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Introduction

Haemophilia is an inherited disease in which the blood 
does not clot, caused most commonly by inadequacies of 
the VIII (FVIII; haemophilia A) and IX (FIX; haemophilia B) 
coagulation factors, that may cause bleeding for a long time 
after an injury, and may also encounter internal bleeding, 
particularly in the joints1. Peripheral neuropathy is the most 
common type of nerve injury in haemophilia, which affected 
essentially the upper and lower extremities2. The iliopsoas, 
gluteal, gastrocnemius, and forearm muscles are the most 

common bleeding areas in haemophilia3, as the iliac and 
inguinal bleeding in haemophilia may lead to femoral nerve 
involvement3,4.

Femoral nerve neuropathy is considered the most 
frequent nerve injury in haemophilia, because of the iliopsoas 
haematoma5. One of the complications of haemophilia is 
that the bleeding in joints, muscles, soft tissues causing 
pseudotumor6, which may cause compression on the femoral 
nerve leading to chronic pain and severe disability7. The 
iliopsoas haematoma can cause femoral nerve neuropathy 
as the volume of the bleeds is usually high in hemophilic 
patients, with a common presentation of sudden onset of 
pain which increased in the hip, groin, and inguinal areas that 
radiated to the anterior aspect of the thigh, and represented 
also with hip flexion weakness2,7. Even small hematoma in 
close compartments and in the pelvis region could compress 
the surrounding adjacent organs8.

The femoral vein and femoral artery are situated medially 
closely to the femoral nerve laterally, so at the degree of 
the inguinal ligament in its entrance to the femoral triangle, 
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the compression on the femoral nerve can happen9,10. 
Neurological symptoms in the case of femoral neuropathy like 
the painful inguinal area as a primary symptom, paresthesia, 
and muscular weakness which are resulting from bleeding 
of the iliac muscle, associated usually with hip flexion and 
extension limitations11.

The neuropathy symptoms could be improved through the 
Neurodynamic neural mobilization techniques, as the nervous 
system had physical properties that pointed to reestablish 
the mobilized balance between the surrounding mechanical 
interfaces and the movement of neural tissues, in this manner 
permitting decreased neural tissue intrinsic pressures and 
subsequently advancing suitable functions physiologically, 
additionally to improve the circulation and nutrition to the 
nerve and improve the nerve normal gliding movements 
through the increased neural vascularity, the decrease of 
nerve adherence, and dispersion of noxious fluids12,13.

Neurodynamic mobilization (NM) otherwise called Nerve 
Flossing Technique (NFT) which used to treat various 
disorders of the nervous system concerning the length and 
mobility of peripheral nerves14, as the nerve flossing refers to 
techniques that help to reestablish motion between a nerve 
and its surrounding soft tissues, thus to treat the nerves that 
have become entangled within the soft tissue, as it leads to 
tension release on a nerve by stretching and pulling one end 
of the nerve during keeping the other end in a relaxed state15. 
There are two common Neurodynamic techniques, the first 
one is called a “slider technique” which is a flossing technique 
that done in a gradually controlled way, and the second one 
is the “tensioner technique” which could be a more vigorous 
technique that depends on ‘pulls from both ends’ of the 
nerve, the two techniques could be used as graduation so the 
NM application could start with the slider technique followed 
by the tensioner technique16. 

The motor conduction velocity (MCV) of the femoral 
nerve considered a valid and reliable assessment method, 
as reported by Mallik and Weir17 who stated that the nerve 
conduction study (NCS) could be performed for peripheral 
neuropathy as a standardized evaluative method, because of 
its objective in giving data on the nerve condition over the 
entire body.

However, Femoral Neuropathy had been considered one 
of the major problem in haemophilic patients, that leading to 
a prolonged and at times permanent disability so the main 
objective of this study was to investigate the Neurodynamics 
NFT influence on motor function and pain sensation in 
haemophilic patients with femoral neuropathy.

Materials and Methods

Design of the study

The pre and post-experimental design study consisted of 
two equal groups which were: the study group that received 
Neurodynamics NFT and the physical therapy conventional 
program, and the control group that received only the 
physical therapy conventional program. 

Participants

Thirty heamophilic children were recruited from the 
pediatrics outpatient clinic, October 6 University hospital, 
and Abo El-Reesh hospital. They were involved in the 
treatment program three sessions/week for 12 weeks. The 
inclusion criteria were: all boys were diagnosed and referred 
by a specialized physician as having the moderate or severe 
type of hemophilia18, they were diagnosed as hemophilia 
A or B, their age was ranging from (12 to 15) years, with 
bodyweight ranged from (48 to 53) kg, height ranged from 
(1.42 to 1.58) meter, all the children were able to obey 
instructions and commands, co-operate with the testing 
and training protocol, and communicate verbally, while the 
exclusion criteria were as follow: patients with mild degree 
hemophilia, patients who had joint pain or muscle bleeding in 
the lower limb in the preceding three weeks, patients with any 
other neurological, musculoskeletal disorders or deformities 
of the lower extremity. 

Randomization

All the parents or caregivers of the patients read and 
signed a consent form before the beginning of the study, 
the anonymity and confidentiality were assured, and all the 
procedures were performed in compliance with relevant 
laws and institutional guidelines, which was approved 
by the research studies ethical committee. The patients 
were randomly assigned into two equal groups (study 
and control group) with the use of a computer-based 
randomization program. No dropping out of participants 
from the study was reported after randomization and 
intervention (Figure 1). 

Outcomes measures

Femoral Nerve Motor Conduction Velocity

Femoral nerve motor conduction velocity (MCV) was 
measured via the Neuropack S1 MEB9004 EMG (NIHON 
KODEN, JAPA) device, as follows: at the central of the 
rectus femoris, the active recording was placed, and at the 
patellar upper border, the reference electrode was placed, 
with the ground electrode placement between both the 
recording and the stimulation points. While the proximal 
stimulation point was placed 1 cm lateral to the inguinal 
femoral artery and the distal stimulation point was applied 
10 cm below the proximal stimulation point, also due to 
the femoral nerve deep position, so the electrode was 
firmly fixed in its position19.

Pain Visual Analogue Scale (VAS)

The VAS pain scale is a valid and reliable assessment of 
pain intensity, as the straight horizontal line of fixed length 
(10 cm) is considered the simplest VAS, as the distance 
between the (no pain) anchor and the mark of the patient, 
giving a scope of values from 1:10 cm20.
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Interventions

All the treatment exercises started after the acute stage 
subsided and discontinued immediately if the bleeding started 
again, therefore the treatment included firstly a rest period 
until the hemostasis had been achieved5, as the overexertion 
could lead to injury, so the exercise program started slowly 
with a graduation at the beginning and progressed into the 
full program over a period of three to four weeks. 

Intervention for the study group

Intervention for the study group who received femoral 
nerve Neurodynamics NFT with conventional therapy. The 
NFT procedures were as follows: all the patients received the 

two neurodynamic NFT, starting firstly with the gentle “slider” 
technique in the early stage of the program (first 2:3 weeks) 
then as graduation accompanied with the second technique 
“tensioner”. Both techniques were performed in the affected 
limb from prone and side-lying positions as follow: from a 
prone lying position, the therapist started by neural slider 
technique as the patient was asked to bend his knee with 
therapist assistance to guide the movement and stabilize 
the pelvis, so the patient’s heel came to his bottom, and the 
patient felt the thigh stretch then relax, with repetitions, then 
to gradually progress this technique the therapist placed a 
towel under the knee and repeated the knee bends (Figure 2). 
While for the neural tensioner technique the same previous 
steps were done but with adding that the therapist crossed 

Figure 1. Flow chart showing the experimental design of the study.
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Figure 2. Femoral nerve Neurodynamics neural slider technique from a prone lying position with a towel under the knee while the patient 
flexed the knee of the affected side and with the therapist’s assistance to guide the movement and stabilize the pelvis.

Figure 3. Femoral nerve Neurodynamics neural tensioner technique from a prone lying position with a towel under the knee of the 
affected side, while the patient’s other leg was crossed behind the affected stretched leg with the therapist’s assistance to push.

Figure 4. Femoral nerve Neurodynamics neural slider technique from a side-lying position on the non-affected side. The patient was 
asked to bend the above-knee, then the therapist performed extension and adduction of the patient’s top hip until the lumbar lordosis 
level increased.
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the patient’s other leg behind the affected stretching leg 
and assisting the patient to push and repeat the action with-
holding the stretch16,21 (Figure 3). 

While from side-lying position: the therapist started by 
neural slider technique as the patient was in a side-lying on 
the non-affected side, and the therapist was positioned behind 
the patient and asked the patient to bend the above-knee so 
the heel came to his bottom and to feel the thigh stretch, then 
the therapist performed extension and adduction of patient’s 
top hip until the lumbar lordosis level increased and the foot 
touched the bed as possible with the limit of pain (Figure 4). 
While for the neural tensioner technique the same steps were 
performed but with adding that the patient was asked to hold 
the ankle to his bottom with his hand, then gently pull with 
therapist assistance so the patient’s knee moved backward 
and his hip extended causing a stretch, then the patient asked 
to relax, and repeat the action with holding the stretch13 
(Figure 5). From the previous two positions a graduated 
(5:10) repetitions for every technique were performed, with 
30 seconds hold, and 60 seconds of relaxation between 
every repetition.

The conventional therapy program for the patients of 
both groups was 60 minutes for each session, in a form of 
1-Ultrasound (US) therapy: the application parameters of US 
was at 3 MHz, with pulsed ratio (1:4), and 1.0 W/cm of intensity 
20, for 10 minutes on the groin and anterior and medial 
aspect of the thigh22,23. 2-Pulsed short-wave diathermy 
(PSWD): This is frequently the treatment option for episodes 

of bleeding, as the PSWD machines do not emit a continuous 
beam of energy24. The short wave diathermy device (Enraf-
Nonius, Curapuls 970) with two flexible capacitive electrodes 
(12 × 17 cm) was used with the following parameters, Pulsed 
mode, frequency 27.12 MHz, and power of 240 W24. The 
electrodes were placed over the front part of the thigh using 
the coplanar technique, as between the electrodes and the 
skin, the felt protectors with 1 cm of thickness were set to 
keep away from burning the skin. 3-The flexibility exercises 
for hip flexors: the patient was lying on his back with the 
affected leg close to the edge of the bed and the knee bent 
over the edge of the bed, then the patient was asked to flex the 
non-affected thigh towards his chest, assisting with his hands, 
then the therapist instructed the patient to stop as soon as 
there was a stretching sensation in the affected thigh, and to 
hold this position with therapist assistance for 30 seconds, 
then relax, with repetitions of (5:10) times as a graduation25. 
4-Muscles strengthing exercises: for iliopsoas muscle, the 
patient was lying on his back with both knees bent, and the 
therapist’s hand on top of the patient’s knee of affected side, 
then ask the patient to bend the affected thigh towards his 
chest against the therapist’s hand, then to hold 10 seconds 
then relax, gently and gradually increasing the pressure with 
the limit of pain. While for the quadriceps muscle the patient 
was lying on his back with a roll under the knee, then the 
patient was asked to tighten the muscle in front of the thigh, 
extend the knee and lift the heel, and to hold 10 seconds, then 
relax, with (5:10) repetitions for every exercise25.

Figure 5. Femoral nerve Neurodynamics neural tensioner technique from a side-lying position on the non-affected side. The patient was 
asked to hold his ankle to his bottom with his hand, then with the therapist’s assistance gently pull backward with hip extension.

Table 1. Descriptive statistics for the participants’ demographic data for both groups. 

Items
 Control Group  Study Group Comparison

S
Mean ± SD Mean ± SD t-value P-value

Age (Years) 13.967± 0.972 14.3± 0.819 1.0153 0.3186 NS

Weight (Kilograms) 50.733±1.005 51.213±1.285 1.1394 0.2642 NS

Height (Meter) 1.5040±0.0507 1.5193±0.0492 0.8407 0.4076 NS

SD: standard deviation, P: probability, S: significance, NS: non-significant.
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Statistical Analysis

The IBM SPSS statistical package version 20 for Windows 
(IBM SPSS, Chicago, IL, USA) was performed for the statistical 
analysis. The baseline characteristics between groups were 
compared using the t-test, mean, and standard deviation. The 
comparison between pre and post scores within and between 
groups was done via two-way ANOVA. Statistical significance 
was detected as (P<0.05). 

Demographic data

The current study contained thirty patients assigned in 
a random way into two equivalent groups; the study group 
and the control group. The demographic data comparison 
between both groups using the independent t-tests was led 
for (age, weight, and height), which approved no significant 
statistical differences between patients in both groups 
(P>0.05) (Table 1).

Femoral Nerve Motor Conduction Velocity (MCV)

Within and between groups descriptive statistics 
(mean±SD) and comparison tests for femoral nerve MCV 
showed in Table 2. There was a significant increase in femoral 
MCV at post-treatment in comparison to pre-treatment at both 

groups (control and study); the percentages of improvement 
were (33.78% and 42.11%) respectively with (p=0.0001). 
Between groups, the comparison revealed that there was no 
significant difference pre-treatment between both groups 
(P>0.05), while post-treatment showed a significant increase 
in femoral MCV in the study group compared with the control 
group (p=0.0001). 

Pain sensation scores on VAS 

Within and between groups descriptive statistics 
(mean±SD) and comparison tests for VAS scores showed 
in Table 3. There was a significant decrease in pain scores 
post-treatment compared with pre-treatment at both groups 
(control and study); the percentages of improvement were 
(39.86% and 65.094%) respectively with (p=0.0001). 
Between groups comparison, revealed no significant 
difference pre-treatment between both groups (P>0.05), 
while post-treatment revealed a significant reduction in pain 
scores of the study group compared with that of the control 
group (p=0.0001). 

Discussion

Femoral Neuropathy in Haemophilic patients is 
considered one of the serious problems that could lead to 

Table 2. Mean values of femoral nerve motor conduction velocity pre-treatment and post-treatment test at both groups.

Femoral Nerve 
MCV (m/sec)

Pre-treatment Post- treatment
Mean difference

% of 
improvement

f-value P- value
Means ± SD Means ± SD

Control group 32.9±1.65 44.01±0.67 -11.11 33.78% 850.40 0.0001*

Study group 32.68 ±0.915 46.44±0.577 -13.760 42.11% 1303.69 0.0001*

Mean difference 0.220 -2.427

f-value .333 40.547

P- value 0.566 0.0001*

MCV: motor conduction velocity, m/sec: millimeter/second, SD: standard deviation, %: percentage, P: probability, *Significant level is set at 
alpha level <0.05

Table 3. Mean values of pain sensation (VAS scores) pre-treatment and post-treatment at both groups.

VAS (cm)
Pre- treatment Post -treatment

Mean difference
% of 

improvement
f-value P- value

Means ± SD Means ± SD

Control group 7.2±0.676 4.33± 0.816 2.87 39.86% 100.33 0.0001*

Study group 7.066±0.703 2.466±0.915 4.6 65.094% 285.34 0.0001*

Mean difference 0.133 1.866

f-value 0.217 42.54

P- value 0.643 0.0001*

VAS: Visual Analogue Scale, cm: centimeter, %: percentage, SD: standard deviation, P: probability, *Significant level is set at alpha level 
<0.05.
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motor impairment and painful conditions, therefore, the 
primary purpose of this study was to evaluate the impact of 
Neurodynamics NFT on the femoral nerve in children with 
heamophilia, as they were randomly divided into the control 
group which received the conventional therapy program, and 
the study group which received the same program in addition 
to Neurodynamics NFT of the femoral nerve.

The findings of the current study concluded that there 
were significant improvement in femoral nerve MCV and a 
significant reduction in pain VAS scores in the study group 
compared to the control group, the improvement in the 
femoral nerve MCV may be resulted from axoplasmatic flow 
normalization, these findings were supported by the work of 
both Brown et al.26, and Ellis and Hing13 who hypothesized 
that neural mobilization could dissipate the liquids that are 
destructive to the nerves and enhance axoplasmatic and 
intraneural flow.

Neural flossing or Neurodynamics, aimed at improving the 
mobility to different tracts of the nervous system (NS) and 
reestablishing the homeostasis around and inside the NS27. 
Anikwe et al.28, showed that in the case of acute sciatica the 
NFT reduced the symptoms and increased range of motion 
of the hip, this finding agrees with a previous study29 which 
concluded that the combination of NFT and Physiotherapy 
Conventional treatment was more beneficial in motor 
function improvement and reducing pain in neuropathic 
conditions, also a study by Bonser et al.30, reported that in the 
comparison of Neurodynamic sliders techniques targeting 
the sciatic nerve with the traditional stretching, the findings 
found that the sliders technique was more effective than 
static traditional stretching in increasing hamstring flexibility. 

Santana et al.31, who studied the effects of NM on 
peripheral nerve regeneration in the peripheral nerve 
injury, stated that there were many causes, including 
nerve mechanical characteristics, that could impact the 
process of regenerating the nerve as the decrease of nerve 
mechanosensitivity, intraneural edema, viscoelasticity, and 
the adhesion to the interfaces of the neural tissue, might 
be a target to move toward that force loads mechanically to 
the nerve, this previous study proposed that the NM could 
enhance the axon regeneration of peripheral nerve by the 
following mechanisms: a) edema resolution; b) axoplasmatic 
flow normalization; c) irregular nerve mechanosensitivity 
reduction, with a reduction of neurogenic inflammation and 
hyperalgesia; d) improvement of nerve mobility, diminishing 
the trauma occurrence; e) improvement of Schwann cells 
(glial) activity in the cell membrane, by the activated 
movement dependent receptors.

Muscle bleedings in haemophilia commonly in the 
iliopsoas section, cause significant pain and affect motor 
activities, as when the pressure on the iliopsoas was elevated 
by the hematoma, it could compress the nerves running 
through the pelvis and lead to neuropathy32. Therefore the 
significant decrease in pain intensity post-NFT in the current 
study could be due to that in the theory of gate control, the 
mechanoreceptors activation within the joint capsule and 
surrounding tissues results in diminishing pain at the spinal 

cord, besides, within the pain-free nerve movement of NFT, it 
could assist also in reducing entrapment, friction and stress 
on the nerve and, hence, diminishing its mechanosensitivity29.

On the other hand, the positive improvement of the MCV 
and pain sensation in the control group may be as a result of 
the pulsed US mechanism that enhances the quality of repair 
in the inflammatory, remodeling, and proliferation stages 
of the healing process22,23, also the PSWD diathermy that 
could improve the extensibility of the soft tissue, enhances 
the electrophysiological parameters, amount of fiber 
myelination, and diameter of the axons33, besides the effect 
of the stretching exercises that improve tissue extensibility 
and relieve pain25, while the strengthening exercises enhance 
the motor units recruitments and so could improve the neural 
impulses which increase nerve conduction velocity25. The 
limitation in this study was the inability to investigate the 
long-term effect of NM on quality of life due to lack of follow up 
after the treatment period, hence for future studies, it would 
be beneficial to include the long-term effect of NM on quality 
of life in haemophilic patients with peripheral neuropathy.

Conclusion 

The Neurodynamics Nerve Flossing should be considered 
as an effective physical therapy intervention in Haemophilic 
Patients with femoral neuropathy, as it showed a significant 
improvement in motor function outcomes and a significant 
reduction in pain scores.

Ethical approval for the study

The Institutional Ethics Committee of the Faculty of Physical Therapy, 
was approved the study (No: P.T./REC /012/002733), and clinical trials.
gov ID NCT04448275.
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