reference line from
MPM. In the same way, the horizontal and vertical distances of other motor entry
points were measured. Red arrowheads point to MPM and MDM respectively. (DEPdistal motor entry point; I, II- motor entry points between PEP and DEP; S- superior;
I- inferior; M- medial; L- lateral).
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Figure 2. Schematic diagram to show the location of motor entry points of the nerve
supplying the posterior surface of the soleus muscle with respect to the portion of the
reference line. The vertical distance from the most proximal medial articular margin
of tibia (MPM) to the level of the most distal point of medial malleolus (MDM) was
considered as the reference line. The reference line was divided into five equal parts
(first-fifth, second-fifth, third-fifth, fourth-fifth and fifth-fifth). In this figure, all the
motor entry points (100%) were located in the second-fifth. Red arrowheads pointed
to MPM and MDM respectively. (PEP- proximal motor entry point; DEP- distal motor
entry point; I, II- motor entry points between PEP and DEP; S- superior; I- inferior;
M- medial; L- lateral).
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Motor entry points on gastrocnemius and on the posterior surface of soleus were
located and marked and measured as per protocol. Motor entry points proximal to the
stationary arm of the goniometer were given negative values during measurement.
Motor entry points on the anterior surface of soleus were studied after reflection of the
soleus muscle and pins inserted in such a way that they passed from the anterior
surface to the posterior surface of soleus and perpendicular to the anterior surface and
could be seen once the soleus muscle was placed in its original position. Then the
same above-mentioned parameters were measured.
Motor entry points on flexor digitorum longus and flexor hallucis longus were located
and studied as per protocol.
The nerve to popliteus divided into terminal branches before winding around its lower
border. The exact location where the nerves wound around the muscle were noted and
considered as the motor entry points for this muscle due to the small size of the
muscle. This was considered as an approximation made in this study, but within
acceptable limits. As the botulinum toxin could diffuse a distance of 30-45 mm from
the point of injection (9) and the popliteus muscle was also small, this approximation
was considered.
Tibialis posterior was cleaned, motor entry points located and studied as per protocol.
All the measurements were done three times and their mean was noted to avoid intraobserver variation. All measurements were taken by a single observer to avoid interobserver variations.
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The data was entered in Microsoft Excel 2007. Mean with standard deviation (S.D.)
and range were calculated for the variables and analysed using SPSS software (version
21.0). Comparison between right limb and left limb, males and females were done by
Student t-test. P value < 0.05 was considered as significant.
Instruments used:
 Standard dissection instruments
 Standard straight ruler accurate to 0.1 cm
 Inch tape
 Goniometer
 Coloured pins (green, red, and white colors).

38

6. RESULTS
The following muscles were studied: medial head of gastrocnemius, lateral head of
gastrocnemius, soleus, flexor hallucis longus, flexor digitorum longus, tibialis
posterior and popliteus.
The variables measured were: length of the reference line, number of branches from
the tibial nerve to the above mentioned muscles, number of motor entry points (MEPs)
in the above mentioned muscles, and location of MEPs in the above mentioned
muscles with respect to the reference line.
6.1. Length of the reference line
The vertical distance from the most proximal medial articular margin of tibia (MPM)
to the level of the most distal point of the medial malleolus (MDM) was considered as
the reference line. The mean length of the reference line was 36.49 ± 2.6 cm. The
minimum length measured was 31.1 cm; the maximum length measured was 41.5 cm.
Table 1: Length of the reference line (in cm)
GENDER OF THE CADAVER

SIDE OF THE LIMB

Male

Female

Right

Left

36.59 ± 2.81

36.08 ± 1.67

36.59 ± 2.61

36.39 ± 2.68
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6.2. Medial head of gastrocnemius
Medial head of gastrocnemius was innervated by one branch from the tibial nerve in
all the limbs dissected.
Table 2: Number of motor entry points (MEPs) in the medial head of
gastrocnemius (total number of limbs, n=30)
Number 1

2

3

4

5

6

8

9

11

5

5

2

1

1

1

of
MEPs
Number 4
of limbs
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Figure 3. Figure showing the motor entry points of the medial head of gastrocnemius
of right lower limb. Green and red color pins were inserted to indicate proximal and
distal motor entry points respectively. A metal pin was inserted to locate MPM. White
arrowheads indicate motor entry points. (MHG- medial head of gastrocnemius, LHGlateral head of gastrocnemius, MPM- most proximal medial articular margin of tibia,
S- superior, I- inferior, M- medial, L- lateral)
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Table 3: The variables measured for medial head of gastrocnemius (total number
of limbs, n=30)
Parameters

Range

Mean

Number of nerve branches

1

1

Number of motor entry points

1–9

3.13 ± 1.94

Horizontal distance (HD) of PEP from MPM (cm)

1.9 to 4.4

3.12 ± 0.69

Longitudinal distance (LD) of PEP from MPM (cm)

-2.9 to 3.6

-0.43 ± 1.47

Horizontal distance (HD) of DEP from MPM (cm)

0.4 to 5

3.08 ± 1.02

Longitudinal distance (LD) of DEP from MPM (cm)

-1.2 to 4.4

1.25 ± 1.56

There was no statistically significant difference with respect to gender and side of the
limb.
6.3. Lateral head of gastrocnemius
Lateral head of gastrocnemius was innervated by one branch from the tibial nerve in
all the limbs dissected.
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Figure 4. Figure showing the motor entry points of the lateral head of gastrocnemius
of left lower limb. Green and red color pins were inserted to indicate proximal and
distal motor entry points respectively. A metal pin was inserted to locate MPM. White
arrowheads indicate motor entry points. (MHG- medial head of gastrocnemius, LHGlateral head of gastrocnemius, MPM- most proximal medial articular margin of tibia,
S- superior, I- inferior, M- medial, L- lateral)
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Table 4: Number of motor entry points (MEPs) in the lateral head of
gastrocnemius (total number of limbs, n=30)
Number of MEPs

1

2

3

4

5

6

Number of limbs

3

14

6

4

2

1

Table 5: The variables measured for lateral head of gastrocnemius (total number
of limbs, n=30)
Parameters

Range

Mean

Number of nerve branches

1

1

Number of motor entry points

1-6

2.7 ± 1.23

Horizontal distance (HD) of PEP from MPM (cm)

2.4 to 6.5

4.63 ± 0.98

Longitudinal distance (LD) of PEP from MPM (cm)

-4.5 to 5.0

0.22 ± 1.64

Horizontal distance (HD) of DEP from MPM (cm)

3.0 to 6.8

4.39 ± 0.88

Longitudinal distance (LD) of DEP from MPM (cm)

-3.8 to 4.4

1.04 ± 1.75

There was no statistically significant difference with respect to gender and side of the
limb.
6.4. Soleus
The variables were measured separately for the nerves entering the anterior and
posterior surfaces of soleus.
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6.4.1. The nerve supplying the posterior surface of soleus
In all the 30 limbs studied, one branch from the tibial nerve supplied the soleus muscle
from its posterior aspect.
Table 6: Number of motor entry points (MEPs) in the posterior surface of soleus
(total number of limbs, n=30)
Number of MEPs

1

2

3

5

6

Number of limbs

1

14

9

3

3
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Figure 5. Figure showing the motor entry points in the posterior surface of soleus of
right lower limb. Medial head of gastrocnemius (MHG) was cut horizontally at a
distance of about 50 mm from its origin and reflected laterally. Green and red color
pins were inserted to indicate proximal and distal motor entry points respectively.
White arrowheads indicate motor entry points. (S- superior, I- inferior, M- medial, Llateral)
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Table 7: Variables measured for the nerve supplying the posterior surface of
soleus (total number of limbs, n=30)
Parameters

Range

Mean

Number of nerve branches

1

1

Number of motor entry points

1-6

2.97 ± 1.40

Horizontal distance (HD) of PEP from MPM (cm)

2.2 to 7.0

4.29 ± 1.05

Longitudinal distance (LD) of PEP from MPM (cm)

1.8 to 7.1

3.55 ± 1.25

Horizontal distance (HD) of DEP from MPM (cm)

3.0 to 4.8

3.21 ± 1.29

Longitudinal distance (LD) of DEP from MPM (cm)

2.2 to 15.5

5.55 ± 3.09

There was no statistically significant difference with respect to gender and side of the
limb.
6.4.2. The nerve supplying the anterior surface of soleus
In 29 limbs, one branch from the tibial nerve supplied the soleus muscle from its
anterior aspect and in one limb, two branches from the tibial nerve supplied the soleus
muscle from its anterior aspect.
Table 8: Number of motor entry points (MEPs) in the anterior surface of soleus
(total number of limbs, n=30)
Number of MEPs

1

2

3

4

Number of limbs

11

6

9

4
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Table 9: Variables measured for the nerve supplying the anterior surface of
soleus (total number of limbs, n=30)
Parameters

Range

Mean

Number of nerve branches

1 to 2

1.03 ± 0.56

Number of motor entry points

1 to 4

2.20 ± 1.09

Horizontal distance (HD) of PEP from MPM (cm)

0.6 to 13.8

4.40 ± 2.53

Longitudinal distance (LD) of PEP from MPM (cm)

3.0 to 15.0

8.48 ± 3.07

Horizontal distance (HD) of DEP from MPM (cm)

0.2 to 10.2

3.34 ± 2.61

Longitudinal distance (LD) of DEP from MPM (cm)

7.0 to 16.0 11.82 ± 2.57

There was no statistically significant difference with respect to gender and side of the
limb.
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Figure 6. Figure showing the motor entry points in the anterior surface of soleus of left
lower limb. The calcaneal tendon was cut about 30 mm from its insertion and the
soleus muscle was detached from its tibial attachments and reflected laterally to access
the nerve supplying the anterior surface of soleus muscle. Green and red color pins
were inserted to indicate proximal and distal motor entry points respectively. White
arrowheads indicate motor entry points. (S- superior, I- inferior, M- medial, L- lateral)
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6.5. Flexor hallucis longus (FHL)
Flexor hallucis longus was supplied by one nerve branch from the tibial nerve in 23
limbs while in seven limbs two nerve branches from the tibial nerve supplied FHL.
Table 10: Number of motor entry points (MEPs) in flexor hallucis longus (total
number of limbs, n=30)
Number 1

2

3

4

5

6

7

8

9

11

6

4

5

3

2

3

1

3

1

of
MEPs
Number 2
of limbs
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Figure 7. Figure showing the motor entry points of flexor hallucis longus (FHL) of left
lower limb. The calcaneal tendon was cut about 30 mm from its insertion and triceps
surae was reflected laterally to access the nerve supplying FHL. Green and red color
pins were inserted to indicate proximal and distal motor entry points respectively.
White arrowheads indicate motor entry points. (S- superior, I- inferior, M- medial,
L- lateral)
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Table 11: Variables measured for flexor hallucis longus (total number of limbs,
n=30)
Parameters

Range

Mean

Number of nerve branches

1 to 2

1.23 ± 0.42

Number of motor entry points

1 to 11

4.67 ± 2.69

Horizontal distance (HD) of PEP from MPM (cm)

2.5 to 7.9

4.48 ± 1.12

Longitudinal distance (LD) of PEP from MPM (cm)

6.4 to 21.8

15.37 ± 3.78

Horizontal distance (HD) of DEP from MPM (cm)

1.3 to 5.8

3.48 ± 1.08

Longitudinal distance (LD) of DEP from MPM (cm)

15.8 to 32.2 26.42 ± 4.24

There was no statistically significant difference with respect to gender and side of the
limb.
6.6. Flexor digitorum longus
Flexor digitorum longus was supplied by one nerve branch in all the limbs dissected.
Table 12: Number of motor entry points (MEPs) in flexor digitorum longus (total
number of limbs, n=30)
Number of MEPs

1

2

3

4

5

8

Number of limbs

4

16

4

4

1

1
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Figure 7. Figure showing the motor entry points of flexor digitorum longus (FDL) of
left lower limb. The calcaneal tendon was cut about 30 mm from its insertion and
triceps surae was reflected laterally to access the nerve supplying FDL. Green and red
color pins were inserted to indicate proximal and distal motor entry points
respectively. White arrowheads indicate motor entry points. (S- superior, I- inferior,
M- medial, L- lateral)
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Table 13: Variables measured for flexor digitorum longus (total number of
limbs, n=30)
Parameters

Range

Mean

Number of nerve branches

1

1

Number of motor entry points

1 to 8

2.57 ± 1.43

Horizontal distance (HD) of PEP from MPM (cm)

1.0 to 5.4

3.14 ± 1.04

Longitudinal distance (LD) of PEP from MPM (cm)

1.0 to 22.0

12.35 ± 3.63

Horizontal distance (HD) of DEP from MPM (cm)

0.0 to 4.3

2.87 ± 1.11

Longitudinal distance (LD) of DEP from MPM (cm)

12.0 to 24.4 17.93 ± 3.69

There was no statistically significant difference with respect to gender and side of the
limb.
6.7. Tibialis posterior
Tibialis posterior was supplied by one nerve branch from the tibial nerve in 28 limbs
while in two limbs two nerve branches from the tibial nerve supplied it.
Table 14: Number of motor entry points (MEPs) in tibialis posterior (total
number of limbs, n=30)
Number of MEPs

1

2

3

4

5

8

Number of limbs

6

9

9

2

3

1
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Figure 8. Figure showing the motor entry points of tibialis posterior (TP) of right
lower limb. The calcaneal tendon was cut about 30 mm from its insertion and triceps
surae was reflected laterally to access the nerve supplying TP. Green and red color
pins were inserted to indicate proximal and distal motor entry points respectively. A
metal pin was inserted to locate MPM. White arrowheads indicate motor entry points.
(MPM- most proximal medial articular margin of tibia, S- superior, I- inferior,
M- medial, L- lateral)
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Table 15: Variables measured for tibialis posterior (total number of limbs, n=30)
Parameters

Range

Mean

Number of nerve branches

1 to 2

1.07 ± 0.25

Number of motor entry points

1 to 8

2.73 ± 1.55

Horizontal distance (HD) of PEP from MPM (cm)

1.2 to 6.7

4.70 ± 1.03

Longitudinal distance (LD) of PEP from MPM (cm)

5.2 to 17.9 7.67 ± 2.56

Horizontal distance (HD) of DEP from MPM (cm)

2.5 to 6.5

Longitudinal distance (LD) of DEP from MPM (cm)

5.5 to 23.5 9.95 ± 4.23

4.86 ± 1.06

There was no statistically significant difference with respect to gender and side of the
limb.
6.8. Popliteus
In all the limbs dissected, popliteus was supplied by one branch from the tibial nerve.
Table 16: Number of motor entry points (MEPs) in popliteus (total number of
limbs, n=30)
Number of MEPs

1

2

3

4

5

6

Number of limbs

5

17

5

1

1

1
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Figure 9. Figure showing the motor entry points of popliteus of right lower limb.
Triceps surae was reflected laterally. Green and red color pins were inserted to
indicate proximal and distal motor entry points respectively. A metal pin was inserted
to locate MPM. White arrowheads indicate motor entry points. (MPM- most proximal
medial articular margin of tibia, S- superior, I- inferior, M- medial, L- lateral)

57

Table 17: Variables measured for popliteus (total number of limbs, n=30)
Parameters

Range

Mean

Number of nerve branches

1

1

Number of motor entry points

1 to 6

2.3 ± 1.11

Horizontal distance (HD) of PEP from MPM (cm)

3.5 to 6.2

4.87 ± 0.82

Longitudinal distance (LD) of PEP from MPM (cm)

3.0 to 6.0

4.22 ± 0.82

Horizontal distance (HD) of DEP from MPM (cm)

3.6 to 6.7

4.87 ± 0.81

Longitudinal distance (LD) of DEP from MPM (cm)

2.8 to 6.3

4.68 ± 0.72

There was no statistically significant difference with respect to gender and side of the
limb.
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6.9. Distribution pattern of motor entry points
Table 18: Longitudinal distribution pattern of motor entry points: PEP (cm) and
DEP (cm) = longitudinal distance (LD) of PEP and DEP respectively,
PEP%= LD of PEP/ length of the reference line, DEP%= LD of DEP/ length of
the reference line. Mean ± standard deviation values were given in the table.
(PEP- proximal motor entry point, DEP- distal motor entry point, MHG- Medial
head of gastrocnemius, LHG- lateral head of gastrocnemius, Sol. Post- posterior
surface of soleus, Sol. Ant- anterior surface of soleus, FHL- flexor hallucis
longus, FDL- flexor digitorum longus, TP- tibialis posterior) (total number of
limbs, n=30)
Muscle

PEP (cm)

PEP (%)

DEP (cm)

DEP (%)

MHG

-0.43 ± 1.47

-1.26 ± 4.71

1.25 ± 1.56

3.31 ± 3.29

LHG

0.22 ± 1.64

0.29 ± 4.74

1.04 ± 1.75

4.23 ± 3.63

Sol. Post

3.55 ± 1.25

9.43 ± 3.58

5.55 ± 3.09

15.12 ± 7.98

Sol. Ant

8.48 ± 3.07

23.45 ± 7.11

11.82 ± 2.57

32.00 ± 5.95

FHL

15.37 ± 3.78

42.14 ± 9.95

26.42 ± 4.24

72.49 ± 10.39

FDL

12.35 ± 3.63

34.60 ± 6.37

17.93 ± 3.69

48.85 ± 9.20

TP

7.67 ± 2.56

20.05 ± 4.41

9.95 ± 4.23

25.77 ± 8.41

Popliteus

4.22 ± 0.82

11.59 ± 2.27

4.68 ± 0.72

12.96 ± 1.69
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Table 19: Total number of motor entry points observed (total number of limbs,
n=30)
Muscle

Total number of motor entry points

Medial head of gastrocnemius

96

Lateral head of gastrocnemius

82

Posterior surface of soleus

88

Anterior surface of soleus

66

Flexor hallucis longus

148

Flexor digitorum longus

78

Tibialis posterior

80

Popliteus

69
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Table 20: Distribution of motor entry points with respect to the portion of the
reference line. % of motor entry points was given in parenthesis. For MHG, 54
out of 96 motor entry points (56.25%) lay below MPM and 42/96 motor entry
points (43.75%) lay above MPM. For LHG, 57 out of 82 motor entry points
(69.52%) lay below MPM and 25/82 motor entry points (30.48%) lay above
MPM. Only those motor entry points lying below MPM was considered in this
table, as reference line was the vertical distance from MPM to MDM. MHGmedial head of gastrocnemius, LHG- lateral head of gastrocnemius, MPM- most
proximal medial articular margin of tibia, MDM- most distal point of medial
malleolus. (total number of limbs, n=30)
Portion of reference line

First-fifth

Second-

Third-

Fourth-

Fifth-

fifth

fifth

fifth

fifth

MHG

54/96(56.25%)

-

-

-

-

LHG

57/82(69.52%)

-

-

-

-

Posterior surface of soleus

85 (96.6%)

2 (2.3%)

1 (1.1%)

-

-

Anterior surface of soleus

11 (16.7%)

52 (78.8%) 3 (4.5%)

-

-

Flexor hallucis longus

1 (0.6%)

25 (16.9%) 68 (45.9%) 47 (32%)

7 (4.6%)

Flexor digitorum longus

3 (3.8%)

38 (48.7%) 32 (41%)

5 (6.5%)

-

Tibialis posterior

34 (42.5%)

42 (52.5%) 4 (5%)

-

-

Popliteus

69 (100%)

-

-

-
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-

Chart 1. Distribution of motor entry points of the posterior surface of soleus with
respect to portion of the reference line (total number of limbs, n=30)

Second-fifth, 2.3%

Third-fifth, 1.1%

First-fifth, 96.6%

Chart 2. Distribution of motor entry points of the anterior surface of soleus with
respect to portion of the reference line (total number of limbs, n=30)

Third-fifth, 4.5%

First-fifth, 16.7%

Second-fifth, 78.8%
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Chart 3. Distribution of motor entry points of flexor hallucis longus with respect
to portion of the reference line (total
(to number of limbs, n=30)

Fifth
Fifth-fifth,
4.6%

First-fifth, 0.6%

Second-fifth, 16.9%

Fourth
Fourth-fifth,
32.0%

Third-fifth, 45.9%

Chart 4. Distribution of motor entry points of flexor digitorum longus with
respect to portion of the reference line (total number of limbs, n=30)

Fourth
Fourth-fifth,
6.5%

First-fifth, 3.8%

Third-fifth, 41.0%

Second-fifth,
fifth, 48.7%
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Chart 5. Distribution of motor entry points of tibialis posterior with respe
respect to
portion of the reference line (total number of limbs, n=30)
Third-fifth
5%

First
First-fifth
42.5%

Second-fifth
52.5%
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Table 21: Portion of the reference line with maximum number of motor entry
points - for effective motor point block. For MHG, 54 out of 96 motor entry
points (56.25%) lay below MPM and 42/96 motor entry points (43.75%) lay
above MPM. For LHG, 57 out of 82 motor entry points (69.52%) lay below MPM
and 25/82 motor entry points (30.48%) lay above MPM. Only those motor entry
points lying below MPM was considered in this table, as reference line was the
vertical distance from MPM to MDM. MPM- most proximal medial articular
margin of tibia, MDM- most distal point of medial malleolus.
Muscle

Anatomic localisation (portion of the
reference line)

Medial head of gastrocnemius

First-fifth

Lateral head of gastrocnemius

First-fifth

Soleus

First-fifth (posterior surface)
Second-fifth (anterior surface)

Flexor hallucis longus

Third and fourth-fifths

Flexor digitorum longus

Second and third-fifths

Tibialis posterior

First and second-fifths

Popliteus

First-fifth
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7.DISCUSSION
The surface landmarks used in this study were the most proximal medial articular
margin of tibia (MPM) and the most distal point of the medial malleolus (MDM).
These landmarks were chosen as they could be felt easily and the motor entry points
could be easily located with respect to these landmarks, especially in patients with
spasticity whose limbs would be fixed in a plantar flexed position making the
identification of other landmarks difficult.
7.1. Length of the reference line
The vertical distance from the most proximal medial articular margin of tibia (MPM)
to the level of the most distal point of the medial malleolus (MDM) was considered as
reference line. The mean length of the reference line was 36.49 ± 2.6 cm. The
minimum length measured was 31.1 cm; the maximum length measured was 41.5 cm.
In males, it was 36.59 ± 2.81 cm and in females, it was 36.08 ± 1.67 cm.
Table 22: Length of the reference line as observed in different studies
Study

Length of the reference line

Parratte et al. (2001) (3)

35.1 cm

Lee et al. (2011) (4)

32.6 ± 2.7 cm

Hong Geum Kim et al. (32)

33.4 ± 2.5 cm

Present study (n=30 limbs)

36.4 ± 2.6 cm
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The length of the reference line was similar to that measured by Parratte et al. (3).
The length of the reference line could not be compared with other studies as the
reference line used was different.
7.2. Number of nerve branches

7.2.1. Gastrocnemius
In the present study, it was observed that the medial head of gastrocnemius (MHG)
and lateral head of gastrocnemius (LHG) were supplied by one motor branch from the
tibial nerve respectively.
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Table 23: Number of nerve branches from the tibial nerve to gastrocnemius as
observed in different studies. MHG- medial head of gastrocnemius, LHG- lateral
head of gastrocnemius
Study

Number of nerve branches
MHG

LHG

Wolf et al. (1997) (16)

One

-

Parratte et al. (2001) (3)

One

One

Kim HS et al. (2002)

One branch in 90.5% of limbs

One branch in 91.2% of limbs

Two branches in 9.5% of

Two branches in 4.2% of limbs

(17)

limbs

Four branches in 4.2% of limbs

Hwang et al. (2003) (19) One branch in 51% limbs

One branch in 29% limbs

More than one branch in 49%

More than one branch in 71%

limbs

limbs

Bodily et al. (2004) (20)

One branch

Mean: 1.1 branches

Wongphaet et al. (2005)

Range: 1-3;

Range: 1-3;

Mean: 1.35 branches.

Mean:1.31 branches

One

One

One

One

(22)
Sheverdin et al. (2009)
(24)
Present study (n=30
limbs)
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The observations of the present study were in concordance with most of the studies
done. Hwang et al. (19) reported more than one branch in large number of limbs (49%
for medial head of gastrocnemius, 71% for lateral head of gastrocnemius) which
differed from other studies. Kim HS et al. (17) reported a maximum of four branches
for lateral head of gastrocnemius in one limb(4.2%). Wongphaet et al. (22) reported
one to three motor nerve branches to each head of gastrocnemius with a mean 1.35
branches for medial head of gastrocnemius and 1.31 branches for lateral head of
gastrocnemius.
7.2.2. Soleus
In the present study, it was found that the soleus was supplied by one to two branches
(mean: 1.03 ± 0.56 branches) from the anterior surface and one motor branch
supplying the posterior surface.
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Table 24: Number of nerve branches from the tibial nerve to soleus as observed
in different studies
Study

Number of nerve branches
Posterior branch

Anterior branch

Parratte et al. (2001) (3)

One

One

Kim HS et al. (2002) (17)

One

Loh et al. (2003) (28)

One

One

Bodily et al. (2004) (20)

One

One

Wongphaet et al. (2005)

One branch in 73.77% legs

(22)

Two branches in 19.67% legs
Three branches in 6.56%

Sheverdin et al. (2009) (24)

Range: 3-8; Mean: 5.6 branches.

Present study (n=30 limbs) One

One branch: 29 limbs
(96.7%)
Two branches: 1 limb (3.3%)

The observations of the present study were in concordance with studies done by
Parratte et al. (3), Loh et al. (28) and Bodily et al. (20). Kim HS et al. (17),
Wongphaet et al. (22), Sheverdin et al. (24) did not mention about branches supplying
anterior and posterior surfaces of soleus. Wongphaet et al. (22) reported a maximum
of three branches in 4/61 limbs (6.56%). Sheverdin et al. (24) observed from three
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upto eight branches, but the authors did not mention whether it was the total of the
number of branches supplying anterior and posterior surfaces of soleus.
7.2.3. Flexor hallucis longus (FHL)
The FHL was supplied by one to two branches (mean: 1.23 ± 0.42 braches) as
observed in the present study.
Table 25: Number of nerve branches from the tibial nerve to flexor hallucis
longus as observed in different studies
Study

Number of nerve branches

Bodily et al. (2004) (20)

Mean: 1.4 branches

Wongphaet et al. (2005) (22)

Range: 1-4; Mean: 1.75 branches

Apaydin et al. (2008) (29)

One branch in 38.9% limbs; Two branches in 61.1%
limbs

Present study (n=30 limbs)

One branch: 23 limbs (76.7%);
Two branches: 7 limbs (23.3%)

The branching pattern of FHL in the present study was in concordance with most of
the studies. But the study done by Apaydin et al. (29) reported two branches in 61.1%
of limbs whereas in the present study, it was only 23.3% of limbs.
7.2.4. Flexor digitorum longus (FDL)
In all the 30 limbs dissected, the FDL was supplied by one motor nerve branch from
the tibial nerve.
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Table 26: Number of nerve branches from the tibial nerve to flexor digitorum
longus as observed in different studies
Study

Number of nerve branches

Bodily et al. (2004) (20)

Mean: 2.3 branches

Apaydin et al. (2008) (29)

One

Present study (n=30 limbs)

One

The observations of the present study were in concordance with observation of
Apaydin et al. (29).
7.2.5. Tibialis posterior
In all the 30 limbs dissected in the present study, it was observed that tibialis posterior
was supplied by one to two branches (mean: 1.07 ± 0.25 branches).
Table 27: Number of nerve branches from the tibial nerve to tibialis posterior as
observed in different studies
Study

Number of nerve branches

Bodily et al. (2004) (20)

Mean: 2.1 branches

Wongphaet et al. (2005) (22)

Range: 1-3; Mean: 1.22 branches

Oddy et al. (2006) (37)

One branch: 87% limbs; Two branches: 13% limbs.

Apaydin et al. (2008) (29)

Two

Lee et al (2011). (4)

One

Present study (n=30 limbs)

One branch: 28 limbs (93.3%);
Two branches: 2 limbs (6.7%)
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The observations of the present study were in concordance with observation of most
of the studies. In the present study, tibialis posterior being innervated by one motor
nerve predominantly was similar to the observations by Oddy et al. (37).
7.2.6. Popliteus
Present study showed one branch supplying popliteus.
There were one to three branches from tibial nerve supplying popliteus with a mean of
2.2 branches, according to Hwang et al. (41).
7.3. Motor entry points
7.3.1. Gastrocnemius
There were one to nine motor entry points (MEPs) for MHG with a mean of
3.13 ± 1.94. LHG had one to six motor entry points with a mean of 2.7 ± 1.23 as
observed in the present study. There was no statistically significant difference in the
number of motor entry points with respect to the side of the limb and gender.
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Table 28: Number of motor entry points in gastrocnemius as observed in
different studies. MEP- motor entry point, MHG- medial head of gastrocnemius,
LHG- lateral head of gastrocnemius.
Study

Yoo et al. (2001) (11)

Number of motor entry points
MHG

LHG

Mean: 2.51 ± 0.77

Mean: 2.39 ± 0.75

Kim HS et al. (2002) (17) One MEP: 69.3% of limbs

One MEP: 80.0% of limbs

Two MEPs:19.2% of limbs

Two MEPs: 12.0% of limbs

Three or more MEPs:

Three or more MEPs: 8% of

11.5% of limbs

limbs

Bang et al. (2002) (18)

One

One

Sheverdin et al. (2009)

Range: 3-8; Mean: 5

Range: 3-8; Mean: 5

Botter et al. (2011) (25)

One

One

Present study (n=30

One MEP: 4 limbs,

One MEP: 3 limbs,

limbs)

Two MEPs: 11 limbs,

Two MEPs: 14 limbs,

Three MEPs: 5 limbs,

Three MEPs: 6 limbs,

Four MEPs: 5 limbs,

Four MEPs: 4 limbs,

Five MEPs: 2 limbs,

Five MEPs: 2 limbs,

Six MEPs: 1 limb,

Six MEPs: 1 limb.

(24)

Eight MEPs: 1 limb,
Nine MEPs: 1limb.
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The findings for MHG in the present study correlated with the study done by
Sheverdin et al. (24).
In the study done by Kim HS et al. (17), most of the limbs had one motor entry point.
But in the present study, the most of the limbs (MHG: 26/30 limbs; LHG: 27/30
limbs) had more than one motor entry points.
7.3.2. Soleus
In the present study, the posterior surface of soleus had one to six motor entry points
(MEPs) with a mean of 2.97 ± 1.4, while the anterior surface of soleus had one to four
MEPs with a mean of 2.2 ± 1.09. There was no statistically significant difference in
the number of motor entry points with respect to the side and gender of the limb.
Table 29: Number of motor entry points in soleus as observed in different studies
Study

Number of motor entry points (MEPs)
Posterior branch

Anterior branch

Kim HS et al. (2002) (17)

One MEPs in 72% limbs; Two MEPs in 28% limbs.

Bang et al. (2002) (18)

Two

Kim MW et al. (2005) (21) One to two
Present study (n=30

One MEP: 1 limb,

One MEP: 11 limbs,

limbs)

Two MEPs: 14 limbs,

Two MEPs: 6 limbs,

Three MEPs: 9 limbs,

Three MEPs: 9 limbs,

Five MEPs: 3 limbs,

Four MEPs: 4 limbs.

Six MEPs: 3 limbs.
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The above mentioned authors did not mention about the nerve supplying soleus from
the posterior and anterior surfaces. In present study, the motor entry points for nerves
supplying the anterior and posterior surfaces were tabulated separately.
This was the reason for the inability to compare the number of motor entry points
observed in the present study with other studies.
7.3.3. Flexor hallucis longus (FHL)
In the present study, FHL had one to eleven motor entry points (MEPs) with a mean
of 4.67 ± 2.69. There was no statistically significant difference in the number of motor
entry points with respect to the side and gender of the limb.
Table 30: Number of motor entry points in flexor hallucis longus as observed in
different studies. MEP- motor entry point.
Study

Number of motor entry points

Apaydin et al. (2008) (29)

Range: 1-6; Mean: 2.8 MEPs

Je Hun Lee et al. (2012) (30) One MEP: 2 limbs, Two MEPs: 11 limbs,
Three MEPs: 15 limbs, Four MEPs: 7 limbs
Present study (n=30 limbs) One MEP: 2 limbs, Two MEPs: 6 limbs,
Three MEPs: 4 limbs, Four MEPs: 5 limbs,
Five MEPs: 3 limbs, Six MEPs: 2 limbs,
Seven MEPs: 3 limbs, Eight MEPs: 1 limb,
Nine MEPs: 3 limbs, 11 MEPs: 1 limb.
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The number of motor entry points observed in the present study did not correlate well
with most of the studies.
7.3.4. Flexor digitorum longus (FDL)
The FDL had one to eight motor entry points (MEPs) with a mean of 2.57 ± 1.43 as
observed in the present study. There was no statistically significant difference in the
number of motor entry points with respect to the side and gender of the limb.
Table 31: Number of motor entry points in flexor digitorum longus as observed
in different studies. MEP- motor entry point.
Study

Number of motor entry points

Apaydin et al. (2008) (29)

Range: 1-4; Mean: 2.3 MEPs

Hong Geum Kim et al. (2015)

One MEP: 1 specimen, Two MEPs: 11 specimens,

(32)

Three MEPs: 2 specimens.

Present study (n=30 limbs)

One MEP: 4 limbs, Two MEPs: 16 limbs,
Three MEPs: 4 limbs, Four MEPs: 4 limbs,
Five MEPs: 1 limb, Eight MEPs: 1 limb.

The number of motor entry points correlated well with most of the studies. Most of the
limbs (11/14 specimens) in study done by Hong Geum Kim et al. (32) had two motor
entry points, whereas in the present study also, the commonly observed motor entry
points was two (16/30 limbs). In our study one limb showed upto eight motor entry
points which was much higher than those observed by other authors.
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7.3.5. Tibialis posterior
In the present study, it was observed that tibialis posterior had one to eight motor entry
points with a mean of 2.73 ± 1.55. There was no statistically significant difference in
the number of motor entry points with respect to the side and gender of the limb.
Table 32: Number of motor entry points in tibialis posterior as observed in
different studies. MEP- motor entry point.
Study

Number of motor entry points

Lee et al. (2011) (4)

Two MEPs: 13 limbs, Three MEPs: 17 limbs,
Four MEPs: 7 limbs, Five MEPs: 1 limb.

Present study

One MEP: 6 limbs, Two MEPs: 9 limbs,

(n=30 limbs)

Three MEPs: 9 limbs, Four MEPs: 2 limbs,
Five MEPs: 3 limbs, Eight MEPs: 1 limb.

Lee et al. (4) reported that most of the limbs had two motor entry points (13 limbs) or
three motor entry points (17 limbs). The authors also reported a range of two to five
motor entry points. In the present study, the distribution of motor entry points was
found to be variable, but commonly observed frequency was two or three motor entry
points (9/30 limbs each). In the present study it was observed that a limb showed upto
a maximum of eight motor entry points.
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7.3.6. Popliteus
In the present study, it was found that popliteus had one to six motor entry points
(MEPs) with a mean of 2.3 ± 1.11. Single motor entry point was observed in five
limbs. 17 limbs had two motor entry points each. Three motor entry points were found
in five limbs, whereas four motor entry points were found in one limb. One limb had
five motor entry points whereas a maximum of six motor entry points were observed
in one limb. There was no statistically significant difference in the number of motor
entry points with respect to the side and gender of the limb.
7.4. Location of the motor entry points with respect to the reference line
7.4.1. Medial head of gastrocnemius
In the present study, the horizontal distance (HD) of proximal motor entry point (PEP)
was 3.12 ± 0.69 cm (range: 1.9 cm to 4.4 cm) from the reference line and the
longitudinal distance (LD) of PEP was -0.43 ± 1.47 cm (range: -2.9 cm to 3.6 cm)
along the reference line from MPM. The horizontal distance (HD) of distal motor
entry point (DEP) was 3.08 ± 1.02 cm (range: 0.4 cm to 5 cm) from the reference line
and the longitudinal distance (LD) of DEP was 1.25 ± 1.56 cm (range: -1.2 cm to
4.4 cm) along the reference line from MPM. PEP and DEP were at -1.26 ± 4.71% and
3.31 ± 3.29% along the reference line from MPM respectively. Of the total 96 motor
entry points for medial head of gastrocnemius, 54 motor entry points (56.25%) lay
below MPM, the rest lay above MPM. There was no statistically significant difference
in the location of motor entry points with respect to the side and gender of the limb.
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Wolf et al. (16) found that the primary branch supplying medial head of
gastrocnemius entered the muscle at 5.14 ± 1.19 cm (range 3.0-7.2 cm) from the
origin of the muscle. Yoo et al. (11) observed that the distance between proximal and
distal motor entry points was 16.26 ± 7.79 mm. The observations of Kim HS et al.
(17) were: the first and second motor entry points were at 11.6 ± 8.5% and 10.7 ±
6.1% of lower leg length distal to intercondylar line respectively. There was no
statistically significant difference between males and females. Bang et al. (18) in a
study of 18 limbs, concluded that the motor entry point corresponded to the centre of
the upper two quadrants of the visible bulk of the calf. Nam G. Lee et al. (23) found
the longitudinal distance of motor entry points of medial head of gastrocnemius in 10
limbs of five cadavers was 11.2 ± 5.0% along the lower leg length (from the
intercondylar line of femur to the intermalleolar line). Botter et al. (25) measured the
distance from the medial knee joint line to posterior superior portion of calcaneal
tuberosity and considered it as the reference line. The average position of motor point
for medial head of gastrocnemius was 10.1 ± 2.6 cm (24.2% - 26.7%) along the
reference line with some motor points proximal to the medial knee joint line. An
important inter-individual variability was observed in motor entry point of medial
head of gastrocnemius.
The observations of the present study could not be compared with other studies as the
reference line used in this study was different from the other studies.
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7.4.2. Lateral head of gastrocnemius
In the present study, HD of PEP was 4.63 ± 0.98 cm (range: 2.4 cm to 6.5 cm) from
the reference line and LD of PEP was 0.22 ± 1.64 cm (range: -4.5 cm to 5 cm) along
the reference line from MPM. The HD of DEP was 4.39 ± 0.88 cm (range: 3cm to
6.8cm) from the reference line and LD of DEP was 1.04 ± 1.75 cm (range: -3.8 cm to
4.4 cm) along the reference line from MPM. PEP and DEP were at 0.29 ± 4.74% and
4.23 ± 3.63% along the reference line from MPM respectively. Of the total 82 motor
entry points, 57 motor entry points (69.52%) lay below MPM, the rest lay above
MPM. There was no statistically significant difference in the location of motor entry
points with respect to the side and gender of the limb.
Yoo et al. (11) observed that the distance between proximal and distal motor entry
points was 12.76 ± 6.98 mm. Kim HS et al. (17) observed that the first and second
motor entry points were at 10.7 ± 3.8% and 11.4 ± 2.0% of lower leg length distal to
intercondylar line respectively. Bang et al. (18) in a study of 18 limbs, concluded that
the motor entry point corresponded to the centre of the upper two quadrants of the
visible bulk of the calf. Nam G. Lee et al. (23) found the longitudinal distance of
motor points of lateral head of gastrocnemius in 10 limbs of five cadavers was 10.0 ±
2.4% along the lower leg length. Botter et al. (25) considered the distance between the
apex of fibular head to posterior superior portion of calcaneal tuberosity as the
reference line and observed that the average position of motor entry point for lateral
head of gastrocnemius was 9.8 ± 2.3 cm (23.8% - 26.8%) along the reference line with
some motor points proximal to the apex of head of fibula. There was no interindividual variability observed in motor entry point of lateral head of gastrocnemius.
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As the reference line used in the present study was different from that used by other
authors, the observations of the present study could not be compared with other
studies.
7.4.3. Soleus
7.4.3.1. Nerve supplying the posterior surface of soleus
In the present study, the HD of PEP was 4.29 ± 1.05 cm (range: 2.2 cm to 7 cm) from
the reference line and LD of PEP was 3.55 ± 1.25 cm (range: 1.8 cm to 7.1 cm) along
the reference line from MPM. The HD of DEP was 3.21 ± 1.29 cm (range: 3 cm to 4.8
cm) from the reference line and LD of DEP was 5.55 ± 3.09 cm (range: 2.2 cm to 15.5
cm) along the reference line from MPM. PEP and DEP were at 9.43 ± 3.58% and
15.12 ± 7.98% along the reference line from MPM respectively. 96.6% of motor entry
points were located at first-fifth of the reference line. There was no statistically
significant difference in the location of motor entry points with respect to the side and
gender of the limb.
7.4.3.2. Nerve supplying the anterior surface of soleus
In the present study, the HD of PEP was 4.40 ± 2.53 cm (range: 0.6 cm to 13.8 cm)
from the reference line and LD of PEP was 8.48 ± 3.07 cm (range: 3 cm to 15 cm)
along the reference line from MPM. The HD of DEP was 3.34 ± 2.61 cm (ranging
from 0.2 cm to 10.2 cm) from the reference line and LD of DEP was 11.82 ± 2.57 cm
(range: 7 cm to 16 cm) along the reference line from MPM. PEP and DEP were at
23.45 ± 7.11% and 32 ± 5.95% along the reference line from MPM respectively.
78.8% of motor entry points were located at second-fifth of the reference line. There
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was no statistically significant difference in the location of motor entry points with
respect to the side and gender of the limb.
Kim HS et al. (17) observed that the highest and lowest motor points were at 6.5 ±
1.6 cm (18.2 ± 4.3% of lower leg length distal to intercondylar line) and 7.3 ± 1.6 cm
(19.1 ± 4.3% of lower leg length distal to intercondylar line) respectively. Bang et al.
(18) concluded that the motor entry point corresponded to the centre of the lower two
quadrants of the visible bulk of the calf. Nam G. Lee et al. (23) found the longitudinal
distance of motor points of soleus in 10 limbs of five cadavers was 15.6 ± 2.4% along
the lower leg length (from the intercondylar line of femur to the intermalleolar line).
As the reference line used in the present study was different from that used by other
authors, the observations of the present study could not be compared with other
studies.
7.4.4. Flexor hallucis longus
In the present study, the HD of PEP was 4.48 ± 1.12 cm (range: 2.5 cm to 7.9 cm)
from the reference line and LD of PEP was 15.37 ± 3.78 cm (range: 6.4 cm to
21.8 cm) along the reference line from MPM. The HD of DEP was 3.48 ± 1.08 cm
(range: 1.3 cm to 5.8 cm) from the reference line and LD of DEP was 26.42 ± 4.24 cm
(range: 15.8 cm to 32.2 cm) along the reference line from MPM. PEP and DEP were
at 42.14 ± 9.95% and 72.49 ± 10.39% along the reference line from MPM
respectively. 77.9% of motor entry points were located at third and fourth -fifths of the
reference line. There was no statistically significant difference in the location of motor
entry points with respect to the side and gender of the limb.
83

In the dissection done by Je Hun Lee et al. (30), all motor entry points were located
within 20-80% of X-coordinate, which was a vertical line joining the midpoints of the
line connecting medial and lateral epicondyles of femur and the line joining the most
distal point of medial and lateral malleoli. 58.3% of motor entry points were located in
40-60% of X-coordinate. The mean distance of the Y-coordinate (perpendicular to the
X-coordinate) ranged from 4.2-9.3 mm. Kyu Ho Yi et al. (31) observed that the nerve
entry points were at 17.3 ± 1.4 cm from lateral malleolus up (56 ± 4.5% from the
lateral malleolus up, of the mean vertical length from lateral malleolus to the fibular
head).
As the reference line used in the present study was different from that used by other
authors, the observations of the present study could not be compared with other
studies.
7.4.5. Flexor digitorum longus
In the present study, the HD of PEP was 3.14 ± 1.04 cm (range: 1 cm to 5.4 cm) from
the reference line and LD of PEP was 12.35 ± 3.63 cm (range: 1 cm to 22 cm) along
the reference line from MPM. The HD of DEP was 2.87 ± 1.11 cm (range: 0 cm to
4.3 cm) from the reference line and LD of DEP was 17.93 ± 3.69 cm (range: 12 cm to
24.4 cm) along the reference line from MPM. PEP and DEP were at 34.6 ± 6.37% and
48.85 ± 9.2% of the length of the reference line respectively. 89.7% of motor entry
points were located at second and third-fifths of the reference line. There was no
statistically significant difference in the location of motor entry points with respect to
the side and gender of the limb.
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Hong Geum Kim et al. (32) observed that the proximal and distal motor entry points
(MEPs) were located at 107 mm (32.42%) and 260 mm (69.33%) from the most
proximal medial point of tibial plateau. The distance of Y-coordinate from the medial
border of tibia ranged from 10-22 mm. Kyu Ho Yi et al. (31) found that nerve entry
points were at 21.3 ± 1.8 cm from lateral malleolus up (68 ± 5.4% from the lateral
malleolus up, of the mean vertical length from lateral malleolus to head of fibula). In
the present study, the location of PEP was closer to the observations by Hong Geum
Kim et al. (32), but DEP was located more proximally when compared to the
observations by Hong Geum Kim et al. (32).
As the reference line used in the present study was different from that used by Kyu Ho
Yi et al. (31) the observations of the present study could not be compared with their
studies.
7.4.6. Tibialis posterior
In the present study, the HD of PEP was 4.70 ± 1.03 cm (range: 1.2 cm to 6.7 cm)
from the reference line and LD of PEP was 7.67 ± 2.56 cm (range: 5.2 cm to 17.9 cm)
along the reference line from MPM. The HD of DEP was 4.86 ± 1.06 cm (range:
2.5 cm to 6.5 cm) from the reference line and LD of DEP was 9.95 ± 4.23 cm (range:
5.5 cm to 23.5 cm) along the reference line from MPM. PEP and DEP were at
20.05 ± 4.41% and 25.77 ± 8.41% of the length of the reference line respectively. 95%
of motor entry points were located at first and second-fifths of the reference line.
There was no statistically significant difference in the location of motor entry points
with respect to the side and gender of the limb.
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Oddy et al. (37) used the distance between the midpoints of the line between head of
fibula and proximal- medial tibia at the level of knee joint and the line joining the tips
of medial and lateral malleoli as the reference line and found that the motor entry
points were found at 22.1 ± 1.1% along the reference line. Lee et al. (4) observed that
all motor entry points were located 10-40% from MPM along the reference line, out of
which 82.5% of total number of motor entry points was located at 10-30% of
reference line. The average distance of motor points from the medial border of tibia
for all regions was between 36.8-38.7 mm. Kyu Ho Yi et al. (31) found that nerve
entry points were at 23.4 ± 1.1 cm from lateral malleolus up (75 ± 3.5% from the
lateral malleolus up, of the mean vertical length from lateral malleolus to fibular
head).
In the present study all motor entry points were found between 10-60% of reference
line whereas Lee et al. (4) found the all motor entry points to be located 10-40% from
MPM along the reference line. In the present study, 95% of motor entry points were
found 10-40% of the reference line while Lee et al. (4) observed that 82.5% of total
number of motor entry points was located at 10-30% of reference line.
7.4.7. Popliteus
In the present study, the HD of PEP was 4.87 ± 0.82 cm (range: 3.5 cm to 6.2 cm)
from the reference line and LD of PEP was 4.22 ± 0.82 cm (range: 3 cm to 6 cm)
along the reference line from MPM. The HD of DEP was 4.87 ± 0.81 cm (range:
3.6 cm to 6.7 cm) from the reference line and LD of DEP was 4.68 ± 0.72 cm (range:
2.8 cm to 6.3 cm) along the reference line from MPM. PEP and DEP were at
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11.59 ± 2.27% and 12.96 ± 1.69% of the length of the reference line respectively. All
motor entry points were located at first -fifth of the reference line. There was no
statistically significant difference in the location of motor entry points with respect to
the side and gender of the limb.
Hwang et al. (41) studied the motor entry points of popliteus with reference to X-axis
which was a transverse line across lateral and medial epicondyle of femur and Y-axis
which was a vertical line at midpoint of medial and lateral malleolus. The motor point
was located at -0.7 ± 0.9 cm (-5 ± 6%) on X-axis and -3.1 ± 1.1 cm (-9 ± 3%) on Yaxis. Most (83.3%) of motor entry points were located within 2.0 x 3.0 cm rectangle
with the centre located at -1.0cm (-7%) on X-axis and -3.3cm (-9%) on Y-axis.
As the reference line used in the present study was different from that used by Hwang
et al. (41), the observations of the present study could not be compared with that
study.
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7.5. Recommended site for motor point block
Table 33: Recommended site for motor point block for gastrocnemius
Study

Recommended site for motor point block

Parratte et al.

Three quarters for medial head and four-fifths for lateral head of

(2001) (3)

gastrocnemius along a reference line from medial malleolus up
to the proximal margin of the medial tibial condyle.

Bang et al. (2002)

The junction of upper two quadrants of the visible bulk of the

(18)

calf.

Campenhout et al.

Three quarters for medial head and four-fifths for lateral head of

(2010) (14)

gastrocnemius along a reference line from medial malleolus up
to the proximal margin of the medial tibial condyle.

Wongphaet et al.

3cm distal to the medial femoral condyle, 3 cm proximal to

(2005) (22)

femoral condyle for both medial and lateral heads of
gastrocnemius

The present study

First-fifth of the reference line and also above MPM for both
medial and lateral heads of gastrocnemius.

The injection site could not be compared with study done by Bang et al. (18) due to
different anatomical landmarks. The observation of the present study roughly
correlated with the observations made by Parratte et al. (3) and Campenhout et al.
(14)..
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Table 34: Recommended site for motor point block for soleus
Study

Recommended site for motor point block

Parratte et al. (2001)

Three-fifths along the line from the medial malleolus up to the

(3)

proximal margin of the medial tibial condyle in two sites,
lateral and medial and at several postero- anterior intervals.

Bang et al. (2002)

The junction of lower two quadrants of the visible bulk of the

(18)

calf.

Campenhout et al.

Three-fifths along the line from the medial malleolus up to the

(2010) (14)

proximal margin of the medial tibial condyle in two sites,
lateral and medial and at several postero- anterior intervals.

Wongphaet et al.

8cm distal to the medial femoral condyle, 2 cm distal to

(2005) (22)

medial femoral condyle.

The present study

First- and second-fifths of the reference line, the injection to
be given in several antero-posterior intervals.

The injection site could not be compared with the study done by Bang et al. (18) due
to different anatomical landmarks. The observation of the present study roughly
correlated with the observations made by Campenhout et al. (14).
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Table 35: Recommended site for motor point block for flexor hallucis longus
Study

Recommended site for motor point block

Wongphaet et al.

18cm distal to the medial femoral condyle, 12 cm distal to

(2005) (22)

medial femoral condyle, and 6 cm distal to medial femoral
condyle.

Je Hun Lee et al.

Several injections at 50%-60% on reference line which was a

(2012) (30)

vertical line joining lateral and medial epicondyles of femur
and the line joining the most distal part of medial and lateral
malleoli.

Kyu Ho Yi et al.

20-30% and 40-50% of the reference line from lateral

(2015) (31)

malleolus to head of fibula. The measurements were done
from lateral malleolus up

The present study

Third- and fourth-fifths of the reference line

The present study could not be compared with other studies as the reference line was
different.
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Table 36: Recommended site for motor point block for flexor digitorum longus
Study

Recommended site for motor point block

Hong Geum Kim et al.

30%-60% of the reference line from the most proximal

(2015) (32)

medial point of tibial plateau to medial malleolus

Kyu Ho Yi et al.

30-40% of the reference line from lateral malleolus to head

(2015) (31)

of fibula. The measurements were done from lateral
malleolus up

The present study

Second- and third- fifths of the reference line

The site for motor point block of the present study and the observations by Hong
Geum Kim et al. (32) were in concordance.
The present study could not be compared with study done by Kyu Ho Yi et al. (31) as
the reference line was different.
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Table 37: Recommended site for motor point block for tibialis posterior
Study

Recommended site for motor point block

Wongphaet et al. (2005)

18cm distal to the medial femoral condyle, 10 cm distal to

(22)

medial femoral condyle, and 4 cm distal to medial femoral
condyle.

Perotto’s anatomical

‘One hand breadth below the tibial tuberosity and one

guide for the

finger breadth off the medial border of tibia’ with the

electromyographer (36)

patient in prone position.

Lee et al. (2010) (4)

Injection to be given from medial approach, along 10-40%
from MPM at a depth of 3.5 cm from the surface of the
skin

Rha et al. (2014) (35)

Midpoint of tibia in posterior approach

and Won et al. (2012)
(39)
Ho Yi et al. (2015) (31)

Proximal 1/3rd of tibia from anterior approach

and Sun Jae Won et al.
(2015) (40)
The present study

First and second- fifths of the reference line

The site for motor point block of the present study and the observations by Lee et al.
(4) were in concordance.
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The present study was the dissection done from posterior approach. The site for motor
point block observed in the present study was above the midpoint (second-fifth of the
reference line), whereas Rha et al. (35) and Won et al. (39) suggested the safety zone
as the midpoint of tibia from posterior approach.
The present study could not be compared with other studies as the reference line was
different.
Popliteus:
The site for motor point block for popliteus as observed in the present study was in the
first-fifth of the reference line.
There was paucity of literature to localise the site for motor point block for popliteus.
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8.CONCLUSION
•

There was no significant difference in the number and location of motor entry
points with respect to the side or gender of the limb.

•

Among the muscles in the posterior compartment of the leg, flexor hallucis
longus had the maximum number of motor entry points (upto 11 motor entry
points).

•

43.75% of motor entry points of medial head of gastrocnemius were above
MPM and the remaining 56.25% of motor entry points were located in firstfifth of the reference line.

•

30.48% of motor entry points of lateral head of gastrocnemius were above
MPM and the remaining 69.52% of motor entry points were located in firstfifth of the reference line.

•

All the motor entry points of soleus were located within first- to third-fifth of
the reference line. 96.6% of the motor entry points in posterior surface of
soleus were located in first-fifth of the reference line and 78.8% of the motor
entry points in anterior surface of soleus were located in second-fifth of the
reference line.

•

All the motor entry points of flexor hallucis longus were distributed throughout
the length of the calf. 77.9% of motor entry points were concentrated between
third- and fourth-fifths of the reference line.
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•

All the motor entry points of flexor digitorum longus were located within firstand fourth-fifths of the reference line. 89.7% of motor entry points were
concentrated between second- and third-fifths of the reference line.

•

All the motor entry points of tibialis posterior were located within first- and
third-fifths of the reference line. 95% of motor entry points were concentrated
between first- and second-fifths of the reference line.

•

All the motor entry points of popliteus were located in first-fifth of the
reference line.
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9.LIMITATIONS
 The cadavers of children and infants were not studied.
 More female cadavers have to be studied for further comparison.
 The location of the motor entry points in proportion to the width of the leg was
not studied, because after the dissection accurate measurement of width was
not possible.
 The depth of the motor entry points from the surface of the skin was not
studied.
 The intramuscular course of the nerve was not studied
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11. ANNEXURES

Institutional Review Board Approval
Proforma
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Proforma
Number of the cadaver :
Sex of the cadaver

:

Side of the limb

:

Length of the reference line [between most proximal medial articular margin of tibia
(MPM) and the level of most distal point of medial malleolus (MDM)] : ________ cm

Medial head of gastrocnemius
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance
(HD) from
MPM,
perpendicular
and lateral to
the reference
line

xi

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

V

Longitudinal
distance
(LD) from
MPM, along
the reference
line

Lateral head of gastrocnemius
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance
(HD) from
MPM,
perpendicular
and lateral to
the reference
line

xii

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

V

Longitudinal
distance
(LD) from
MPM, along
the reference
line

Posterior surface of soleus
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance (HD)
from MPM,
perpendicular
and lateral to
the reference
line
xiii

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

V

Longitudinal
distance
(LD) from
MPM, along
the reference
line
Anterior surface of soleus
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance (HD)
from MPM,
perpendicular
and lateral to
the reference
line
xiv

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

V

Longitudinal
distance
(LD) from
MPM, along
the reference
line
Flexor hallucis longus
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance (HD)
from MPM,
perpendicular
and lateral to
the reference
line
xv

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

V

Longitudinal
distance
(LD) from
MPM, along
the reference
line
Flexor digitorum longus
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance (HD)
from MPM,
perpendicular
and lateral to
the reference
line
xvi

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

V

Longitudinal
distance
(LD) from
MPM, along
the reference
line
Tibialis posterior
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance (HD)
from MPM,
perpendicular
and lateral to
the reference
line
xvii

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

V

Longitudinal
distance
(LD) from
MPM, along
the reference
line
Popliteus
Number of branches from the tibial nerve supplying this muscle : ____
Number of motor entry points : _____
Portion of
the
reference
line

First-fifth of
the
reference
line

Second-fifth
of the
reference
line

Third-fifth
of the
reference
line

Fourth-fifth
of the
reference
line

Fifthfifth of
the
reference
line

Number of
motor entry
points
Anatomical location of motor entry points with respect to the reference line:
Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Horizontal
distance (HD)
from MPM,
perpendicular
and lateral to
the reference
line
xviii

V

Motor entry
point

Proximal
motor
entry
point
(PEP)

Distal
motor
entry
point
(DEP)

Other motor entry points
I
II
III
IV

Longitudinal
distance
(LD) from
MPM, along
the reference
line
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