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Abstract: Purposes: To determine the correlation between body mass index (BMI) and static strength (SS) and 

explosive power (EP), and to show the differences in all of them among Egyptian children living in Egypt and 

kingdom of Saudi Arabia (KSA). Subjects and procedures: 110 Egyptian children (10-15 years old) were 

selected from Egypt and KSA schools and classified according to BMI into obese, overweight, and normal 

group. Assessment of SS and EP have done using Hand Grip Strength and Standing Broad Jump tests 

respectively. Results: Significant negative correlations between BMI and EP and positive correlations between 

BMI and SS has found in all groups of Egyptian children in Egypt (EC-Egypt) and in KSA (EC-KSA) (P≤0.01). 

The EP scores were much higher in normal group compared to the overweight and obese children and the SS 

scores were much higher in obese and overweight groups compared to the normal children in both groups of 

EC-Egypt and EC-KSA (P≤0.01). The EP and SS scores were much higher in all groups of EC-Egypt compared 

to the corresponding groups of EC-KSA (P≤0.01) except between obese groups of EC-Egypt and EC-KSA have 

no differences (P>0.05). Conclusion: The overweight and obese Egyptian children who live in Egypt and KSA 

have a decrease in physical performance in activities requiring forward acceleration and antigravity movement 

of the total body weight. In contrast, overweight and obese children showed greater static strength. 

Concentration on non-weight bearing activities during intervention or physical education session is 

recommended with obese children. 

Keywords: Childhood Obesity, Egyptian Children, Hand Grip Strength, Physical Fitness, Standing Broad 

Jump  

 

I. Introduction 
One of the most serious public health defiance of the 21

st
 century is development of obesity during 

Childhood, as it has powerful relationship with other health complications as announced by the World Health 

Organization. 
[1, 2] 

In some developed countries in Middle East, high levels of children obesity have reported. 
[3] 

The expansion of obesity in children may differ from city to another within the same country. 
[4]

 In some 

developed countries, the prevalence of obesity in children developed 2 to 5 times in the last two decades of the 

20th century. 
[5-8]

 In Egypt, the propagation of overweight among children was 31.4% and obesity was 9.3% 

relatively to normal weighted children 56%. 
[9]

 Children obesity may cause metabolic disorders in adulthood. 
[10-

12]
 In the previous study concerning a  comparison between two national surveys 2001 and 2004 

[13]
, it was 

reported that the rates of children obesity were much higher in school age in Egypt that signal a very alarming 

trend, indicating the need to discover strategies to solve childhood obesity problem in Egypt. On the other side, 

the propagation of children obesity developed in Saudi Arabia (KSA) in the period from 1988 to 2005. 
[14] 

Several studies reported that, the overall propagation of childhood obesity in KSA was 11.3% between children 

aged 5 to 18 years, was 12.1% in female children aged 13 to 18 years, and 13.8% in male of the same previous 

age range. 
[15,16]

 Another study reported that, the propagation of children obesity in KSA among female children 

from 14 to 19 years was 14% and 24.1% in male with respect to geographical differences between the cities in 

KSA. 
[17]  

In KSA, many factors as gender, the relative calmness of the surrounding environment, and luxury 

lifestyle including eating habits and physical inactivity may correlated with obesity in school‑aged children. 
[18,19]

 In Addition to the previous factors, unhealthy school canteen meals, fast food, and inadequate physical 

education sessions may develop the obesity rates in KSA. 
[4, 20] 

Obese children are at risk of musculoskeletal 

problems, and dynamic contraction of a group of muscles in a short period of time (i.e. the overall explosive 
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power), which can lead to inclusion of obese children as dependent individuals in the society and more social 

problems to the children, and families, and shortened the lifespan. 
[21]

 

 In the last 20 years, epidemiologists suggested that obesity might increase by either of excessive 

calorie intake or lack of physical fitness. 
[22, 23] 

The musculoskeletal component of physical fitness includes 

intact functioning of the musculoskeletal system. This requires that a group of muscles can generate force (i.e. 

muscle strength) to hold repeated contractions over time or to maintain maximum voluntary contraction for a 

prolonged period of time (i.e. muscular endurance) which represented in this study by hand grip strength test 

(HGS), and perform maximum, dynamic contraction of a group of muscles in a short period of time (i.e. the 

explosive power) which represented in this study by standing broad jump test (SBJ). 
[24-26] 

European physical 

fitness test battery (Eurofit) was used by many researchers to assess the physical fitness 
[27]

 including nine 

physical tests that measure different components of human fitness, one of the most important component is 

musculoskeletal component which includes the static strength that measured by HGS and explosive power that 

measured by SBJ. 
[28, 29] 

This Eurofit is commonly used in Europe and is reliable and valid instrument to 

measure physical fitness in children. 
[27]

  

So we conduct this study to show the differences in static strength (SS) and explosive power (EP) 

among Egyptian children who live in Egypt and who live in KSA and to determine the correlation between body 

mass index (BMI) and SS and EP. It was expected that there were differences between the Egyptian children 

who live in Egypt and who live in KSA due to the difference in the environmental conditions between the two 

countries. There is lack of literature in study of SS and EP among the researchers up to our Knowledge. 

 

II. Material And Methods 
2.1   SUBJECTS  

In this study, 110 Egyptian children aged 10-15 years old were classified into two major groups; group 

one: 51 child randomly selected from Egyptian schools ( which concerning Egyptian children living in Egypt 

(EC-Egypt) and group two: 59 child randomly selected from KSA schools which concerning Egyptian children 

living in KSA (EC-KSA) and both groups were sub classified into three subgroups: normal weight (Egypt: 28 

child, KSA: 33 child), overweight (Egypt: 13 child, KSA: 17 child), and obese (Egypt: 10 child, KSA: 9 child) 

according to international cut off points of Body Mass Index (BMI) for overweight and obese children between 

2 and 18 year by sex. 
[30, 31]

 All children have informed of the experimental hazard and their parents signed a 

consent document and completed a questionnaire concerning the history of their children’s health. The child has 

excluded if he had musculoskeletal impairments, hand or lower extremities injuries, and motor disorder. All the 

children can follow verbal commands included in the test. This study followed the principles of declaration of 

Helsinki. 

 

2.2   PROCEDURES 

The stadiometer (Seca 213, Weighing & Instruments) has used to measure the child’s height in meter to 

the nearest centimeter and the weighing scale (Seca 700, Weighing & Instruments) has used to measure the 

child’s weight in kilogram to the nearest gram. The children have evaluated with light clothes and without 

shoes. The BMI equation = weight/height² was used to calculate the BMI. Tape measurement has used to 

measure the distance in centimeter during SBJ. Digital hand dynamometer (Art. Nr.: 25327, Sport-Tec Physio & 

Fitness, Germany) was used to measure the static strength of hand in kilogram to the nearest gram during HGS. 

The explosive power of lower limb and the static strength of hand have assessed by SBJ test and HGS test 

respectively. Committee of experts on sports research authorized the SBJ test and HGS test. 
[27] 

Many researcher 

reported high validity HGS test and SBJ test to measure static strength of upper limb and explosive power of 

lower limb respectively in children and adolescents. 
[32-40] 

Other researchers reported SBJ and HGS test as a 

reliable tests 
[28,29]

 as interclass correlation coefficients of SBJ were (ICC = 0.913) 
[41]

  (ICC = 0.89) 
[42]

  (ICC = 

0.88) 
[43]

, and interclass correlation coefficients of HGS was (ICC = 0.94) 
[42]

, easy to perform , safe for children, 

understandable and very acceptable and by the children 
[41]

, and non-invasive and requires limited facilities.
[28, 29] 

All children toke preparatory session before the real test. During this session, anthropometric 

measurements were done included height, weight, and BMI with completing a questionnaire concerning the past 

history of child health and signing the consent form. The test started directly after the warming-up exercise. The 

SBJ test and HGS test have demonstrated first and all the children watched a video concerning the application of 

the SBJ and HGS tests to be familiar with them and to decrease the learning effect during the measurement 

session. The preparation session required to increase reliability, as Brewer et al 
[33]

 mentioned that the pretest 

instructions and encouragement is important to improve the reliability of Eurofit battery test in children.  

SBJ and HGS are two tests of the European physical fitness test battery (Eurofit) developed by Legér et 

al 
[29]

 and authorized by committee of experts on sports research 
[27]

 as they considered as a standardized test of 

explosive power of lower limb and the static strength of hand respectively. The SBJ test required simple 

equipment: measuring tape to measure distance jumped, non-slipped floor for takeoff, soft landed area. One 
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starting takeoff line should be marked clearly on the ground. The child stood just behind the takeoff line with 

distance between his feet equal to the distance between his shoulders. The child started to jump with both feet 

together using bilateral arm swing and slight bending of both knees to provide forward drive. The child was 

encouraged to jump as far as possible and landing on both feet without falling backward. The child allowed two 

attempts and the longest distance was calculated. The HGS test required hand dynamometer. The handle of the 

dynamometer has adjusted to the child hand as the dynamometer base rested on the proximal part of metacarpals 

and the dynamometer handle rested on middle phalanges of the four fingers. The child held the dynamometer 

with the dominant hand keeping the elbow joint at 90º flexion and the forearm in mid position between 

supination and pronation. The child has instructed to squeeze the dynamometer with maximum power and hold 

for 5 seconds. The child allowed two attempts and the maximum score has calculated in kilograms to the nearest 

gram.  

     

2.3   STATISTICAL ANALYSIS 

A statistical power Analysis suggested that sample sizes of 50 subjects per group were required to 

achieve 80% power. Data were first analyzed using Shapiro–Wilk test and Levene’s test to test the normality of 

the data and the equality of variances, respectively. The differences in demographic characteristics (Age, 

weight, height, and BMI) in both groups of Egypt and KSA were assessed using unpaired t-tests and Chi-square 

test. 

SBJ, and HGS were two variables that measured in this study.  The mean and standard deviation have 

calculated for each variable in all groups, and the differences between mean values of each variable have 

calculated by using analysis of variance (ANOVA) for each variable in the three groups. The mean differences 

in-between the groups and between variables of EC-Egypt and the same variables of EC-KSA were measured 

using Fisher comparisons. The relationship between BMI and the standing broad jump and handgrip strength in 

all groups were evaluated using Pearson correlation (r). All the data have analyzed using Minitab (Version 17) 

and the statistical significance was set as (P≤ 0.05). 

 

III. Results 
The overweight and obesity percentages in the study were 25.4% in OWG 

Egypt
, 19.6% in OG 

Egypt 
(Fig. 

1), 28.8% in OWG 
KSA

, and 15.3% in OG 
KSA

 (Fig. 2). The present study results reported highly significant 

negative correlations were found between the BMI and the EP in all groups of EC-Egypt and EC-KSA (P≤ 0.01) 

except the obese groups of EC-Egypt and EC-KSA and the overweight group of EC-KSA the correlations were 

negatively significant (P≤ 0.05). Highly significant positive correlations were found between the BMI and the 

SS in all groups of EC-Egypt and EC-KSA (P≤ 0.01) except the obese group of EC-KSA and the overweight 

group of EC-Egypt the correlations were positively significant (P≤ 0.05) (Table 1). The ANOVA reported 

highly significant different scores of EP and SS between the three groups of EC-Egypt and EC-KSA (EP 
Egypt

:  f 

= 160.56, P≤ 0.01) (EP
KSA

: f = 54.29, P≤ 0.01) (SS 
Egypt

:  f = 15.27, P≤ 0.01) (SS
KSA

: f = 33.59, P≤ 0.01) (Table 

2). The statistical results showed non- significant differences between ages and heights in the all groups of EC-

Egypt and EC-KSA (all P> 0.05) (Table 2, Fig. 3). Fisher comparisons showed that the score of EP is much 

higher in normal group of children compared to the overweight and obese children in both groups of EC-Egypt 

and EC-KSA (all P≤ 0.01) and showed that the score of SS is much higher in obese and overweight groups of 

children compared to the normal children in both groups of EC-Egypt and EC-KSA (all P≤ 0.01) except 

between obese and overweight groups, the scores have no significant differences in both groups of EC-Egypt 

and EC-KSA (all P> 0.05) (Table 3, Fig. 3). The statistical analysis showed that the scores of EP and SS were 

much higher in the groups of EC-Egypt compared to the groups of EC-KSA (all P≤ 0.01) except between the 

obese groups of EC-Egypt and EC-KSA have no differences (P> 0.05) (Table 4, Fig. 3). 

 

TABLE 1 Summary of correlations between Explosive Power of lower limb, Static Strength of hand, and body 

mass index in Egyptian children living in Egypt and in Saudi Arabia. 

 
NWG OWG OG 

n r    P N r    p n r    p 

EP  
EGYPT

 
28 

-0.49 0.009* 
13 

-0.68 0.01** 
10 

-0.68 0.03** 

SS 
EGYPT

  0.78 0.00*  0.62 0.02**  0.76 0.01** 

EP  
KSA

 

33 

-0.50 0.003* 

17 

-0.56 0.02** 

9 

-0.71 0.03** 

SS 
KSA 

 

 0.48 0.005*  0.60 0.01**  0.74 0.02** 

EP      = Explosive power of lower limb  

SS      = Static strength of hand   

KSA   = Kingdom of Saudi Arabia  

NWG  = Normal weight group 

OWG = Over weight group  

OG     = Obese group 

n         = Group number 

r         = Pearson correlation 

p   = P- value; 

*   = P≤ 0.01; 

** = P≤ 0.05. 
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TABLE 2 Summary of mean values and analysis of variance of age, height, weight, body mass index, Explosive 

Power of lower limb, and Static Strength of hand in Egyptian children living in Egypt and in Saudi Arabia. 

 
NWG OWG OG ANOVA 

      Mean ± SD         Mean ± SD        Mean ± SD f P 

Age     
EGYPT

 12.8 ± 1.6 12.7 ± 1.4   12.6 ± 1.43 0.09 0.918 

Height 
EGYPT

   1.39 ± 0.08     1.4 ± 0.09 1.39 ± 0.1 0.22 0.806 

Weight 
EGYPT

   35.2 ± 5.45 43.6 ± 6.9    52 ± 8.9 25.84 0.00* 

BMI    
EGYPT

 17.9 ± 0.9 21.67 ± 0.97 26.34 ± 1.21 280.47 0.00* 

EP       
EGYPT

 194.7 ± 13.4   149.5 ± 11.01  125.1 ± 3.14 160.56 0.00* 

SS        
EGYPT 

 

32.46 ± 2.63 37.25 ± 3.95  37.96 ± 4.04 
15.27 0.00* 

Age       
KSA

     13 ± 1.6      13 ± 1.4  12.8 ± 1.3 0.17 0.846 

Height  
KSA

      1.4 ± 0.07     1.4 ± 0.1    1.38 ± 0.08 0.30 0.741 

Weight 
KSA

  36.8 ± 5.7   43.5 ± 7.1  52.6 ± 8.1 22.58 0.00* 

BMI     
KSA

   18.6 ± 1.1   22.5 ± 1.2 27.28 ± 1.3 222.97 0.00* 

EP        
KSA

 168.03 ± 13.9   141.7 ± 11.8 125.6 ± 3.1 54.29 0.00* 

SS        
KSA 

 

  26.91 ± 1.88 33.73 ± 4.9   35.67 ± 5.02 33.59 0.00* 

EP      = Explosive power of lower limb  

SS      = Static strength of hand   

KSA  = Kingdom of Saudi Arabia  

NWG = Normal weight group  

OWG      = Over weight group  

OG         = Obese group  

ANOVA = One way analysis of variance  

SD          = Standard deviation;  

BMI = Body mass index 

f       = F-value  

p      = P- value 

*      = P≤ 0.01 

 

TABLE 3 Summary of Fisher Pairwise comparisons of age, height, weight, body mass index, Explosive Power of 

lower limb, and Static Strength of hand among the three groups of Egyptian children living in Egypt and in 

Saudi Arabia. 

 
NWG vs. OWG NWG vs. OG OWG vs. OG 

MD t P MD t P MD t P 

Age     
  EGYPT

 -0.15 -0.29 0.8 -0.2 -0.36 0.7 -0.05 -0.08 0.93 

Height 
 EGYPT

  0.02  0.66 0.5  0.01  0.15 0.7 -0.01 -0.39 0.7 

Weight
 EGYPT

  8.4  3.81 0.00*  16.9  6.94 0.00*  8.4  3.03 0.00* 

BMI     
EGYPT

  3.7  11.3 0.00*  8.4  23.2 0.00*  4.8  11.3 0.00* 

EP        
EGYPT

 -45.3 -11.7 0.00* -69.6 -16.4 0.00* -24.4 -5.02 0.00* 

SS   
 
     

EGYPT 

 

 4.8  4.33 0.00*  5.5  4.5 0.00*  0.7  0.52 0.609 

Age     
  KSA

  0.04  0.1 0.92 -0.3 -0.52 0.60 -0.34 -0.55 0.59 

Height
  KSA

 -0.02 -0.65 0.52 -0.02 -0.58 0.56 -0.002 -0.06 0.95 

Weight
 KSA

  6.77  3.5 0.00*  15.8  6.47 0.00*  9  3.37 0.00* 

BMI     
KSA

  3.9  11.5 0.00*  8.7  20.2 0.00*  4.8  10.1 0.00* 

EP    
  
 
KSA

 -26.3 -7.19 0.00* -42.5 -9.2 0.00* -16.2 -3.19 0.00* 

SS   
   KSA 

 

 6.8  6.47 0.00*  8.8  6.6 0.00*  1.94  1.33 0.189 

EP     = Explosive power of lower limb  

SS   = Static strength of hand   

KSA  = Kingdom of Saudi Arabia  

NWG = normal weight group 

OWG  = over weight group  

OG     = obese group 

t          = T- value 

MD  = mean difference 

p      = P- value 

*      = P≤ 0.01 

 

TABLE 4 Summary of Fisher Pairwise comparisons between age, height, weight, body mass index, Explosive 

Power of lower limb, and Static Strength of hand variables of Egyptian children living in Egypt and the same 

variables of Egyptian children living in Saudi Arabia. 

 
      NWG 

EGY vs. KSA
      OWG 

EGY vs. KSA
         OG 

EGY vs. KSA
 

MD t P MD t P MD t P 

Age  0.21  0.18 0.86  0.4  0.25 0.81  0.12  0.08 0.94 

Height  0.01  0.01 0.99 -0.03 -0.02 0.98 -0.01 -0.01 0.99 

Weight  1.65  1.41 0.16 -0.01 -0.01 0.99  0.58  0.37 0.71 

BMI  0.64  0.54 0.59  0.85  0.52 0.61  0.94  0.60 0.55 
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EP  -26.7 -22.7 0.00* -7.76 -4.7 0.00*  0.46  0.29 0.77 

SS 

 

-5.55 -4.7 0.00* -3.52 -2.2 0.03** -2.29 -1.47 0.14 

EP     = Explosive power of lower limb  

SS   = Static strength of hand   

EGY = Egypt 

KSA = Kingdom of Saudi Arabia 

NWG = Normal weight group 

OWG = Over weight group  

OG    = Obese group  

t         = T- value  

MD = Mean difference  

p     = P- value  

*     = P≤ 0.01 

**   = P≤ 0.05 

 

 

 

 
FIGURE 1 Percentage of normal, overweight, and obese 

children among Egyptian children living in Egypt 
 FIGURE 2 Percentage of normal, overweight, and obese 

children among Egyptian children living in KSA 

 

 
 

IV. Discussion 
The aim of this study were to determine the correlation between body mass index (BMI) and static 

strength (SS) and explosive power (EP), and to show the SS and EP differences in Egyptian children living in 

Egypt and kingdom of Saudi Arabia (KSA). The overweight and obesity percentages in the our study were 

25.4% in OWG 
Egypt

, 19.6% in OG 
Egypt

, 28.8% in OWG 
KSA

, and 15.3% in OG 
KSA

. These percentages were 

nearly similar to those reported by Taru et al 
[9]

 that the overweight children percentage in Egypt was 31.41%. 

Many previous researchers used the same percentage 
[44 - 47]

 among schoolchildren from Greece. Our results 

reported significant negative correlations between BMI and EP and positive correlations between BMI and SS 

were present in all groups of EC-Egypt and EC-KSA (P≤ 0.01). The EP scores were much higher in normal 

children compared to the overweight and obese children and the SS scores were much higher in obese and 

overweight children compared to the normal one in EC-Egypt and EC-KSA (P≤ 0.01). These results came in 

agreement with other studies that reported a relation between components of physical fitness and BMI in 

children.
 [48–55]  

It has reported that overweight and obese children showed a lower explosive power and higher 

static strength than normal children did.
 [49, 56–58] 

Several defenses may clarify the deterioration of explosive 

power in obese and overweight children. First, low level of care about the physical education programs in the 

schools especially the activities required antigravity movement or those required forward acceleration as it is 

important to improve the physical fitness. A previous study reported that the children spent more time in 

physical education program had higher physical fitness than those who spent less time.
[59-60]  

Second, Sedentary 

behaviors may also cause deterioration of  explosive power in obese and overweight children, as Mitchell et al 
[61]

 reported that sedentary behaviors is negatively related to fatness among children.
 
It has reported by 

Gordonlarsen et al 
[63]

 that sedentary life style increase from childhood to adolescence.
 [62] 

Some factors may 

cause coronary heart disease as low explosive power, childhood fatness, and sedentary behaviors. 
[64] 

This 

explained by the fact that low antigravity activity levels decrease the oxidation capacity of muscular fat, which 

in turn reduce the tolerance of fat intake and develop body fatness. 
[65-66] 

Third defense, Fear of poor 



Effect of Obesity on Static Strength and Explosive Power Among Egyptian Children Living In Egypt .. 

DOI: 10.9790/1959-0603073946                                    www.iosrjournals.org                                          44 | Page 

performance may explain the negative relationship between EP and BMI, as reported previously that obese 

children might refuse to share in physical exercise because of apprehension of stigmatization and bad 

performance that develop overweight/obese status.
 [67]

 This may highlight the need for psychological support to 

encourage participation of obese children in activities. Another defense that may clarify the progression of static 

strength in obese and overweight children is pubertal stage of the children. Kaplowitz et al 
[68]

 reported that 

obese children and adolescents being advance in maturation and the variations in performance on the fitness 

tests between obese and normal children affected by variations in maturation. Biological maturation is positively 

correlated with static strength and negatively correlated with performances in activities required the children act 

against their own body mass. 
[69]

 

In our study, the EP and SS scores were much higher in all groups of EC-Egypt compared to the 

corresponding groups of EC-KSA (P≤ 0.01) except between obese groups of EC-Egypt and EC-KSA have no 

differences (P> 0.05). There was no explanation for that exception of the results of obese groups of EC-Egypt 

and EC-KSA and it may be a point of interest to be studied in the future. The other groups result can be 

explained as the Egyptian children sample living in KSA may spent enough time in KSA, so the environmental, 

economic, and social effects were sufficient to change the EP and SS scores. The effects that include the 

sedentary behavior, socioeconomic status, family, and local society may affect the physical fitness.
 [22]

 It has 

reported previously that the socioeconomic status of Saudi children improved after discovery of petrol in KSA.
 

[70]
 As a result of changes in socioeconomic status, most Saudi children are playing less in open fields, playing 

video games, and watching television for prolonged time.
 [4, 18]

 From the previous reports, the Egyptian children 

who have spent a lot of time living in KSA may upgrade their socioeconomic status as Saudi children and act 

like them in sedentary behaviors. 

 

V. Conclusion 
This study concluded that BMI correlate negatively with EP and positively with SS, the normal and 

overweighed EC-Egypt have much higher static strength and explosive power than EC-KSA with exception of 

obese children, and finally concluded that as the weight increased, the static strength increased and the explosive 

power decreased. This study demonstrated that overweight and obese Egyptian children living in Egypt and 

KSA have decreased physical performance in activities requiring forward acceleration and antigravity 

movement of the total body weight. In contrast, overweight and obese children showed greater static strength. 

Based on these research results and previous reports in the literature, we recommend decrease the intensity of 

weight-bearing activities at the beginning of an intervention or physical education session for obese children and 

high concentration on non-weight-bearing activities especially those relying on static strength. Weight control 

exercise and physical fitness programs are needed to increase the effectiveness of the therapeutic and physical 

education programs. 

The present study had one limitation that may interfere with the clear explanations of the difference 

between EC-Egypt and EC-KSA in the EP and SS scores. The pubertal stage of the children has not assessed in 

this study. As maturity may affect the muscle development, the mature children can perform better in static and 

explosive power than immature children. 
[71]

 Self-maturity questionnaires could be used as a valid tool to assess 

the maturity in the future studies. 
[72, 73] 

Two points powered the study. First, the study was the first to assess the 

effect of BMI on static and explosive power among Egyptian children. Second, the study was the first to 

compare the physical fitness between two groups of children living in different Arabian countries. 
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