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Adjunctive effect of pulsed electromagnetic 
field therapy on quadriceps muscle strength 
after burn injury

Abstract
Purpose. This study was conducted to examine the effect of pulsed electromagnetic Xield therapy on quadriceps muscle strength 
after burn injury.
 Methods. From April 2021 to June 2022, sixty male patients who suffered from second degree lower limb thermal burn injury 
and Total body surface area (TBSA) from 25% to 35% participated in this study. Their ages ranged from (20‑40) years. They 
were randomly assigned in two groups, a study group composed of 30 patients who received (PEMF) over thigh area before 
strengthening exercise for quadriceps muscle and a control group composed of 30 patients who received strengthening exercise 
for quadriceps muscle. Patients of both groups received traditional physical therapy program.. Evaluation tool was isokinetic 
dynamometer to measure the quadriceps muscle peak torque before the treatment and after 8 weeks of treatment for both 
groups.
 Results. There was no signiXicant difference between both group (study and control) in mean values of quadriceps peak torque 
pre‑treatment (P > 0.05). There was a signiXicant increase in the mean values of quadriceps peak torque after 8 weeks of 
treatment in both groups (p < 0.05) while there was a signiXicant difference in post treatment mean values of quadriceps peak 
torque in the study group when compared with control group (p < 0.05). 
Conclusion. Pulsed electromagnetic Xield therapy is an effective modality that can be used for improving muscle strength and 
performance in patients with lower limb burn when applied prior to strengthening exercise.
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Streszczenie
Cel. Badanie to przeprowadzono w celu zbadania wpływu terapii pulsacyjnym polem elektromagnetycznym na siłę mięśnia 
czworogłowego po oparzeniu.
Metody. Od kwietnia 2021 do czerwca 2022 w badaniu wzięło udział 60 mężczyzn, którzy doznali oparzenia kończyny dolnej II 
stopnia i całkowitej powierzchni ciała (TBSA) od 25% do 35%. Ich wiek wahał się od 20‑40 lat. Pacjenci zostali losowo 
przydzieleni do dwóch grup, grupy badanej składającej się z 30 pacjentów, którzy byli poddawani działaniu PEMF nad obszarem 
uda przed wykonywaniem ćwiczeń wzmacniających mięsień czworogłowy i grupy kontrolnej złożonej z 30 pacjentów, którzy 
wykonywali ćwiczenia wzmacniające mięsień czworogłowy. Pacjenci obu grup realizowali tradycyjny program Xizykoterapii. 
Narzędziem oceny był dynamometr izokinetyczny do pomiaru szczytowego momentu siły mięśnia czworogłowego przed 
leczeniem i po 8 tygodniach leczenia dla obu grup.
Wyniki. Nie zaobserwowano istotnej różnicy między obiema grupami (badana i kontrolna) w średnich wartościach szczytowego 
momentu siły mięśnia czworogłowego przed leczeniem (p > 0,05). Wystąpił istotny wzrost średnich wartości szczytowego 
momentu siły mięśnia czworogłowego po 8 tygodniach leczenia w obu grupach (p < 0,05). Wystąpiła istotna różnica w średnich 
wartościach szczytowego momentu siły mięśnia czworogłowego po leczeniu w grupie badanej w porównaniu z grupą kontrolną 
(p < 0,05).
Wniosek. Terapia pulsacyjnym polem elektromagnetycznym jest skuteczną metodą, która może być stosowana do poprawy siły 
mięśni i wydajności u pacjentów z oparzeniami kończyn dolnych, gdy jest stosowana przed ćwiczeniami wzmacniającymi.

Słowa kluczowe
pulsacyjna terapia polem elektromagnetycznym, ćwiczenia wzmacniające, szczytowy moment siły mięśnia czworogłowego, 
oparzenie kończyn dolnych
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Introduction
Burn injuries cause the highest metabolic rate when compared 
to other critical injuries. Severe burns that cover more than 30% 
of the body's surface area cause skeletal muscle catabolism, 
which is exacerbated by extended periods of physical inactivity, 
which in turn cause muscle weakness. Additionally, current re‐
search has shown that burn directly affects the skeletal muscles' 
gene expression and mitochondrial activity, which in turn affects 
how well they work. So, improvement of muscle strength is a 
key research subject in burn therapy because this weakness re‐
mains despite "normal" recovery treatments [1].
Serious burn injury results in an extreme loss of muscle mass, 
strength, and function, which negatively impacts functional 
capacity, diminishes endurance, and makes it difficult to stand 
or walk which hindering post­burn rehabilitation [2].
In clinical groups prone to muscle wasting, resistance training­
in which muscles contract against an opposing load­has been 
demonstrated to be a helpful tool in rehabilitation. By primari‐
ly increasing the amount of contractile proteins, which accele‐
rates protein synthesis on cellular level, resulting in muscle 
hypertrophy, which enhances muscle size, force production, 
physical function, and quality of life [3]. 
In physiotherapy, pulsed electromagnetic field (PEMF) is a 
non­thermal, noninvasive, secure, and reasonably priced tech‐
nique [4]. The magnetic field activity assumed that the cellular 
membrane was its primary target. The altered ion binding and 
transport is the proposed mechanism by which the magnetic 
fields modify the signal transduction pathways [5]. Vasodilata‐
tion, an increase in tissue oxygenation, improved membrane 
potential function, and improved ion exchange are only a few 
of the physiologic consequences of PEMF. These biological 
impacts could improve blood circulation, muscle strength, and 
bone unification while reducing pain and inflammation. PEMF 
may also mimic the effects of mechanical stimuli, which may 
be helpful for those who find it difficult to exercise without di‐
scomfort [6].
Recent studies have demonstrated that PEMF can enhance 
skeletal muscles contraction. Skeletal muscle subjected to 
PEMF displayed improved performance by preserving con‐
tractile force output and delaying the onset of fatigue when 
challenged with resistance exercise [7]. Skeletal muscles 
exposed to PEMF also have less cell damage after exercise in‐
dicating that PEMF provided protection from exercise­induced 
damage [8]. Therefore, this study aimed to investigate the ef‐
fect of pulsed electromagnetic field therapy on quadriceps mu‐
scle strength after burn injury

Subjects and Methods
Study Design
The current study was designed as a prospective randomized 
controlled trial. Data were collected pre and post treatment 
from April 2021 to June 2022. The ethical approval was first 
taken from the committee responsible for the scientific rese‐
arch ethics in the faculty of physical therapy belonging to Ca‐
iro University.

Participants
This study was conducted in collaboration with the Outpatient 

Clinic of Faculty of Physical Therapy and from the Burn Unit 
at Orabi Hospital for Burns, Al Obour City.
The study protocol was approved by the ethical committee of 
each participating institute.

Eligibility criteria
Patients were males. Their ages ranged from (20–40) years. Pa‐
tients suffered from second­degree lower limb burn of thermal 
injury. Total body surface area (TBSA) for the burns will be 
ranged from 25% to 35%. Patients began the training program 
after complete burn wound healing. Patients enrolled to the stu‐
dy had their informed consent. All patients received the same 
medical and traditional physical therapy program during the 
acute stage in the form of range of motion exercise, stretching, 
splinting, massage, functional training for ambulation and acti‐
vities of daily living. All patients were asked to maintain their 
regular diet normal daily activities and lifestyle during the stu‐
dy. All patients are being ambulatory without the use of an assi‐
stive device. 

The exclusion criteria
Patients who participated in any rehabilitation program to im‐
prove muscle strength prior to the study. Musculoskeletal disor‐
ders that impair performance during training and tests. Patients 
who have equilibrium disorders, uncontrolled cardiovascular or 
pulmonary diseases, neurological and renal disorders, metabolic 
or vascular disease with a neurological component such as dia‐
betes,, leg amputation, malignant conditions, psychiatric illness, 
any previous disease could affect balance, vestibular and visual 
systems, severe behavior or cognitive disorders, lower limb 
lymphedema or lipoedema, lower limb deformity. Subjects with 
burn to the posterior thigh with knee flexion contracture, which 
affected the function of the quadriceps muscle. Athletic sub‐
jects. Subjects with morbid obesity. Any medication could af‐
fect the strength adaptations and adversely affect the results of 
the study. 

Randomization
Index cards were numbered sequentially and placed in opaque 
envelopes. A blinded researcher opened the sealed envelope 
and allocated the patients according to their groups.

Interventions
In this study, the patients were assigned into two equal groups: 
Study Group (Pulsed Electromagnetic Field therapy, quadriceps 
strengthening exercises and traditional physical therapy pro‐
gram) and control Group (Quadriceps strengthening exercises 
and traditional physical therapy program).

Treatment administration
Patients were informed about treatment procedure, also about 
the effect of pulsed electromagnetic field therapy on improving 
quadriceps muscle performance when applied prior to streng‐
thening exercises before beginning the treatment. Patients were 
asked to follow physician instructions. Patients were asked to 
avoid participation in any rehabilitation program prior to the 
study except regular rehabilitation in the form range of motion 
exercise, splinting, stretching, functional training for activities 
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of daily living and ambulation that done during hospitalization 
stage. Treatment procedures were applied for each patient as 
the following:

Traditional physical therapy care
All patients in both groups received traditional physical thera‐
py program in the form of range of motion exercise, stret‐
ching, splinting, massage, functional training for ambulation 
and activities of daily living. 

Strengthening exercises for quadriceps
For all patients in both groups: 

Three­repetition maximum test (3RM)
The greatest amount of weight a subject can move through the 
available range of motion for 3 times was used as the baseline 
measurement of a subject’s maximum effort. Patients enrolled 
in the strengthening exercise training group were tested to de‐
termine the amount of weight or load that was used during the 
first (1­2) week (of the 8 weeks program) as baseline loads.
The three repetitions maximum (3RM) load was determined as 
follows: Following a period of instruction in proper weight li‐
fting technique, the patient warmed up and was given to beco‐
me familiar with the movement. The patient then lifted a 
weight that allowed successful completion of four repetitions. 
If the fourth repetition was completed correctly and using the 
right technique, a 1 min resting period was permitted. After the 
resting interval, a gradually increased amount of weight or lo‐
ad was instructed to be lifted at least four times. If the weight 
lifted permitted the patient to successfully complete three re‐
petitions with the fourth repetition not being volitionally po‐
ssible due to fatigue or inability to maintain proper technique, 
the test was ended and the amount of weight lifted from the 
successful set was recorded as their individual 3RM [9].

Strengthening exercise program
All exercise sessions were preceded by a 5­min warm­up pe‐
riod and followed by 5­min cooling down.).Free Weights 
(sandbags and dumbbells) for strengthening of quadriceps mu‐
scle. The active phase of exercise consist of:
1. Straight­leg raising from supine position, 3 sets 
2. Seated knee extension from 90° to full extension, 3 sets 
3. Quadriceps Short Arc exercise (terminal knee extension), 3 sets. 
4. Quadriceps Step­up and down, 3 sets.
5. Mini squats from 0 to 45° of knee flexion holding weights 
in hands, 3 sets.
6. Progress squats to greater ranges of knee flexion during the 
advanced phases of treatment.
7. Increase the difficulty of the exercise by performing unilate‐
ral resisted mini squats (single leg squat).

Parameters of the exercise program
Intensity: The weight or load the patients lifted was set at 50–
60% of their individual 3RM, during the first (1­2) weeks. 
After that, the lifting load is increased to 70–75% (3 sets of 10 
repetitions) of their individual 3RM and continued for weeks 
(3–6). After this, training intensity is increased to 75–85% of 
the 3 RM and implemented from weeks 7–8.

Frequency: 3 sessions per week for 8 weeks.
Number of repetitions: 3 sets, 12­15 repetitions in each set du‐
ring first (1­2) weeks, 8­10 repetitions in each set during (3­6) 
weeks and 8­10 repetitions in each set during (7­8) weeks.
Rest period: rest interval of approximately 1 min between sets.
Total treatment duration: 8 weeks [9] [10].

Pulsed electromagnetic field therapy
For patients in the study group only. This group of patients was 
composed of thirty patients who received pulsed magnetic field 
over thigh areas for 24 sessions over a period of 8 weeks (3 
sessions/week). 
The patient received pulsed magnetic field immediately before 
each strengthening exercises training session. Then, patients re‐
ceived strengthening exercises for quadriceps muscle. Patients 
also received traditional physical therapy program in the form 
of range of motion exercise, stretching, splinting, massage, 
functional training for ambulation and activities of daily living. 
Patients did not receive any other training program to improve 
muscle strength and they were free from any other health pro‐
blems that may affect the outcomes of the study. ELETTRONI‐
CA PAGANI Pulsed electromagnetic field therapy device 
(Mod: CMP 2 Plus, Power: 230 V – 50 HZ – 900 VA, Class: I 
Type B, Max out: 50 + 50 Gauss, Made in Italy 2014) was used 
in this study. 
For Application: Removal of metals or things that can be affec‐
ted by a magnetic field was assured prior to magnetic field ap‐
plication. Each participant was requested to assume a lying 
posture on the treatment bed. Before beginning the treatment, 
the device was checked. Switch the device on. The device was 
aligned directly over thigh area. The treatment parameters were 
set as 30 Hz frequency, 40 gauss amplitude, and 30 minutes as 
total treatment duration. After end of treatment switch the devi‐
ce off [11].

Outcome measures
The peak torque of the quadriceps muscle was measured before 
the treatment and after 8 weeks of treatment for both groups by 
using: Biodex Multi­joint System 3 isokinetic dynamometer 
(Biodex Medical System, Shirley, NY, USA) available at the iso‐
kinetic unit in Faculty of Physical Therapy, Cairo University. 

Procedure for Evaluation
Patients warmed up for 5 min on a cycle ergometer then quadri‐
ceps, hamstrings and calf muscles was stretched 3 times with a 
30 seconds stretch and a 30 seconds rest. 
Following the warm­up, Patients were positioned in an isokine‐
tic dynamometer in accordance with the equipment instructions; 
The measurements were carried out with the backrest reclined 
5° from vertical and knees flexed 90 degrees and straps fixing 
the trunk, waist and distal thigh. The rotation axis of the dyna‐
mometer was aligned with the axis of the knee joint at the level 
of the lateral epicondyle of the femur while it was attached to 
the distal part of the leg about 5cm above the medial malleolus 
and isokinetic test was performed at angular velocity of 150 de‐
gree per second, because it is well tolerated by burn patients. 
Gravity effect correction and isokinetic device were calibrated 
before each evaluation and training session as recommended by 
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Study group
Mean ± SD

Control group
Mean ± SD

MD t­ value p­value

Table 1. Basic characteristics of participants

Age [years]

BMI [kg/m²]

TBSA [%]

29.00 ± 5.66

26.77 ± 1.89

29.90 ± 3.15

28.56 ± 4.88

26.50 ± 1.88

30.20 ± 3.08

0.44

0.27

−0.3

0.31

0.56

−0.37

0.75

0.57

0.71

Table 2. Mean quadriceps peak torque pre and post treatment of study and control groups

Study group
Mean ± SD

Control group
Mean ± SD

MD t­ value p value

Pre treatment
Post treatment

MD
% of change

t­ value

92.37 ± 4.85
140.84 ± 7.09

−48.47
52.47

−89.71
p = 0.001

92.29 ± 4.83
122.89 ± 7.12

−30.6
33.16

−52.28
p = 0.001

0.08
17.95

0.06
9.78

0.95
0.001

SD: standard deviation; MD: mean difference; p­value: probability value

Quadriceps peak 
torque [Nm]

the manufacturer. The test procedures were demonstrated and 
explained to the patients.
For familiarization, Patients performed a series of three sub‐
maximal contractions without load as warm­up. After warming 
up, subjects were requested to perform ten maximal voluntary 
contractions consecutively without rest in between the knee jo‐
int moved through the range of motion from 90 degree to full 
extension. There was three minutes of resting before repeating 
the test. Verbal encouragement as well as visual feedback from 
the equipment were given to all participants in an attempt to 
achieve maximal voluntary effort level during all the contrac‐
tions. Values of the highest beak torque were calculated by the 
Biodex software system and mean value was taken for statisti‐
cal analysis [12].

Statistical analysis
Unpaired t­test were conducted for comparison of subjects’ 

characteristics between groups. Normal distribution of data was 
checked using the Shapiro­Wilk test. Levene’s test for homoge‐
neity of variances was conducted to test the homogeneity be‐
tween groups. Unpaired t­test was conducted to compare the 
mean values of quadriceps peak torque between the study and 
control groups. Paired t­test was conducted for comparison be‐
tween pre and post treatment in each group. The level of signi‐
ficance for all statistical tests was set at p < 0.05. All statistical 
analysis was conducted through the statistical package for so‐
cial studies (SPSS) version 25 for windows (IBM SPSS, Chica‐
go, IL, USA).

Results
Subject characteristics
Table 1. showed the subject characteristics of the study and 
control groups. There was no significant difference between 
groups in age, BMI and TBSA (p > 0.05).

SD: standard deviation; p­value: level of significance

Effect of treatment on quadriceps peak torque
Within group comparison
There was a significant increase in quadriceps peak torque post 
treatment in study and control groups compared with that pre 
treatment (p > 0.001). The percent of increase in quadriceps 
peak torque in study group was 52.47% and that in control 
group was 33.16%. (Table 2).

Between groups comparison
There was no significant difference between groups pre­treat‐
ment (p > 0.05). Comparison between groups post treatment 
revealed a significant increase in quadriceps peak torque of 
study group compared with that of control group (p < 0.001). 
(Table 2).

Discussion
The current study's findings demonstrated that post­treatment 
mean values of quadriceps muscle peak torque were signifi‐
cantly increased in both groups, but when comparing the two 
groups, there was a significant difference in mean values of 
quadriceps muscle peak torque after 8 weeks of treatment in 
the study group compared to that in the control group, which 

explained that this effect not only resulting from strengthening 
exercises but also from the effect of the application of pulsed 
electromagnetic field therapy.
The positive change in muscle torque may be due to that pulsed 
magnetic field's potentially has stimulatory effects on the neuro‐
muscular system, which in turn may help to recruit more motor 
units during muscle contraction. Furthermore, its microcirculato‐
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ry effects may be connected to variations in strength. Additio‐
nally, pulsed magnetic fields have the capacity to directly sti‐
mulate motor nerves, resulting in the generation of action 
potentials that stimulate muscles. If this process is repeated and 
continued for an extended period of time, it may enhance the 
capacity of muscles to produce force as well as possibly incre‐
ase muscle cross­section [13].
Pulsed electromagnetic field could also improve mitochondrial 
respiration, synthesis of ATP and resistance to oxidative stress 
[14]. Moreover, PEMFs can alter activity of metabolic enzy‐
mes with alteration of multiple signaling pathways [15], up re‐
gulate gene expression [16] and improve protein synthesis 
[17]. So, PEMFs exposure could increase muscle strength and 
muscle mass. PEMFs can also minimize the effect of fatigue 
and time spent in recovery [18] and provide protection against 
exercise induced damage [8].
A number of studies have shown that pulsed electromagnetic 
field application resulted in improved muscle strength. Accor‐
ding to the findings of the study by Madariaga et al. [19], 
which examined the effects of direct magnetic stimulation on 
the quadriceps muscle, study participants were able to contract 
the quadriceps muscle in isometric mode to the tune of 80% of 
the maximum twitch stimulation, which is regarded as adequ‐
ate for direct magnetic stimulation and can be used in muscle 
rehabilitation.
Our findings are similar the results of the study by Heneidy 
et al. [20] who evaluated the knee muscle strength using iso‐
kinetic dynamometer for each patient of study group (rece‐
ived physical therapy program plus pulsed electromagnetic 
field) and control group (received physical therapy program 
only) who suffered from knee hemarthrosis. Significant im‐
provement was observed in study groups and control group 
(p < 0.05). High significant improvement was observed in the 
study group when comparing the post­treatment results of both 
groups (p < 0.05).
In a study by Parhampour et al. [11] with similar aim to ours. It 
was found that in severe haemophilic A patients, muscle 
strength and balance tests significantly improved in the resi‐
stance training (RT) and resistance training plus PEMF 
(RTPEMF) groups compared to the control group. Additional‐
ly, there was a significant difference between the mean post­
treatment values of the (RTPEMF) group, the (RT) group, and 
the baseline values (P 0.05). As a result, RT and RTPEMF are 
beneficial in helping individuals with severe haemophilia A 
maintain their balance and muscular power.
Our findings are also in agreement with a study by Bustamante 
et al. [21] In COPD patients, As all patients finished the tra‐
ining showing a significant improvement in voluntary quadri‐

ceps strength (17.5 percent of the baseline value) and exercise 
capacity, with a mean increase of 23 m in the six­minute wal‐
king test, they came to the conclusion that magnetic neuromu‐
scular stimulation of the quadriceps constitutes a feasible 
training method for the lower limbs. 
Positive change in muscle torque due to that pulsed magnetic 
field's was proved in a study by Gorodnichev et al. [7]. The ga‐
strocnemius of the subjects in the electromagnetic stimulation 
group was exposed to training exercises (the foot plantar fle‐
xion) (1.8 T, 5 Hz). The only workouts being performed by the 
subjects in the control group. After 10 days of training, there 
was a considerable (24%) rise in the experimental group's po‐
wer torque for plantar flexion. In the control subjects, there was 
no discernible difference in the power torque of the foot's plan‐
tar flexion. They postulated that the experimental group's sub‐
jects' increased muscular strength was caused by 
electromagnetic stimulation's activation of high­threshold mo‐
tor units.
The results of current study is also confirmed by Abdullah [13] 
who found that pulsed magnetic field has beneficial effects on 
quadriceps muscle peak torque, hamstring muscle peak torque 
and knee proprioception accuracy in healthy athletic subjects 
and can be advised as an adjunctive tool in rehabilitation pro‐
grams.
Pulsed magnetic stimulation was suggested by Jawad et al. [18] 
as an adjunct for resistance training for quadriceps muscle du‐
ring resistance training protocol.
In the light of positive findings of the present study and the ge‐
neral absence of undesired effects, PEMF may represent chal‐
lenging area for future research.

Study limitations 
This study was limited by the difficulty of performing follow 
up of the patients after ending the treatment protocol, individual 
differences in patients and their response to the treatment, po‐
ssible human errors and patient cooperation.

Conclusion
Based on the obtained data application of both PEMF and 
strengthening exercise can be used as an effective strategy in 
the burn rehabilitation program for improving muscle strength 
and performance in patients with lower limb burn. 
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