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a b s t r a c t

Objective: To determine the effects of vitamin D (VD) supplementation and isokinetic training

on muscle strength, explosive strength (counter movement jump) (ES), lean body mass (LBM)

and gait parameters in severe pediatric burn.

Methods: Forty-eight burned children with circumferential lower extremity burns covering

40–55% of the total body surface area (TBSA), aged 10–16 years (Mean�SD 13.01�1.75), were

randomized into the standard of care (n=16), isokinetic (n=17) and VD (n=15) groups.

Unburned children (n=20) served as matched controls. All burned children received 12 weeks

of routine physical therapy program (RPTP). In addition, the isokinetic group received

isokinetic training for the quadriceps dominant limb 3 times per week at angular velocity

150�/s, and the VD group received the isokinetic training plus an oral daily dose of vitamin D3

1000 IU (Cholecalciferol). The primary measures, assessed at baseline and 12 weeks, included

quadriceps strength by isokinetic dynamometer, ES, LBM by dual-energy X-ray absorptiom-

etry (DEXA) and gait parameters by GAITRite system.

Results: The VD and isokinetic groups showed significant improvement in quadriceps

strength, ES, LBM and gait parameters compared with the standard of care, and VD group

show significant improvement in the VD level as compared with the other groups. The

outcome measures (and percent of improvement where applicable) for the VD, isokinetic and

standard of care are as follows: quadriceps strength, 85.25�0.93Nm (85%), 64.25�0.93 (36%)

and 51.88�1.31Nm (12%); stride length, 94.00�2.69 (7%), 110.60�2.87 (25%) and 139.56�2.57

(60%); step length, 67.26�2.45 (72%), 55.25�2.49 (43%) and 43.76�1.34 (18%); velocity, 133.94

�1.65 (82%), 99.94�1.65 (35%) and 80.11�1.91 (9%); and cadence, 140.63�1.36 (68%), 132.63

�1.36 (58%) and 90.35�1.32 (9%), VD level 43.33�7.48 (75%), 24.77�7.38 (5%) and 25.63�8.39

(4%) respectively.
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Conclusions: VD supplementation combined with exercise training significantly increased

muscle strength, ES, LBM, gait and VD level in severely burned children.

ã 2016 Elsevier Ltd and ISBI. All rights reserved.

1. Introduction

Childhood is a very serious time for development of motor,
cognitive and social functioning [1]. Burn in children continues
to be a major epidemiologic problem around the globe. Nearly a
fourth of all burns occur in children under the age of 16 [2].
Burns may cause severe impairments with serious complica-
tions that can continue from childhood through adolescence
into adulthood [3].

Severe pediatric burns are physically and psychologically
catastrophic. Which result in a hypermetabolic and a catabolic
state characterized by elevated resting energy expenditure,
cardiac insufficiency, muscle weakness, loss of bone mass,
and delay in growth, which are worsened by prolonged bed rest
and physical inactivity [4–6].

Children with a large burn surface area are subject to a
decrease in lean body mass (LBM) for at least 9 months after
trauma [5]. They are vulnerable to vitamin D (VD) deficiency,
this deficiency may occur during the acute phase, which
caused by long hospital stay and VD renal wasting secondary
to reduction in transport proteins [7]. The risk of hypovitami-
nosis D also continues during the chronic phase following
burns. Burns restrict the impact of sun rays on the skin. So, the

biosynthetic function of the skin is impaired post-burn as a
scar [8].

Burned patients are especially at risk of developing VD
deficiency because of low sunshine exposure, less skin
capacity to synthesize VD, poorer absorption of VD with less
activation in the kidneys and peripheral tissues, and fewer
or lower expression of VD receptors in peripheral tissues
[9,10].

VD metabolism may be inhibited by the defect in the
calcium-parathyroid hormone (PTH) axis following burns. This
impairment is due to systemic inflammation, which inhib-
itsthe calcium-sensing receptor of parathyroid gland [11,12]. A
decrease in PTH levels by blood calcium leads, in turn, to a
decrease in levels of circulating PTH and reduced activity of 1-
alpha hydroxylase in the kidney [13]. Deficiency of VD has been
related to many adverse health problems, including muscle
weakness, growth retardation, skeletal deformities and
mortality in the critically ill [14].

VD receptors have been identified in many other tissues
including skeletal muscle [15], and VD deficiency causes
rickets in children and osteomalacia in adults resulting in
proximal muscle weakness. Muscle atrophy particularly VD
deficiency via type 2 fibers has been described histopathologi-
cally [16].

Fig. 1 – Flow diagram of the study.
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Recently, there is growing evidence that dietary intakes of
VD were insufficient to increase 25-hydroxy VD (25 [OH] D)
levels in burned patients [17]. However, there are no formal
protocols for the treatment of VD deficiency in healthy or even
in burned subjects. Therefore, the use of VD supplementation
is needed to fulfill the body’s VD requirement.

Low physical work and muscular strength are major
obstacles in allowing burned children to return to school
and to perform activities of daily living. Because these
activities demand muscle strength and endurance, an effec-
tive training program may needed to rehabilitate pediatric
burn patient by enhancing muscular strength and ability to do
work [18,19].

Suman et al. [20] confirmed the improved muscle strength
and LBM after 12-weeks of exercise in severe pediatric burns.
However, improvements in LBM were moderate, which
seemed to be clinically effective and relevant to examine
further therapeutic interventions. Therefore, this randomized
controlled study was done to evaluate the effects of VD
supplementation and exercise on muscle strength, mass,
explosive strength, gait and VD levels in severe pediatric
burn.

2. Material and methods

2.1. Subjects

This randomized controlled study included outpatient
children in the Department of Burns and Plastic Surgery of
Al-Noor Hospital. The measurements were taken at baseline
and 12 weeks after intervention as shown in Fig. 1. This study
was ethically approved by the Departmental Council of the
College of Applied Medical Science, Umm Al-Qura University,
Makkah, Saudi Arabia, and all participants’ guardians/
parents provided informed consent. Forty-eight healed
pediatric burn patients (30 males and 18 females), aged 10–
16 years, were enrolled from the burn unit with a circumfer-
ential lower limb deep 2nd–3rd degree injury that includes
the entire lower limb. All participants received the same
medical treatment and care as well as occupational and
physical therapy protocol. A normal activity of daily living
(ADL), diet and patient's lifestyle were maintained for all
participants as much as possible.

The inclusion criteria were total body surface area (TBSA) of
40–55%, being a non-athlete and being ambulatory without an
assistant. The exclusion criteria included metabolic disorders,
neuropathy, visual or vestibular disorders, amputation,
participation in another study [20], any adverse medication
reactions, history of epilepsy, loss of balance, and lower limb
deformity.

2.2. Unburned controls

Twenty unburned volunteers from the community were
recruited and were pair-matched with the burned participants
and served as matched healthy control. These subjects were
matched as closely as possible for age and sex. Assessment of
variables to the healthy controls was done similarly as the
burned subjects.

2.3. Power analysis

A power analysis using a=0.05, a power of 0.90, and an
expected effect size of 0.65 was showed that a sample size of 51
was needed to avoid type II error. We used the high effect size
to obtain a realistic sample size that would detect all major
differences.

2.4. Randomization

The burned children were randomly allocated to one of three
groups: the standard of care group (n=16), isokinetic group
(n=17) or VD group (n=15). Randomization used opaque
envelopes with a random number. The participants then
opened the envelopes to determine their group placement.
The standard of care group participated in a routine physical
therapy program (RPTP) including joint range of motion
exercises (ROM), muscle stretching technique for the lower
limb, splinting, daily walking, and ADL training but no
isokinetic training. Both the isokinetic and the VD groups
participated in isokinetic training protocol using the Biodex
system (Biodex Medical System, Shirley, NY, USA) for 12 weeks
as well as RPTP. In addition, the VD group received VD3 1000 IU
(Cholecalciferol) oral daily dose with the food for 12 weeks [21],
while the other two groups received placebo pills. The
CONSORT diagram in Fig. 1 shows the number of the study
participants at each stage of the study. To control for any
variation between groups, all participants followed the guide-
lines prescribed for home exercises program (ROM exercise,
stretching and daily walking) to be performed at home for
3days/week only. The participants and therapists were
blinded to group assignment.

2.5. Evaluation of muscle strength

The isokinetic Biodex-4 dynamometer was linked to IBM PC-
computer software (Biodex Medical System, Shirley, NY) and
evaluated muscle strength at baseline and after the 12-week
intervention for all of the study participants. Demographic
data were collected for all participants. Questions were
allowed about any part of the study; thus, the subjects were
aware of the study goals and the testing procedures. Dominant
quadriceps strength was evaluated. Prior to each recording
session, the instrument was calibrated and the participants
performed a 5min warm-up on treadmill. The participants
performed bilateral quadriceps stretches, and the participants
stretched each muscle group for 30s, 5 times each and
alternated sides every 5min [22,23]. After warm-up, the
position and stabilization of body parts was performed
according to the Manual Guidelines of the Biodex system.
The participants were allowed to perform three sub-maximal
repetitions with no load as a warm-up. To prevent muscle
fatigue, more repetitions were not allowed. The axis of rotation
of the knee joint was aligned with the anatomical axis of
rotation before the test, and the evaluation was executed at an
angular velocity of 150�/s because this condition is well
tolerated by burn patients [24]. After 3 (no load) warm-up
repetitions, the participants executed 10 maximal voluntary
muscle contractions without rest. To decrease the effects of
fatigue, the subjects then rested for 3min and repeated the
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10 repetitions again. Visual feedback from the equipment as
well as verbal encouragement was given to gain the maximal
level of voluntary muscle contraction [23]. The software
system calculates the peak torque values.

2.6. Explosive strength

A counter movement jump (CMJ) [25] on a contact mat was
performed to measure the explosive capacity of lower limb
muscles after a stretch-shortening cycle. Data on average
jump height from 3 separate jumps was determined in
centimeters.

2.7. Lean body mass measurements

Dual-energy X-ray absorptiometry (DEXA) using QDR 4500A
software (Hologic, Waltham, MA) was used to measure the
total lean body mass (TLBM) and lean leg mass (LLM). The
evaluation procedures were done with the children lying
supine according to device guidelines. DEXA software can
measure high and low energy X-ray beams and the data were
compared with standard bone and soft tissue models of
thickness. The calculated soft tissue values are separated into
TLBM and fat mass, and the LLM or TLBM is reported in
kilograms.

2.8. Evaluation of gait parameters

Gait parameters were evaluated by the GAITRite system
(GAITRite Gold software, PA, USA). It is a valid and reliable
walkway connected to a computer system for measuring gait
in healthy adult [26]. It is an excellent tool for evaluation of gait
in both normal and disabled children [27]. The children were
instructed to walk barefooted on the machine mat and any
unusual gait patterns were recorded. The investigator or a
parent encouraged the children to complete the gait task. Each
child performed at least 4 barefooted walks, each totaling a
7.66m, which included 2m off either end of the mat to avoid
including periods of acceleration and deceleration. Any

mistrial should be repeated, and data regarding the gait
parameters were calculated via computer software.

2.9. Isokinetic protocol

Isokinetic training was performed three times per week for 12
consecutive weeks. In each session, the participants per-
formed warm-up exercises for five-minutes on a treadmill at
4km/h, followed by five sets of stretching for the knee
extensors [23,24]. The initial dose of isokinetic exercise was
set at 50% of average peak torque. In the 1st–5th sessions, the
increasing dose program was 1–5 sets, 6 sets were used from
the 6th to 24th session and 10 from the 25th to 36th sessions;
each set consisted of 10 repetitions of the concentric
contraction at an angular velocity of 150�/s with 3min of rest
between each set [23]. The visual feedback from the machine
and verbal encouragement was provided to encourage a
maximal level of effort during all contractions [22].

2.10. Outcome measures

The outcome measures included quadriceps muscle strength
as measured using an isokinetic dynamometer, VD level, ES,
and LBM as measured by DEXA and selected gait parameters as
measured by a GAITRite system. All outcome measures were
evaluated immediately after discharge as baseline and after 12
weeks.

2.11. Data analysis

Statistical data analysis used SPSS for Windows (IBM, Inc.)
version 22. The G-Power 3.1 (Microsoft, USA) for Windows was
used for the sample size and power calculations. The
demographic characteristics of the groups were compared
by descriptive statistics, and the normal distribution of data
was determined by the Shapiro–Wilk test. Repeated measures
ANOVA was used to analyze the data to detect overall
differences between the means of the outcome measures for
the 3 treatment groups, when there was differences between

Table 1 – Demographic characteristics of burned patients and unburned control.

Burned Unburned group
(N=20)

Standard of care group
(N=16)

Isokinetic group
(N=17)

VD group
(N=15)

Gender 9 male/5 female 11 male/6 female 10 male/7 female 12 male/8 female
Age (years) 12.93�1.34 13.11�1.45 13.80�1.47 12.80�1.57
Height (cm) 140.06�2.93 141.2�3.30 142.53�3.1 142.10�2.19
Weight (kg) 48.0�2.67 47.56�2.89 47.34�3.34 48.25�2.45
TBSA 49.40�3.23 50.06�2.08 48.20�2.32 NA
Average % TBSA of LE 25�2.6 26�2.8 24�3.1 NA
Average length of
hospitalization

32.29�2.71 31.87�2.75 33.3�3.32 NA

VD level (ng/ml) 24.44�8.55 23.56�7.29 24.68�6.54 66.32�7.39

There were no significant differences between burned groups and unburned for age, height, weight, TBSA, average % TBSA of LE and length of
hospitalization. There were no significant differences between burned groups according to VD level, but there were significant differences
between all burned and unburned control.
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groups post-hoc comparison was used. Means and standard
deviations were reported, and the alpha level of significance
was 0.05.

3. Results

In this study, 55 pediatric burned children were selected for
participation (Fig. 1). Seven were excluded (four did not meet
the study criteria and three refused to participate). Finally, 48
children participated in the study and were randomized into
three groups. The demographic data of all participants in each
group are shown in Table 1. At the beginning of the training
period, there were no differences between all burned and
unburned subjects regarding age, sex, weight and height
(p>0.05). There was a significant difference in VD level
between burned and unburned as shown in Table 1. For the
standard of care, isokinetic and VD groups, the average length
of hospitalization was 32.29�2.71, 31.87�2.75 and 33.87�3.32
days, and the average burned area of lower extremity was 25
�2.6, 26�2.8 and 24�3.1%, respectively; no significant differ-
ences were found among the three groups in relation to these
variables (p>0.05).

3.1. Muscle strength

Quadriceps muscle strength increased significantly versus
baseline for all 3 groups (p<0.0001) after 12 weeks of
intervention. The VD group increased the most. The percent

improvement in the standard of care, isokinetic and VD groups
were 12%, 36% and 85%, respectively. The quadriceps muscle
torque data are shown in Table 2 and Fig. 2.

3.2. VD level

VD levels increased significantly after 12 weeks in the VD
group, but its value is still below the unburned level. The other
two groups showed no significant increase in VD levels after 12
weeks. Data concerning VD levels are shown in Table 2.

Table 2 – Mean values of quadriceps torque, TLBM, LLM and VD level for burned and unburned control.

Mean values of quadriceps peak torque, TLBM, LLM and VD level

Burned Unburned (N=20)

Standard of care group
(N=16)

Isokinetic group
(N=17)

VD group (N=15)

Baseline 12weeks Baseline 12weeks Baseline 12weeks

Quadriceps peak torque (Nm) 46.23�0.97 51.88�1.31 47.06�0.99 64.25�0.93 46.08�0.55 85.25�0.93 92.10�1.37
p Value (within group) p<0.0001* p<0.0001* p<0.0001*

% of improvement 12% 36% 85%
p Value (between group after 12 weeks) p<0.0001*

TLBM (kg) 30.8�1.21 31.4�1.32 30.9�1.13 33.6�1.21 31.7�1.24 36.5�1.31 39.4�1.55
p Value (within group) 0.1902** p<0.0001* p<0.0001*

% of improvement 1.94% 8.73% 15.45%
p Value (between group after 12 weeks) p<0.0001*

LLM (kg) 4.2�1.44 4.5�1.32 4.00�1.33 5.3�1.54 4.1�1.34 5.9�1.72 6.2�1.80
p Value (within group) 0.5437** 0.0129* 0.0018*

% of improvement 7.14% 21.42% 43.90%
p Value (between group after 12 weeks) p=0.306**

VD level (ng/ml) 24.44�8.55 25.63�8.39 23.56�7.29 24.77�7.38 24.68�6.54 43.33�7.48 66.32�7.39
p Value (within group) 0.694** 0.634** p<0.0001*

% of improvement 4.86% 5.13% 75.56%
p Value (between groups after 12 weeks) p<0.0001*

Values are mean�SD.
* Significant.
** Non significant.
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Fig. 2 – Mean values of quadriceps torque for burned and
unburned control.
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3.3. Explosive strength

The jump performance of the children increased significantly
after 12 weeks of intervention versus baseline for the isokinetic
and VD groups (p<0.0001); there was no significant change in
the standard of care (p=0.2248). The percentages of improve-
ment in the standard of care, isokinetic and VD groups were
5.49%, 23.20% and 39.55%, respectively. The explosive strength
data are shown in Table 3 and Fig. 3.

3.4. Lean body mass

The TLBM significantly increased after 12 weeks versus
baseline for the isokinetic and VD groups (p<0.0001) with
the largest increased observed in the VD group; no significant
change was seen in the standard of care group (p=0.1902). The
percentages of improvement in the standard of care, isokinetic
and VD groups were 1.94%, 8.73% and 15.45%, respectively.
Similarly, the LLM increased significantly after treatment
versus baseline for the isokinetic and VD groups (p=0.0129 and
p=0.0018, respectively), but there was no significant change in
the standard of care group (p=0.5437). The percent increase in
the LLM for the standard of care, isokinetic and VD groups were
7.14%, 21.42% and 43.90%, respectively. The TLBM and LLM
data are shown in Table 2 and Fig. 4.

3.5. Gait parameters

In all three groups, the gait parameters increased significantly,
but to varying degrees after 12 weeks of intervention versus
baseline (p<0.0001); the largest improvement was observed in
the VD group. The percent improvement for the standard of
care, isokinetic and VD groups were: stride length (7.92%,

Table 3 – Mean values of gait parameters and explosive strength for burned and unburned control.

Mean values of gait parameters and explosive strength

Burned Unburned (N=20)

Standard of care
group (N=16)

Isokinetic group
(N=17)

VD group (N=15)

Baseline 12weeks Baseline 12weeks Baseline 12weeks

Stride length (cm) 87.10�2.34 94.00�2.69 88.00�2.09 110.60�2.87 87.00�2.08 139.56�2.57 149.50�1.56
p Value p<0.0001* p<0.0001* p<0.0001*

% of improvement 7.92% 25.68% 60.41%
p Value (between groups after 12 weeks) p<0.0001*

Step length (cm) 37.00�1.83 43.76�1.34 38.62�1.32 55.25�2.49 39.00�1.83 67.26�2.45 74.60�1.35
p Value p<0.0001* p<0.0001* p<0.0001*

% of improvement 18.27% 43% 72%
p Value (between groups after 12 weeks) p<0.0001*

Velocity (cm/s) 74.70�1.53 80.11�1.91 73.93�1.38 99.94�1.65 73.34�1.48 133.94�1.65 137.60�1.20
p Value p<0.0001* p<0.0001* p<0.0001*

% of improvement 9% 35% 82%
p Value (between groups after 12 weeks) p<0.0001*

Cadence (step/min) 82.88�1.53 90.35�1.32 83.50�1.55 132.63�1.36 83.43�1.65 140.63�1.36 148.35�1.38
p Value p<0.0001* p<0.0001* p<0.0001*

% of improvement 9% 58% 68%
p Value (between groups after 12 weeks) p<0.0001*

Explosive strength (CMJ) 78.3�10.3 82.6�9.3 79.3�11.3 97.7�10.5 80.4�9.3 112.2�11.5 119.1�13.8
p Value 0.2248** p<0.0001* p<0.0001*

% of improvement 5.49% 23.20% 39.55%
p Value (between groups after 12 weeks) p<0.0008*

Values are mean�SD.
* Significant.
** Non significant.
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Fig. 3 – Mean values of ES for burned and unburned control.
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25.68% and 60.41%), step length (18.27%, 43% and 72%), velocity
(9%, 35% and 82%) and cadence (9%, 58% and 68%), respectively.
The gait parameter data are shown in Table 3 and Fig. 5.

3.6. VD group versus isokinetic group

The data concerning the magnitude of difference between VD
and isokinetic group are shown in Tables 2 and 3. There was a
significant difference between VD and isokinetic group in
quadriceps strength, VD level, ES and gait after 12 weeks, and
there was no significant difference between VD and isokinetic
groups regarding LLM after 12 weeks.

4. Discussion

The quadriceps muscle strength, ES, TLBM and gait were
significantly increased after treatment in the VD and isokinetic
groups versus the unburned subjects. This is consistent with
previous reports of strength gains in burned and unburned
children after resistance training [20,28,29]. The increased
muscle strength and improved gait in the treatment groups in
this study supports our previous report [28], and others reports
about the benefits of exercise on LBM and muscle strength in
children after burn [30,31].

Our results showed a significant difference in TLBM at
baseline and after 12 weeks in VD and isokinetic groups due to

the profound effect of isokinetic exercise and VD on increasing
non-LLM relative to exercise alone. Although exercise im-
proves muscle strength when used alone during rehabilitation
of children recovering from burns, it is insufficient to produce a
long-term effect against muscle weakness. Our findings
suggest that the use of VD in conjunction with isokinetic
exercise significantly improves muscle strength, VD level,
TLBM, muscle mass, and gait in burned children.

Muscle breakdown in burn patients was observed for up to 9
months after discharge from hospital and wound healing.
During this time, anabolic steroids as oxandrolone were used
to increase muscle strength and body mass by decreasing
muscle breakdown [5].

After burn, the burn scar and normal skin close to the
wound demonstrates a decreased ability of the skin to
transform 7-dehydrocholesterol into pre-VD3 by about 5-fold.
Children with a severe burn might present with VD deficiency
due to decreased endogenous production of VD inside the body
and hypovitaminosis D; these are both relatively common in
children [32].

Burn impairs VD metabolism with a decrease in 25-hydroxy
VD levels and decreased formation of bone in children and
adults with burn trauma. Thus burned patients require VD
supplementation to counteract these deficits. Furthermore,
sufficient calcium and VD are important for burned patients to
decrease the risk of fractures after discharge [33–35].

VD has a direct effect on muscle tissue via VD receptors in
muscle. There is a positive relationship between muscle
function and VD levels in blood [15]. This supports our results
describing significantly improved muscle strength, mass,
TLBM, VD level and gait in the VD group. VD deficiency can
lead to weakness of proximal muscle with type 2 muscle fiber
reduction as well as diffuse muscle pain and gait impairments
[36–39]. In addition, a deficiency in VD reduces nerve conduc-
tion velocity. Reports have concluded that VD regulates
transmission in the nervous system by acting as a neuro-
steroid hormone [40]. It has also been demonstrated that VD
improves physical performance measures such as muscle
strength, muscle power and contraction speed. In addition, VD
affects neural coordination and control on the neuromuscular
system, and there is growing evidence showing that VD has a
neurotrophic effect on body systems [41].

To the best of our knowledge, there has been no previous
report regarding the effect of combining VD supplementation
with isokinetic training in the rehabilitation of burned
children. However, a pilot randomized controlled trial for
one-year conducted on burned adults concluded that VD
supplementation facilitates the correction of hypovitaminosis
D in burned adults and increases quadriceps muscle strength
[42], this is consistent with our data from burned children.

A previous review regarding the effects of VD on level of
physical performance, muscle strength, and risk of falls in
elderly individuals concluded that VD should be combined
with other modalities and cannot be recommended alone for
use in clinical practice [43]; however, another review suggested
that higher doses of VD (800 IU daily) were necessary to
increase muscle strength, gait, balance and physical perfor-
mance-related outcomes in older adults [44]. Only one study
incorporated a muscle fiber analysis. It concluded that the
stretch and cross-sectional area of type 2 fibers in the vastus-

0

1

2

3

4

5

6

7

8

tsoPerP

Le
an

Bo
dy

M
as

s(
LB

M
)/

Kg

Evalua�on Tim e

Standard of ca re gr oup

Isokin e�c group

VD group

Unburned

Fig. 4 – Mean values of LBM for burned and unburned control.

0

20

40

60

80

100

120

140

160

180

Pre Post Pre Po st Pre Post Pre Po st

Stride  Length
(cm)

Step
Length

(cm)

Velocity (cm/s ) Ca dence
(step/ min)

Standard of ca re gr oup

Isokin e�c group

VD group

Unburned

Fig. 5 – Mean values of gait parameters for burned and
unburned control.

b u r n s 4 3 ( 2 0 1 7 ) 3 5 7 – 3 6 5 363



lateralis muscle increased significantly in response to VD
treatment [45].

Resistance training leads to normal physiological re-
sponses such as an increased activation and adaptation of
the nervous system, which was predominant after a short
period of training and hypertrophy of skeletal muscle. This
developed in the late stage of exercise training. We also know
that neural factors are important determinants in strength
gains after training protocols [20,46,47]. The combined effect of
isokinetic training and VD supplementation on neural and
neuromuscular function results in improved muscle strength,
VD level, TLBM, gait and physical function in burned children.

Age and inactivity lead to muscle wasting which were
prevented and treated by exercise. Thus, prevention and
rehabilitation of muscle wasting and deconditioning are
excellent areas for research in the field of burns [48]. Isokinetic
training protocol are safer and more effective for torque gain
and strength of skeletal muscle after burn relative to other
types of strength training. This is because isokinetic exercise
training stimulates different enzymatic activity pathways and
neural factors/mechanisms this leads to better muscle action
and increases resistance to fatigue during the training [49].

Our findings indicate that isokinetic training combined
with the VD improves muscle strength, VD level, muscle mass,
ES and enhance gait, some of these values are still lower than
the values seen in unburned controls and other values nearly
reached the unburned controls [24]. Thus, VD supplementa-
tion is indicated in burned patients.

During rehabilitation, the musculoskeletal status of burn
patients must be determined as soon as possible using
qualitative and quantitative techniques to provide targeted
therapeutic strategies. Further studies are recommended to
identify patients who will need aggressive support to treat and
prevent musculoskeletal complications. The ultimate goal of
burn care goes beyond survival to the improvement of the
quality of life. This goal requires a comprehensive and
aggressive but also targeted and individualized rehabilitation
approach.

Study limits include the relatively small number of patients
in our study as well as the lack of re-evaluation at follow-up
(weeks or months after completion of the study). These
potential sources of bias should be controlled in future studies
to provide a better understanding and overview about the
therapeutic effect and benefits of VD supplementation
combined with exercise in the rehabilitation of pediatric
burned patients.

5. Conclusion

VD supplementation combined with an isokinetic training
program significantly increase quadriceps muscle strength,
VD level, ES, TLBM and gait in severely burned pediatric
subjects.
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