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Abstract

Background: Over the past 30 years, childhood obesity has increased by 50% globally. Child obesity is a serious
public health issue that has the potential to affect a child's osteoarticular health and cause continuous chronic
pain. A training program which aims at improving lower limb muscle strength and dynamic balance may be
able to improve lower limb musculoskeletal symptoms i.e. pain and discomfort. With a great deal of research
on neuromuscular exercises and muscle strengthening. Yet, the majority do not focus on the population of
obese children. So, the purpose of this study was to investigate the effect of strengthening and neuromuscular
training program on lower limb pain in obese children.

Subjects and methods: Thirty boys and girls aged between 8 and 11 years were enrolled in the study, selected
from schools and divided into 2 groups, Control group underwent a weight reduction plan and study group
underwent the same weight reduction plan in addition to neuromuscular and strength training exercise
program.

Results: There was a significant difference (MD=1.20; P=0.002; P<0.05) in the mean +SD values of the visual
analogue scale (VAS) between the control group and the study group after-treatment (2.40+0.18 and 1.20+0.08,
respectively) which was favorable for the study group. There was a significant difference in the mean +SD values
of all lower limb muscle groups power between control group and study group after-treatment which was
favorable of study group.

Conclusion: The findings determined that a neuromuscular and strength training exercise program combined
with weight reduction for obese children population can increase lower limb muscle strength and reduce pain
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a significant public health issue due to the rise in its frequency over the past
few decades (2). In 2014, the obesity prevalence in Egyptian children was 14.7
and 15.08% for girls and boys, respectively (3).

The likelihood of musculoskeletal and joint pain will likely increase in obesity
due to higher mechanical demands on the body. Higher body mass index (BMI)
has been linked to greater musculoskeletal discomfort, especially in the lower
limb, according to a number of research studies (4). Higher pressures inside
articulating joints like the knee and ankle primarily causes the overweight and
obese children to experience musculoskeletal pain (5,6).

In a recent scientific study estimating the locations of musculoskeletal
pain in children and adolescents aged 2 to 19, severely obese children's
lower extremities were shown to experience musculoskeletal pain more
frequently than children with normal Body Mass index (BMI) (7). The chronic
musculoskeletal pain of the lower extremities was located in the knees, ankle
joints (8-10).

Pain and various orthopaedic problems, which can restrict physical activity,
might also be linked to biomechanical alterations in bony alignment (5).

Thivel et al concluded that there is compelling evidence that children and
adolescents who are obese have lower muscle fitness than their normal weight
equivalents (11).

According to Tomlinson et al, obese individuals have reduced maximum muscle
strength relative to body mass in their anti-gravity muscles compared to non-
obese persons (12). This effect on an obese individual is shown to increase the
risk of developing osteoarthritis (13) and lead to functional restrictions (14).

Evidence suggests that high levels of adipose tissue hinders the agonist muscle
contraction causing limitation in function and low strength relative to body
mass (15).

Syed and Davis proposed that obese individuals with lower quadriceps
muscular strength compared to body weight have earlier quadriceps muscle
fatigue, which diminishes shock absorption and raises knee loading rate and
variability during locomotion (17).

Dufek et al stated that In comparison to children of healthy weight, overweight
children had significantly slower walking speeds, lower percentages of double
support, shorter swing phase times, and wider stances (18).

more significantly than does weight loss alone.
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Introduction

Due to the rising prevalence of this condition, obesity represents an international threat (1). Obesity has become

Even though strength and neuromuscular training have been the subject of
numerous research studies, they were not exclusively designed for obese
children and adolescents. There is still a lack of high-quality studies that
examine the outcomes of such treatments. As a result, the goal of this study
is to examine how strengthening and neuromuscular training affects children
with obesity regarding lower limb muscle strength and musculoskeletal pain.

Methods

This study was carried out at The Egyptian Ministry Of Education schools. The
inclusion criteria were children with ages 8-11 years who scored 95th percentile
or greater on the growth chart (obese category), their Visual analogue scale
scores were between 3.4 and 6.5 (moderate pain intensity). Children had been
suffering from obesity and lower limb musculoskeletal pain for more than 3
months, Calorie intake exceeded 1600 kcal/day for girls and 1800 kcal/day for
boys. All participants were able to follow the verbal and visual commands.

The exclusion criteria were children with recent injury or fracture in lower limb
through the past six months, malnutrition disorders, diet or anti-inflammatory
medications, any musculoskeletal deformity in the lower extremities or trunk
and physiological growing pains.

Children were randomly allocated into 2 groups; 15 children for each group.

-The control group underwent a weight reduction plan designed by a
nutritionist.

-The study group underwent the same weight reduction plan in addition to six
weeks of physical therapy rehabilitation program.

Children and parents were fully informed about the risks and benefits of the
procedures. Informed consent was obtained from parents.

Study procedures:
A. Assessment procedures
1. Anthropometric assessment

Children were recruited after height and weight assessment to calculate Body
Mass Index (BMI). BMI percentile was determined through finding the weight
status category for the calculated BMI-for-age percentile using Body mass
index -for-age percentiles, boys, 2 to 20 years (figure 1) and Body mass index -
for-age percentiles, girls, 2 to 20 years (figure 2). (Figures 1,2)
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Figure 16. Body mass index-for-age percentiles, girls, 2 to 20 years, CDC growth charts: United States

Figure 1: Body mass index-for-age percentiles, boys, 2 to 20 years.
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Figure 2: Body mass index- for-age percentiles, girls, 2 to 20 years.

2. Dietary assessment

24-hour recall method and food frequency questionnaire were used.
Frequency questionnaire included all common food items, the amount and
frequency of consumption. 24-hour recall included all food items taken during
the last 24 hours in a semi quantitative method. Individual food intake was
calculated and analysed using computer aided nutritional analysis program of
national nutrition institute, Cairo, Egypt

3. Assessment of pain score by visual analogue scale

The child marked on a zero to ten line at the point that they feel represented
their pain intensity, a higher score indicates higher pain.

4. Assessment of muscle strength

Muscular strength is measured with a hand-held dynamometer over a range
of 0 to 60 Kg-force. According to mentply’s protocol (19), the testing positions
utilized to evaluate each muscle group were chosen to ensure that the
participants were well stabilized while also limiting the impact of gravity on the
measurement. When the subject applied their maximum force against HHD, the
examiner kept it still until the subject's maximum muscle effort was achieved
and the tested muscles gave way. Using anatomical landmarks, the testing
positions and the dynamometer's applying points were established (Table 1).

A- Treatment procedures
1. Nutritional plan
Both groups received a diet plan which concentrated on:

L Maintaining adequate levels of calorie intake for each child which
was calculated according to age using the equation 1000+(age-1)x110 for boys
and 1000+(age-1)x100 for girls

1L Calories were divided into is 20% protein, 30% fat, and 50%
carbohydrates to meet the nutritional needs.) And delete the rest.

2. Physiotherapy rehabilitation program

The study group received a 6-week neuromuscular training and strengthening
exercise in the form of knee/hip joint muscle strength training.

1. Quadriceps strengthening

Weight-bearing and non-weight-bearing exercises were both implemented.
We adhered to Lim's quadriceps strengthening plan (17). Three non-weight-
bearing exercises were performed by the participants at the start to help
them adapt to the exercise. Three weeks later, three additional weight-bearing
workouts were added. Exercises for the quadriceps were performed in sets of
two, progressing as fast as possible to three sets, with ten repetitions in each
set. Table 2 lists the quadriceps strengthening exercises. (Table 2)

Intensity of the exercises were monitored continuously. The training load was
adjusted using the One Repetition Maximum (1RM) test which is defined as the
maximal weight that can be lifted once, while maintaining the correct lifting
technique (21). The 1RM test has been found to be safe across a variety of
groups, including those of children, older people, and patients (22, 23)

80% of the 1RM was used as the training load. The 1RM was calculated by
gradually increasing the load until child could not lift it while moving through
the recommended joint range of motion. Every two weeks, the 1RM was
measured in order to modify the training load (24,25).

2. Hip strengthening exercise

The training plan described by Bennell et al (26) was employed to strengthen
the hip muscles. There are six exercises in this program that target the hip
abductor and adductor muscles. Ten repetitions were done in three sets by all
children. Exercises were modified based on the child's capacity to perform10
repetitions. Table 3 lists the implemented exercises. (Table 3)

3. Neuromuscular exercises

Balance exercises on one leg and two legs made up the neuromuscular
exercises. According to the technique established by Bennell et al (26),
participants were given instructions for maintaining more neutral knee
alignment during specific tasks to improve the control over their hips and
knee to assist in minimizing pain and prevent excessive strains to the joint,
knee flexion shouldn't be allowed to go over 30 degrees. Unstable surfaces,
like a foam mat or balancing board, were supplied to assure progression.
In addition, the number of repetitions was raised along with a variety of
movement patterns and training speeds. The progression was tailored on each
person's needs in order to reduce pain while exercising. Table 4 provides an
overview of the neuromuscular exercises. (Table 4)

Statistical Analysis

The statistical analysis was conducted by using the statistical SPSS Package
program version 25 for Windows (SPSS, Inc., Chicago, IL). The following
statistical procedures were conducted:

- Quantitative descriptive statistics data including the mean and standard
deviation for children demographic data (age and BMI), pain and muscle
strength, variables.

Qualitative descriptive statistics data including the frequency and percentage
for children gender variable.
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Table 1: Standard protocol used to assess muscular strength in different muscle groups by a hand-held dynamometer.

Muscle group Position

Dynamometer placement

Hip flexion Sitting and hips and knees flexed at 90°.

anterior aspect of the thigh, proximal to the knee joint

Hip extension

Lying prone and hips and knees extended.

posterior aspect of the shank, proximal to the ankle joint.

Hip abduction

Lying supine and hips and knees extended.

placed on the lateral aspect of the shank, proximal to the ankle joint

Hip adduction Supine and hips and knees extended.

medial aspect of the shank, proximal to the ankle joint

Knee extension Sitting with hip and knees flexed at 90°.

anterior aspect of the shank, proximal to the ankle joint

Knee flexion Sitting with hips and knees flexed at 90.

posterior aspect of the shank, proximal to the ankle joint

Table 2: Hip strengthening exercises.

Flexing the hip to 30°, ankle weights were used to give resistance from supine position.

Extension of the knee and a roll under it, ankle weights were used as a resistance from supine position.

Full knee extension beginning at a 90° angle from sitting position, ankle weighs were used as resistance.

Squatting from full extension to 30° of knee flexion, placing a ball against a wall and may be advanced by holding dumbbells in both hands.

vubhwiN =

hands.

Squatting between 40° and 90° of knee flexion with placing a ball between the child’s back and the wall then advancing by holding dumbbells in both

6 Ascending a stepper with a height of 30 cm.

This table shows the difference between macronutrient intake before and during treatment program. Individual food intake was calculated and analysed using
computer aided nutritional analysis program of national nutrition institute, Cairo, Egypt

Table 3: Neuromuscular exercises.

Standing on both limbs and advancing from a mat to balance board.

Standing on both limbs and advancing from a mat to balance board closing his/her eyes.

Standing on both limbs and advancing from a mat to balance board: two subjects are standing in front of each other throwing and catching a ball.

Static squats, advancing from a mat to balance board.

Static squat on foam surface throwing and catching a ball.

Standing on one leg on a soft surface advancing from a mat to balance board.

N ojubhwnNn -

Standing on one leg, advancing from a mat to balance board and their eyesight is covered.

Table 4: Weight changes through the six weeks for the control group.

Table 5: Weight changes through the six weeks for the study group.

Sex Week1 | Week2 @ Week3 @ Week4 Week5 Week6 Sex Week1 Week2 @ Week3 = Week4 @ Week5 @ Week6
F 101 99.2 98 96.5 96 95 M 70 69 68.4 67.9 67 66.6
M 68.3 67.4 66.8 66 65.8 65.3 M 78.2 77.5 76.9 76 75 74
M 68.3 68 68 67.8 67.2 67 M 59 58.1 57.3 57 56.9 56.8
F 66 65.4 64.1 63 62.5 62 M 52.6 52 51.9 51 50.7 50.4
M 77 76.3 75.2 74.5 74 74.3 F 59.6 58.7 58 57.4 56.9 56
F 70 69.1 68.5 68 67.5 66.8 F 77 76 75.3 741 73 72.5
F 59 58.2 57.7 56.8 56 55.4 M 60 60 59.7 59 58.5 59
F 66 65.5 65 64.5 64.5 64.3 F 75.3 75.9 75.5 74.9 74.3 74
M 75.2 74.9 74 73.8 73 72.5 M 66 65.5 65 64.5 63.7 63
F 59.3 59 58.8 58 58.3 58 M 72.6 71.7 711 70.8 70.2 70
M 71 70.4 69.2 68 67.3 66.1 M 68 68 69 68.5 68 67.5
M 64 63.2 63 62.8 62.9 62.2 F 97.9 96.9 95.5 95 94 93.2
M 64 63.3 62.6 62 61.6 61 F 68.5 67.9 67 66.4 66 65.5
M 70 69.1 68.2 67.3 67 66.4 F 68 67.5 66.2 65.9 66 65.6
F 77 75.4 74.2 73.8 72.2 71 F 82 81 79.2 78 77 76.3
- Multivariate analysis of variance (MANOVA) used to compare the tested Results
major dependent variables of interest (pain and muscle strength) at different
tested groups and measuring periods. Mixed design 2 x 2 MANOVA-test was (Tables 5-11)
used, the first independent variable (between subject factors) was the tested Discussion

groups with 2 levels (control group vs. study group). The second independent
variable (within subject factor) was measuring periods with 2 levels (before-
treatment vs. after-treatment).

- Bonferroni correction test (Post hoc-tests) to compare between pairwise
within and between groups of the tested dependent variables which P-value
was significant from MANOVA test.

- Pearson simple correlation coefficient (Bivariate correlation) was performed
to compute the relations and directions between weight with pain and muscle
strength in both groups.

- Significant level: all statistical analyses were significant at 0.05 level of
probability (P<0.05).

The purpose of the this study was to investigate the effect of strengthening and
neuromuscular training on lower limb muscle strength and musculoskeletal
pain in obese children in order to clarify the significance of physiotherapy
rehabilitation programs as a needed approach during weight loss in obese
children with lower limb musculoskeletal symptoms.

The results of the study revealed that with a combined diet and rehabilitation
program that focused on strength and neuromuscular exercise lasting six
weeks in the study group versus diet only program in the control group,

. There was an improvement in lower limb pain in both groups as a
result of weight loss. However, lower limb pain decreased significantly in the
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Table 6: Comparison mean values of children general characteristics between both groups.

Items Children general characteristics

Age (Year) BMI (kg/m?)
Control group (n=15) 9.33+1.04 34.51 +2.62
Study group (n=15) 9.07 £ 0.96 34.06 £ 2.29
t-value 0.727 0.504
P-value 0.473 0.618
Significance NS NS

Data are expressed as mean + standard deviation (SD); P-value: probability value; NS: non-significant.
This table shows that there was no significant difference in the mean values of children's ages (P>0.05) between the study group and the control group (P= 0.473)

and BMI (P=0.618).

Table 7: Gender distribution between control group and study group.

Items Gender

Boys Girls
Control group (n=15) 8 (53.3%) 7 (46.7%)
Study group (n=15) 8(53.3%) 7 (46.7%)
Chi-square value 0.000
P-value 1.000
P<0.05 NS

Data are expressed as number (percentage); P-value: probability value; NS: non-significant.
This table shows no significant differences (P>0.05) in mean values of gender distribution (P=1.000) between the control group and study group.

Table 8: Meeting the nutritional needs through balancing the macronutrients.

MacronutrientS Before-treatment Treatment
Control group (n=15) Study group (n=15) (For all children)

Protein (%) 15.56 + 3.98 15.12+5.68 30%

Fat (%) 22.40 £10.67 35.82+£11.13 20%

Carbohydrates (%) 57.48 +12.20 45.01 + 15.50 50%

Total calories (kcal/day) 3647.85 + 950.22 3183.77 + 879.39 2000 kcal/day

Data are expressed as mean + standard deviation (SD).
This table shows the difference between macronutrient intake before and during treatment program.

Table 9: Mean values of lower limb muscle group power before and after treatment.

Muscle group (Mean +SD) Control group Study group
Before-treatment After-treatment Before-treatment After-treatment
Knee extensors 6.52 + 1.31 6.36+1.38 6.74 + 1.46 9.64 +2.00
Knee flexors 4.24+0.97 4.16+1.04 4.32+0.98 6.06 £ 1.10
Hip adductors 4.10+0.94 3.97 £1.04 4.20+£0.96 5.14 £ 0.71
Hip abductors 470+ 1.24 4.54+1.31 4.78 £ 1.00 6.48 £ 0.99
Hip extensors 6.24 £ 1.28 6.15+1.34 6.19+1.28 7.72+1.32
Hip flexors 5.62+1.10 5.46 +1.17 5.82+1.21 6.78 £ 0.89
Data are expressed as mean + standard deviation.
Table 10: Comparison between before-and after-treatment within control and study group (time effect).
Muscle group P value Significance
Control group Study group Control group Study group
Knee extensors 0.780 0.0001* NS S
Knee flexors 0.846 0.0001* NS S
Hip adductors 0.709 0.007* NS S
Hip abductors 0.716 0.0001" NS S
Hip extensors 0.846 0.002" NS S
Hip flexors 0.681 0.021* NS S

P-value: probability value; S: significant;*: Significant (P<0.05); NS: non-significant.
This table shows that in control group there was no significant difference in muscle power between before- and after-treatment while in study group, there was
significantly increased muscle power after-treatment compared to before-treatment. Study group improved higher muscle power than control group.
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The gender distribation in contrel group

mBoys

nGirls

The gender distribution in study group

uBoys
u Girls

Figure 3: The gender distribution in the control group and study group.

Table 11: Mixed MANOVA for the effect of treatment on pain score.

VAS (Mean +SD)

Iltems

Control group (n=15)

Study group (n=15)

Before-treatment 5.13+0.83 5.67 £0.97
After-treatment 2.40+0.18 1.20+0.08

Mixed MANOVA (Overall effect)

MANOVA Overall effect F-value P-value Significance
Group effect 6.806 0.021* S
Time effect 184.307 0.0001" S
Interaction (Group x Time) effect 10.682 0.002* S

Comparison between before- and after-treatment within ea

ch group (time effect)

Time effect Control group (n=15) Study group (n=15)
Mean difference (change) 2.73 4.47
Improvement % 53.22% 78.84%

95% Cl 1.98 - 3.48 3.71-5.21
F-value 53.124 141.865
P-value 0.0001" 0.0001"
Significance S S

Comparison between both groups at before- and after-treatment (group effect)

Group effect

Before-treatment

After-treatment

MD (change) 0.54 1.20
95% Cl -0.21-1.28 0.45-1.95
F-value 2.023 10.239
P-value 0.161 0.002"
Significance NS S

Data are expressed as mean + standard deviation; Cl: confidence interval; P-value: probability value; S: significant;": Significant (P<0.05); NS: non-significant
This table shows significant difference (MD=1.20; P=0.002; P<0.05) in the mean + SD values of VAS between control group and study group at after-treatment (2.40
+0.18 and 1.20 + 0.08, respectively). So, the decrease in pain score at post-treatment is greater in the study group (1.20 + 0.08) than control group (2.40 + 0.18).

study group compared to the diet-only group.

. Muscle power had a significant improvement in the study group as
a result of the training program while the diet-only group had no significant
change in their muscle power.

There are several studies concerning the relationship between obesity and
musculoskeletal problems but there is a lack of research concerning the
management of the condition particularly a multidisciplinary one including the
management of weight and musculoskeletal problems together so, our study
focused on treating children with obesity as a whole to gain the best outcomes.

Our study findings supports that weight reduction alone can reduce the lower
limb pain as it decreased in both the study and control group which underwent
weight reduction only.

These findings were also reported by Riddle et al. who suggested that there
is a dose-response link between body weight alterations and pain as well
as function. Alterations in weight of less than 10% of body weight have the
possibility of producing significant changes in function and pain (27).

This supports the fact that weight reduction alone can produce improvementin
pain/discomfort in the lower limbs of obese individuals as a result of unloading
the joint structures, reduced effect of obesity-induced inflammatory cytokines
as well as improved psychological status which reduces the fear of movement.

However, more improvement in pain symptoms was found in the study

group as a result of their adherence to a six-week quadriceps and hip
muscle strength program in addition to neuromuscular exercises which was
primarily concerned with facilitating a controlled lower-extremity alignment
throughout single loading phase. For example, single limb support in walking
stair climbing. These results corroborate the findings of a great deal of the
previous work of Holm et al who found that strength training in addition to
neuromuscular exercise and education had a greater effect on pain sensitivity
and pain intensity in the obese group than neuromuscular exercise and
education alone (28).

The effect of strength training in improving pain/ discomfort was explained
by Jenkinsen, who stated that strength training enhances correcting muscle
weakness deficiencies and knee instability causing pain reduction and enabling
the affected person to perform more activity with less discomfort (29), in
addition to the reduced effect of inflammatory cytokine levels as IL-6 which
accompany exercise training as reported by capuron et al (30).

This finding may be related to strength training's capability to alter the
biomechanical gait patterns, allowing the subject to walk during weight
bearing with slighter pelvic contralateral drop and hip adduction. According to
Horsak et al with more muscle control, participants are better able to preventa
medial knee stress during weight acceptance, control their pelvic motion more
effectively from the front, and keep the pelvis and femur correctly positioned
during the weight loading phase of locomotion, which unloads the joints and
makes movement more comfortable (31).
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This finding is supported by the findings of Messier et al who found both
exercise and dietary management reduce pain intensity, levels of inflammatory
cytokines such IL-6, and body weight more than either treatment by itself (32).

Our findings are consistent with those of Paans et al who found that after 8
months of adherence to an exercise program that included weight loss along
with aerobic and strength training lower limb pain decreased in obese patients
by 25%. This significant reduction in pain may be the result of the prolonged
training time, which suggests that lengthening the training period will result in
greater improvement (33).

This finding emphasizes the remarkable effect of strength training as an
approach that can be added to future obesity management programs for
children who suffer lower limb musculoskeletal symptoms to gain the best
improvement.

Pain improvement can also be attributed to the neuromuscular exercise
program which aimed mainly at regaining joint stability and improving balance
facilitating the healthy patterns of movement which have been inhibited by
pain and sedentary behavior.

This also accords with earlier observations of Ageberg and Roos who suggested
that although it targets sensorimotor deficits and functional instability more
directly than standard strength or aerobic training, neuromuscular exercise
is possible and effective in alleviating discomfort symptoms and enhancing
physical function (34).

Guzman et al also noted that children with excess body weight have better
static and dynamic posture stability after four weeks of neuromuscular
training. From this perspective, it can be argued that physical rehabilitation
programs for this demographic should include neuromuscular training (35).

However, these outcomes are contrary to that of Horsak et al who reported that
a training program that included both strength training and neuromuscular
exercise for obese teenagers had no effect on lower limb discomfort. However,
only healthy adults were included in his sample. Therefore, baseline joint health
was almost equivalent to that of a person of normal weight. Additionally, over
the course of the 12 weeks, reported adherence was only about 57%, which is
a very low percentage (31).

Increased knee valgus angles, wider steps, and muscle dysfunctions are
frequently seen in overweight adolescents and children. They run the danger
of experiencing higher joint stress, pain, and discomfort as a result of their
poor gait patterns and lower extremity misalignments (36).

Numerous studies examining weight loss in obesity are available. However,
there are very few research studies looking at how strength and neuromuscular
training might help alleviate these uncomfortable symptoms. Our goal was
to evaluate a training program that combines strength and neuromuscular
exercises for the lower extremities from pain, muscle strength, and quality of
life perspective.

Our results state that the designed training program was capable of significantly
improving muscle power in the study group while the diet-only group had no
significant change in their muscle power this might be the primary reason why
pain and discomfort significantly improved in the study group in comparison
with the control group.

As a result, the strength training program might be an effective approach for
counteracting the progressive development of the lower limb biomechanical
abnormalities. However, Adherence was relatively poor, which emphasizes the
need to create more appealing programs for this group.

However, this finding comes in contrast to Handrigan et al who reported that
after The weight loss program alone, the increase in relative strength was
22% for obese subjects. However, their strength measurement was taken
after 12-month weight loss program and for different age categories. Future
research should follow up strength and pain measurements through longer
periods of time and for different age categories (37).

These outcomes may potentially develop into effects that are more clinically
relevant when adherence, intensity and duration are higher. Future research
should take these important matters into account. If our findings point in
the right direction, it may be proven that a hip and knee strength training
program might help obese children achieve better results in terms of reducing
musculoskeletal pain and discomfort and building stronger muscles.

From the previous findings It can be concluded that a strengthening and
neuromuscular training program was effective in improving lower limb muscle
strength and musculoskeletal pain in obese children. Therefore, it can be a
valuable addition when managing children who suffer from obesity and lower
limb pain to gain the best outcome

Conclusion

From the results obtained from the current study, there was a statistically
significant difference after treatment between the control group and the study
group in muscle power and pain which was favorable of the study group. The
strengthening and neuromuscular exercise training program was effective
in improving lower limb muscle power and musculoskeletal pain in obese
children.
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