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1. INTRODUCTION 

 

Spasticity of forearm flexors is common in medical disorders such as cerebral 

palsy, stroke and multiple sclerosis. This can cause structural as well as functional 

deformities, induce skin breakdown, joint contracture, pain, poor personal hygiene  

and functional impairment of the upper limb (1). 

Many studies have been conducted, about the treatment of spasticity of muscles. It 

includes giving drugs like Baclofen, Dantrolene, Diazepam and Gabapentin (2). 

Other method of decreasing spasticity is neurectomy (cutting the nerve branches 

which supplies the particular muscle). However, this is a technique with unwanted 

side effects (3). Another proposed method of treatment is chemo-denervation by 

injecting  neurolytic agents like phenol, alcohol or botulinum toxin (Botox) into 

the affected muscle (4). Botulinum toxin is a neurotoxin from an anaerobic 

bacterium named Clostridium botulinum. Botulinum toxin is also used in 

symptomatic treatment of neuralgia, strabismus, chronic migraine and for cosmetic 

purposes(5,6). 

The half-lives of neurolytics are about 3 months, so that the patient (usually 

paediatric) has to undergo repetitive injections (6). The effect of the injection of 

botulinum toxin is dose dependent and costly (7). The accurate injection of 

neurolytics into the dense zone (site of maximum density) of motor entry points 

(MEPs) will help patients to achieve maximum desirable effects, will be cost 

effective and have minimal side effects (8). For these reasons, knowledge about 
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the motor entry points to muscles and the site of their maximum density is 

essential. 

There are no previous studies on the motor entry points of forearm flexors in the 

Indian population. This study is designed to accurately identify the zone where 

nerves enter to certain flexor muscles of the forearm. As per the guidance from the 

Physical Medical and Rehabilitation Department of Christian Medical College, 

Vellore, the focus has been given to the muscles which are commonly involved in 

spastic disorders. They are flexor carpi radialis (FCR), flexor carpi ulnaris (FCU), 

flexor digitorum superficialis (FDS) and flexor digitorum profundus (FDP). 

Dissecting and locating them may give an idea of the region to be targeted to inject 

neurolytics for the particular population, age and sex. 

Description of the dense zone of motor entry points of these muscles in reference 

to the forearm length, will make it easy for clinicians to find the area. 
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2. AIM 

To identify the dense zone of motor entry points of flexor muscles of the forearm 

in relation to a vertical reference line on the forearm to help physical medicine 

specialists or physiatrists to relieve spasticity in neuromuscular disorders. 
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3. OBJECTIVES 

1. To identify the motor entry points of certain flexor muscles of the forearm 

(flexor carpi radialis, flexor carpi ulnaris, flexor digitorum superficialis and 

flexor digitorum profundus). 

2. To determine the total number of motor entry points to these muscles. 

3. To compare the total number of motor entry points between sides and 

gender. 

4. To describe the position of the proximal and distal motor entry points for 

these muscles as X and Y coordinates in relation to a vertical and a 

horizontal reference line respectively. 

5. To identify the dense zone of motor entry points in the forearm for each 

muscle. 

6. To look for gender differences in the dense zone of motor entry points for 

these flexor muscles of the forearm. 

7. To compare the dense zone between the right and left sides for these 

muscles. 

8. To find the correlation between the length of the vertical reference line and 

the total number of motor entry points. 
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4. REVIEW OF LITERATURE 

4.1. Introduction 

4.1.1. Neuron 

Neurons /nerve cells are the fundamental units of the nervous system. It receives 

sensory input and sends motor commands to muscles. Main three parts of a neuron 

are dendrites, a cell body and an axon. A neuron receives input from other cells by 

dendrites and sends impulses to other cells via axons (9). 

Functionally, neurons are classified as motor and sensory neurons. Motor neurons 

are further classified e.g. somatic motor neurons. 

Somatic motor neurons 

Somatic motor neurons are located in the Rexed lamina IX in the brainstem and 

the spinal cord and innervate skeletal muscles responsible for movements. 

According to the muscle fibre type they innervate, somatic motor neurons are 

divided into three groups: alpha, beta, and gamma (10). 

Alpha motor neurons 

Alpha motor neurons innervate extrafusal muscle fibers. They are characterized 

anatomically, by a large cell body and a well-characterized neuromuscular ending. 

They have an important role in the spinal reflex circuitry by receiving 

monosynaptic innervation directly from spinal nerves thus minimizing the delay 

of the response (10). 
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4.2. Motor unit 

A motor unit defines a single motor neuron together with all the muscle fibers it 

innervates (11). 

4.3. Neuromuscular junction 

Motor nerve entry point is the place where a motor nerve first pierces the muscle 

belly and the terminal end of the motor nerve is called as the intramuscular motor 

point (motor-end plate/ neuromuscular junction) (12). 

All neuromuscular junctions are axon terminals of motor neurons. The structure of 

motor terminals varies according to the muscle they innervate. In extrafusal muscle 

fibres, axon terminals end along the middle of the muscle fibre. They have a 

discoidal shaped motor end plate and are involved in faster conduction rate of 

action potential. In the case of intrafusal muscle fibres, axons form a cluster of 

small expansions along the length of the muscle fibre. The specialised receptive 

region of the muscle fibre is called the sole plate where the nuclei of multiple 

muscle fibres are grouped within the granular cytoplasm and they also have 

numerous mitochondria, endoplasmic reticulum and Golgi complexes (13). 

4.4. Spasticity 

A motor disorder associated with velocity-dependent increase in tonic stretch 

reflexes and exaggerated tendon jerks, resulting from hyper excitability of the 

stretch reflex is the definition of spasticity (14). It is a condition in which the 

patient presents with signs and symptoms related to upper motor neuron diseases: 

involuntary muscle contraction (dystonia), clonus, spasm of extensor or flexor 
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muscles, and spastic contraction of both agonist and antagonist muscles together, 

abnormal reflexes and loss of dexterity. They also present with muscle fatigue, 

weakness, stiffness, atrophy and fibrosis (15–18). 

Diseases or injury affecting the central nervous system like stroke, cerebral palsy, 

multiple sclerosis, and spinal cord injury are some of the causes of spasticity (2). 

Cerebral palsy is the most common physical disability affecting children in 

developed countries with the prevalence of 2.4/1000 live births. Two thirds of all 

children with cerebral palsy suffer from spasticity (19). 

Bohannon and Smith in 1987 graded spasticity by the Modified Ashworth Scale 

into five grades from 0 to 4 considering muscle tone and range of movement. 

Spasticity has been shown to vary according to the location of a muscle within a 

limb, with an increase in distal when compared to proximal muscles (21). If 

unnoticed and not treated, spasticity can end up in severe pain; contracture and 

also structural and functional deformities which can cause an emotional impact on 

mood, self-image, and motivation (22). 

4.5. Management of spasticity 

The management of spasticity involves education of all involved including the 

patient, family, care takers, and health professionals as the first step. Maintaining 

the muscle length through passive or active exercise and stretching regimens 

including standing or splinting can be very useful in managing spasticity (22). An 

adjunct to physiotherapy can be  functional electrical stimulation (FES), which can 
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benefit  individuals who are predominantly affected by upper motor neuron 

pathologies (23). 

Drugs that are given orally to control spasticity are: Baclofen, Dantrolene, 

Diazepam and Gabapentin (2).  Except Dantrolene all these drugs act by 

potentiating the action of the inhibitory neurotransmitter gamma amino butyric 

acid (GABA).  However, Tizanidine is predominantly an α2 agonist and thus 

decreases presynaptic activity of the excitatory interneurons. Dantrolene is the 

only antispasticity drug that acts primarily on muscle through inhibiting calcium 

release from the sarcoplasmic reticulum (22). 

Other pharmacological treatment modalities are botulinum neurotoxin 

injection,  intrathecal baclofen and phenol (22). 

Extracorporeal shock wave therapy, focal muscle vibration, non-invasive 

neuromodulation, occupational therapy, repetitive transcranial magnetic 

stimulation, transcranial direct current stimulation, transcutaneous electric nerve 

stimulation, ultrasound therapy, and whole body vibration are other modalities of 

spasticity treatment (2). Selective neurectomy is a surgical method of treating 

spasticity (24) 

4.6. Chemo- denervation 

Chemo- denervation is a process used to manage focal muscle overactivity through 

the use of either phenol, alcohol or botulinum toxin. Other term for chemo-

denervation is neurolysis. The agent of choice is injected into the muscle fibers to 

dull the neuronal signaling within the muscles. The use of alcohol and phenol 
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injections has different effects than the use of botulinum toxin. Phenol and alcohol 

are less expensive, faster acting, can treat larger areas and can be re-administered 

or boostered in less than three months, however, these injections also require the 

patient to be sedated, cause muscle scarring and lead to muscle fibrosis (25). 

Injecting botulinum neurotoxin to the affected site is one of the effective and 

widely used methods of treatment of spasticity. It can also minimise the pain due 

to spastic muscles (26–28). Botulinum toxin injections are easier, better accepted 

by patients, and have reversible effects on muscles (25). 

A gram-negative bacterium named Clostridium botulinum produces the 

neurotoxin botulinum which has lethal effects (2). Ingestion, inhalation or any 

mode of entry of this toxin into the human body results in neuroparalysis. There 

are 8 antigenic types (serotypes) for botulinum toxin. They are named from A to 

H. A, B and E affects humans primarily, even though all 8 serotypes have a similar 

structure as a single polypeptide chain with molecular weight of 50KDa 

(15,16,29,30). 

This toxin acts on the cholinergic synapses inhibiting the release of acetyl choline 

from the presynaptic site. It preferentially blocks the neuromuscular junction and 

cause flaccid paralysis(4,6).The lethal dose of botulinum toxin via the oral route is 

30 ng (31), and  by the inhalational route is 0.80 to 0.90 µg, and by the intravenous 

route is  0.09 to 0.15 µg (32). 

The United States food and drug administration approved botulinum neurotoxin to 

be used in conditions like hemi facial spasm, blepharospasm and strabismus in the 
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year 1989. Later in the following years, it was also used in the treatment of cervical 

dystonia, axillary hyperhidrosis, chronic migraine and for cosmetic purposes. 

Other uses of botulinum toxin are lower urinary tract disorders, gastrointestinal 

tract disorders, vaginism, wound healing and diabetic neuropathy (6) 

The safe dosage for botulinum neurotoxin in children <45 kg is 15 to 22 U/kg of 

body weight, in young adults >45 Kg it is 800 to 1200 U in a single injection (33). 

Physical factors such as dose, concentration, volume of the injectate, bore of the 

needle, number of injections per muscle, site of the injection, muscle size, presence 

of muscle fascia and the distance of the needle tip from the neuromuscular junction 

and speed of injection have been identified to influence the spread of botulinum 

toxin after injection. Conditions associated with overactivity of glandular, smooth 

or skeletal muscle and in certain painful conditions in botulinum neurotoxin is an 

effective treatment. Imaging techniques such as ultrasonography and fluoroscopy 

and also electromyography, endoscopy have been used to increase the accuracy of 

botulinum toxin injections. Botulinum toxin can also be used in numerous 

neurological conditions like dystonia, spasticity, headaches and other painful 

disorders, hemifacial spasm, essential tremor, motor tics, hyperhidrosis, and 

sialorrhea and drooling. Important practical aspects, such as the reconstitution of 

botulinum toxin, dosing, and methods of administration, are also addressed (4).The 

benefits derived from the injection of botulinum toxin may be negated by 

unintended lapse of neglecting muscles which are not targeted in the procedure (5). 

Adverse effects of botulinum toxin are flu like symptoms, nausea, transient fatigue, 

injection site reaction, unwanted weakness in the target muscle, pain and falls. 
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Occurrences of these side effects are rare. The most dangerous side effect is 

systemic effects, which is manifested as generalised weakness away from the site 

of injection (34). 

4.7. Clinical relevance of motor entry points 

The accurate injection of neurolytics into the dense zone of motor entry points will 

help patients to achieve maximum desirable effects and will be cost effective with 

less intrinsic and minimal side effects. For this reason, knowledge about the motor 

entry points to muscles and the site of their maximum density is essential. 

4.8. Motor entry points of forearm flexors 

The forearm flexors are commonly  involved in  upper limb spasticity (35). There 

are previous studies done in a different population describing the number of motor 

entry points and the optimal site of injection of botulinum toxin into the dense 

zone. 

In the study done by Won et al., twenty-three forearm specimens were dissected. 

The extramuscular and intramuscular nerve arborization patterns of forearm flexor 

muscles like pronator teres, flexor digitorum superficialis, flexor carpi radialis, 

flexor carpi ulnaris, flexor digitorum profundus and palmaris longus were studied. 

The bony landmarks like the medial and lateral epicondyle of the humerus and the 

styloid process of radius and ulna were identified. The transverse reference lines 

used were the (x-axis which was the inter-epicondylar line between medial and 

lateral epicondyles of the humerus and the inter-styloid line between radius and 

ulna styloid process) and vertical reference line which was considered as y-axis 
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bisecting the forearm into the medial and lateral halves. Nerve entry point and 

abundant arborizing area of each muscle were analysed on 20 segments by dividing 

the forearm into ten equal divisions. The mean level of extra muscular and 

intramuscular motor entry point of the branches to all these flexors of forearm was 

expressed as percentage of forearm length with reference to the inter-epicondylar 

line (1). 

In the study done by Lepage et al., the extra muscular and intramuscular nerve 

distribution patterns of the forearm flexors in 30 forearm specimens were 

examined macroscopically and also by microscopic dissection. The mean level of 

extra muscular and intramuscular motor entry point of the branches to all the 

flexors of the forearm except palmaris longus was expressed as a percentage with 

reference to the inter-epicondylar line (24). 

In the study done by Roberts et al., twenty forearm specimens were dissected. The 

number of motor entry points and the proximal and distal motor entry points for 

the forearm flexors like flexor carpi ulnaris, flexor carpi radialis, flexor digitorum 

superficialis and pronator teres were studied in relation to reference grid lines 

(proximal, distal, lateral, medial and diagonals) drawn between forearm 

anatomical landmarks. The location of the motor entry points of all these muscles 

were defined in terms of their percentage distances along the established grid lines 

(36). 

In the study done by Parot C et al., the median nerve was dissected in the forearm 

of 20 fresh cadaver upper limbs. Measurements included number, origin, division, 
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and entry point of each motor branch of median nerve into the flexor muscles. The 

muscles considered were pronator teres, flexor carpi radialis, flexor digitorum 

superficialis, flexor carpi ulnaris and flexor digitorum profundus (37) . 

In the study done by Ye et al., the motor entry points of the flexor digitorum 

superficialis was studied by dissecting 46 fresh cadaveric arms. The number of 

motor entry points and the proximal and distal motor entry points were studied. 

The location of the proximal and distal motor entry points were expressed as 

relative percentages and absolute distances in relation to a coordinate system 

which is Y-axis (line between the medial and lateral epicondyle of the humerus 

and the perpendicular line through the midpoint between the medial epicondyle 

and the lateral epicondyle as the X-axis. MEP distributions were analysed using 

distances measured in tenths of the X and Y axis (38). 

Bickerton LE et al., studied the motor entry points of twenty-two flexor digitorum 

superficialis muscles on 18 cadavers for the "Optimal Injection Site" (OIS) for 

botulinum toxin injections to the individual bellies of FDS. Coordinates were given 

as a percentage of the distance along a landmarking line from the medial 

epicondyle to the pisiform and in millimetres (mm) lateral to it (39). Safwat et al. 

found the number, location, and distribution of motor points in the human forearm 

flexor and extensor muscles on twenty-three adult human cadaveric forearms by 

dissection. The numbers of primary nerves and the location of the motor points for 

each muscle were identified. The motor points were identified and located at either 

proximal, middle or distal third of the muscle belly. The fleshy portion of the 

muscle was defined as the muscle belly.  He also described the location of the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bickerton%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=9236799
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motor points to each muscle whether it was on the deeper or superficial surface 

and the lateral or medial side of the muscle belly. The flexor muscles considered 

were pronator teres, flexor carpi radialis, palmaris longus, flexor carpi ulnaris, 

flexor digitorum superficialis, flexor digitorum profundus, flexor pollicis longus 

and pronator quadratus (40). 

In the study conducted by Yang et al., the nerve branches entering the muscles on 

the epimysium were identified as the nerve entry points. The forearm midline was 

defined as a line drawing connecting the midpoint of the inter-condylar line (the 

line connecting the medial epicondyle and lateral epicondyle of the humerus) and 

the midpoint of the inter-styloid line (the line connecting the styloid process of the 

radius and that of the ulna). This line was used as the reference for the locations of 

nerve entry points and for the muscle bellies. The latter were determined by 

measuring the distances between the muscle bellies and the forearm midline and 

then expressing them as a percentage of the length of the forearm midline. The 

muscles studied were flexor digitorum profundus, flexor pollicis longus and 

pronator quadratus (8) 

In the study done by Canovas F et al., muscular branches of the median nerve to 

the forearm muscles was studied in ten embalmed upper limbs. The length of the 

forearm was measured. The level of origin of each muscular branch of the median 

nerve (proximal and distal) to the forearm was identified with reference to the 

middle of a line between the medial and lateral epicondyles. The level of origin of 

each branch was then calculated as a percentage of the length of the forearm (41). 
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Hwang et al. studied the motor entry points of flexor digitorum profundus for 

chemical neurolysis. Twenty-one forearms of Korean cadavers were dissected. 

The anatomical landmarks identified were the medial and lateral epicondyles and 

the styloid process of radius and ulna. The transverse axes (X –axis) were the 

transverse line joining these anatomical landmarks. The longitudinal axis(Y-axis) 

joined the midpoints of the proximal and distal transverse x-axes. The number and 

the locations of the motor entry points were marked in relation to the forearm 

length (X) and forearm width (Y) (42). 

Song et al. studied the motor entry points of wrist flexor muscles like flexor carpi 

radialis and flexor carpi ulnaris. The anatomical landmarks considered were the 

medial epicondyle, pisiform bone and the base of second metacarpal bone. The 

reference lines were either the line connecting the medial epicondyle and pisiform 

bone or the line connecting the medial epicondyle and the base of the second 

metacarpal bone. The location of the motor entry points was marked and expressed 

as percentages with respect to these reference lines (43). 
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5. MATERIALS AND METHODS 

Ethical approval from the Institutional Review board was obtained before 

proceeding with the study. In this study, 30 upper limbs from 15 formalin-fixed 

adult cadavers of median age of 78yrs (Range:55-92), male-8 and female-7, 

donated to the Department of Anatomy of CMC Vellore were used. 

5.1. Sample size calculation 

Based on the study done by Zawawy et al. (44), a minimum of 27 specimens were 

required to obtain, 95% confidence interval, so that the sample mean would not 

differ from the population mean by more than 2 units. 

 

• Standard deviation (σ)=5.2 

• Precision =2 

• Z-value for 95% Confidence interval=1.96 

5.2. Inclusion criteria 

A total of 30 upper limbs were used for the study. Both sides of the same cadaver 

were used to compare the motor dense zones between sides and used almost equal 

male female ratio for comparing the results between them. Flexor digitorum 

profundus was considered as 2 different muscles because it has a dual nerve 

supply. 
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5.3. Exclusion criteria 

The specimens with any deformities, fractures or prosthetics were excluded from 

the study. 

5.4. Dissection 

The disc number, age and sex of the cadaver were noted. Before dissection the 

cadaver was kept in the supine position with the upper limb abducted to 90 degrees 

with upper limb in supination. 

5.4.1.  Instruments used 

• Scalpel 

• Toothed and non-toothed forceps 

• Scissors 

• Measuring tape 

• Goniometer 

• Others: Thread, Pins, Cotton and Gauze. 

5.4.2. Anatomical landmarks 

The anatomical landmarks used in this study were, the medial and lateral 

epicondyles of humerus, radial and ulnar styloid processes. The motor entry points 

for the above-mentioned forearm flexors were studied in relation to these surface 

anatomical landmarks. 

5.4.3. Incisions 

A horizontal incision was made 5 cm above the elbow so that no motor entry points 

were missed. A vertical incision was made in forearm from the midpoint of this 
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horizontal incision till it met the midpoint of a horizontal incision made at the wrist 

connecting radial and ulnar styloid processes. The forearm skin was reflected to 

either side. The medial epicondyle and lateral epicondyle were located and pinned 

and tied a thread connecting both. Then the length of the tied thread (horizontal 

reference line/ X axis /inter-epicondylar line) was measured and its midpoint was 

pinned. Following this, a thread was tied connecting the pins on the ulnar and radial 

styloid processes (inter-styloidal line). Using a goniometer, a thread was placed at 

90 degrees to the inter-epicondylar line at its midpoint till it reached the inter-

styloidal line. This vertical line was considered as the Y axis/ Vertical reference 

line. The length of this vertically placed thread as taken as the length of the vertical 

reference line. 

The length of the forearm is usually measured from midpoint of inter-epicondylar 

line to midpoint of inter-styloidal line. So, the length of the vertical reference line 

described in this study will be comparable with the forearm length. Figure 1 shows 

the measurement of vertical and horizontal lines. 

Following this, the specimen was cleaned and the median nerve was located at the 

cubital fossa. Since pronator teres was not considered in this study, it was cut and 

reflected to visualise the deeper muscles. After cutting and detaching the 

attachment of pronator teres from the radial shaft, the median nerve was traced. 

The tendon of palmaris longus was cut 2 cm proximal to the distal horizontal line. 

Then motor entry points of flexor carpi radialis were found. The tendon of flexor 

carpi radialis was then cut 2 cm proximal to the inter-styloidal line and this made 

flexor digitorum superficialis visible. After removing the fat and loose connective 
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tissue, the flexor digitorum superficialis was pushed aside to see the motor entry 

points from the deeper aspect. The tendon of flexor digitorum superficialis also 

was cut to make flexor digitorum profundus and flexor pollicis longus clear. At 

last the flexor carpi ulnaris was pulled medially to see the ulnar nerve underneath. 

The motor entry points from the ulnar nerve to the flexor digitorum profundus and 

flexor carpi ulnaris were found. 

The total number of branches to each muscle was noted and the site of the proximal 

motor entry point (PEP) and distal motor entry point (DEP) were pinned. The X 

and Y coordinates of the PEP and DEP were noted corresponding to the vertical 

and horizontal reference lines respectively. Figure 2 shows measurement of X and 

Y coordinates for PEP and DEP. Values of the X coordinates to the radial aspect 

of the forearm were given a negative value (most of the MEPs were at the ulnar 

side) and the vertical reference line corresponded to zero. 

For the muscles which had motor entry points on their deeper surface (e.g. FDS), 

those MEPs were identified either by reflecting the muscle or by separating the 

muscle fibres longitudinally without bisecting it, and pinned keeping the muscle 

in the normal position. From this pin, the shortest distance to the vertical (X 

coordinate) and horizontal (Y coordinate) reference lines were taken using a 

goniometer. The length between median of the PEP and DEP for all the limbs gave 

the distance of the dense zone of MEPs. This distance was converted into 

percentage according to the length vertical reference line. Then the quartile of the 

vertical reference line where the dense zone was present for each muscle were 

calculated. First 25% of the vertical reference line from the inter-epicondylar line 
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was considered as the first quartile, 26 to 50% as the second quartile, 51% to 75% 

as the third quartile and 76% to 100% as the 4th quartile. 

Even though X coordinate was measured for PEP and DEP for each muscle, other 

motor entry points might also be present to the either side of the dense zone. So, it 

was impossible to measure the exact horizontal extent of the motor entry points 

with the X coordinate of PEP and DEP. Also, the muscles considered in the present 

study were thin so that finding the horizontal extent of the motor entry points were 

not clinically significant. So, X coordinates of the PEP and DEP were not included 

in further calculations. The Y coordinate was significant because it was dealing 

with the length of the forearm in which the motor entry points extend. Since the 

muscles in this study are relatively long, it was needful to find the vertical extent 

of the motor dense zone for accurate injection of botulinum toxin. 

Simultaneously, photographs of motor entry points for all the muscles were taken. 

Finally, all the pins were removed and the limb was properly covered with cotton 

and gauze and later preserved in formalin. 

Any variations found during the dissection were noted. 
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5.5. Calculations 

 

The Y coordinates of PEP and DEP were only considered for calculations. The 

percentage of vertical reference line from PEP median to DEP median gave the 

dense zone. 

5.6. Statistical Methods 

For each study parameter, the descriptive statistics were done. Non parametric 

Wilcoxon signed rank test was used to find out the difference between right and 

left of each study parameters in each muscle. All analysis was done using 

Statistical Package for Social Services (SPSS) software Version 21.0 (Armonk, 

NY: IBM Corp). All tests were two-sided at α=0.05 level of significance. Pearson’s 

correlation was used to find the correlation between length of the vertical reference 

line and number of motor entry points. 
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6. RESULTS 

The motor entry points of the following muscles were studied 

1. Flexor carpi radialis 

2. Flexor carpi ulnaris 

3. Flexor digitorum superficialis 

4. Flexor digitorum profundus - Median nerve 

5. Flexor digitorum profundus - Ulnar nerve 

6. Flexor pollicis longus 

6.1. Length of the vertical reference line 

The length of the vertical reference line is common for all the muscles in a limb. 

For 30 upper limbs, the median of the length of vertical reference line was 24.25 

cm and inter-quartile range was 2.47 cm. 

6.2. Flexor carpi radialis 

Table 6.2.1. Total number of motor entry points of flexor carpi radialis 

Parameter 

(n = 30) 

Mode Median Mean Std 

deviation 

IQR Range 

Total number of 

MEPs to FCR 

2 3 3.30 1.81 

 

3 1 to 7 
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Mode of the total number of motor entry points of flexor carpi radialis were 2 with 

inter-quartile range 3 as shown in table 6.2.1. The minimum number of motor entry 

points was 1 and maximum was 7. 

Table 6.2.2. Other variables measured for flexor carpi radialis 

Parameter (cm) Median Std deviation IQR Range 

PEP X coordinate 

(n = 30) 

2.25 0.87 1.35 0.5 to 3.5 

PEP Y coordinate 

(n = 30) 

4.65 1.57 2.2 1.3 to 7.2 

DEP X coordinate 

(n = 27) 

1.52 0.81 1.11 1 to 3 

 

 

DEP Y coordinate 

(n = 27) 

6 1.94 2.7 2.1 to 10 

For 3 limbs only one MEP was found and that was considered as the PEP. So, 

DEP was present only in 27 limbs. 

 

Proximal motor entry point of flexor carpi radialis 

Y coordinate: Table 6.2.2 shows the median distance of proximal motor entry point 

of flexor carpi radialis from the inter-epicondylar line was 4.65 cm with inter-

quartile range 2.2 cm. The minimum distance was 1.3 cm and maximum was 7.2 

cm. 
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X coordinate: The median distance of proximal motor entry point of flexor carpi 

radialis from the vertical reference line was 2.25 cm with inter-quartile range 1.35 

cm. The minimum distance was 0.5 cm and maximum was 3.5 cm (Table 6.2.2). 

Distal motor entry point of flexor carpi radialis 

Y coordinate: As shown in table 6.2.2, the median distance of distal motor entry 

point of flexor carpi radialis from the inter-epicondylar line was 6 cm with inter-

quartile range 2.7 cm. The minimum distance was 2.1 cm and maximum was 10 

cm. 

X coordinate: The median distance of distal motor entry point of flexor carpi 

radialis from the vertical reference line was 1.52 cm with inter-quartile range 1.11 

cm. The minimum distance was 1cm and maximum was 3cm (Table 6.2.2). 

Table 6.2.3. PEP and DEP (%) of flexor carpi radialis 

Parameter (%) Median IQR Range 

PEP/LVRL*100 19.57 8.31 5.51 to 26.67 

DEP/LVRL*100 24.90 9.97 9.25 to 36.36 

 

The distance of proximal and distal motor entry points from the inter-epicondylar 

line were expressed as the percentage of the length of the vertical reference line. 

Table 6.2.3 shows, the median of proximal motor entry point of flexor carpi 

radialis was located at the 19.57% of vertical reference line with inter-quartile 

range 8.31%. The distal motor entry point was located at the 24.90% of vertical 

reference line with inter-quartile range 9.25% (Table 6.2.3). 
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Table 6.2.4. Ideal site of neurolytic injection for flexor carpi radialis 

Parameter 

(n = 27) 

Median IQR Range 

DEP-PEP (cm) 1.4 2.3 0.1 to 4.3 

DEP-PEP (%) 6.45 8.24 0.44 to 17.84 

Dense zone 

(PEP to DEP) 

4.65 to 6 cm (19.57 to 24.90 %) 

 

As table 6.2.4 shows, all the motor entry points of flexor carpi radialis, lied within 

a distance of 6.45% with inter-quartile range 8.24% or 1.4 cm with inter-quartile 

range 2.3 cm of vertical reference line. The dense zone of motor entry points of 

flexor carpi radialis was located between 19.57% to 24.90% of vertical reference 

line which was in the first quartile of the same (Table 6.2.4). 
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6.3.  Flexor carpi ulnaris 

Table 6.3.1. Total number of motor entry points of flexor carpi ulnaris 

 

As shown in table 6.3.1, the mode of the total number of motor entry points of 

flexor carpi ulnaris was 1 with inter-quartile range 1. The minimum number of 

motor entry point was 1 and maximum were 3. 

Table 6.3.2. Other variables measured for flexor carpi ulnaris 

Parameter (cm) Median Std deviation IQR Range 

PEP X coordinate 

(n = 30) 

2.7 1.50 1.6 -1 to 6 

PEP Y coordinate 

(n = 30) 

4.35 4.12 3.75 1.1 to 22.6 

DEP X coordinate 

(n = 13) 

2.3 1.22 1.95 -0.5 to 4 

DEP Y coordinate 

(n = 13) 

5.1 6.48 3.7 2.5 to 24.2 

Negative sign was given to the value of X coordinates to the radial side of the 

vertical reference line. 

 

 

Parameter 

(n = 30) 

Mode 

 

Median Mean Std 

deviation 

IQR Range 

Total number of 

MEP to FCU 

 

1 

 

1 

 

1.5 

 

0.61 

 

1 

 

1 to 3 
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Proximal motor entry point of flexor carpi ulnaris 

Y coordinate: As shown in table 6.3.2, the median distance of proximal motor entry 

point of flexor carpi ulnaris from the inter-epicondylar line was 4.12 cm with inter-

quartile range 3.75 cm. The minimum distance was 1.1 cm and maximum was 12.6 

cm. 

X coordinate: The median distance of proximal motor entry point of flexor carpi 

ulnaris from the vertical reference line was 2.7 cm with inter-quartile range 1.6 

cm. The minimum distance was -1 cm (the values to the radial side of the vertical 

reference line was given a negative value) and maximum was 6 cm (Table 6.3.2). 

Distal motor entry point of flexor carpi ulnaris 

Y coordinate: As shown in the table 6.3.2, the median distance of distal motor 

entry point of flexor carpi ulnaris from the inter-epicondylar line was 5.1 cm with 

inter-quartile range 3.7 cm. The minimum distance was 2.5 cm and maximum was 

24.2 cm. 

X coordinate: The median distance of distal motor entry point of flexor carpi 

ulnaris from the vertical reference line was 2.3 cm with inter-quartile range 1.95 

cm. The minimum distance was -0.5 cm and maximum was 4 cm (Table 6.3.2). 

Table 6.3.3. PEP and DEP (%) of flexor carpi ulnaris 

Parameter (%) Median IQR Range 

PEP/LVRL*100 17.62 7.76 6.60 to 83.70 

DEP/LVRL*100 22.46 17.80 11.79 to 89.62 
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As shown in the table 6.3.3, the proximal motor entry point of flexor carpi ulnaris 

was located at the 17.62 percentage of vertical reference line with inter-quartile 

range 7.76% and the distal motor entry point was located at the 22.46 percentage 

of vertical reference line with inter-quartile range 17.80%. 

Table 6.3.4. Ideal site of neurolytic injection for flexor carpi ulnaris 

Parameter 

(n = 13) 

Median IQR Range 

DEP-PEP 

(cm) 

1.1 

 

1.4 0.1 to 15.2 

DEP-PEP 

(%) 

5.16 5.38 0.39 to 60 

Dense zone 

(PEP to DEP) 

4.35 to 5.1 cm (17.62 to 22.46 %) 

 

As shown in table 6.3.4, all the motor entry points to flexor carpi ulnaris lied within 

a distance of 5.16% with inter-quartile range 5.38% or 1.1cm with inter-quartile 

range 1.4 cm of vertical reference line. The dense zone of motor entry points for 

flexor carpi ulnaris was located between 17.62% to 22.46% of vertical reference 

line which was in the first and quartile of the same. 
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6.4. Flexor digitorum superficialis 

Table 6.4.1. Total number of motor entry points of flexor digitorum 

superficialis 

 

As shown in the table 6.4.1, the mode of the total number of motor entry points of 

flexor digitorum superficialis were 6 with inter-quartile range 6.5. The minimum 

number of motor entry points were 3 and maximum were 13. 

Table 6.4.2. Other variables measured for flexor digitorum superficialis 

Parameter 

(cm) (n = 30) 

Median Std deviation IQR Range 

PEP X coordinate 1.65 0.81 1.02 0.5 to 3 

PEP Y coordinate 5.65 1.87 3.22 2.6 to 9.5 

DEP X coordinate 0.05 1.02 1.25 -1 to 2.5 

DEP Y coordinate 16.95 2.94 4.92 11 to 22 

 

Proximal motor entry point of flexor digitorum superficialis 

Y coordinate: As shown in table 6.4.2, the median distance of proximal motor entry 

point of flexor digitorum superficialis from the inter-epicondylar line was 5.65 cm 

with inter-quartile range 3.22 cm. The minimum distance was 2.6 cm and 

maximum was 9.5 cm. 

Parameter 

(n = 30) 

Mode Median Mean Std 

deviation 

IQR Range 

Total number of 

MEPs to FDS 

6 6 6.47 2.49 6.5 3 to 13 
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X coordinate: The median distance of proximal motor entry point of flexor 

digitorum superficialis from the vertical reference line was 1.65 cm with inter-

quartile range 1.02 cm. The minimum distance is 0.5 cm and maximum was 3 cm 

(Table 6.4.2). 

Distal motor entry point of flexor digitorum superficialis 

Y coordinate: As shown in table 6.4.2, the median distance of distal motor entry 

point of flexor digitorum superficialis from the inter-epicondylar line is 16.95 cm 

with inter-quartile range 4.92 cm. The minimum distance was 11cm and maximum 

was 22 cm (Table 6.4.2). 

X coordinate: The median distance of distal motor entry point of flexor digitorum 

superficialis from the vertical reference line was 0.05 cm with inter-quartile range 

1.25 cm. The minimum distance was -1 cm and maximum was 2.5 cm (Table 

6.4.2). 

Table 6.4.3. PEP and DEP (%) of flexor digitorum superficialis 

Parameter (%) Median IQR Range 

PEP/LVRL*100 23.30 11.68 1.81 to 41.30 

DEP/LVRL*100 69.78 12.62 48.03 to 84.61 

LVRL: Length of vertical reference line 

 

As shown in table 6.4.3, the proximal motor entry point of flexor digitorum 

superficialis was located at the 23.30% of vertical reference line with inter-quartile 

range 11.68% and ranging from 11.81% to 41.30%. The distal motor entry point 
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of flexor digitorum superficialis was located at the 69.78% of vertical reference 

line with inter-quartile range 12.62% and ranging from 48.03 % to 84.61%. 

Table 6.4.4. Ideal site of neurolytic injection for flexor digitorum superficialis 

Parameter 

(n = 30) 

Median IQR Range 

DEP-PEP (cm) 11 4.32 4.6 to 14.4 

DEP-PEP (%) 45.21 13.88 21.69 to 63.44 

Dense zone 

(PEP to DEP) 

5.65 to16.95 cm (23.30 to 69.78 %) 

 

As shown in table 6.4.4, all the motor entry points to flexor digitorum superficialis 

lied within a distance of 45.21% (IQR = 13.88) or 11cm (IQR = 4.32) of vertical 

reference line ranging from 21.69% to 63.44% and 4.6 cm to 14.4 cm respectively. 

The dense zone of motor entry points for flexor digitorum superficialis was located 

between 23.30% to 69.78% of vertical reference line which was in the second and 

third quartile of the vertical reference line. 
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6.5. Flexor digitorum profundus - Median nerve 

Table 6.5.1. Total number of motor entry points of flexor digitorum 

profundus from median nerve 

 

As shown in table 6.5.1, total number of motor entry points for flexor digitorum 

profundus from median nerve were 3 with inter-quartile range 4. The minimum 

number of motor entry points were 2 and maximum were 7. 

Table 6.5.2. Other variables measured for flexor digitorum profundus from 

median nerve 

Parameter 

(cm) (n = 30) 

Median Std deviation IQR Range 

PEP X coordinate 1 0.93 0.9 -1 to 3 

PEP Y coordinate 7.2 2.08 2.05 2.9 to 14.7 

DEP X coordinate 0.3 0.81 1 -1 to 2 

DEP Y coordinate 10.3 2.92 3.67 7.4 to 17.7 

 

Proximal motor entry point 

Y coordinate: As shown in table 6.5.2, the median distance of proximal motor entry 

point of flexor digitorum profundus (median nerve) from the inter-epicondylar line 

Parameter 

(n = 30) 

Mode 

 

Median Mean Std 

deviation 

IQR Range 

Total number of 

MEPs to FDPM 

3 4 4.17 1.57 4 2 to 7 
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was 7.2 cm with inter-quartile range 2.05 cm. The minimum distance was 2.9 cm 

and maximum was 14.7 cm. 

X coordinate: The median distance of proximal motor entry point of flexor 

digitorum profundus (median nerve) from the vertical reference line was 1 cm with 

inter-quartile range 0.9 cm. The minimum distance was -1 cm and maximum was 

3cm (Table 6.5.2). 

Distal motor entry point of flexor digitorum profundus 

Y coordinate: As shown in table 6.5.2, the median distance of distal motor entry 

point of flexor digitorum profundus (median nerve) from the inter-epicondylar line 

was 10.3 cm with inter-quartile range 3.67 cm. The minimum distance was 7.4 cm 

and maximum was 17.7 cm. 

X coordinate: The median distance of distal motor entry point of flexor digitorum 

profundus (median nerve) from the vertical reference line was 0.3 cm with inter-

quartile range 1 cm. The minimum distance was -1 cm and maximum was 2 cm 

(Table 6.5.2). 

Table 6.5.3. PEP and DEP of proximal motor entry point of flexor digitorum 

profundus (median nerve) 

Parameter (%) Median IQR Range 

PEP/LVRL*100 30.10 7.80 12.18 to 60 

DEP/LVRL*100 42.34 16.80 29.83 to 72.24 
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As shown in table 6.5.3, the proximal motor entry point of flexor digitorum 

profundus (median nerve) was located at the 30.10% of vertical reference line with 

inter-quartile range 7.8% and ranging from 12.18 % to 60%. The distal motor entry 

point of flexor digitorum profundus (median nerve) was located at the 42.34% of 

vertical reference line with inter-quartile range 16.80% and ranging from 29.83% 

to 72.24%. 

Table 6.5.4. Ideal site of neurolytic injection for flexor digitorum profundus 

(median nerve) 

Parameter Median IQR Range 

DEP-PEP (cm) 3.15 4.05 0.2 to 10.2 

DEP-PEP (%) 12.91 18.06 0.92 to 36.69 

Dense zone 

(PEP to DEP) 

7.2 to 10.3 cm (30.10 to 42.34 %) 

 

As shown in table 6.5.4, all the motor entry points to flexor digitorum profundus 

from median nerve lied within a distance of 12.91% (IQR = 18.06) or 3.15 cm 

(IQR = 4.05) of vertical reference line ranging between 0.92% to 36.69% and 0.2 

cm to 10.2 cm respectively. The dense zone of motor entry points of flexor 

digitorum profundus from median nerve was located between 30.10% to 42.34% 

of vertical reference line which was in the second quartile of the same. 
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6.6. Flexor digitorum profundus-Ulnar nerve 

Table 6.6.1. Total number of motor entry points of flexor digitorum 

profundus from ulnar nerve 

 

As shown in table 6.6.1, the mode of the total number of motor entry points for 

flexor digitorum profundus from ulnar nerve were 2 with inter-quartile range 2. 

The minimum number of motor entry points were 1 and maximum were 5. 

Table 6.6.2. Other variables measured for flexor digitorum profundus (Ulnar 

nerve) 

 

 

 

Parameter 

(n = 30) 

Mode Median Mean Std 

deviation 

IQR Range 

Total number of 

MEPs to FDPU 

2 2 2.07 0.8 2 1 to 5 

Parameter (cm) Median Std deviation IQR Range 

PEP X coordinate 

(n = 30) 

2.1 1.26 1.05 1.6 to 2.85 

PEP Y coordinate 

(n = 30) 

4.75 1.54 2 0.6 to 6.8 

DEP X coordinate 

(n = 22) 

2 1.33 1.15 1.5 to 2.66 

DEP Y coordinate 

(n = 22) 

6.55 1.50 1.97 2.4 to 8.9 
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Proximal motor entry point of flexor digitorum profundus (Ulnar nerve) 

Y coordinate: As shown in table 6.6.2, the median distance of proximal motor entry 

point of flexor digitorum profundus (Ulnar nerve) from the inter-epicondylar line 

was 4.75 cm with inter-quartile range 2 cm. The minimum distance was 0.2 cm 

and maximum was 6.8 cm. 

X coordinate: The median distance of proximal motor entry point of flexor 

digitorum profundus (Ulnar nerve) from the vertical reference line was 2.1 cm with 

inter-quartile range 1.05 cm. The minimum distance was 1.6 cm and maximum 

was 2.85 cm (Table 6.6.2). 

Distal motor entry point of flexor digitorum profundus (Ulnar nerve) 

Y coordinate: As shown in table 6.6.2, the median distance of distal motor entry 

point of flexor digitorum profundus (Ulnar nerve) from the inter-epicondylar line 

was 6.55 cm with inter-quartile range 1.97 cm. The minimum distance was 2.4 cm 

and maximum was 8.9 cm. 

X coordinate: The median distance of distal motor entry point of flexor digitorum 

profundus (Ulnar nerve) from the vertical reference line was 2 cm with inter-

quartile range 2 cm. The minimum distance was 1.15 cm and maximum was 2.66 

cm (Table 6.6.2). 
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Table 6.6.3.  PEP and DEP (%) of flexor digitorum profundus (Ulnar nerve) 

 

 

 

As shown in table 6.6.3, the proximal motor entry point of flexor digitorum 

profundus (Ulnar nerve) was located at the 18.745 of vertical reference line with 

inter-quartile range 8.08% and ranging from 8.27% to 28.38%. The distal motor 

entry point of flexor digitorum profundus (Ulnar nerve) was located at the 26.08% 

of vertical reference line with inter-quartile range 7.92% and ranging from 8.63% 

to 36.32%. 

Table 6.6.4. Ideal site of neurolytic injection for flexor digitorum profundus 

(Ulnar nerve) 

Parameter Median IQR Range 

DEP-PEP (cm) 1.2 0.975 0.1 to 3.3 

DEP-PEP (%) 5.02 4.40 0.35 to 14.66 

Dense zone 

(PEP to DEP) 

4.75 to 6.55cm (18.74 to 26.08%) 

 

As shown in table 6.6.4, all the motor entry points to flexor digitorum profundus 

from ulnar nerve lied within a distance of 5.02% (IQR = 4.40) or 1.2 cm (IQR = 

0.97) of vertical reference line ranging from 0.35% to 14.66% and 0.1 cm to 3.3 

cm respectively. The dense zone of motor entry points for flexor digitorum 

Parameter Median IQR Range 

PEP/LVRL*100 18.74 8.08 8.27 to 28.38 

DEP/LVRL*100 26.08 7.92 8.63 to 36.32 
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profundus from ulnar nerve was located between 18.74% to 26.08% of the vertical 

reference line which was in the first quartile of the same. 
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6.7. Flexor pollicis longus 

Table 6.7.1. Total number of motor entry points of flexor pollicis longus 

 

As shown in table 6.7.1, the mode for the total number of motor entry points for 

flexor pollicis longus were 3 with inter-quartile range 2.5. The minimum number 

of motor entry points were 2 and maximum were 4. 

Table 6.7.2. Variables measured for flexor pollicis longus 

Parameter 

(cm) (n = 30) 

Median Standard 

deviation 

Inter-quartile 

range 

Range 

PEP X 

coordinate 

-0.3 0.752 1.25 -1 to 1.5 

PEP Y 

coordinate 

9.45 2.18 2.35 1.5 to 13.1 

DEP X 

coordinate 

-0.65 1.143 1.65 -2 to 2 

DEP Y 

coordinate 

12.2 2.29 2.92 9.4 to 17.9 

 

Proximal motor entry point of flexor pollicis longus 

Y coordinate: As shown in table 6.7.2, the median distance of proximal motor entry 

point of flexor pollicis longus from the inter-epicondylar line was 9.45 cm with 

Parameter 

(n = 30) 

Mode Median Mean Std 

deviation 

IQR Range 

Total number of 

MEPs to FPL 

 
3 

 

 

3 

 

 

2.67 0.658 2.5 2 to 4 
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inter-quartile range 2.35 cm. The minimum distance was 1.5 cm and maximum 

was 13.1 cm. 

X coordinate: The median distance of proximal motor entry point of flexor pollicis 

longus from the vertical reference line was -0.3 cm with inter-quartile range 1.25 

cm. The minimum distance was -1cm and maximum was 1.5 cm (Table 6.7.2). 

Distal motor entry point of flexor pollicis longus 

Y coordinate: As shown in table 6.7.2, the median distance of distal motor entry 

point of flexor pollicis longus from the inter-epicondylar line was 12.2 cm with 

inter-quartile range 2.92 cm. The minimum distance was 9.4 cm and maximum 

was 17.9 cm. 

X coordinate: The median distance of distal motor entry point of flexor pollicis 

longus from the vertical reference line was -0.65 cm with inter-quartile range 1.65 

cm. The minimum distance was -2 cm and maximum was 2 cm (Table 6.7.2). 

Table 6.7.3. PEP and DEP (%) of flexor pollicis longus 

Parameter (%) Median IQR Range 

PEP/LVRL*100 40.39 9.36 6.81 to 49.43 

DEP/LVRL*100 50.17 12.14 36.45 to 71.6 

 

As shown in table 6.7.3, the median proximal motor entry point of flexor pollicis 

longus was located at the 40.39% of vertical reference line with inter-quartile range 

9.36% and ranging from 6.81% to 49.43%. The median distal motor entry point of 
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flexor pollicis longus was located at the 50.17% of vertical reference line with 

inter-quartile range 12.14% and ranging from 36.45% to 71.6%. 

Table 6.7.4. Ideal site of neurolytic injection for flexor pollicis longus 

Parameter Median IQR Range 

DEP-PEP (cm) 2.55 1.52 0.3 to 11.1 

DEP-PEP (%) 10.38 6.37 1.41 to 50.45 

Dense zone 

(PEP to DEP) 

9.45 to 12.2 cm (40.39 to 50.17%) 

 

As shown in table 6.7.4, all the motor entry points to flexor pollicis longus lied 

within a distance of 10.38% (IQR = 6.37) or 2.55 cm (IQR = 1.52) of vertical 

reference line and ranging from 1.41% to 50.45% and 0.3cm to 11.1 cm 

respectively. The dense zone of motor entry points for flexor pollicis longus was 

located between 40.39% to 50.17 % of the vertical reference line which was in the 

second quartile of the same. 
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6.8. Correlation between length of the vertical reference line and the number 

of motor entry points for flexor muscles of forearm 

 

As shown in table 6.8, there was no significant correlation between the length of 

the forearm and the number of motor entry points. 

6.9. Comparison of dense zone between muscles 

 

As shown in bar diagram 6.9, 

Dense zone of flexor carpi radialis and flexor carpi ulnaris and flexor digitorum 

profundus from ulnar nerve was in the1st quartile of vertical reference line. Dense 
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zone of flexor digitorum profundus and flexor pollicis longus from median nerve 

was in the 2nd quartile of vertical reference line. Dense zone of flexor digitorum 

superficialis was in the 2nd and 3rd quartile of vertical reference line 

6.10. Comparison of Length of vertical reference line between sides and 

gender 

 

 

As shown in bar diagram 6.10, 

There was no statistical significance for vertical reference line length between 

sides (p value = 0.382) but there was high statistical significance for vertical 

reference line length between gender (p value = 0.0001). Males had longer vertical 

reference line. 
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6.11. Comparison of total number of motor entry points of muscles between 

sides and between gender 

 

 

As shown in bar diagram 6.11, 

There was no statistical significance for total number of motor entry points of 

flexor carpi radialis between sides (p value = 0.69) and between gender (p value = 

0.39). 

There was no statistical significance for total number of motor entry points of 

flexor carpi ulnaris between sides (p value = 0.09). There was statistical 

significance for total number of motor entry points of flexor carpi ulnaris between 

male and female. Males had significantly higher number of motor entry points 

compared to females (p value = 0.01). This may be due to the lack of sample size. 
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There was no statistical significance for total number of motor entry points of 

flexor digitorum superficialis between sides (p value = 0.69) and between gender 

(p value = 0.27) 

There was no statistical significance for total number of motor entry points of 

flexor digitorum profundus from median nerve between sides (p value = 0.48) and 

between gender (p value = 0.21) 

There was no statistical significance for total number of motor entry points of 

flexor digitorum profundus from ulnar nerve between sides (p value = 0.08) and 

between gender (p value = 0.72) 

There was no statistical significance for total number of motor entry points of 

flexor pollicis longus between sides (p value = 0.3) and between gender (p value 

= 0.06) 

6.12 Comparison of dense zone of muscles between sides 
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As shown in bar diagram 6.12, 

There was no significant difference for the distance of the dense zone of flexor 

carpi radialis (p value = 0.48), flexor carpi ulnaris (p value = 0.30), flexor 

digitorum superficialis between (P value = 0.33), flexor digitorum profundus from 

ulnar nerve (p value = 0.62) and flexor pollicis longus (p value = 0.48) between 

sides 

There was significant difference for the dense zone distance of flexor digitorum 

profundus from median nerve between sides (left > right) (p value = 0.01) 

6.13. Comparison of dense zone between gender 
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As shown in bar diagram 6.13, 

There was no significant difference for the distance of the dense zone of flexor 

carpi radialis (p value = 0.30), flexor carpi ulnaris (p value = 0.48), flexor 

digitorum superficialis (p value = 0.32), flexor digitorum profundus from median 

nerve (p value = 0.31), flexor digitorum profundus from ulnar nerve (p value = 

0.84) and flexor pollicis longus (p value = 0.89) between gender. 

6.14. Variations 

Two variations found in the present study were absence of palmaris longus in 

two cadavers and presence of accessory head of flexor pollicis longus in two 

cadavers bilaterally. 



56 
 

 

 

 



57 
 

 

 



58 
 

7. DISCUSSION 

Injection of neurolytics to the muscles is used as a treatment procedure for 

spasticity. One of the commonly used neurolytics is botulinum toxin obtained from 

the obligate anaerobe bacteria, Clostridium botulinum (4,6). Upper limb flexor 

muscles are commonly involved in spasticity (35). Physical factors such as dose, 

concentration, volume of the injectate, bore of the needle, number of injections per 

muscle, site of the injection, muscle size, presence of muscle fascia and the 

distance of the needle tip from the neuromuscular junction and speed of injection 

have been identified to influence the spread of botulinum toxin after injection (4). 

The knowledge about dense zone of motor entry point to these muscles help in 

accurate injection and efficacy of botulinum toxin. 

The details about the motor entry point dense zones of the flexor muscles of 

forearm have been mentioned in the results part of this study. 

7.1. Length of the vertical reference line 

In this study, the vertical reference line was measured as the length of the 

perpendicular line drawn from the midpoint of the inter-epicondylar line till it 

meets the inter-styloidal line. The median length of the vertical reference line was 

24.25 cm with minimum length 20 cm and maximum 31 cm (Table 7.1). 

Parot et al., in his study in French population, measured the length of the 

antebrachial segment from the tip of the medial epicondyle to the ulnar styloid 

process. He found the length of the antebrachial segment to be 26.2 cm (22.7-28.7). 
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Lepage et al. described the length of antebrachial segment in a French population 

as the distance between the horizontal lines drawn perpendicular to the axis of the 

forearm from the medial epicondyle and the radial styloid process. He found this 

length to be 23 cm (19.5-27). 

The difference in the length of the antebrachial segment in same population may 

be due to the difference in the method of measurement and unequal male to female 

ratio. Lepage included more females in his study. In the present study, it was found 

that there is a significant difference of length of the vertical reference line between 

males and females. 

Won et al., measured the length of the forearm in Korean population as the distance 

between inter-epicondylar line and the inter-styloidal line which divides the 

forearm into equal right and left halves. He found the mean length of forearm as 

22.1 cm (Range 20.0-25.7 cm). Won et al. studied female cadavers more than 

males which could be the reason for the lower value. 

Ye et al., in Chinese population, considered inter-epicondylar line as y axis as the 

perpendicular line to the midpoint of the inter-epicondylar line which bisects the 

inter-styloidal line also. The length of the x axis was 23.4±1.6 cm (Range 19.6-

26.7). The measurement of the length of the vertical reference line in the present 

study was same as the measurement of x axis by Ye et al. He also considered 

almost equal number of male and female cadavers for his study. 

Liu et al. expressed length of the forearm as the distance between the lateral 

epicondyle of the humerus and the radial styloid process. He found the value as 26 
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cm. From the fact that, the radial styloid process could be almost 1 cm distal to the 

ulnar styloid process, the distance from the lateral epicondyle to the radial styloid 

process would be longer. This could explain the higher value of the length of the 

forearm mentioned by Liu et al., compared to other studies. 

Roberts et al. named length between medial epicondyle and pisiform bone as 

medial grid line. The high difference in variation of this length in his study might 

be due to racial and ethnic factors. 
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Table 7.1. Comparison of Length of the vertical reference line with previous 

studies 

Study Length of the 

vertical reference 

line (cm) 

Sample size Population 

Parot C et al. (2015) 26.2 

 

22 (9F + 13M) 

 

French 

Won et al. (2010) 22.1 23 (9M + 14F) 

 

Korean 

Lepage et al. (2005) 23 30 (17F + 13M) 

 

French 

Roberts et al. (2006) 28 20 (12M + 8F) 

 

English 

Liu et al. (1997) 26 10 Singapore 

Ye et al. (2011) 23.4 46 (26M + 24F) Chinese 

Safwat et al. (2007) 23.2 23 Saudis 

Present study 24.25 30 (16M+14F) South Indian 

 

7.2.   Motor entry points to forearm flexors 

Different methods and statistical measures have been adopted by different authors 

in different population to study the number of motor entry points to forearm 

flexors. In the present study, the descriptive statistical measure used for the number 

of motor entry points was mode. Studies which have been done by different authors 

previously used mean and median for the same. The number of branches only has 

been studied in certain studies without motor entry points. Comparison has been 

done between the present study and the previous studies for the number of motor 

entry points. 
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7.2.1. Flexor carpi radialis 

The mode of the total number of motor entry points to flexor carpi radialis was 

found to be 2 (Range: 1 to 7) in the present study as shown in table 7.2.1. 

Parot et al., in his study mentioned about only one branch supplying the flexor 

carpi radialis. This branch was common mainly to pronator teres and flexor 

digitorum superficialis. 

Lepage et al. found single branch supplying flexor carpi radialis which aroused 

from the median nerve. In 12 out of 30 cases, this branch also supplied the flexor 

digitorum superficialis and flexor pollicis longus. He named the motor entry points 

as twigs and found 2 twigs in 1 case, 3 twigs in 3 cases, 4 twigs in 19 cases and 5 

twigs in 1 case. This study was found to be similar to the present study. 

Roberts et al. have mentioned about a single motor branch and a single motor point 

supplying flexor carpi radialis. 

Won et al. described that the nerve supply to the flexor carpi radialis came from a 

single branch in all cases, and it divided into 1– 4 twigs before reaching the muscle 

belly (mean, 1.4 twigs). 

Safwat et al. found 1 to 2 branches which gave 2 to 3 motor entry points to flexor 

carpi radialis. 
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Table 7.2.1 Comparison of number of motor entry points to flexor carpi 

radialis with previous studies 

 

7.2.2. Flexor carpi ulnaris 

The mode of the total number of motor entry points to flexor carpi ulnaris in the 

present study was found to be 1 (Range: 1 to 3) as shown in table 7.2.2. 

Roberts et al. mentioned about two motor branches entering flexor carpi ulnaris on 

the deep surface of the muscle. Both branches arose from the ulnar nerve in close 

proximity to the medial epicondyle. 

Study Sample size Population Total Number of 

motor entry points 

Parot et al. (2015) 

 

22 (9F + 13M) 

 

French 1branch: 20/20 

Lepage et al. (2005) 

 

30 (17F + 13M) 

 

French 

 

2 twigs 1/24 

3 twigs 3/24 

4 twigs 19/24 

5 twigs 1/24 

Roberts et al. (2006) 

 

20 (12M + 8F) 

 

English 

 

1 branch 

Won et al. (2010) 

 

23 (9M + 14F) 

 

17 Korean, 

6 French 

 

Mean: 1.4 twigs 

(range: 1 to 4) 

Safwat et al. (2007) 

 

23 

 

Saudis 

 

Mean: 2.2 ± 0.4 

(range: 2 to 3) 

Present study 30 (16M + 14F) South 

Indian 

Mode: 2 (1 – 7) 

Mean: 3.30 
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Won et al. found ulnar nerve always gave off two branches, one dorsal and one 

ventral. They divided into 2–7 twigs before reaching the muscle belly (mean, 4 

twigs). 

Safwat et al. found the number of branches as 1 to 2 to flexor carpi ulnaris and 2 -

3 motor entry points. The mean of number of branches was 2.6 ± 0.5, and for 

number of motor entry points were 2.7 ± 0.5. 

Table 7.2.2. Comparison of number of motor entry points to flexor carpi 

ulnaris with previous studies 

 

7.2.3. Flexor digitorum superficialis 

The mode of the total number of motor entry points to flexor digitorum 

superficialis was found to be 6 (Range 3 to 13) in the present study as shown in 

table 7.2.3. 

Parot et al. found two branches in 3 cases, three in 13 cases and four in 20 cases 

innervating the flexor digitorum superficialis in his study. The branches arose 

singly or combining with nerve to other muscles like flexor carpi radialis. 

Study Sample size Population Total Number of 

motor entry points 

Roberts et al. (2006) 

 

20 (12M + 8F) French 

 

2 branches 

 

Won et al. (2010) 

 

23 (9M + 14F) Korean 

 

4 twigs (2 to 7) 

 

Safwat et al. (2007) 23 Saudis 2.7 ± 0.5 (2 to 3) 

Present study 30 (16M + 14 F) South Indian 1 (1 to 3) 

Mean: 1.5 
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Lepage et al. observed the median nerve suppling this muscle in all his dissections, 

with three branches in 23 cases and with two branches in 7cases. Those branches 

always joined up to the lateral edge of the muscle belly. In all the cases, there was 

a proximal branch divided in 2 to 3 twigs. There was one middle branch and it 

divided in 2 to 5 cases. There was a distal branch in 26 cases and it divided into 

three twigs, before reaching the muscle body. 

Roberts et al. found that flexor digitorum superficialis was always supplied by four 

branches, all of which inserted onto the deep surface of the muscle. In all the 

specimens the branches arose from the median nerve itself. The appearance of first 

motor branch was consistent in between the distal median nerve branch to pronator 

teres and the branch to flexor carpi radialis. 

Safwat et al., in his study found 3-9 motor entry points to flexor digitorum 

superficialis with mean ranged between 4.2 ± 2.6 to 4.8 ± 2.8. 

The number of motor entry points in the present study was found to be similar to 

Safwat et al. and Lepage et al. 
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Table 7.2.3. Comparison of number of motor entry points to flexor digitorum 

superficialis with previous studies 

 

7.2.4. Flexor digitorum profundus 

The mode of the total number of motor entry points to flexor digitorum profundus 

from median nerve was found to be 3 (Range: 2 to 7) in the present study. The 

mode of total number of motor entry points to flexor digitorum profundus from 

Study Sample size Population Total Number of 

motor entry points 

Parot et al. (2015) 

 

22 (9F + 13M) 

 

French 2 branches 3/20 

3 or more 17/20 

Lepage et al. (2005) 

 

30 (17F + 13M) 

 

French 

 

3.8 twigs (1 to 7) 

proximal branch 

3.5 twigs (1 to 9) 

middle branch 

2 twigs (1 to 4) 

distal branch 

Roberts et al. (2006) 

 

20 (12M + 8F) 

 

English 

 

4 branches 

 

 

Won et al. (2010) 

 

 

23 (9M + 14F) 

 

Korean 

 

2 main branches 

Safwat et al. (2007) 

 

23 

 

Saudis 

 

4.2 to 4.8 (3 to 9) 

 

Ye et al. (2011) 

 

46 

 

Chinese 

 

2 branch 27/46 

1 branch 19/16 

Present study 30 (16M + 14F) South 

Indian 

Mode: 6 (Range: 3 

to 13) 

Mean: 6.47 
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ulnar nerve was found to be 2 (Range: 1 to 5) in the present study as shown in table 

7.2.4. 

The overall mean of the number of motor entry points for flexor digitorum 

profundus was 6.2 ± 1.6. The overall mode was 5. 

Parot et al found one to five branches arose from the anterior interosseous nerve 

for flexor digitorum profundus. 

Won et al., found the anterior interosseous nerve giving off one or two small 

branches to this flexor digitorum profundus. It divided into 4–14 finer branches 

before reaching the muscle fiber (mean, 8.13 branches). 

Safwat et al., found 3 to 6 branches and 6 to 8 motor entry points to flexor 

digitorum profundus with mean of 4.5 ± 1.3 and 7.1 ± 0.8 respectively. 

Lepage et al. found the median nerve giving off on average 5 twigs to flexor 

digitorum profundus and the ulnar nerve gave off on average 3.5 twigs. 

The present study was similar to Safwat et al. 
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Table 7.2.4. Comparison of number of motor entry points to flexor digitorum 

profundus with previous studies 

 

7.2.5. Flexor pollicis longus 

The mode of total number of motor entry points to flexor pollicis longus was found 

to be 3 (Range: 2 to 4) in the present study as shown in table 7.2.5. 

Safwat et al. found 1 to 3 branches and 1 to 4 motor entry points to flexor pollicis 

longus with mean of 1.0 ± 0.0 and 3.6 ± 0.5 respectively. 

The present study values were similar to Safwat et al., and Lepage et al. 

 

Study Sample size Population Total Number of motor 

entry points 

 

Parot. C et al. 

(2015) 

22 (9F + 13M) 

 

 

French 1 branch 8/20 (FDPM) 

2 branches 7/20 

3 or more 5/20 

Won et al. (2010) 

 

23 (9M + 14F) 

 

Korean 

 

8.31 (4 to 14) (FDPM) 

 

Safwat et al. 

(2007) 

23 Saudis 7.1 ± 0.8 (6 to 8) (FDP) 

Lepage et al   5 (FDPM) 

Lepage et al.   3.5 (FDPU) 

Present study 30 (16M + 14F) South 

Indian 

3 (2 to 7) (FDPM) 

Mean: 4.17 

2 (1 to 5) (FDPU) 

Mean: 2.07 
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Table 7.2.5. Comparison of number of motor entry points to flexor pollicis 

longus with previous studies 

Study Sample size Population Total Number of 

motor entry points 

Safwat et al. (2007) 

 

23 

 

Saudis 

 

3.6 ± 0.5 (3 to 4) 

Present study 30 (16M+14F) South Indian 3 (2 to 4) 

Mean: 2.67 

 

The number of motor entry points to flexor pollicis longus in the present study was 

ranging from 3 to 4 which was similar to the study of Safwat et al. 

7.3. Comparison of Proximal motor entry point and Distal motor entry point 

of muscles with previous studies 
 

7.3.1.  Flexor carpi radialis 

In the present study, the overall median of PEP (Y-coordinate) and DEP (Y-

coordinate) was 4.65 cm (1.3 – 7.3) and 6 cm (2.1 – 10) respectively in relation to 

the inter-epicondylar line. The overall PEP% and DEP% was 19.98% (5.51 to 27) 

and 24.90% (9.25 to 36.6) as shown in table 7.3.1. 

Parot et al. described the distance from the medial epicondyle to the most proximal 

penetration point of the median nerve into the muscle was between 5.6 and 8.9 cm 

i.e., 21–35 % of the antebrachial segment. The distance from the medial epicondyle 

to the most distal penetration point was between 7.6 and 10.6 cm (29–41 % of the 

antebrachial segment). 

This shows that the proximal and distal motor entry points of flexor carpi radialis 

were more proximal when compared with the study done by Parot .C et al. in which 
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the percentage of proximal motor entry point was within the range of 21 to 35 and 

DEP percentage within 29 to 41 as shown in table 7.3.1. 

Table 7.3.1. Comparison of proximal and distal motor entry point of flexor 

carpi radialis with previous studies 

 

7.3.2. Flexor carpi ulnaris 

In the present study, the overall median of PEP (Y-coordinate) and DEP (Y-

coordinate) was 4.35cm and 5.1cm respectively in relation to the inter-epicondylar 

line. The overall PEP and DEP (%) was 18.53 (5.07 to 83.7%) and 22.47 (11.79 to 

89.63%) respectively as shown in table 7.3.2. 

In the study done by Roberts et al., the mean distance of the motor point along the 

medial grid line was 14% ±1.45%. The distal motor point was present at a mean 

distance of 16 ±3.1%. 

This shows that the proximal and distal motor entry points of flexor carpi ulnaris 

were more distal when compared with the study done by Roberts et al. as shown 

in table 7.3.2. 

 

 

 

 

STUDY PEP (cm) PEP (%) DEP (cm) DEP (%) 

Parot et al. 5.6 to 8.9 21 to 35 7.6 to 10.6 29 to 41% 

Present study 4.65 

(1.3 to 7.2) 

19.98 

(5.51 to 27) 

6 

(2.1 to 10) 

24.90 

(9.25 to 36.6) 
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Table 7.3.2 Comparison of proximal and distal motor entry point of flexor 

carpi ulnaris with previous studies 

 

7.3.3. Flexor digitorum superficialis 

In the present study, the overall median of PEP (Y-coordinate) and DEP (Y-

coordinate) was 5.65cm and 16.95 cm respectively in relation to the inter-

epicondylar line. The overall PEP and DEP (%) was 23.3% (11.81% - 41.30 %) 

and 69.78% (48.03 %- 84.61%) respectively as shown in table 7.3.3. 

Parot et al. found, the distance from the medial epicondyle to the most proximal 

penetration point of the nerve into the muscle was between 4.8 and 7.7 cm (20–30 

% of the antebrachial segment). The distance from the epicondyle to the most distal 

penetration point was between 10.4 and 22.4 cm (38–77 % of the antebrachial 

segment). 

Won et al. described the entry points of branches to the respective muscles were 

having means of 18.1% and 35.9% from the inter-epicondylar line, respectively. 

This shows that the proximal and distal motor entry points of flexor digitorum 

superficialis were more distal when compared with the study done by Parot, Won 

and Roberts et al. as shown in table 7.3.3 

 

STUDY PEP (cm) PEP (%) DEP (cm) DEP (%) 

Roberts et al.  14  16 

Present study 4.35 

(1.1 to 22.6) 

18.53 

(5.07 to 83.7) 

5.1 

(2.5 to 24.2) 

22.47 

(11.79 to 89.63) 
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Table 7.3.3. Comparison of proximal and distal motor entry point of flexor 

digitorum superficialis with previous studies 

STUDY PEP (cm) PEP (%) DEP (cm) DEP (%) 

Parot et al. 4.8 to 7.7 20 to 30 10.4 to 

22.4 

38 to 77 

Won et al.  18.1  35.9 

Present 

study 

5.65 

(2.6 to 9.5) 

23.3 

(11.81 to 

41.30) 

16.95 

(11 to 22) 

69.78 

(48.03 to 84.61) 

 

7.3.4. Flexor digitorum profundus 

In the present study, the overall median of PEP and DEP Y-coordinate by ulnar 

nerve to flexor digitorum profundus was 4.75 (Range 0.6 to 6.8), 6.55 (2.4 to 8.9), 

and PEP and DEP (%) by ulnar nerve to flexor digitorum profundus was 20.94% 

(2.49 to 29.57) and 26.55% (9.30 to 35.51) respectively. The overall median of 

PEP and DEP Y-coordinate, PEP and DEP (%) by median nerve to FDP were 7.2 

(Range 2.9 to 14.7), 11.21 (7.4 to 17.7), 30.10% (12.18 to 60) and 46.25% (29.83 

to 72.24) respectively as shown in table 7.3.4. 

Parot et al. found the distance from the medial epicondyle to the most proximal 

penetration point of the nerve into the muscle was between 7.5 and 11.5 cm (29–

45 % of the antebrachial segment), and to the most distal penetration point between 

9.7 and 20.9 cm (38–72 % of the antebrachial segment). 

Won et al. found the entry points of the flexor digitorum profundus was located at 

a mean of 28.9% (ulnar nerve) from the inter-epicondylar line and 38.0% (anterior 

interosseous nerve) from the inter-epicondylar line. 
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Lepage et al. found that the median nerve gave off on average 5 twigs located at 

between 9.5 and 17.5 cm, or between 41% and 76% of their course along the 

antebrachial segment. The ulnar nerve always supplied the FDP muscle by a single 

branch originating at 4.3 cm (3–6), or 18.6% of its course along the antebrachial 

segment. In 9/30 cases, it divided at 5 cm (4–6.5), or at 21.4% of its course along 

the antebrachial segment, into 2 branches before reaching the muscle body. The 

penetration points into the muscle were located at between 6.3 and 7.2 cm (4.5–

8.5), or between 27.3 and 31.2% of their course along the antebrachial segment. 

The ulnar nerve gave off on average 3.5 twigs located at between 8.5 and 14 cm, 

or at between 37% and 61% of their course along the antebrachial segment. 

Table 7.3.4 Comparison of PEP and DEP of flexor digitorum profundus with 

previous studies 

STUDY PEP (cm) PEP (%) DEP (cm) DEP (%) 

Parot et al. 

FDPM 

7.5 to 11.5 29 to 45 9.7 to 20.9 38 to 72 

Lepage et al. 

FDPM 

9.5 41 17.5 76 

Present study 

FDPM 

7.2 

(2.9 to 14.7) 

30.10 

(12.18 to 60) 

11.21 

(7.4 to 

17.7) 

46.25 

(29.83 to 

72.24) 

Lepage et al 

FDPU 

8.5 37 14 61 

Present study 

FDPU 

4.75 

(0.6 to 6.8) 

20.94 

(2.49 to 

29.57) 

6.55 

(2.4 to 8.9) 

26.55 

(9.30 to 35.51) 
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7.3.5. Flexor pollicis longus 

In the present study, the overall inter-quartile range of PEP (Y-coordinate) and 

DEP (Y-coordinate) ranged from 1.5 to 13.1cm and 9.4 to17.9 cm respectively in 

relation to the inter-epicondylar line. The overall PEP% and DEP% was 6.81% to 

49.43% and 36.45 to 71.6% respectively. This shows that the proximal motor entry 

points of flexor pollicis longus were more proximal when compared with the study 

done by Parot C et al. in which the PEP% was within a range of 44 to 63 as shown 

in table 7.3.3. The distal motor entry points of the present study could not be 

compared since the study done by Parot et al. didn’t mentioned about DEP for 

flexor pollicis longus in his study. 

Table 7.3.5. Comparison of PEP and DEP of flexor pollicis longus with 

previous studies 

 

7.4 Comparison of dense zones of muscles with previous studies 

7.4.1 Flexor carpi radialis 

The dense zone of MEP for flexor carpi radialis in the present study was in the 1st 

quartile. 

The dense zone of MEP in case of flexor carpi radialis according to Parot et al. 

was between 21% to 41% of antebrachial segment which can be compared with 

2nd quartile of the present study. 

STUDY PEP (cm) PEP (%) DEP (cm) DEP (%) 

Parot et al. 11.2 to16.1 44 to 63 No distal  

Present study 1.5 to 13.1 6.81 to 49.43 9.4 to17.9 36.45 to 71.6 
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Safwat et al. found the dense zone of MEP to flexor carpi radialis on the proximal 

one by third of forearm length. 

Lepage et al., Won et al., and Roberts et al.  found the mean entry point of flexor 

carpi radialis to be along the antebrachial segment which could be compared to the 

2nd quartile of present study which proves those values to be distal to the present 

values. 

Table 7.4.1 Comparison of dense zone of flexor carpi radialis with previous 

studies 

STUDY PEP to DEP 

(cm) 

PEP to DEP 

(%) 

Mean of MEP 

(cm) 

Mean of MEP 

(%) 

Parot et al. (5.6 to 8.9) to 

(7.6 to 10.6) 

(21 to 35) to 

(29 to 41) 

  

Won et al.    28 

Lepage et al.   3.5 to 8.5 26.8 

Roberts et al.    28.3 

Present study 4.65 to 6 19.57 to 24.90   

 

7.4.2. Flexor carpi ulnaris 

The dense zone of MEP of flexor carpi ulnaris in the present study was between 

17.62% to 22.46% of the vertical reference line i.e., in the 1st quartile of the 

vertical reference line. 

Parot et al. described the range of the distance between the medial epicondyle to 

the most proximal penetration point was between 5.6 and 8.9 cm i.e., 1–35 % of 

the antebrachial segment. The distance from the medial epicondyle to the most 

distal penetration point was between 7.6 and 10.6 cm (29–41 % of the antebrachial 

segment). According to his study the dense zone of MEP of flexor carpi ulnaris 

was on the 1st and 2nd quartile of the antebrachial segment. 
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Won et al. found the ventral and dorsal branches penetrating the muscle at medial 

level 3 and 4 i.e., 22.9% and 31.2% from the inter-epicondylar line, respectively. 

This could be compared to the 2nd quartile of the present study. 

Both the above-mentioned studies found the dense zone of flexor carpi ulnaris 

distal to the present study. 

Table 7.4.2 Comparison of dense zone of flexor carpi ulnaris with previous 

studies 

STUDY PEP to DEP (cm) PEP to 

DEP (%) 

Mean (cm) Mean (%) 

Won et al. 

Ventral 

branch 

   22.9 

Dorsal branch    31.2 

Lepage et al. 

Ventral 

branch 

  2.05 

(0.5 to 4.5) 

 

Dorsal branch   2.23 (0.5 to 5)  

Present study 4.35 to5.1 17.62 to 

22.46 

  

 

7.4.3 Flexor digitorum superficialis 

In the present study, the dense zone of flexor digitorum superficialis was in the 2nd 

and 3rd quartile. 

According to Parot et al. and Lepage et al., most of the dense zone for flexor 

digitorum superficialis was found to be on the 2nd and 3rd quartile. 
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Won et al., and Roberts et al., described the dense zone of motor entry points to 

flexor digitorum superficialis as on the 1st and 2nd quartile. 

Table 7.4.3. Comparison of dense zone of flexor digitorum superficialis with 

previous studies 

 

7.4.4. Flexor digitorum profundus 

The dense zone of MEP for flexor digitorum profundus from median nerve was on 

the 2nd quartile and from the ulnar nerve was on the 1st quartile as in the present 

study. 

Parot et al. found the dense zone for flexor digitorum profundus from median nerve 

on the 2ndand 3rd quartile and Won et al. found the mean of the MEP of flexor 

digitorum profundus from median nerve on the 2nd quartile. 

STUDY PEP to 

DEP (cm) 

PEP to DEP 

(%) 

Mean of 

MEP (cm) 

Mean of MEP 

(%) 

Parot et al. (4.8 to7.7) 

to (10.4 to 

22.4) 

(20 to 30) to 

(38 to 77) 

  

Lepage et al.   6.25 to 14.5 27 to 62.8 

Roberts et al.    19.4 to 34 

Won et al. 

(1 branch) 

   18.1 

Won et al. 

(2 branch) 

   35.9 

Present study 5.65 

to16.95 

23.30 to 

69.78 
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Won et al found the dense zone of MEP to flexor digitorum profundus from ulnar 

nerve on the 2nd quartile. 

Table 7.4.4 Comparison of dense zone of flexor digitorum profundus with 

previous studies 

STUDY PEP to DEP (cm) PEP to DEP (%) Mean 

(cm) 

Mean (%) 

Parot et al. 

FDPM 

(7.5 to11.5) to 

(9.7 to 20.9) 

(29 to 45) to (38 to 

72) 

  

Won et al. 

FDPM 

   45.5 

Present study 

FDPM 

7.2 to 10.3 30.10 to 42.34%   

Won et al. 

FDPU 

   28.9 

Present study 

FDPU 

4.75 to 6.55 18.74 to 26.08   

 

7.4.5. Flexor pollicis longus 

The dense zone for flexor pollicis longus in the present study was on the 2nd 

quartile. This was similar when compared to the study done by Lepage et al. 
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Table 7.4.5. Comparison of dense zone of flexor pollicis longus with previous 

studies 

 

7.5. Summary 

There were no much studies on the motor entry points of forearm and whichever 

was present, their authors have used different landmarks and reference lines and 

also some of them studied only about the number of branches alone without motor 

entry points. So, the comparison of the present study with the previous study 

couldn’t be done accurately. 

7.6. Variations 

7.6.1. Accessory head for flexor pollicis longus 

A German Anatomist, Karl Freiedrich Gantzer first described about an accessory 

head for flexor pollicis longus in 1813. Thus it got the name: Gantzer’s muscle 

(29). 

This muscle has variable origin. It originates either from medial epicondyle or 

coronoid process or from deeper surface of flexor digitorum superficialis (45,46). 

This muscle passes underneath flexor digitorum superficialis via an oblique 

trajectory to join with flexor pollicis longus (45). The accessory head of flexor 

STUDY PEP to DEP 

(cm) 

PEP to DEP 

(%) 

Mean of 

MEP (cm) 

Mean of 

MEP (%) 

Lepage et al. 

Medial branch 

  10.75 46.75 

Lateral branch   11 47.6 

Present study 9.45 to 12.2 40.39 to 50.17   
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pollicis longus has been reported in different population groups with frequencies 

ranging between 25% and 73.6% (47). It will be bilateral rather than unilateral 

when this muscle is present (48). This muscle can be a cause for anterior 

interosseous nerve syndrome (Kiloh-Nevin syndrome) (49), when the anterior 

interosseous nerve passes posterior to it, which will present with weakness of 

pronator teres, flexor pollicis longus and flexor digitorum profundus (50). 

In the present study, there were 2 cadavers with bilateral Gantzer’s muscle 

originating from the medial epicondyle and joining with the tendon of flexor 

pollicis longus. One was male and other was female cadaver. 

7.6.2. Absent Palmaris longus 

Palmaris longus may be absent occasionally absent on one or both sides (13). 

Palmaris longus is a forearm flexor muscle with origin from medial epicondyle 

and get incorporated to the palmar aponeurosis passing superficial to flexor 

retinaculum. In the present study 2 cadavers had no palmaris longus in their both 

forearms. 
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8. CONCLUSION 

1. The median of length of vertical reference line was 24.25 cm. 

2. The mode of the number of motor entry points for flexor carpi radialis was 2. 

3. The mode of the number of motor entry points for flexor carpi ulnaris was 1. 

4. The mode of the number of motor entry points for flexor digitorum superficialis 

was 6. 

5. The mode of the number of motor entry points for flexor digitorum profundus from 

median nerve was 3. 

6. The mode of the number of motor entry points for flexor digitorum profundus from 

ulnar nerve was 2. 

7. The mode of the number of motor entry points for flexor pollicis longus was 3. 

8. The dense zone of flexor carpi radialis was between 19.57 to 24.90% of the vertical 

reference line which was in the first quartile of the same. 

9. The dense zone of flexor carpi ulnaris was between 17.62 to 22.46 percentage of 

the vertical reference line which was in the first quartile of the same. 

10. The dense zone of flexor digitorum superficialis was between 23.30 to 69.78 

percentage of the vertical reference line which was in the 3rd and 4th quartile of the 

same. 

11. The dense zone of flexor digitorum profundus from median nerve was between 

30.10 to 42.34 percentage of the vertical reference line which was in the 2nd quartile 

of the same. 
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12. The dense zone of flexor digitorum profundus from ulnar nerve was between18.74 

to 26.08 percentage of the vertical reference line which was in the first quartile of 

the same. 

13. The dense zone of flexor pollicis longus was between 40.39 to 50.17 percentage 

of the vertical reference line which was in the 2nd quartile of the same. 

14. There was high significant difference for length of vertical reference line between 

males and females. 

15. There was no significant correlation between increase in length of vertical 

reference line and increase in number of motor entry points. 

16. There was no significant difference for the dense zones of the flexor muscles of 

forearm between gender. 

17. There was no significant difference for the dense zones of the flexor muscles of 

forearm between sides. 

 

 

 

 

 

 

 

 



83 
 

9. LIMITATIONS 

1) Comparison of dense zone of paediatric age group has not studied. 

2) Correlation between the number of motor entry points and the forearm girth has 

not been studied. 

3) Dissection of fresh cadaver could have given more accurate results. 

4) The distance from the inter-epicondylar line to PEP and DEP may vary in spastic 

limb. 

5) The branching pattern of the median and ulnar nerve haven’t been studied. 

6) The motor entry points on the dorsal aspect of flexor carpi ulnaris was not studied. 
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