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Introduction

Delayed onset muscle soreness (DOMS) is called muscle soreness 
caused by unfamiliar exercise or high-intensity and intense exercise 
[1]. In addition, it has been presented that eccentric muscle activity 
causes DOMS [2], and Hiruma et al. [3] present that DOMS is not 
expressed by resistance training with 50% of one repetition maximum 
(1RM) and slow eccentric muscle activity. DOMS is accompanied 
by muscle damage [4], pain, muscle weakness, decreased range of 
motion, edema, increased activity of creatine kinase activity (CK) and 
glutamine [5]. These physical damages may cause various symptoms 
of injuries. These symptoms are used as indirect indicators of DOMS. 
It has been presented that the peak of pain is 24-48 hours, the peak 
of CK is 48-72 hours later, and almost all symptoms disappear after 7 
days [6].

Physical activity in children is important for promoting healthy 
growth and development, developing healthy habits, and improving 
sports performance. A safe and effective exercise program is 
important for children to practice exercise habitually. Since DOMS 
is accompanied by pain and edema, muscle fiber damage [7], fascia 
damage [8], and Z-band damage [4,9] have been presented. From 
this, it is important for children in the developing stage to understand 
the effects on muscles after physical activity and sports, and [2] the 
recovery status of DOMS and muscle damage. It is important to 
prevent the occurrence of adverse events.

Therefore, the purpose of this study was to review the studies 
related to the keywords "DOMS" and "children" and to examine them 
from the viewpoint of sex and exercise method.

Method

10 original papers submitted to overseas specialized journals, 
PUBMED and CiNii, were extracted from 1989 to 2018.Table shows 
the subjects, loading methods, measurement items, and results of the 
five original papers extracted. These will be considered separately for 
sex and loading method.
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Results and Discussion

The table shows the subjects, load methods, measurements, and 
results of the five extracted original Russian texts. The five papers 
extracted this time have a wide range of ages from 1989 to 2018. These 
will be considered separately for sex and loading method (Table 1).

Resistance training and DOMS

In Fatoutos et al. [10], the effects of the resistance training of the 
lower limbs on range of motion (ROM), isometric muscle strength 
(IMS), CK and VAS in boys and male adults. ROM after resistance 
training was significantly reduced in both groups (p<0.05), but the 
rate of decrease in male adults was significantly greater than that in 
boys (p<0.05). In addition, VAS was significantly increased in both 
groups (p<0/05), but the rate of increase was significantly higher in 
male adults than in boys (p<0.05). There were no significant changes 
in IMS and CK in boys, but there was a significant decrease in IMS and 
an increase in CK in male adults (p<0.05). Similar results were found 
in a bench press study by Soareset al. [11]. From the above results, 
significant changes were observed in IMS and CK of male adults after 
the resistance training to the upper and lower body (p<0.05). However, 
boys under the age of 13 in the both studies had not the changes 
in IMS and CK which were the evaluation indicators of DOMS. 
Furthermore, there was a significant increase in VAS and a decrease 
in ROM in the male adults which are indicators of DOMS. The rate of 
change of VAS and ROM in children was significantly lower than in 
male adults (p<0.05). Webber et al. [12] present that male adults exert 
greater muscle activity and strength per unit area, resulting in greater 
muscle cell damage, increased CK, and decreased IMS. Therefore, boys
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Abstract

There are many researches of the effects of strenuous exercise on DOMS for adults have been presented. 
However, there are not many studies on children who have a lot of physical activity on a daily basis and 
are engaged in sports activities. In recent years, due to the younger age of sports competitions, practice 
specialized in specialized sports has been practiced since childhood. The practice in the children is similar 
to that of an adult, and there is a high opportunity that injury may occur. Therefore, the purpose of this 
study was to understand the effects of children after strenuous exercise on their bodies so that they can 
practice safely. Adults express DOMS regardless of gender in resistance training with eccentric muscle 
activity. However, even if boys and girls under the age of 15 in the developing stage perform resistance 
training with the same load, visual analog scale (VAS), which is an indirect index of DOMS, increases, but 
creatine kinase activity (CK), which is an index of muscle damage, does not increase. In addition, in uphill 
or downhill running due to its own weight, an increase in CK is observed in boys with high muscle mass, 
but not in girls with low muscle mass. Therefore, it was suggested that there may be a gender difference in 
the expression of DOMS that is not observed in adults, and a gender difference in the expression of DOMS 
in developing children.
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with relatively low muscle mass compared to adults have less muscle 
damage. The significant increased CK and decreased IMS (p<0.05), 
even when resistance training is performed with the same load as 
male adults. It is probable that it was not recognized. Furthermore, it is 
considered that the rate of change in ROM and VAS was significantly 
lower than that in male adults because of less muscle damage.

Downhill running and DOMS

Webber et al. [12] compared the effects of downhill running on VAS 
and CK between boys and male adults and girls and male adults. VAS 
was significantly increased in all four groups after downhill running. 
There was also no significant increase in CK for girls and male adults. 
However, a significant increase in CK was observed in boys and male 
adults (p<0.05), but the rate of change was significantly higher in 
male adults (p<0.05). Again, as discussed in the resistance training 
and DOMS above, male adults are relatively heavier and stronger than 
boys, resulting in greater fall speed and greater muscle damage during 
downhill running. This is the reason for this muscle damage. The boys 
also tended to recover DOMS faster because of less muscle damage.

Flatland running and DOMS

Elamaran et al. [13] compared the effects of treadmill running with 
Brunce protocol (uphill running with increasing running speed) on 
CK for 14- and 16-year-old soccer players and boys of the same age. 
As a result, CK after treadmill running was significantly increased in 
four groups (p<0.05). The rate of increase was also significantly higher 
in boys of the same age than in soccer players aged 14 and 16 (p<0.05). 
Hiruma et al. [14] presented that repeated high-intensity training with 
muscle damage for 7 consecutive days under the same load resulted in 
muscle adaptation and recovery of DOMS indicators after the 4th day. 
Therefore, it is probable that both soccer players practice on a daily 
basis had a lower increase in CK than the boys of the same age due to 
the muscle adaptation to DOMS.
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Soccer match and DOMS

Hughes et al. [15] compared the effects of female soccer players 
under the age of 13 (U13), under the age of 15 (U15), and under the 
age of 17 (U17) on CK and VAS, which are indicators of DOMS after 
the official match. As a result, a significant increase in CK and VAS 
was observed after the official match in all three groups (p<0.05).The 
increase in CK in U13 group also was more significant than in the 
U15 and U17 groups (p<0.05). However, VAS in U17 group showed 
significantly higher values than that in U13 and U15 groups (p<0.05). 
Due to daily training on the 3.5th and 5th days after the match, VAS 
and CK in the three groups did not recover to rest values on the 7th 
day. U13 and U15 groups had VAS immediately after the official 
match and on the 3.5th day. Despite showing the same value and 
lower than U17, CK value in U13 group was higher than that in U15 
and U17 groups. In these three previous studies, boys and girls did not 
significantly increase in CK. It might be considered that the increase 
in the CK value of U13 group was due to contact or bruising in the 
match. CK presents intracellular changes. It leaked into the blood due 
to damage to the cell tissue and myocardium due to causes other than 
exercise.

Conclusion

It was suggested that there may be a gender difference in the 
expression of DOMS that is not observed in adults, and a gender 
difference in the expression of DOMS in developing children. 
However, there are very few studies on children compared to studies 
on adults. Therefore, further research is needed to protect children 
from muscle injuries and injuries and to create an environment where 
they can safely engage in sports and physical activity.
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Table 1: Studies of DOMS in children.
ROM: Range of motion, IMS: Isometric muscular strength, CK: Creatine Kinase, VAS: Visual analog Scale.

References Subjects Exercise loads Measurements Results

Fatouros et al. (2017) 10-12yrs Boys
15-45yrs Adults

Knee Extension
(15 rapsｘ5 sets)

IMS
CK
VAS
ROM

boys→ < adult↓(p<0.05)
boys→ < adults↑(p<0.05)
boys↑< adults↑(p<0.05)
boys↓< adults↓ (p<0.05)

Soares et al. (1996) Boys (12.1±0.2yrs)
men (28.3±3.5yrs)

Bench Press
(80%１RM×5sets)

ISO
CK
VAS
PAIN

boys→ < Men↓(p<0.05)
boys→ < men↑(p<0.05)
boys↑< men↑ (p<0.05)
boys↑< men↑ (p<0.05)

Webber et al.(1989) Chilren(10.4±0.3yrs)
boys
girls
Adults (27.2±2.3yrs)
men
women 

Downhill Running VAS
VAS
CK
CK

boys↑= men↑
girls↑= women↑
boys↑< men↑(p<0.05)
girls→ = women→

Elamaran et al. (2013) 14yrs boys Football players
14yrs boys
16yrs boys Football players
16yrs boys

Treadmill running with 
up-road

CK Football player↑< boys↑(p<0.05)

Hughes et al. (2018) Girls Football Players
U13(12.2±0.6yrs)
U15(13.8±0.6yrs)
U17(15.8±0.4yrs)

Football Game CK

VAS

U13↑> U15↑= U17↑(p<0.05)

U13↑= U15↑< U17↑ (p<0.05)
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