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Abstract

Handgrip Strength (HGS) is correlated with general health and fitness throughout the lifespan.
However, the relationship between HGS and the frequency of sports accidentsis not well
understood. The aim of the present survey was twofold. Firstly, to collect HGS data from
young skiers and compare them with existing normative values; secondly, to investigate
whether the frequency of falls during a day of skiing is correlated with HGS. Data on HGS
and falls were collected from 251 recreational downhill skiers, aged 6-25 years, on the day of
recording. The results demonstrate the representative progression of HGS in boys and girls
during growth and early adulthood. Additionally, the findings indicate that in young female
skiers up to the age of 25 years, HGS is negatively correlated with the frequency of falls,
which may be related to the generally lower muscle strength in females. Regular physical
activity, including muscle strengthening and balance exercises, is crucial for preventing falls

in skiers.
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Regardless of age (including children and adolescents), sex,, or sexual maturity, an

association has been observed between Handgrip Strength (HGS), overall physical fitness,



and health status.!** Downhill skiing requires a high level of physical fitness, particularly in
terms of leg strength.>¢ Therefore, as is known for older skiers,” muscle strength may be a
limiting factor when it comes to skiing safely for children. Maturation status determines
muscle strength along with regular physical and sporting activities.® Since maneuvers like
braking in downbhill skiing require a certain degree of strength in the leg and hip muscles,
weak muscles are likely to be related to a higher risk of falls. HGS, as an indicator of overall
muscle strength, is associated with the frequency of falls in adults, particularly among skiers
with weaker muscles.” Children who start skiing lack fully developed technical expertise and
sufficient strength for safe skiing. Therefore, overall muscle strength may be predictive of
accidents, especially in children; however,evidence for this assumption is lacking. The aim of
this survey was firstly to collect HGS data from young skiers and to compare them with
existing normative values; and secondly, to investigate whether the frequency of falls during a

day of skiing correlates with HGS.

Materials and Methods

This is an extension of a study on HGS in recreational downhill skiers aged 18—69 years
published recently in this journal.!® HGS of this adult age group could readily be compared
with existing reference values from a normal adult population.!! As the original survey
collected data from people aged 6 years and older,'? here we present data for children and

adolescents in the age group of 19-25 years for comparison purposes.

In brief, recreational downbhill skiers (N=251, from various nations) of both sexes aged 6—18
years (N = 116, 52% male) and 19-25 years (N = 135, 46% male) were included. Data were
collected on all days of the week during one winter season, at rest points on the slopes, ski
huts, ski lifts and cable cars. Participants completed a short questionnaire on demographics,

lifestyle, and number of falls on the day of recording and underwent HGS testing.

A Camry EH101 dynamometer was used to assess the HGS. The skiers were instructed to
squeeze it as hard as possible while standing upright, with their arms by their sides, elbows
flexed at 90°, and forearms in a neutral position. The dominant hand was tested once in a

submaximal trial, followed by a maximal trial for 3-5 seconds after rest.

The study was performed according to the Declaration of Helsinki and approved by the

Institutional Review Board of the Department of Sport Science (University of Innsbruck).!?



Statistics

Data are presented as means + Standard Deviation (SD) and sex- and age-dependent
individual grip strength values. The normal distribution of the data was tested using the
Kolmogorov—Smirnov test. Depending on the normality distribution, independent t-tests or
Mann-Whitney U tests were used to compare differences between age groups, and Pearson's
or Spearman's correlation coefficients were applied to evaluate relationships between HGS
and other variables, i.e., frequency of falling. Partial correlation was performed to control for
confounding variables, such as age. Differences were considered statistically significant at p <

0.05. Data analyses were conducted using the SPSS statistical software package (version

24.0).

Results

The characteristics of both sexes in the two age groups, including HGS and the number of

falls, are shown in Table 1.

HGS in the dominant hand increased similarly in both sexes from 6 to 13 years, rising from
below 10 kg to approximately 28 kg (Figure 1). Average values (SD) of absolute HGS in this
age group were 21.3 (8.2) kg for males and 18.7 (7.3) kg for females (p = 0.15), and
respective relative values were 0.53 (0.13) and 0.46 (0.12) kg/kg body mass (p = 0.046). From
this age onwards (until 18 years), HGS increased to approximately 47 kg in male skiers and
slightly above 30 kg in female skiers (Figure 1). Average values (SD) of absolute HGS in the
age group 14 to 18 years were 40.9 (9.4) kg for males and 27.7 (5.6) kg for females (p <
0.01), and respective relative values were 0.64 (0.11) and 0.51 (0.10) kg/kg body mass (p <
0.01). The corresponding average values (SD) of absolute HGS in the age group 19-25 years
were 52.1 (9.2) kg for males and 31.2 (6.3) kg for females (p < 0.01), and that of relative HGS
0.68 (0.10) and 0.51 (0.09) kg/kg body mass (p < 0.01).

Table 2 shows existing normative HGS data for young, healthy people from European Union
(EU) countries and other countries, which can be used to draw comparisons with those of

young skiers.

In both male and female skiers, absolute HGS until the age of 18 years was positively
correlated with age (r = 0.84, p < 0.05 and r = 0.79, p < 0.05), and BMI (r = 0.60, p < 0.05 and
r=0.27, p <0.05). While BMI was still positively correlated with absolute HGS in male (r =
0.35, p <0.05) and female (r = 0.25, p < 0.05) skiers, HGS was no longer correlated with age



in the 19-25 age groups.

Absolute HGS (when controlled for age by the use of partial correlation analysis) was
negatively correlated with the number of falls only in female skiers (r = 0.28, p < 0.05 for the
age group 6-18 years, and r = - 0.24, p < 0.05 for the age group 19-25 years). The time spent
on the slopes before the survey (and assessment of handgrip strength) did not differ between

the two age groups or sexes and was approximately three hours (Table 1).

Discussion

Our results demonstrate the characteristic progression of HGS in young male and female
skiers during growth and early adulthood. Furthermore, HGS in female skiers up to the age of
18 and in the age group 19-25 years was negatively correlated with the frequency of reported
falls.

The magnitude and developmental trajectory of HGS in the present cohort aged 6-18 years
were largely consistent with reference data from European and U.S. populations (Table 2).!3-17
Across all ages, HGS increased progressively in male and female skiers, with male skiers
having slightly higher absolute and relative HGS from early childhood to adolescence. The
modest differences observed between male and female skiers align with prior evidence

indicating limited sex divergence before puberty.'®!8

From mid-adolescence onward, sex differences were more pronounced. In the 14-18-year age
group, males exhibited an almost 50% higher average HGS than that of females. This pattern
reflects the well-documented pubertal acceleration of sex differences in muscular strength,
driven by divergent hormonal profiles and muscle mass gains.!®!%20 In line with previous
research, age and body mass were the main predictors of HGS in skiers younger than 25
years.?!22 Although stature has been reported as an additional determinant,? no significant
association between height and HGS was observed in this study, potentially reflecting cohort-
specific characteristics or variations in body composition. The further increase of HGS among
young adults aged 19-25 years is in accordance with established normative ranges reported
for European populations (Table 2),242% but range above typical values for Asian
populations.?” Overall, the HGS levels observed in this study were within the expected norms,
particularly aligning with European reference values, underscoring the need for caution in

cross-regional comparisons due to population-specific differences.

The weak negative correlation between HGS and the frequency of falls among female skiers



suggests that reduced strength in women compared to men may play a greater role in the risk
of falling and related injury.?® In older adults, HGS is a well-established predictor of falls,
consistently showing that lower HGS is associated with a higher risk of falling.?>-*3 While
HGS has been identified as a strong marker of bone health in paediatric populations,* no
direct links between HGS and the risk of falls have been described in children. However,
epidemiological data indicate that children and older adults have a higher risk of falling, with
deficits in balance and muscle strength identified as mediators or key contributing factors.3>-37
In addition, balance itself may affect muscle strength through transfer effects.’® This
emphasizes the critical role of sufficient muscle strength for safe skiing, as supported by the
findings of the present study. Additionally, especially in sports that require contractile
explosive capacities in situations with high postural demands, such as skiing, and balancing
exercises on unstable bases are recommended. This is further supported by evidence
identifying the musculoskeletal immaturity of children as a major factor in ski-related
injuries.*® Since the level of skiing experience — which is also a contributor to falls and
accidents on ski slopes®® — was not evaluated in this study, it is not possible to distinguish

between the involvement of both factors.

Besides strengthening exercises, effective preventive measures include developing skills
through professional instruction, such as at a ski school, and using properly fitted equipment
based on weight, height, and experience.?® Protective gear like helmets and back protectors is
essential for safety during falls. Importantly, pre-season resistance training tailored to age and
sport can effectively build strength and likely contribute to the reduction of fall and injury

risk.>> HGS assessment can help identify insufficient muscle strength.

In summary, the average young recreational downhill skier has a normal HGS for their age
and sex. It can only be cautiously assumed that the reason why female skiers with lower HGS
fall more often is, at least partially, a consequence of their generally lower muscle strength.
Nevertheless, as HGS is widely recognized as a good, accessible marker for overall muscular
fitness, the findings suggest that — what is well established for adults — physical preparation
before skiing trips is certainly an important preventive factor for children and adolescents,
especially for female skiers and people from non-alpine regions who are less accustomed to

skiing-related demands.
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Table 1. Characteristics and number of falls (on the day of recording) for both sexes in the

two age groups.

Age Group Male skiers | Female skiers | p-values
6 — 18 years N=60 N =56

Age (years) 13.3 (2.7) 13.0 (3.1) ns
Height (cm) 164 (16.6) | 156 (17.0) <0.01
Body mass (kg) | 53.9 (16.3) | 48.3 (19.5) <0.05
BMI (kg/m?) 19.3 (3.3) 18.7 (3.9) ns

HGS (kg) 33.4(13.1) |23.0(8.0) <0.01
Skiing hours 3.3(1.4) 3.0(1.4) ns
Number of falls | 0.7 (1.1) 0.9 (1.6) ns

Age Group Male skiers | Female skiers | p-values
19 —25years | N =62 N=73

Age (years) 22.3(1.9) 22.2(2.0) ns
Height (cm) 181 (6.4) 169 (6.4) <0.01
Body mass (kg) | 76.9 (10.7) | 61.0 (7.3) <0.01
BMI (kg/m?) 23.5(2.9) 21.3 (2.0) <0.01
HGS (kg) 52.1(9.2) 31.2(6.3) <0.01
Skiing hours 3.4(1.7) 3.0(1.4) ns
Number of falls | 1.0 (2.1) 1.3(5.9) ns
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Table 2. Age-dependent reference values (median or mean) for handgrip strength (in kg) from several countries/cities of the European Union (EU) in bold and

from individual countries.
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Author Age (years)
6 |7 8 9 10 |11 |12 |13 |14 |15 |16 |17 |18 (19|20 |21(22|23(24|25 |26(27|28|29 (30

Tomkinson et al.

(median)

30 EU countries 15.3116.8(19.0]22.628.4|34.6|39.5|42.945.0

Saint-Maurice et al.

(median)

Hungary 21.4121.7125.0|30.035.4|40.0/42.6|42.0

Miguel-Etayo et al.

(median)

8 EU countries 9.6/11.3]13.1

De Oliveira et al.

(median)

Portugal 8199 |11.6/13.6|15.6

Ortega et al. (median)

10 EU cities 26.2132.2|37.7|41.8|45.1

Petterson-Pablo et al.

(mean)

Sweden 53.1

Montalcini et al. (mean)
. Italy 44.8
;«? Dodds ct al. (median) 17.0 29.0 51.0




UK

13

Steiber et al. (mean)

Germany

48.3

Females

TomkKinson et al.
(median)

30 EU countries

13.6

15.2

17.5

20.6

24.6

27.1

28.0

28.2

28.4

Saint-Maurice et al.
(median)

Hungary

20.0

19.5

19.6

20.3

21.6

23.5

26.1

29.2

Miguel-Etayo et al.
(median)

8 EU countries

8.6

10.2

11.9

De Oliveira et al.
(median)

Portugal

7.6

9.1

10.8

12.5

14.7

Ortega et al. (median)

10 EU cities

23.6

25.2

26.2

26.6

27.6

Petterson-Pablo et al.
(mean)

Sweden

34.5

Montalcini et al. (mean)

Italy

27.7




Dodds et al. (median)
UK

16.0

24.0

28.0

30.0

14

31.0

Steiber et al. (mean)

Germany

31.5

23.5

33.6




15

Figure 1. Age-dependent handgrip strength (dominant hand) development (interpolation
lines) from childhood to the age of 25 years. Males are marked with blue and females with red

symbols.
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