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Abstract 

Background: The prevalence of obesity in the world has increased dramatically, and it is an effective factor in the fundamental motor 
skills of children.  
Objectives: This study aimed to compare the fundamental motor skills of 3-6-year-old boys and girls with normal weight, overweight, 
and obesity in Tehran, Iran. 
Methods: This applied-field study was conducted on 774 children (378 girls and 396 boys) with an age range from 3 to 6 years. The 
subjects were selected randomly from the geographical regions of the north, east, south, west, and center of Tehran, Iran. They were then 
divided into three groups of normal weight, overweight, and obese based on the body mass index (BMI) value points of the Bouchard 
table. Height, weight, fat percentage, and fundamental motor skills (e.g., balance, jumping, receiving and throwing the ball) were assessed 
in this study. Finally, Kruskal-Wallis and Mann-Whitney U tests were used to analyze the data through SPSS software (version 25). 
Results: The results showed that the distribution of normal weight, overweight, and obesity does not affect the balance skill of 3-6-year-
old girls and boys (P=0.632; P=0.555). However, the girls showed more significant competence in the balance skill, compared to boys 
(P=0.025). On the other hand, boys outperformed significantly the girls in the other fundamental motor skills, including jumping, as well 
as receiving and throwing the ball (P=0.000). Moreover, the distribution of normal weight, overweight, and obesity was only effective in 
scores of boys (P=0.039; P=0.007; P=0.001) and did not affect those of girls (P=0.103; P=0.189; P=0.693). 
Conclusion: Normal weight, overweight, and obesity did not affect the balance of girls and boys aged 3 to 6 years. However, they had 
effects on fundamental motor skills, such as jumping, as well as throwing and receiving the ball, especially in boys. 
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1. Background 

Children are the future adults of society. This has 
caused an increase in numerous strategies to reduce 
disease and mortality, as well as develop the health of 
this group of age in society (1). Since several decades 
ago, obesity has been one of the most critical 
problems that affect children and adolescents (1). In 
this regard, studies have reported the prevalence of 
overweight or obesity in 40 million children under 
the age of 5 years and more than 330 million people 
aged 5-19 years (2).  

Obesity refers to an extremely high accumulation 
of fat in the body, which causes an increase in health 
problems, such as related morbidity and mortality 
worldwide (3). Studies have reported that most 
obese children will become obese adults in the future 
and are at risk for chronic diseases, such as 
hyperinsulinemia, hypertension, chronic 
inflammation, and orthopedic problems. On the other 
hand, these people are often considered 
psychologically and socially unhealthy, academically 
unsuccessful, and socially disabled (1, 4).  

Therefore, it seems that childhood should be 
considered an essential period to prevent diseases 
and complications of physical inactivity and obesity 
in the later times of life. Finally, the inappropriate 
lifestyle of children and adolescents, especially 

inactivity, is a big threat to the health of this 
vulnerable group. Furthermore, it puts society at risk 
of epidemics of non-communicable diseases, such as 
cardiovascular disease, diabetes, osteoporosis, heart 
attack, hypertension, psychological disorders, and 
even some cancers (5). Moreover, since a sedentary 
lifestyle reduces energy consumption and promotes 
overweight and obesity, most of the interventions 
perform to prevent obesity are in the field of diet and 
physical activity.  

In most investigations, body mass index (BMI) is 
an index of body structure assessment (5). Although 
in addition to BMI, there are many other methods for 
measuring obesity, such as the measurement of the 
waist-to-hip ratio and body fat percentage (6), the 
assessment of BMI is the first step in determining 
obesity (6). BMI is an applied index to show 
acceptable results and is strongly related to body fat 
percentage. Additionally, it refers to the deviation of 
weight by the square of stature (7). It has also been 
shown to be related to physical activity, fundamental 
motor skills, health, and body composition (8). For 
instance, it has been shown that optimal body 
composition and physical activity increase 
fundamental motor skills in children, and physically 
active students also have more object control skills 
than sedentary peers. Fundamental motor skills are 
the elements of more advanced and complex 
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movements. They consist of movements, such as 
running, jumping, and object control skills (e.g., 
receiving and throwing), as well as stability skills 
(e.g., balance) (8). Human motor development has 
been divided into four periods: reflex movements, 
introductory movements, fundamental movements, 
and specialized movements. In the third period, the 
skill movements, manipulation, and stability or 
balance of children are more advanced. The child 
uses skills, such as running and jumping, instead of 
walking. In addition to grabbing and releasing, the kid 
can perform skills, such as hitting, throwing, and 
receiving. Balance has also been developed to the 
point where it can roll over or maintain balance on 
one leg since the fundamental movements in the 
fourth period are gradually refined for use in daily 
life, as well as recreational and sports activities (9). 
Fundamental motor skills do not develop naturally 
over time and must be under training. As a result, 
when combined with mastery, they become more 
complex skills that allow kids to be active in a variety 
of activities.  

 

2. Objectives 

Therefore, it can be assumed that any increase in 
physical activity will be associated with an increase in 
fitness-dependent health (8). Since fundamental 
motor skills are among the most important goals in 
the study of developmental disorders and the 
physical health of children, and due to the 
relationship between body composition and 
fundamental motor skills, this study aimed to 
compare the fundamental motor skills of 3-6-year-old 
children with normal weight, overweight, and obesity 
in Tehran, Iran. 

 

3. Methods 

Subjects 
The statistical population of this study included all 

3-6-year-old girls and boys who were enrolled in the 
kindergartens of Tehran. In total, 774 children aged 3 
to 6 years, including 378 girls and 396 boys, were 
selected randomly using the cluster-stratified method 
from 10% of Tehran kindergartens (from the 
geographical regions of the north, east, south, west, 
and center of Tehran) based on the Morgan table. 

 
Procedures 

First of all, the stature, weight, and fat percentage 
of children were measured, and their BMI was 
calculated. Following that, they were divided into 
three groups of normal weight, overweight, and 
obesity based on the BMI value points of the 
Bouchard table (10). Afterward, fundamental motor 
skills, including balance, jumping, as well as receiving 
and throwing the ball were measured.  

 

Measurement of variables 
All participants' stature (cm) and weight (kg) 

were measured for calculating their BMI. Two 
anatomical sites were measured for skinfold 
thickness using calipers to estimate body fat 
percentage, and a related equation was used (4). The 
test of standing on one foot was used to determine 
the balance skill, and the time of balance maintenance 
was recorded as a score of balance skill. Moreover, 
the throwing test used in this study was the type of 
throwing the ball at a horizontal distance. The 
children were throwing the ball three times. The 
mean distance of the ball from the starting line was 
considered a record. In addition, to receive the ball, 
the examiner threw the ball so that the ball was 
landing just above the chest of the children. This 
operation was also performed five times with an 
interval of five seconds in stages 1, 2, and 3 meters. 
The maximum score in each stage was 5, for a total of 
15. The children were also placed behind the line to 
perform the jump test. The distance between the legs 
was 5 to 10 cm. The child was bending the knees first 
and could perform the fluctuation of arms. Jumping 
was starting simultaneously with the opening of 
knees and fluctuation of hands forward. The subjects 
performed jumping three times. The mean distance of 
jumping from behind of jumping line to the region of 
foot contact on earth was recorded as a score. 

 
Statistical analysis 

The data were presented as mean±SD. The 
Kolmogorov-Simonov test determined the normality 
of data distribution. Furthermore, Kruskal Wallis and 
Mann Whitney tests were used to examine the 
differences of variables among three groups of 
normal weight, overweight, and obese using SPSS 
software (version 25). 

 

4. Results 

In this study, there were 378 girls and 396 boys. 
Based on the results of the frequency percentage of 
children in the category of body composition, the 
highest frequency percentage was assigned to the 
normal body composition category. This result is 
shown in Table 1. However, the percentage of 
overweight children was higher than that of obese 
children in both groups of girls and boys. In addition, 
a small percentage of children were in the 
underweight group. As a result, this group was 
excluded from the analysis. The results also showed 
the impact of these groups on fundamental motor 
skills outcomes. The distribution of normal weight, 
overweight, and obesity did not make a significant 
difference in the balance skill of girls and boys 
(P>0.05). However, in general, the balance was better 
in girls than in boys (P≤0.05). In addition, boys' 
jumping, throwing, and receiving skills were better 
than those of girls (P≤0.05). The distribution of 
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normal weight, overweight, and obesity in boys had only a significant effect on the results of these three 
 

Table 1. Distribution of 3-6-year-old boys and girls in obese, overweight, and normal weight groups based on BMI according to 
Bouchard table, Tehran, Iran 

Gender Underweight Normal Overweight Obese 
Boy %2.5 %76.3 %11.5 %9.7 
Girl %1.9 %80.2 %9.2 %8.3 

 
Table 2. Descriptive results (mean± SD) and between-group differences of anthropometric variables of boys and girls separately 

and in general between 3-6-year-old boys and girls, Tehran, Iran 
Boys Girls 

Group Normal 
Overweig

ht 
Obese Total P Normal 

Overweig
ht 

Obese Total P P 

Height 
(cm) 

109.26±
8.86 

111.57±7.
37 

115.89±12.
28 

110.09±8.
56 

0.00
0$ 

110.7±7.
84 

110.34±8.
07 

113.22±7.
76 

107.96±8.
08 

0.00
0¥ 

0.00
1* 

Weight 
(kg) 

17.92±3
.08 

22.36±3.1
9 

30.46±9.27 
19.53±5.7

2 
0.00

0$ 
17.07±2.

87 
21.93±3.1

1 
26.93±4.4

9 
19.53±5.7

2 
0.00

0¥ 
0.00

1* 
BMI 
(kg/m2) 

14.92±1
.19 

17.88±0.6
3 

22.43±5 
15.90±3.0

9 
0.00

0$ 
14.76±1.

18 
17.93±0.5

6 
20.88±1.7

7 
15.51±2.2

6 
0.00

0¥ 
0.09

1 
Fat 
(%) 

19.79±2
.97 

22.62±4.1
7 

28.48±9.25 
20.89±4.9

4 
0.00

0$ 
21.04±2.

51 
23.73±3.5

2 
29.04±5.6

1 
21.95±3.7

5 
0.00

0¥ 
0.00

0* 
 $ . Significance differences in anthropometric variables between groups of boys through the Kruskal-Wallis test at a significant level P≤0.05 
¥. Significance differences in anthropometric variables between groups of girls through the Kruskal-Wallis test at a significant level P≤0.05 
* . Significance differences in anthropometric variables between groups of girls and boys through the Mann-Whitney U test at a significant 
level P≤0.05 

 

Table 3. Descriptive results (mean± SD) and between-group differences of fundamental motor skills variables of boys and girls 
separately and in general between 3-6-year-old boys and girls, Tehran, Iran 

Boys Girls 

Group Normal Overweight Obese Total P Normal 
Overweig

ht 
Obese Total P P 

Balance 
(s) 

6.62±5.
04 

6.52±7.71 
8.06±6

.58 
6.73±5.54 

0.55
1 

7.63±5.52 6.21±3.89 7±5.63 7.43±5.38 
0.63

2 
0.02

5* 
Jumping 
(cm) 

66.5±23
.76 

70.23±25.29 
77.05±
21.05 

67.87±24.
22 

0.03
9$ 

58.19±22.
17 

65.81±20.
93 

67.65±29.
61 

59.71±23.
06 

0.10
3 

0.00
0* 

Ball 
Throwing 
(m) 

2.17±0.
68 

2.43±0.59 
2.54±0

.60 
2.23±0.68 

0.00
1$ 

1.93±0.62 2.03±0.61 2.19±0.73 1.96±0.64 
0.18

9 
0.00

0* 

Ball 
Receiving 
(n) 

12.84±3
.06 

13.42±2.70 
14.34±

1.12 
13.45±6.3

6 
0.00

7$ 
12.32±3.2

7 
12.38±2.8

3 
13.13±2.7

2 
12.38±3.1

9 
0.69

3 
0.00

0* 

$ . Significance differences in fundamental motor skill variables between groups of boys through the Kruskal-Wallis test at a significant level 
P≤0.05 
* . Significance differences in fundamental motor skill variables between groups of girls and boys through the Mann-Whitney U test at a 
significant level P≤0.05  

 

skills (P≤0.05). However, body composition grouping 
in girls had no significant effects on these three skills 
(P>0.05). The results of anthropometric characteristics 

and fundamental skills are shown in Tables 2 and 3 
and Figures 1 to 4, respectively. 
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Fig 1. Between-group differences in balance maintenance time 

among girls and boys 
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Fig 2. Between-group differences in jumping among girls and boys 
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Fig 3. Between-group differences in ball throwing among girls 

and boys 
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Fig 4. Between-group differences in ball receiving among 

girls and boys 

 

5. Discussion 

The present study determined the effects of 
different BMI states, including normal, overweight, 
and obesity on the fundamental motor skills (e.g., 
balance, jumping, ball throwing, and ball receiving) 
among 3-6-year-old children in Tehran, Iran. The 
results showed that BMI state affected balance skills 
neither in boys nor girls. However, the balance scores 
of girls were better than those of boys significantly. 
This is probably due to the negative relationship of 
stature, and especially, the height of legs with balance 
skills (11). In addition, since the girls are shorter and 
have shorter legs, and their center of gravity is closer 
to earth, they received higher scores on the balance 
test, compared to boys (11).  

Furthermore, although the effects of different BMI 
states on balance performance were not significant, a 
descriptive comparison of the means showed that the 
balance scores in obese 3-6-year-old boys had been 
higher than those in boys with overweight and 
normal weight. The mean balance score of obese 3-6-
year-old girls was also higher than that of overweight 
girls. These results were similar to the findings of the 
study by Sabzevari et al. (2020). 

In that study, obese children had better balance 
than overweight children, and overweight children 
obtained better balance scores than normal-weight 
children (12). Additionally, the observed results were 
inconsistent with the findings of a study by Badami et 
al. (2014). In their results, balance and ball skills 
were better in normal-weight children than in 
overweight children, and they were better in 
overweight children, compared to obese children (9). 
However, these results were consistent with the 
results of 3-6-year-old girls in our study.  

Because in the present study, despite the lack of 
significant differences, it was shown that the mean 
balance score in 3-6-year-old girls with normal 
weight was higher than that in obese children, but 
obese children obtained better balance scores, 
compared to overweight children. A possible 
justification for these results is probably the direct 
relationship of BMI and body size with the point of a 

support level. Because as it is known, increasing the 
level of reliance is associated with increasing balance, 
and vice versa, reducing the dimensions of the body, 
and the level of reliance is associated with decreasing 
balance (11). Regarding the jumping variable, the 
results of the present study showed the superiority of 
boys, compared to girls. Moreover, the distribution of 
normal weight, overweight, and obesity only in boys 
had a significant effect on the results of this skill so 
there was an upward trend in the weight distribution 
classes.  

That means an increase in BMI was accompanied 
by a significant increase in jumping. However, in girls, 
although the increase in mean jumping scores was 
seen as inconsistent with the increase in BMI, it did 
not make a significant difference. In general, boys had 
much higher jumping scores than girls. This result 
was consistent with the results of a study by Sabzi et 
al. (2015), which emphasized the significant 
difference between girls and boys in fundamental 
motor skills (13). In their study, the results also 
showed that the scores of physical fitness and 
fundamental skills of boys were higher than those of 
girls (13). To justify these results, it can be said that 
the jumping record shows the amount of power of 
people, and power is the product of strength or 
maximum muscle force in speed, and its strength 
component is related to the amount of weight and 
BMI (11).  

This issue was also shown in the results of the 
present study and the mean of jumping increased 
with increasing weight and BMI in girls and boys. 
Furthermore, since boys had more weight and BMI 
and less fat than girls, they probably had more lean 
body mass (lean weight) than girls, which in turn 
increased their muscle strength and power. They had 
also better jumping performance, compared to girls. 
This result was consistent with the results of a study 
by Sartorio et al. (2004), which showed that the leg 
strength of men was higher in comparison with 
women because they had higher BMI (14).  

Furthermore, the results of the present study 
about the skills of throwing and receiving the ball 
showed the effect of the increase in BMI on the 
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superiority of the results in both boys and girls. These 
results were inconsistent with the findings of the 
investigation by Antunes (2015). They showed that 
children with normal weight were significantly better 
than their obese peers at motor coordination (15). 
While Chen et al. (2016) in their study have 
emphasized that boys had better handling skills, 
including throwing and receiving the ball in 
comparison with girls (16), which was consistent 
with the results of the present study.  

In addition, Mak et al. (2010) have shown better 
performance of boys in the sit-up and running tests 
(17). Along the same line, Bolger et al. (2019) have 
observed better performance of boys in fundamental 
skills and manipulation (18). In another study, 
Tofighi et al. (2012) have also shown better results in 
cardiorespiratory fitness, muscular endurance, and 
agility in boys (19). In total, the results of the above 
studies were consistent with the results of the 
present study. Based on these studies, the results of 
the present study can also be justified considering the 
fact that boys are probably superior due to their 
greater weight and BMI and less fat, which indicates 
their greater net BMI. As previous studies have 
shown, boys are better than girls in tasks that require 
strength and speed, such as jumping, throwing, and 
running (20).  

In justifying the inconsistency of the results of this 
study with the results of some studies that have 
shown a negative relationship between BMI and 
fundamental motor skills, it can be said that reaching 
the last stage of development of fundamental motor 
skills is not affected by obesity and is more related to 
learning (21). In fact, by learning the correct patterns 
of fundamental motor skills, experience is gained. 
While this learning did not exist in this study, this 
case is regarded as a limitation of this study. Another 
reason that could be referred to these children is that 
they had not reached school age and had not 
participated in physical education classes. On the 
other hand, although in the present study, better 
results were obtained from the performance of 
children with more body mass, overweight and obese 
children are always ridiculed and excluded from the 
group. They also face many hardships, including 
discrimination and exclusion from society. On the 
other hand, obese children avoid being in public to 
avoid being ridiculed, and often become isolated and 
take refuge at home. In addition, they have fewer 
friends, participate in fewer group games, and finally 
spend more time in inactivity (22). These cases have 
a devastating effect on the future of these children in 
the mental and physical fields. Accordingly, it is 
recommended that children in these age groups 
participate more in physical activity and exercise. 

 

6. Conclusion 

In general, normal weight, overweight, and 

obesity had no effects on the balance scores of girls 
and boys aged 3 to 6 years. However, it affected the 
fundamental motor skills of jumping, ball throwing, 
and ball receiving, especially in boys. 

 

Acknowledgments 

The authors would like to appreciate all those 
who participated in the data collection and all 
children who participated in this study and their 
parents, as well as educators of kindergartens. 

 

Conflicts of interest  

There is no conflict of interest. 

 
References 

1. Engin A. The definition and prevalence of obesity and 
metabolic syndrome. Obesity and lipotoxicity. 2017:1-7. doi: 
10.1007/978-3-319-48382-5-1. 

2. Di Cesare M, Sorić M, Bovet P, Miranda JJ, Bhutta Z, Stevens GA, 
et al. The epidemiological burden of obesity in childhood: a 
worldwide epidemic requiring urgent action. BMC Med. 
2019;17(1):212. doi: 10.1186/s12916-019-1449-8. [PubMed: 
31760948].  

3. Aggarwal B, Jain V. Obesity in children: definition, etiology and 
approach. Indian J Pediatr. 2018;85(6):463-71. doi: 
10.1007/s12098-017-2531-x. [PubMed: 29177599]. 

4. Gaeini A, Kashef M, Samadi A, Fallahi A. Prevalence of 
underweight, overweight and obesity in preschool children of 
Tehran, Iran. J Res Med Sci. 2011;16(6):821-7. [PubMed: 
22091313]. 

5. Bastam D, Vazirinejad R, Sharifnia G, Rezaeian M, Ahmadinia H. 
Gender Modify the Effect of Birth Weight on Later Obesity Risk 
among Primary School Pupils: A Community-Based Case-
Control Study. Inter J Pediatr. 2021;9(7):13925-36. doi: 
10.22038/ijp.2020.51337.4081. 

6. Tabatabaei Molazi O, Larigani B. A review of the prevalence of 
obesity and its management in Iran. Iran J Diabet Metabolism. 
2013;12(5):357-74. 

7. Hajirostamlo H, Amirtash A, safania A. The Effect of Combining 
Physical Education Lesson with Mathematics on Learning 
Basic Skills of Students. JIERA. 2020;14:9-25. 

8. Behan S, Belton S, Peers C, O’Connor NE, Issartel J. Exploring 
the relationships between fundamental movement skills and 
health related fitness components in children. Eur J Sport Sci. 
2020;22(2):171-81. doi: 10.1080/17461391.2020.1847201. 
[PubMed: 33151804]. 

9. Badami R, Nezakatalhosseini M, Rajabi F, Jafari M. The effect of 
body mass index on fundamental motor skills in six-year-old 
children of Isfahan city. J Sport Mot Dev Learn. 2014;6(3):397-
414. 

10. Malina RM, Bouchard C, Bar-Or O. Growth, maturation, and 
physical activity. Human kinetics; 2004. 

11. Alonso AC, Luna NM, Mochizuki L, Barbieri F, Santos S, Greve 
JM. The influence of anthropometric factors on postural 
balance: the relationship between body composition and 
posturographic measurements in young adults. Clinics. 
2012;67:1433-41. doi: 10.6061/clinics/2012(12)14. [PubMed: 
23295598]. 

12. Sabzevari H, Shahrzad N, Bahram A. Comparison of Motor 
Competence in Obese, Overweight, and Normal Primary School 
Children in Tehran. Sci J Rehabil Med. 2020;9(1):114-22. 

13. Sabzi AH. Comparison of Components of Physical Fitness, 
Motor Skills, and Perceived Physical in obese and Non-obese 
children. J Child Ment Health. 2019;5(4):169-81. 

14. Sartorio A, Proietti M, Marinone P, Agosti F, Adorni F, 
Lafortuna C. Influence of gender, age and BMI on lower limb 
muscular power output in a large population of obese men and 

http://razavijournal.com/
https://doi.org/10.1007/978-3-319-48382-5_1
https://doi.org/10.1186/s12916-019-1449-8
https://pubmed.ncbi.nlm.nih.gov/31760948/
https://doi.org/10.1007/s12098-017-2531-x
https://pubmed.ncbi.nlm.nih.gov/29177599/
https://pubmed.ncbi.nlm.nih.gov/22091313/
https://doi.org/10.22038/ijp.2020.51337.4081
https://doi.org/10.1080/17461391.2020.1847201
https://pubmed.ncbi.nlm.nih.gov/33151804/
https://doi.org/10.6061%2Fclinics%2F2012(12)14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3521807/


Zare Karizak S et al. 

 

36                                                                                                                                                                                         Razavi Int J Med. 2023; 11(2): e1232. 

women. Int J Obes Relat Metab Disord. 2004;28(1):91-8. doi: 
10.1038/sj.ijo.0802433. [PubMed: 14710170]. 

15. Antunes AM, Maia JA, Stasinopoulos MD, Gouveia ÉR, Thomis 
MA, Lefevre JA, et al. Gross motor coordination and weight 
status of P ortuguese children aged 6–14 years. Am J Hum Biol. 
2015;27(5):681-9. doi: 10.1002/ajhb.22715. 
[PubMed:25820912]. 

16. Chen W, Mason S, Hammond-Bennett A, Zalmout S. 
Manipulative skill competency and health-related physical 
fitness in elementary school students. J Sport Health Sci. 
2016;5(4):491-9. doi: 10.1016/j.jshs.2015.03.007. [PubMed: 
30356546]. 

17. Mak K-K, Ho S-Y, Lo W-S, Thomas GN, McManus AM, Day JR, et 
al. Health-related physical fitness and weight status in Hong 
Kong adolescents. BMC Public Health. 2010;10(1):1-5. doi: 
10.1186/1471-2458-10-88. [PubMed: 20178615]. 

18. Bolger LE, Bolger LA, O’Neill C, Coughlan E, O’Brien W, Lacey S, 
et al. Accuracy of children’s perceived skill competence and its 
association with physical activity. J Phys Act Health. 
2019;16(1):29-36. doi: 10.1123/jpah.2017-0371. [PubMed: 
30518294]. 

19. Tofighi A, Tartibian B, Tolouei Azar J. Effects of gender and 
body composition on body fitness factors in students aged 17 
to 19 years using the ffmi-fmi regression model. Stud Med Sci. 
2012;23(4):381-7. 

20. Haywood KM, Getchell N. Life span motor development: 
Human kinetics; 2019. 

21. Cleland Donnelly FE, Mueller SS. The learning connection: the 
role of movement-skill learning in teaching developmental 
games. J Phys Educ Recreat  Dance. 2018;89(5):30-6. 

22. Niehoff V. Childhood obesity: A call to action. Bariatr Nurs Surg 
Patient Care. 2009;4(1):17-23. doi: 10.1089/bar.2009.9996. 

 

http://razavijournal.com/
https://doi.org/10.1038/sj.ijo.0802433
https://pubmed.ncbi.nlm.nih.gov/14710170/
https://doi.org/10.1002/ajhb.22715
https://pubmed.ncbi.nlm.nih.gov/25820912/
https://doi.org/10.1016/j.jshs.2015.03.007
https://pubmed.ncbi.nlm.nih.gov/30356546/
https://doi.org/10.1186/1471-2458-10-88
https://pubmed.ncbi.nlm.nih.gov/20178615/
https://doi.org/10.1123/jpah.2017-0371
https://pubmed.ncbi.nlm.nih.gov/30518294/
https://doi.org/10.1089/bar.2009.9996

