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Abstract - Aim: Handgrip strength is considered an important health indicator. It is extremely important to establish
normative values so that the handgrip strength is correctly interpreted in adolescents. The present study aims to establish
normative values of handgrip strength (HGS) for adolescents, according to chronological age and sexual maturation.
Methods: Data from three large projects carried out in Florianopolis and São José, Santa Catarina were used, corre-
sponding to a sample of 2,637 adolescents aged 14 to 19 years old of both sexes (1,428 girls). The HGS of the right and
left hands was measured by a manual dynamometer, and total HGS being defined by the sum of the left hand and the
right-hand strength. Sexual maturation was determined by the development of pubic hair. The percentiles 3, 10, 15, 25,
50, 75, 85, 90, and 97 were calculated for the right, left, and total HGS. The percentile ranges < p15 (low), p15-p85
(normal) and > p85 (high) were used. ANOVA and Kruskal-Wallis tests were applied. Results: In boys, the mean total
HGS ranged from 67.5 ± 16.5 to 86.9 ± 21.8 (p < 0.001) and 74.3 ± 17.5 to 82.2 ± 17.8 (p < 0.001) for age and sexual
maturation, respectively, while in girls the mean HGS total ranged from 48.8 ± 11.3 to 56.4 ± 16.0 (p = 0.127) and
47.8 ± 10.6 to 54.3 ± 12.3 (p < 0.001). Conclusion: Reference values established by the percentile score, can be used
to identify adolescents with better athletic condition and can be useful for prescribing exercises.

Keywords: adolescents, physical fitness, muscle strength dynamometer, muscle strength.

Introduction

Muscle strength has been considered an important general
health indicator. This component of physical fitness can be
measured in different muscle groups and through different
protocols1. However, one of the forms of muscle strength
manifestation, handgrip strength (HGS), measured by a
handheld dynamometer, has been a recommended method
for assessing muscle strength2. It is a simple and quick
assessment method that, in addition to having a good rela-
tionship with other muscle strength indicators, is a good
indicator of general muscle strength2.

There is a wide range of evidence pointing to low
HGS as an indicator of mortality by all causes, risk of dis-
ability3, bone fracture4, and depression5 in different age
groups. These relationships between health outcomes and
muscle strength reinforce the importance of monitoring
these component physical fitness levels throughout the life
course6.

In general, HGS can vary according to sex and
age7,8, body dimensions9, and physical activity level7.
Specifically, in adolescents, sexual maturation is an
important factor that can influence muscle strength10.

Puberty marks the transition from childhood to adulthood,
a period characterized by several physical, physiological,
and psychological changes10. During puberty, changes
occur in growth hormones (GH and IGF-1) and sex hor-
mones (testosterone in boys and estrogen in girls), which
play an important role in varying muscle strength10.

Muscle strength in Brazilian children and adoles-
cents has been extensively studied, using different mea-
surement methods, however, concerning HGS, there are
still few studies conducted with such a population11. One
of the factors that may be related to the limited number of
studies that investigated HGS may be the absence of nor-
mative values for Brazilians. In the national literature,
some studies proposed normative HGS values for adults
and the elderly12 and children13. Nevertheless, when it
comes to adolescents, there is still no knowledge of studies
dealing with this subject. As a result, studies have been
restricted to using cutoff points based on adolescents from
other countries7,14, which may not reflect the true Brazi-
lian condition regarding muscle strength in this age period.
For example, in a previous meta-analysis, it was reported
that HGS values are substantially lower in individuals
from middle-income countries when compared to high-
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income countries, possibly due to differences in body size
typical of each continent15. In the case of adolescents, the
puberty phase may differ according to ethnicity and geo-
graphic location16. Thus, strength development in adoles-
cents from different countries may not occur in the same
age period, preventing the general use of cutoff points
proposed specifically for adolescents in any given country.

In this context, the existence of normative values of
HGS in adolescents, especially considering sexual
maturation, can be used as a classification criterion for
adolescent HGS. These normative values can help to iden-
tify those with better or worse athletic conditions, as well
as assisting physical education professionals in the pre-
scription of physical exercises. In view of the presented
gaps, the present study aimed to propose normative values
of HGS, according to chronological age and sexual
maturation, in adolescents from Southern Brazil.

Methods

Study design and participants
This study included data collected from adolescents

aged 14 to 19, referring to three macro projects carried out
in Metropolitan Florianopolis, Santa Catarina, Brazil, in
2007, 2014, and 2017/18. The macro projects were carried
out with adolescents enrolled in a high public school in
Florianopolis, Santa Catarina, in 2007 (protocol n. 372/
2006) and 2017/18 (protocol n. 2,172,699), and with ado-
lescents enrolled in a high public school in São José
(municipality of Metropolitan Florianopolis), Santa Catar-
ina, in 2014 (protocol n. 746.536/2014).

The cities Florianópolis and São José are part of the
Greater Florianópolis region, in the state of Santa Catarina
and have a Municipal Human Development Index of 0.847
and 0.807, respectively. According to the Brazilian Insti-
tute of Geography and Statistics, in 2010, Florianópolis
and São José had, respectively, 421,240 and 209,804
inhabitants17.. Current estimates for 2020 suggest an
increase in the number of inhabitants in both Florianópolis
(N = 508,826) and São José (N = 250,181). Between 2010
and 2018, there was an increase in PIB per capita from R$
26,772.55 to R$ 42,719.16 in Florianópolis, and from R$
24,299.00 to R$ 43,665.31 in São José. In the case of the
population aged 15 to 19 years old in 2010, Florianópolis
had a total of 32,532 adolescents and São José of 17,186.
In 2010, the schooling rate for 6 to 14-year-olds was
98.4% in Florianópolis and 97.5% in São José. Informa-
tion on the number of adolescents and the school enroll-
ment rate for 2020 is not available on the Institute's
website.

All projects involved representative samples of the
investigated population. Information on the sample para-
meters for the 2007 and 2014 studies can be consulted in
previously published studies18,19. The procedures adopted

for the 2017/18 study were the same as those used in
200718. Following the division of the municipality into
five regions, according to the Municipal Health Secretariat
(Continent, North, South, East, and Center), the largest
school in each region was selected. In each school, a draw
was made to select the classes that would be invited to
participate in the data, until the number of estimated indi-
viduals for each region was reached. As for the sample
calculation, a school census for the year 2017, provided by
the State Department of Education, was used, in which
10,192 adolescents were enrolled in the high public
schools in Florianopolis. After performing the calculation,
a minimum sample of 936 individuals was set.

Eligibility criteria
Adolescents of both sexes, aged 14 to 19 years,

enrolled in selected schools, who did not have physical
limitations that prevented the execution of physical tests
and anthropometric measures, who were not pregnant, and
who were not eligible to participate in the study informed
the consent signed by the parent or guardian.

Variables
To characterize the sample, measurements of body

mass and height were collected, for later calculation of the
Body Mass Index (BMI), and the skinfold thickness to
estimate body adiposity.

To measure body mass, a digital scale from the
Plenna® brand (São Paulo, Brazil) with a resolution of
100g was used. The triceps and subscapular skinfold
thicknesses were measured with a scientific adipometer
from the brand Cescorf (São Paulo, Brazil). In all three
surveys, two trained evaluators performed two measure-
ments (non-consecutive) for each skinfold. When there
was a difference higher than 5% between the two mea-
surements, a third one was performed. The average was
used when only two measurements were performed and
the median when three measurements were performed20.

BMI was calculated by the ratio of body mass in
kilograms to height in meters squared. Body adiposity was
estimated by the sum of two skinfolds (triceps + sub-
scapular)21.

All anthropometric measurements were performed
according to the protocols suggested by the International
Society for the Advancement of Kinanthropometry
(ISAK), with those evaluated wearing light and suitable
for this type of evaluation clothing22.

HGS was measured by a Jamar® manual dynam-
ometer (Lafayette, USA) (0.1 kg resolution). To measure
the HGS, the subjects were positioned on their feet, with
the upper limbs extended at the side of the body. Three
alternate measurements were taken in each hand, with an
interval of one minute between each measurement. Each
maximum muscle contraction lasted 5 seconds. The high-
est measure of each hand was considered, which was then
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added up to determine the total HGS22. The HGS (right
hand, left, and total hand) was also adjusted for body
weight, being expressed as the normalized HGS [HGS
(kg) / body weight (kg)]. HGS is a measure that showed a
strong correlation with general muscle strength in
adolescents23, in addition to having good reliability24 and
reproducibility25.

Sexual maturation was determined by the growth of
pubic hair according to Tanner's criteria26. In the 2007
survey, the figures proposed by Tanner26 were used, how-
ever, in the 2014 and 2017 surveys, an instrument with
adapted figures27 from the Tanner instrument was used.
This variable was obtained through self-report, in which
the participants indicated the figure that best corresponded
to their pubic hair growth. Adolescents were classified into
five stages of sexual maturation. Stage 1, which corre-
sponds to the prepubertal phase; stages 2, 3, and 4, which
correspond to the pubertal phase; and stage 5, which cor-
responds to the postpubertal phase.

Statistical analysis
The statistical analysis was performed using the

IBM SPSS Statistics 20.0 software. Descriptive statistics
(averages, standard deviation, and frequencies) and infer-
ential statistics were used. The Kolmogorov-Smirnov test
was used to verify the data distribution. For mean compar-
isons, ANOVA and Kruskal-Wallis tests were used. To
determine the normative HGS values (right hand, left
hand, and total), the percentiles p3, p10, p15, p25, p50,
p75, p85, p90, and p97 were calculated for each sex,
according to age and sexual maturation. To establish cut-
off points for different HGS levels, specific by sex, age,
and sexual maturation, the percentile ranges < p15 (low),
p15-p85 (normal), and > p85 (high), previously used by
Gómez-Campos et al.8.

Result
Descriptive data for the 2,637 adolescents who parti-

cipated in the study are shown in Table 1, according to age
and sexual maturation stage. In boys, when comparing the
averages by age, differences were observed for body
weight, height, BMI, triceps skinfold, HGS of both hands,
and total HGS. By stage of sexual maturation, the boys
showed differences in mean height and absolute and nor-
malized HGS for both hands and total. In girls, when
compared by age, only the mean of body weight and
height showed a difference. When comparing by sexual
maturation stages, the absolute and normalized HGS for
both hands and total demonstrated differences in girls.

Table 2 shows the percentile values of right-hand,
left-hand, and total HGS for boys and girls, according to
chronological age. It was observed that the HGS increased
as the age of the adolescents increased, regardless of the

hand (right or left) or the total strength (sum of both
hands).

Table 3 shows the percentile values of the right-
hand, left-hand, and total HGS for boys and girls, accord-
ing to the 5 stages of sexual maturation. It was verified that
the HGS of both hands and total was increased in the same
direction as the maturation progressed.

Based on the percentiles of the adolescents in the
present study, cutoff points for total HGS were established
to classify the muscle strength in adolescents (Table 4).

Discussion
This study aimed to establish normative values of

HGS based on a large sample of adolescents from two
cities in the coastal region of Santa Catarina. The findings
add to the current literature, firstly because it proposes
normative values of HGS for Brazilian adolescents, and
secondly because it also considers sexual maturation,
rather than just age28,29.

When reviewing the literature, two national studies
that established normative values of HGS were found, one
of which was directed at children13 and the other at adults
and the elderly12. Souza et al.13 conducted their study with
children and adolescents aged 6 to 13 years old, from pub-
lic schools in Ribeirao Preto/SP, in which HGS was mea-
sured by a bulb dynamometer. In the study by Amaral
et al.12, with adults and the elderly (18 to 102 years old)
from Rio Branco/AC, reference values of HGS by age
groups were established by using a hydraulic manual
dynamometer from Saehan SH5001. Despite these find-
ings, studies involving adolescents were not found in the
searched national literature. Thus, the results of the pre-
sent study can serve as a criterion for the HGS classifica-
tion of Brazilian adolescents. Besides, these results are
valuable for the areas of physical activity and health and
sports performance, as they can be used as a basis for the
exercise prescription and to identify adolescents with good
athletic conditions30. Furthermore, about the scientific
environment, this study can work as a basis for future
research regarding the classification of muscle strength in
adolescents.

The findings of the present study corroborate studies
carried out in other countries such as the United States28,
Colombia29, and Chile8, which found that HGS increased
with age in adolescents, being higher in boys at all ages.
Besides, the present study also analyzed the HGS values
using the sexual maturation stages, noting that HGS also
increased with advancing maturation in both sexes. A dif-
ference was also observed in the comparison between
sexes, with higher values for boys for all stages of matura-
tion.

The HGS analysis of children and adolescents, when
considered only the chronological age may not be limited
when it comes to the period in which sexual maturation

Bim et al. 3
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Table 2 - Normative HGS values for adolescents of both sexes, according to age.

Handgrip strength (kg)

p3 p10 p15 p25 p50 p75 p85 p90 p97

Boys

Right Hand

14 (n = 48) 17.5 22.9 26.0 28.0 34.0 41.0 44.8 46.2 50.1

15 (n = 245) 22.0 26.0 29.3 32.6 38.2 44.3 47.3 50.0 53.6

16 (n = 344) 24.0 29.1 30.9 34.0 39.5 45.9 49.0 51.5 58.0

17 (n = 377) 24.0 29.0 30.3 34.0 40.0 46.6 50.0 54.0 59.5

18 (n = 157) 21.9 26.0 30.0 35.0 42.0 48.0 52.0 54.3 60.0

19 (n = 38) 22.3 28.6 31.7 36.0 42.0 52.2 56.6 58.2 71.6

Left Hand

14 (n = 48) 13.8 22.0 24.0 27.6 32.1 40.5 43.8 44.1 47.5

15 (n = 245) 18.4 25.9 28.0 31.3 36.4 41.9 44.2 46.0 54.0

16 (n = 344) 22.0 28.0 30.0 33.6 38.0 43.0 47.2 49.0 54.7

17 (n = 377) 21.9 26.0 28.9 33.9 40.5 48.0 51.1 53.7 58.1

18 (n = 157) 21.5 26.0 28.9 33.9 40.5 48.0 51.1 53.7 58.1

19 (n = 38) 22.6 27.8 29.9 35.0 43.8 50.4 54.4 57.1 69.1

Total

14 (n = 48) 31.3 45.7 48.7 55.8 66.0 79.6 88.3 89.3 96.1

15 (n = 245) 40.8 52.3 56.0 64.3 75.9 86.0 92.0 94.8 107.2

16 (n = 344) 46.0 58.1 62.0 68.0 77.2 88.2 95.9 99.8 112.0

17 (n = 377) 48.3 56.7 61.0 66.7 78.3 91.0 98.0 104.0 116.8

18 (n = 157) 44.3 55.0 59.7 70.5 82.1 96.5 101.6 106.8 118.5

19 (n = 38) 48.0 53.3 63.2 71.0 86.0 104.9 108.3 112.6 140.8

Girls

Right Hand

14 (n = 57) 10.4 18.0 20.0 22.0 24.0 28.0 32.0 32.2 38.5

15 (n = 335) 16.0 19.0 20.0 22.0 26.0 30.0 32.0 34.0 38.0

16 (n = 450) 15.0 18.3 20.0 22.0 26.0 30.0 32.0 34.0 38.0

17 (n = 443) 16.0 18.0 20.0 22.0 26.0 30.0 32.7 34.0 39.7

18 (n = 106) 16.0 18.9 20.3 23.2 28.0 31.3 33.0 34.3 38.0

19 (n = 37) 16.2 19.3 20.7 22.5 27.7 32.0 36.6 38.2 57.2

Left Hand

14 (n = 57) 11.0 15.6 18.7 20.4 24.0 28.0 29.1 30.0 38.1

15 (n = 335) 14.0 17.0 19.0 20.0 25.0 29.0 31.9 33.5 38.0

16 (n = 450) 13.2 18.0 19.0 20.4 25.0 29.0 31.8 33.0 38.0

17 (n = 443) 14.0 17.0 18.6 21.0 24.8 29.0 32.0 33.5 38.0

18 (n = 106) 15.8 18.5 19.6 20.5 25.0 29.9 31.8 32.0 37.8

19 (n = 37) 16.0 17.0 17.7 23.6 28.0 31.0 36.0 38.4 54.0

Total

14 (n = 57) 21.7 36.0 38.0 42.0 48.0 56.5 60.0 62.6 74.5

15 (n = 335) 32.0 36.0 38.5 42.6 50.4 58.0 63.9 66.0 75.8

16 (n = 450) 31.0 37.1 39.0 42.5 50.0 58.0 62.5 66.0 74.5

17 (n = 443) 30.0 36.0 39.8 43.0 51.2 59.6 64.0 67.0 76.5

18 (n = 106) 32.0 38.0 40.1 43.9 52.0 60.3 64.0 67.9 74.0

19 (n = 37) 32.3 36.5 39.0 46.0 54.5 64.1 70.6 74.4 111.2
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occurs, as reported by Gómez-Campos et al.8. The authors
observed differences when determining HGS according to
chronological age and biological age for children and ado-
lescents between six and 17.9 years. In this study, it was
observed that for chronological age, there are no differ-
ences between sexes for six to 12 years, with a higher
HGS in boys of subsequent ages. When analyzing by bio-

logical age (determined by the peak height velocity),
higher values of HGS were found for boys at all levels of
the peak height velocity. Furthermore, the study revealed
that when using biological age, HGS was higher in 5% of
boys and 5% of girls8. This indicates that maturational
aspects can better discriminate the HGS level when com-
pared to chronological age. These differences exist due to

Table 3 - Normative HGS values for adolescents of both sexes, according to sexual maturation stage.

Handgrip strength (kg)

p3 p10 p15 p25 p50 p75 p85 p90 p97

Boys

Right Hand

Stage 1 (n = 32) 18.0 24.4 30.0 31.8 38.0 45.5 49.1 50.0 -

Stage 2 (n = 36) 20.4 25.4 28.0 30.5 38.0 42.9 48.7 50.0 54.3

Stage 3 (n = 91) 21.2 24.3 28.0 31.0 36.7 42.6 46.3 51.6 58.3

Stage 4 (n = 468) 22.0 26.0 28.0 32.0 38.0 44.0 48.0 50.0 56.0

Stage 5 (n = 582) 25.3 30.5 32.5 36.0 42.0 47.7 51.0 54.0 60.0

Left Hand

Stage 1 (n = 32) 17.0 22.3 27.8 30.0 37.2 43.0 45.2 49.4 -

Stage 2 (n = 36) 20.0 21.7 23.6 31.0 38.0 42.0 44.0 47.3 51.7

Stage 3 (n = 91) 16.9 24.0 25.8 29.4 35.3 40.3 43.3 47.8 56.3

Stage 4 (n = 468) 20.0 25.8 28.0 32.0 37.0 43.0 46.0 48.0 56.0

Stage 5 (n = 582) 23.8 29.0 31.0 34.0 40.0 46.0 496 52.0 58.2

Total

Stage 1 (n = 32) 35.0 45.7 57.7 61.8 75.8 88.8 94.1 97.4 -

Stage 2 (n = 36) 42.3 46.7 52.2 63.3 76.0 82.0 90.5 94.3 106.0

Stage 3 (n = 91) 39.0 50.4 53.3 60.0 71.4 83.2 89.8 99.7 111.2

Stage 4 (n = 468) 43.2 52.7 57.1 63.4 75.1 87.0 93.8 98.0 111.3

Stage 5 (n = 582) 49.3 60.8 64.0 70.0 82.0 93.2 100.0 106.0 117.9

Girls

Right Hand

Stage 1 (n = 36) 9.9 18.0 18.9 20.5 25.0 29.4 30.3 31.3 35.7

Stage 2 (n = 71) 15.0 17.0 18.0 20.0 22.5 27.4 29.6 31.8 38.5

Stage 3 (n = 210) 16.0 18.3 19.7 21.7 24.0 28.4 31.0 32.4 36.6

Stage 4 (n = 702) 15.0 18.0 20.0 22.0 26.0 30.0 32.0 34.0 38.0

Stage 5 (n = 409) 17.3 20.0 22.0 23.1 27.7 31.9 34.1 36.0 40.0

Left Hand

Stage 1 (n = 36) 10.9 14.0 16.6 19.0 24.2 27.8 28.0 30.3 31.9

Stage 2 (n = 71) 14.0 16.0 16.8 19.0 21.0 26.0 30.0 30.4 34.0

Stage 3 (n = 210) 14.3 17.0 18.0 20.0 23.9 28.0 30.8 32.0 35.0

Stage 4 (n = 702) 14.0 17.7 19.0 20.8 24.4 29.0 31.0 32.1 37.9

Stage 5 (n = 409) 15.0 18.0 20.0 22.0 26.5 30.0 33.3 35.1 39.7

Total

Stage 1 (n = 36) 21.1 35.7 36.0 38.3 50.5 55.8 58.5 61.9 65.8

Stage 2 (n = 71) 30.3 33.2 35.0 39.0 44.2 52.5 56.4 62.9 71.9

Stage 3 (n = 210) 32.0 36.6 38.0 41.0 48.0 56.2 62.0 64.0 71.9

Stage 4 (n = 702) 29.1 36.0 39.5 43.0 51.0 58.0 63.0 66.0 74.0

Stage 5 (n = 409) 32.9 38.5 40.9 45.9 54.0 61.4 68.0 70.8 78.1
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the beginning, length, and intensity of the pubescent pro-
cess, which occurs at different ages for each individual31.

During sexual maturation, significant changes occur
in hormonal, physical and, psychosocial aspects31.
Regarding physical and hormonal changes, these differ in
intensity between sexes and may manifest earlier in
girls31. As an example, greater increases in HGS were
observed in girls aged nine to 11 years old, while in boys
the higher increase occurred from 13 to 14 years old32.
With puberty, there is an increase in sex hormones10,
which influence muscle strength gain. With the boys, there
is an increase in the concentration of the testosterone hor-
mone, which is related to an increase in lean mass, reduc-
tion of adipose tissue, and increase in muscle strength30. In
girls, with the advancement of sexual maturation, the con-
centration of the hormone estradiol increases, which is
related to better performance in muscle strength33.

Some limitations must be considered in the present
study. One is the lack of information about the dominant
hand of the investigated adolescents. Besides, the absence
of socioeconomic information and the practice of physical
activities limit a better characterization of the sample.

The study's strength is to establish the normative
values of HGS according to sexual maturation, unlike the
way that most of the literature has worked. This stratifica-
tion sought to overcome some limitations that age control
could imply since the sexual maturation process (which
influences muscle strength gain) can start at different ages
and have different durations and intensities for each indi-
vidual. Moreover, the study was conducted with a large
sample of adolescents from the Metropolitan Florianopolis
region, in Santa Catarina, Brazil.

Conclusion
It was concluded that there was an increase in HGS

according to the advancement in sexual maturation and
age, with higher values for boys compared to girls. The
normative values of HGS for boys and girls were estab-
lished, according to age and sexual maturation, in addition
to suggesting cutoff points for different HGS levels. The
established reference values, through the percentile score,
can serve as a criterion for classifying muscle strength, in
identifying adolescents with better athletic condition and
can be useful for prescribing physical exercises. It is sug-
gested that future studies seek to establish normative
values of HGS according to the sexual maturation, in sam-
ples with a broader age range, covering the entire adoles-
cence phase (for example 10 to 19 years old).
Furthermore, future studies can verify the accuracy of
HGS in predicting other health outcomes, such as the risk
of cardiovascular and metabolic diseases.
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