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Abstract  

Background:  Globally, burns are a serious public health  
problem and Knee post burn scar flexion contractures, makes  
up 22% of large joint contractures.  

Stretching is effective method to improve muscle length  

and mulligan bent leg raise is a modification of straight leg  
raise which increase hamstring flexibility and length.  

Aim of Study:  This study has been conducted to evaluate  

the effect of the mulligan bent leg raise technique on elongation  
of hamstring muscle and the reflection of that on some quan-
titative gait parameters and the range of motion (ROM) of  

knee extension.  

Patients and Methods:  Thirty male patients between 30- 
50 years were participated in this study, with a second-degree  

posterior leg burn and a total body surface area of 15-20%.  
They were divided randomly into two equal groups, study  
group (A), 15 patients received mulligan bent leg raise technique  

plus the traditional physical therapy program and control group  
(B), 15 patients received only the same traditional physical  
therapy program. Measurements were recorded before treatment  

and after third, sixth and eighth week of treatment (session  

for 30 minutes, 5 days/week for a total period of 2 months).  

A 16-meter walkway and tape measure were used to measure  
the quantitative gait parameters, while manual goniometer was  

used for measuring ROM of knee flexion. patients were exam-
ined at the outpatient clinic of Cairo University during the  

period from December 2020 to February 2021.  

Results:  There was a significant decrease in knee flexion  
ROM and step width and a significant increase in step length  

and stride length of the study group (group A) at post I, post  
II and post III compared with that of the control group (group  

B) (p<0.001).  

Conclusion:  It is concluded that the mulligan bent leg  
raise technique is effective in elongating the hamstring muscle  
as reflected by the improved gait parameters as well as the  

ROM of knee extension.  
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Introduction  

SKIN  is the largest organ in the human body, burn  

injury causes destruction and disturbance of the  

normal physiological functions of the skin [1-3] .  

The most important goal of burn rehabilitation  

protocol is to help patients to return to their normal  
life and return back into society as soon as possible  

[2,3] .  

Patients with lower limb burns, often take a  

lot of time and effort to regain their lost walking  

proficiency, contracted gastrocnemius-soleus mus-
cles result in temporary versus a permanent gait  
and postural deformities depends on the patient's  

compliance with an overall rehabilitation program  
established in consultation with the physical ther-
apist [4,5] .  

Flexibility is the ability to move a single joint  

or series of joints through an unrestricted pain free  

range of motion (ROM). It is dependent upon the  
extensibility of muscle which allows muscle that  
crosses a joint to relax, lengthen and yield to a  

stretch force [6] .  

Posterior femoral muscles include Biceps fem-
oris, Semitendinosus, Semimembranosus collec-
tively termed as Hamstrings, which crosses hip  

and knee joints integrating co-axial extension with  

genu flexion. Functioning as a unit, the hamstrings  
are responsible for flexion of knee joint, as well  
as extension of hip through the movement of the  

thigh in a reverse direction [7] .  

There are many approaches for lengthening the  
shorted muscles as gait training, passive and active  

stretch, in general, stretching exercises are the  

most important modality in elongating the patho- 
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logically shortened soft tissue structures and thereby  

increasing the range of motion (ROM) [8,9] .  

Achieving adequate range of motion following  
burn is a major concern for patients and physicians.  
Degrees of ROM lost after burn can result in  

increased patient suffer during ADL activities,  

higher healthcare costs and increases hospital stay  
time [10] .  

Limitation of ROM occurs during the early  

post-burn injury period resulting from edema, pain,  

improper positioning, muscle shortening and even  
contracture, scar contracture or tendon injury [11] .  

A desire to improve quality of life post-burn  

injury has led to the development of multimodal  
approaches to post-burn injury [12] .  

So, Mulligan Bent Leg Raise Technique can be  

more effective in improving ROM post-burn and  
may help to improve long-term quality of life in  

patients with limited knee range of motion [13] .  

The need of this study developed from the lack  

in the quantitative knowledge and information in  

the published studies about the effect of Mulligan  
Bent Leg Raise Technique in improving Knee  
extension ROM as well as gait parameters following  

burn injury.  

Material and Methods  

Population:  

40 participants were screened. A total of 30 of  

them met the inclusion criteria and accepted to  

participate and join the study. patients were exam-
ined at the outpatient clinic of Cairo University  
during the period from December 2020 to February  

2021.  

Inclusion criteria:  

Thirty male patients ranging in age from 30 to  
50 years participated in this study, they were diag-
nosed as healed second degree posterior leg burn  

and the total body surface area of burn was from  

15 to 20%.  

Patients were randomly divided into two groups  

of equal number, the bent leg raise (BLR) group  

(study group), that received the mulligan bent leg  

raise technique plus the traditional physical therapy  

program for burn injury in the form of range of  
motion exercises for the affected knee joint in  

addition to self-stretching exercises for the ipsilat-
eral hamstring muscles. While the second group  
was the control group that received the same tra-
ditional physical therapy program.  

Exclusion criteria:  

-  Any traumatic or infectious condition that involve  
the affected lower limb.  

-  Pathologies and deformities related to knee and  

hip joints.  
-  Recent knee surgery.  

-  Neurological causes of impaired knee range of  
motion  

-  Sever Cardiac diseases.  

-  Neurological or musculoskeletal complications  

affecting the lower limb.  
-  Patients with any dysfunction or associated inju-

ries or any pathological conditions which may  
affect the results of the study.  

-  Patients who had cardiac abnormalities or cardiac  

pacemakers.  
-  Patients who had previous surgical procedures  

which may affect the results of the study.  

The measuring equipment:  

The measuring tools in this study were the  
quantitative gait analysis tools, which were a tape  

measure to record the distance variables, a 16- 
meter walkway, that was fabricated from a plastic  

material (the 5-meter areas on each end of the  

walkway were used for warming up and slowing  

down before and after measurement respectively,  

while the middle 6-meter area was the measurement  

area (Figs. 1,2) and a marking pen. Then we meas-
ured step length, step width and stride length Plus,  

a standard goniometer to measure ROM of knee  

flexion [14,15] .  

Measurements were obtained before starting  

the treatment protocol, after one week of treatment  

as post I, after one month of treatment as Post II,  

and at the end of the treatment protocol after two  

months as post III.  

Therapeutic procedures:  

Group A:  

This group received Mulligan Bent Leg Raise  
Technique and traditional physical therapy program  

in the form of (active knee range of motion exercise  

and self-stretching of hamstring) five times a week  

for two months of treatment.  

Mulligan bent leg raise technique:  

Patient's position:  

The patient was positioned in a supine lying  
position with the affected knee rested on the ther-
apist shoulder so as hip and knee were bent at 90  

and 90 degrees.  



Hisham M.O. Abo Elsoud, et al. 1755  

Fig. (1): Patient walk to take his foot prints.  

Fig. (2): Measuring gait parameters from foot prints.  

Therapist's position:  

The therapist was standing beside the side to  

be treated facing the patient.  

Hand placement:  

The therapist hand was placed on the lower end  
of femur bone of the affected side.  

Technique:  

The patient's flexed knee was placed over the  
therapist's shoulder while the popliteal fossa of the  
affected knee rested on the therapist shoulder. Then  
the patient was asked to push the therapist shoulder  

with his leg then voluntary relax. At this point of  

relaxation, the therapist pushed the bent knee up  

as far as possible in the direction of the shoulder  

on the same side of the affected leg without making  
the patient feel pain. This stretch maneuver was  
sustained for 5-10 seconds and then relaxed if the  
pain or restriction eased; the hip was taken into  

further flexion. It was ensured that there was no  

pain during the procedure. If the patient was felt  

pain the direction of the leg raise was altered by  

medial rotating or abducting the hip. The contra  
lateral leg was kept relaxed and allowed to move  

as it goes. At the end of the range, the position was  
held for 10 seconds and limb brought back to  
neutral position [16]  Fig. (3).  

Fig. (3): Mulligan bent leg raise technique.  

Group B:  
This group received the traditional physical  

therapy program in the form of (active knee range  

of motion exercise and self-stretching of hamstring)  

five times a week for two months of treatment.  

1- Active range of motion exercises for knee joint:  

This type of exercises was performed in the  

following manner:  

a- Leg lifts: Patients were asked to raise their  

leg so that their feet were 6 to 12 inches (15 to 31  

centimeters) off the bed. Holding in air for a few  
seconds. Then return their legs to the bed.  

b- Hip and knee bends: Patients were asked to  
point their toes up, slowly bend their knees up as  
close to their chest as possible. Straighten their  
legs and return to a flat position on the bed.  

2- Self-stretching of the hamstring muscles:  

Patients were asked to lay the affected leg along  

on a pillow while the other leg was straight with  
the foot resting on the bed. Then asked to bend  
forward at the hip, keeping the spine straight. With  

trying to push their legs down as straight as possi-
ble. Holding for 30 seconds then relax in an attempt  
to start the following same type of exercise [17] .  
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Data analysis:  

In this study, the descriptive statistics (the mean  
and the standard deviation) were calculated for all  
subjects in both groups of the study to determine  

the homogeneity of the groups.  

Unpaired t-test was conducted for comparison  
of the mean age between groups. ANOVA with  

repeated measures was conducted for comparison  
of Knee ROM and gait parameters between pre-
treatment, post I, post II and post III in each group  

and unpaired t test for comparison between groups.  

The level of significance for all statistical tests  

was set at p<0.05. All statistical analysis was  
conducted through the statistical package for social  

studies (SPSS) version 25 for windows (IBM SPSS,  
Chicago, IL, USA).  

Results  

Subject demographic data:  
Thirty male patients with hamstring shortening  

following lower limb burn participated in this  

study. The mean ±  SD age of the study group was  
39.26±6.49 years, with maximum value of 50 years  
and minimum value of 30 years. The mean ±  SD  
age of the control group was 40.6 ±6.89 years, with  
maximum value of 50 years and minimum value  

of 31 years. There was no significance difference  

between both groups in the mean age values (p=  
0.59).  

Effect of treatment on Knee ROM and gait  

parameters:  

Between group comparison:  

There was no significant difference in knee  
ROM and gait parameters between the study and  
control groups at pre treatment ( p>0.05). There  
was a significant decrease in knee ROM and step  
width and a significant increase in step length and  

stride length of the study group at post I, post II  
and post III compared with that of the control  
group (p<0.001). (Table 1).  

Table (1): Mean knee flexion ROM, step length, stride length and step width at day pre- treatment, post I, post II and post III  

of the study and control groups.  

Pre treatment  
Mean ±  SD  

Post I  
Mean ±  SD  

Post II  
Mean ±  SD  

Post III  
Mean ±  SD  

Knee ROM (degrees)  
Study group  25.33± 1.48  20.61 ±5.52  11.46± 1.27  2.9±0.73  
Control group  24.36±2.48  24.35±3.22  20.23± 1.47  14.13± 1.45  
MD  0.97  –3.74  –8.77  –11.23  
t-value  1.29  –2.26  –17.42  –26.64  
p-value  0.2*  0.03**  0.001**  0.001**  

Step length (cm)  

Study group  12.28± 1.1  27.08± 1.48  37.77± 1.77  41.67± 1.51  
Control group  12.18± 1.38  13.69± 1.29  17.08± 1.35  20± 1.2  
MD  0.1  13.39  20.69  21.67  
t-value  0.21  26.27  35.88  43.3  
p-value  0.82*  0.001**  0.001**  0.001**  

Stride length (cm)  

Study group  24.27±2.51  40.58± 1.84  54.39±2.94  75.78±4.01  
Control group  25.2±2.61  30.31±2.37  34.56±2.44  40.6±2.11  
MD  –0.99  10.27  19.83  35.18  
t-value  0.21  13.24  20.08  30.05  
p-value  0.32*  0.001**  0.001**  0.001**  

Step width (cm)  

Study group  36.05±2.78  27.96± 1.63  25.26±2.06  16.98±0.82  
Control group  37.44±3.53  34.8±3.53  32.46±3.19  30.6±2.57  
MD  –1.39  –6.84  –7.2  –13.62  
t-value  –1.19  –6.8  –7.32  –19.48  
p-value  0.24*  0.001**  0.001**  0.001**  

SD: Standard deviation. MD: Mean difference. p-value: Level of significance. *: Non- significant. **: Significant.  



Hisham M. O. Abo Elsoud, et al. 1757  

Within group comparison:  

There was a significant decrease in knee ROM  
and step width and a significant increase in step  
length and stride length in the study group at post  

I, post II and Post III compared with pre treatment  

(p<0.05), a significant decrease in knee flexion  

ROM and step width and a significant increase in  

step length and stride length at post II and III com-
pared with post I (p<0.001) and a significant decrease  
in knee ROM and step width and a significant  

increase in step length and stride length at post III  

compared with post II (p<0.001). (Table 2).  

Table (2): Comparison of knee flexion ROM, step length, stride length and step width between pre-treatment, post I, post II  

and post III with in the study group.  

Knee ROM  Step length  Stride length  Step width  

MD  % of  
change  

p-value  MD  % of  
change  

p-value  MD  % of  
change  

p-value  MD  % of  
change  

p-value  

Pre treatment- 4.72  18.63  0.03**  –14.8  120.52  0.001**  –16.31  67.20  0.001**  8.09  22.44  0.001**  
Post I  

Pre treatment- 13.87  54.76  0.001**  –25.49  207.57  0.001**  –30.12  124.10  0.001**  10.79  29.93  0.001**  
Post II  

Pre treatment- 22.43  88.55  0.001**  –29.39  239.33  0.001**  –51.51  212.24  0.001**  19.07  52.9  0.001**  
Post III  

Post I-Post II  9.15  44.40  0.001**  –10.69  39.48  0.001**  –13.81  34.03  0.001**  2.7  9.66  0.001**  

Post I-Post III  17.71  85.93  0.001**  –14.59  53.88  0.001**  –35.2  86.74  0.001**  10.98  39.27  0.001**  

Post II-Post III  8.56  74.69  0.001**  –3.9  10.33  0.001**  –21.39  39.33  0.001**  8.28  32.78  0.001**  

SD: Standard deviation.  MD: Mean difference. p-value: Level of significance.  *: Non- significant.  **: Significant.  

There was a significant decrease in step width  

and a significant increase in step length and stride  

length in the control group at post I, post II and  
post III compared with pre treatment ( p<0.001)  
while there was no significant difference in knee  
ROM between pre treatment and post I (p>0.05)  
and a significant decrease in knee ROM at post II  

and post III compared with pre treatment ( p<0.001).  

There was a significant decrease in knee ROM and  

step width and a significant increase in step length  

and stride length at post II and III compared with  

post I (p<0.01) and a significant decrease in step  
width and a significant increase in step length and  

stride length at post III compared with post II  

(p<0.01). (Table 3).  

Table (3): Comparison of knee flexion ROM, step length, stride length and step width between pre treatment, post I, post II  

and post III with in the control group.  

Knee ROM  Step length  Stride length  Step width  

MD  % of  
change  p-value  MD  % of  

change  p-value  MD  % of  
change  p-value  MD  % of  

change  p-value  

Pre treatment- 0.01  0.04  1*  –1.51  12.4  0.001**  –5.11  20.28  0.001**  2.64  7.05  0.001**  
Post I  

Pre treatment- 4.13  16.95  0.001**  –4.9  40.23  0.001**  –9.36  37.14  0.001**  4.98  13.3  0.001**  
Post II  

Pre treatment- 10.23  42.00  0.001**  –7.82  64.2  0.001**  –15.4  61.11  0.001**  6.84  18.27  0.001**  
Post III  

Post I-Post II  4.12  16.92  0.003**  –3.39  24.76  0.001**  –4.25  14.02  0.001**  2.34  6.72  0.001**  

Post I-Post III  10.22  41.97  0.001**  –6.31  46.09  0.001**  –10.29  33.95  0.001**  4.2  12.07  0.001**  

Post II-Post III  6.1  30.15  0.001**  –2.92  17.1  0.001**  –6.04  17.48  0.001**  1.86  5.73  0.006**  

SD: Standard deviation.  MD: Mean difference. p-value: Level of significance.  *: Non- significant.  **: Significant.  
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Discussion  

This study was designed to evaluate the effect  

of Mulligan Bent Leg Raise Technique on ham-
string shortening with patients post burn and its  

effects on gait parameters and knee flexion ROM.  

Burned patients exhibit poor muscle perform-
ance and reduced quality of life as a result of the  
musculoskeletal complications associated with  

burn and prolonged bed rest. A review of literature  

indicated that regular stretching exercises can  

reduce the musculoskeletal complications associ-
ated with burn by lengthening the muscle thus  

improving related joint range of motion, in turn,  

this increases functional capacity and enhances  

quality of life in patients [18] .  

Post-burn knee flexion contractures cause func-
tional limitations of all lower extremity, not allow-
ing the patient to walk normally, creating serious  

cosmetic defects, and, therefore, requiring surgical  

reconstruction. The anatomic features of knee  

flexion contractures and their treatment have been  

covered in literature far less than large joints of  

the upper extremities, and their treatment is still  

a challenge for many surgeons [19] .  

Regular stretching is an important part of reha-
bilitation of Post burn patients. The influence of  
it on flexibility, physical exercise capacity, and  

muscle length. The diminishing of disuse atrophy,  
catabolic effect and muscle contracture is expected.  

Also, side effects of stretching are very rare [20] .  

There are many several studies, trials and past  

literatures have been performed regarding the  

effects of stretching exercises in post burn patients,  

it has been suggested that stretching exercises  

could improve muscle flexibility, improves range  

of motion and decrease effects of disuse atrophy  

and probably lowers inflammation and improve  
quality of life [21] .  

The result of our study agreed with Komal et  
al., [22]  that Mulligans bent leg raise technique  

showed more improvement in lowering the pain  

level and improved knee extension movement,  

participants functional activities and improving  
hamstring muscle flexibility.  

Also our findings supported by the study of  
Varsha and Priti [23]  while as the subjects in Mul-
ligan BLR group have shown statistically signifi-
cant improvement in their hamstrings flexibility  

with 6 days intervention and concluded that Mul-
ligan Bent Leg Raise BLR technique had better  

efficacy than proprioceptive neuromuscular facil- 

itation (PNF) agonist contraction in improving  
hamstrings flexibility.  

In a study carried out by Jupudi et al., [24] ,  
Mulligan's Bent leg raise(BLR) was found to be  

significantly more effective than passive stretching  
in healthy females with hamstrings tightness which  
is similar to the results of our study.  

Also, Stathopoulos et al., [25]  have concluded  
that the result of Mulligan's mobilization with  
movement technique has an immediate positive  

effect on both range of motion and pain in subjects  

with painful limitation of movement.  

Also our finding supported by Pavithra [26]  
have said that there are an increasing number of  

reports espousing the clinically beneficial effect  

of Mulligan's mobilization with movement tech-
niques. The most frequent report effect is that of  

an immediate and substantial pain reduction ac-
companied by improved function.  

Khuman et al., [27]  stated Mulligan BLR has  
biomechanical effects on pelvis movements, on  
lumbosacral neural structures also apart from ham-
strings muscle. The BLR technique works on the  

neural tissue component and also on the low back  
leading to increased flexibility. Pelvic positioning  
in Mulligan BLR has an effect on hamstrings  
length. These may be the probable reasons for  
better efficacy of BLR in improving extensibility  

of hamstrings muscle.  

In contrary, Studies carried out by Patni et al.,  
[28] , Hing et al., [29]  and Beyerlein et al., [30]  stated  
that improvement by the BLR technique, might be  

due to mobilization of the painful, sensitized, nerve  

tissues, similar to the "slider" effects and concluded  
that hamstring flexibility gains obtained from a  

single bout of both passive stretching and BLR  

were almost similar and difference between the  
two interventions were negligible and there were  

no immediate improvement observed.  

Finally, from the previous discussion of these  

results and according to reports of other investiga-
tors in similar studies, It can be explained that  
Mulligan bent leg raise technique (BLR) is effective  
in improving the hamstring muscle flexibility in  

individuals with hamstring muscle tightness as  

evidenced by the highly significant improvement  

in knee extension ROM and gait parameters. The  
results of the current study would introduce a  
scientific applicable protocol to help physical  

therapists, surgeons in their dealing with hamstring  
shortening and limitations occurs after burn, or-
ganize a plan of care to overcome this problem  
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and prevent the progression of pain and the devel-
opment of associated morbidities including frozen  
knee and improve the quality of life of those pa-
tients.  

This study was limited by small sample size  
and low number of assessment methods for those  
patients who complain of shortening of hamstring  
muscles following lower limb burn.  

Conducting more similar studies using other  

types of therapeutic modalities and training pro-
grams for a longer period of time and increasing  
the number of patients in addition to comparing  

them with the results of the current study to obtain  

better statistical results to reach the best methods  

of treatment for patients with hamstring shortening  

following lower limb burn. Furthermore, additional  

studies are needed to determine the effect of ham-
string flexibility on the psychological conditions  
and the quality of life for lower limb burn patients.  

These significant improvements in walking  
characteristics and goniometric data were attributed  

to the immobilization of muscles in a lengthened,  

position (that was associated with the increased  
number of sarcomeres in series, and the increased  
muscles length) and due to the optimal plastic  

deformation of the tissue from the prolonged low  
force mechanical stretch, indicating that there was  

a direct correlation between the stretch duration  

and the resulted proportion of the plastic permanent  

elongation [19] .  

Conclusion:  
This study concludes that Mulligan bent leg  

raise technique (BLR) is effective in improving  
the hamstring muscle flexibility in individuals with  
hamstring muscle tightness as evidenced by the  
highly significant improvement in knee ROM and  

gait parameters. The results of the current study  
would introduce a scientific applicable protocol  

to help physical therapists, surgeons in their dealing  

with hamstring shortening and limitations occurs  

after burn, organize a plan of care to overcome  
this problem and prevent the progression of pain  

and the development of associated morbidities  
including frozen knee and improve the quality of  
life of those patients.  
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