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Determinants of forearm bone
mineral density in male athletes
with different osteogenic index of
training
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Physical activity appears to be a strong determinant of the building of peak bone mass and the degree
of bone mineralization in young adult males. This study aimed to describe the impact of volleyball
(V), throwing athletes (TA), climbing (CL), snowboarding participation (SN), fracture history, hand
grip strength (HGS), and body composition on forearm bone mineral density (BMD) in males. BMD,
bone mass content (BMC), and T-score of the distal (dis) and proximal (prox) parts of the forearm
were measured by the DXA technique. The CL and TA groups showed the highest BMD, BMC, and
T-score dis and prox. In the TA group, a higher prevalence of normal BMD was found in the distal part
of the forearm compared to V (by 6.7%), CL (by 15.4%), and SN (by 35.7%). In the CL group a higher
prevalence of normal BMD was found in the proximal part of the forearm compared to V (by 12.4%),
TA (by 6.8%), and SN (by 34.6%). The highest prevalence of low bone density was observed in the SN
group. Covariance analysis revealed that body height and the type of sports competition significantly
affected BMD in the distal region (adj. R?=0.77). For BMD in the proximal region, the significant
factor was sports competition (adj. R?=0.73). In both the distal and proximal regions of the BMC, the
significant factors were handgrip strength (HGS) in newtons (N) and the type of sports competition
(distal adj. R?=0.60; proximal adj. R?=0.85). Similar results were obtained for the T-score dis. The
T-score prox was significantly affected only by HGS (N) (adj. R?=0.59). Training based on throwing
and weight-bearing exercises influences higher forearm BMD. The results of the study also highlight
the important role of information about past fractures, which may serve as an initial indicator of risk
groups for low bone density.

Keywords Forearm bone mineral density, Volleyball, Throwing athletes, Climbing, Snowboarding, Bone
fractures, Hand grip strength

Bone mineral density (BMD) is crucial for bone health, especially in professional sports where athletes
experience high levels of physical stress. Physical activity appears to be a strong determinant of both the building
of peak bone mass and the degree of bone mineralization in young adult males!. Studies conducted in men
demonstrate the effect of sports training on BMD, especially with a high osteogenic index (OI)?. An OI has been
used to predict the osteogenic potential of exercise’. The exercise based on well-chosen intensity, frequency, and
duration of loading may maximize osteogenic responses in bone. However, researchers indicate that a model
of the osteogenic potential of exercise for bone parameters has not yet been established*. Many new training
solutions and methods of supporting the training process are emerging in professional sports>®. Still, there is
little research that addresses the issue of supporting the skeletal system of athletes.

It is well known that participation in certain sports activities is positively correlated with BMD and bone
mass. The response of bones to mechanical stimuli is particularly dependent on the nature of these stimuli.
Sports that subject the skeleton to high forces at high loading rates bring the greatest benefits. Among the sports
considered to be the most osteogenic are gymnastics, volleyball, and football. In contrast, cycling and swimming
have the least osteogenic effect”®. An extensive meta-analysis found that swimming has no effect on the increase
of BMD and is the same as in the control group, not training’.
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Low bone mass poses a particular challenge for athletes because it predisposes them to stress-related bone
injuries and increases the risk of osteoporosis and insufficiency fractures with aging'®.

A study of over 50 young male runners found that the risk of low BMD showed a graded relationship with
increasing risk factors, underscoring the importance of using bone mass optimization methods in sports'!. In a
study by Tenforde et al. involving nearly 30 athletes from various sports, low BMD was found in 43% of the male
athletes included in the study. Athletes who practiced running and had a history of BSI had an increased risk of
developing low BMD'2.

A significant factor influencing BMD is the load generated by muscle contractions, which affects the local
regulation of BMD near the entheses. These mechanisms help explain the high BMD in strength athletes and the
regional strengthening of bones, such as strong forearm bones in tennis'>. However, there is insufficient evidence
regarding the intensity and duration of exercise required for this osteogenic stimulation to occur'®. This is the
main reason why not all physical activities have the same effect on bones.

In addition to physical activity, bone parameters are influenced by several other factors. Among them
are somatic characteristics, body structure, and body composition. There is no clear opinion on which
anthropometric measurement is more associated with low BMD'>. In the adult population, BMD often shows
a stronger correlation with body mass index (BMI) and lean body mass and a much weaker correlation with
body fat mass'®!”. Some studies of healthy young adults have shown that high body fat levels have no significant
relationship with BMD'8,

Therefore, in addition to bone parameters, we included anthropometric and body composition measurements,
such as body weight, BMI, percentage of body fat, hand grip strength, and number of fractures. This study aimed
to describe the impact of participation in volleyball (V), throwing sports (TA: hammer throw, discus, shot put,
javelin throw), climbing (CL), and snowboarding (SN), as well as fracture history, hand grip strength, and body
tissue composition, on forearm bone mineral density (BMD) in high-level male Polish athletes.

We also posed a research hypothesis that training seniority in disciplines with different osteogenic indexes
would affect the degree of bone mineralization, and it is necessary to verify the direction of these interactions.
Fracture history was analyzed in terms of both the type of fracture (traumatic, stress fracture) and the total
number of fractures sustained over a lifetime, and its association with forearm BMD was assessed.

Methods

Participants

The study included 54 male Polish athletes aged 22.3+2.2 years (aged between 19.0 and 29.9 years) from
four sports competitions: volleyball (V), throwing athletes: hammer throw, discus, shot put, javelin throw
(TA), climbing (CL), and snowboarding (SN). The criterion for selecting these sports for the study is the wide
variation in the specific loads and types of exercises performed. These criteria provide an opportunity to study
athletes from different sports for their osteogenic effects on bone. The study analyzed the Polish and European
Championships medallists in these four sports competitions. The training experience in professional sports of
the surveyed athletes was 9.6 +2.1 years. All participants were of the same ethnic origin (Caucasian). Data was
collected prospectively. Inclusion criteria were as follows: written consent to participate in the study and the
lack of health contraindications to densitometry. The exclusion criteria: kidney disease, cancers, rheumatoid
arthritis, rickets in childhood age, bone diseases, nutritional disorders, and long-term steroid treatment. All
participants were informed about the aims and schedule of the study and received their test results along with
an interpretation.

The survey was conducted as part of a major project, the Scientific Working Group 2024-2026: “Determinants
of Bone Mineral Density in Different Sports” The studies were approved by the Bioethics Committee of the
National Institute of Public Health—National Institute of Hygiene in Warsaw, Poland (protocol number 1/2021).
The study was conducted according to the rules and regulations of the Declaration of Helsinki. The studies
were conducted according to the local legislation and institutional requirements. The participants provided their
written informed consent to participate in this study.

Measures

Methods for assessing bone tissue and the history of fractures

Bone mineral density (BMD in g/cm?), bone mass content (BMC in g), and T-score of the forearm were
measured once by the dual X-ray absorptiometry. In this study, we consistently applied daily calibration
procedures and quality control measures for pDXA. A Norland (Swissray-USA, Norland Medical Systems
Madison WI, USA) densitometer was used, with the effective dose (uSv) of 0.05. We reported results as T-score
(the indicator that compares bone density of the individual with the mean of the population of healthy young
people) and Z-score (the indicator that compares bone density with the average for people of the same age, sex,
and body size). According to the Adult Official Positions of the ISCD as updated in 2023, a Z-score of —2.0 or
lower is defined as below the expected range for age, and a Z-score above — 2.0 is within the expected range for
age. The densitometer was calibrated by means of the original phantoms recommended by the manufacturer.
Measurements were made on the nondominant arm with the subject in the sitting position, sideways to the
densitometer. According to the methodology of forearm measurement by densitometry, two regions were
measured: the distal site (radius+ulna) and the general 1/3 proximal site (radius + ulna). Regression statistics
were reported for all similar areas of interest (ROIs)?**?!. During the face-to-face interview, data were collected
on fracture history and the number of fractures in a lifetime.
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Methods for assessing somatic variables and body composition

Basic somatic measurements were carried out according to the standards proposed by the International Society
for the Advancement of Kinanthropometry (ISAK)?%. Body height was measured using Seca 264, Seca GmbH
& co. kg, Germany with a precision of 0.1 cm, as were standing reach measurements (Seca 216, Seca GmbH
& co. kg, Germany). Seca model 264 stadiometers with Seca 360° wireless technology, equipped with a heel
positioner and Frankfurt plane positioner for head positioning. The measurement was taken in the morning,
without shoes. Body mass (kg) and body composition such as fat mass (in kg- FM and in %—PBF), and fat-free
mass (FFM in kg) were measured using the bioelectrical impedance method. The X-SCAN PLUS II Medical
Body Composition Analyzer was used (Certificate No. EC0197 for medical devices).

Assessment methods-hand grip strength

Hand grip strength (HGS) was measured in this study using a dynamometer. The JAMAR® Hydraulic Hand
Dynamometer (Model J00105, Lafayette Instrument Company, USA), which is well validated and considered
the gold standard for hand grip assessment, was used. The measurement was taken from the non-dominant
hand. Three consecutive trials were performed, and the mean value was calculated and recorded to the nearest
0.1 Newton (N)Z.

Statistical analysis

All calculations were performed using STATISTICA software (v.13.3, StatSoft, USA). The normality of
distribution was verified by the Shapiro-Wilk test. The assumption of the equality of variance was verified using
the Levene test. The reliability coefficient for the measurements was Cronbach’s a=0.91. The analysis of variance
(ANOVA) was employed to show significant differences between the four male athlete groups (volleyball,
throwing athletes, climbing, and snowboarding). Bonferroni’s post hoc test was used for intergroup comparison.
Effect size was calculated as eta-squared (n2) (small effect < 0.06; medium effect 0.06-0.14; large effect > 0.14)%%.
The chi-squared test (x2) was used to assess the differences in the frequency of occurrence of normal and low
BMD and also fracture status in four male athlete groups according to the sport type. To determine the effect
size for the chi-squared test, the phi factor (®) was used (small effect: 0.1; medium effect: 0.3; large effect: 0.5).
To find relationships between bone parameters and somatic, body compositions, strength, training experience,
and type of sports competition (as qualitative predictor) in all athletes, the ANCOVA was applied. The degree
of correlation of the predictors was assessed using the variance inflation factor (VIF) collinearity test, taking a
not-to-exceed value of 10. Residual analysis was also performed, testing for homoscedasticity using the White
test and the degree of correlation of the residuals using the Durbin-Watson test. Two-way ANOVA analysis
was applied to determine the relationships of mean T-score, sport type (volleyball, throwing athletes, climbing,
and snowboarding), and fractures status (yes vs. no fractures during life), and also the number of fractures
during life (no fractures vs. one vs. two and more). The statistical significance level was set at *p <0.05, **p <0.01,
*p<0.001.

Results

The basic characteristics of the four groups of male athletes: volleyball (V), throwing athletes (TA), climbing (CL),
and snowboard (SN), including somatic features, body composition, training experience, hand grip strength,
bone parameters, and the significance of differences, are presented in Table 1. The groups differed significantly
(p<0.05) in 13 of the 17 analyzed parameters. Of the 8 bone parameters, separately for the distal (dis) and
proximal (prox) forearm, the groups differs in 5 parameters. The CL and TA groups observed the highest BMD,
BMC, T-score and Z-score dis and prox. Significant differences were shown in BMC dis between men from
different sports. The highest BMC dis was shown in the CL (F=14.86; n2=0.56; large effect). Also significant
differences were shown in BMC prox between men from different sport disciplines, where the highest BMC
was shown in the TA (F=29.13; n2=0.79; large effect). The next significant differences were shown in T-Score
prox (F=13.59; n2=0.75; large effect), where the highest this variable was shown in the TA. Also significant
differences were shown in BMD prox (F=13.21; n2 =0.75; large effect) where the highest BMD prox was shown
in the TA. Significant differences were shown in Z-score prox (F=13.39; 2 =0.71; large effect) where the highest
was shown in the TA. Significant differences were found in the number of fractures. SN had significantly more
fractures in their lifetime compared to the other groups of athletes (F=4.40; n2 =0.54; large effect), (insert Table
1 here).

Table 2 shows the prevalence of normal and low bone mineralization, within the expected range for age and
below the expected range for age, and also the status of fractures in male athletes’ groups. In the TA group, more
frequent (x2=4.91; ® =0.30; medium effect) normal BMD was found in the distal part of the forearm compared
to V (by 6.7%), CL (by 15.4%) and SN (by 35.7%). In the CL group, more frequent (x2=4.32; ®=0.28; small
effect) normal BMD was found in the proximal part of the forearm compared to V (by 12.4%), TA (by 6.8%) and
SN (by 34.6%). The SN group had the highest prevalence of low bone density in both the distal and proximal
forearms. A significantly higher prevalence of fractures was shown in SN compared to other groups of athletes
(x2=14.77; ®=0.52; large effect), (insert Table 2 here).

The relationships of the characteristics studied (somatic, body composition, hand grip strength, training
experience, and type of sports competition) with individual parameters of bone mineralization status (BMD,
BMC, T-score, Z-score) separately for dis, and prox segments in all athletes are presented in Table 3 (ANCOVA
results). Covariance analysis indicated that the main indicators significantly affecting BMD dis were two
variables: body height (cm) and type of sports competition (adj. R?=0.77). In turn, in BMD prox the main
indicator significantly affecting was the type of sports competition (adj. R>=0.73). The main indicators
significantly affecting BMC in the dis and prox segments of the forearm were two variables: HGS (N) and type of
sports competition (in dis adj. R?=0.60 and in prox adj. R?=0.85). Similar results were obtained for T-score dis
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V (n=18) TA (n=9) CL (n=13) SN (n=14)
L 2 S & Significant

Variables Mean +SD difference | F (p) 72

Age (years) 22.0+1.4 21.2+1.7 222423 23.5+2.8 1v2,4 3.17 (0.032)* 0.12

Training experience (years) | 10.9+1.9 9.1+1.7 8.0+1.2 9.9+2.2 - 1.81 (0.157) -

Body height (cm) 184.1+6.5 180.3+8.8 175.9+6.2 177.9+5.8 1v3,4 7.26 (0.000)*** | 0.22

Body mass (kg) 79.7+4.0 92.3+10.1 73.3+6.5 77.9+4.2 ;73,4 6.93 (0.001)*** | 0.57
1v2

PBF (%) 18.7+14 23.2+6.4 17.3+1.9 18.8+1.7 2v4 61.54 (0.000)*** | 0.31
2v1,3,4

M (kg) 149+14 22.0+8.2 12.8+2.2 14.6+1.7 2v1,3,4 63.59 (0.000)*** | 0.44
1v2,4

FFM (kg) 64.7+3.5 70.3+3.3 60.6+4.8 63.3+3.2 4v1,2,3 3.69 (0.018)* 0.56
2v1,3,4
1v2,4

HGS (N) 664.9+53.8 1297.1£132.3 | 965.9+104.8 676.2+£79.7 ;Z%’g 4 2.89 (0.045)* 0.88
4v1,2,3

BMD dis. (g/cmz) 0.495+0.099 0.575+0.060 | 0.738+0.039 0.404 £0.060 - 2.19 (0.101) -
1v2,3

BMC dis. (g) 1.673+0.141 2.290+0.151 2.294+0.632 1.473+0.088 2vl,4 14.86 (0.000)*** | 0.56
3vl4

T-score dis -0.139£0.854 | 1.108 £0.629 1.394+1.478 -0.506+0.928 | - 0.98 (0.411) -

Z-score dis —0.148+0.881 | 1.147+0.624 1.406+1.516 -0.543+0,962 | - 1.12 (0.516) -
1v2,3,4

BMD prox. (g/cm?) 0.696+0.148 | 0.922+0.034 | 1.00£0.064 | 0.558+0.087 ;X}i 13.21(0.000)*** | 0.75
4v1,2,3
1v2,3,4

BMC prox. (g) 1.756£0.126 2.954+0.175 2.856+0.624 1.501+£0.092 gzi’i"” 29.13 (0.000)*** | 0.79
3vl4
1v2,3

T-score prox -0.917£0.584 | 0.580+1.090 | -0.007+0.884 | —1.136+£0.452 | 2v3,4 13.59 (0.000)*** | 0.75
3vl4
1v2,4

Z-score prox -0.912£0.582 | 0.558+1.088 | -0.012+0.876 | —1.129£0.451 | 2v1,3 13.39 (0.000)*** | 0.71
3v2,4

Number of fractures 0.7£1.0 0.3£0.5 0.3£0.8 14£1.0 1,2,3v4 4.40 (0.008)** 0.54

Table 1. Means and standard deviations of particular variables in the male athletes’ groups (n=54): volleyball
(V), throwing athletes (TA), climbing (CL), and snowboard (SN), as well as the significance of differences
between the means (results of ANOVA analysis). PBE- body fat in %; FM- fat mass; FFM- fat-free mass; HGS-
hand grip strength; BMD- bone mineral density; BMC- bone mineral content; dis.- distal, prox.- proximal;
n2—eta squared; d—significant differences between groups; p value—level of statistical significance: *p <0.05,
p<0.01, **p<0.001.

and Z-score dis, the main indicators significantly affecting were HGS (N) and type of sports competition (adj.
R%=0.42 and 0.40). T-score prox and Z-score prox were significantly affected only by HGS (N), (adj. R*=0.59
and 0.58), (insert Table 3 here).

Figure 1 shows relationships of mean T-score (the arithmetic mean from two sections of the distal and
proximal forearm), type of sport, and fractures during life status (two-way ANOVA results). In all groups, men
without fractures in life had the most advantageous values of the forearm mean.

T-score compared to men after fractures in life (F=3.0185, p =0.04). Figure 2 shows the relationships of mean
T-score, type of sport, and the number of fractures during life. Among all groups of athletes, the lowest T-score
values were shown in men who had suffered two or more bone fractures in their lifetime (insert Figs. 1 and 2
here). Analogous analyses were conducted for the Z-score. A similar pattern of interaction was obtained as in the
case of the T-score. The lowest Z-score values were shown in all groups of men who had fractures, and especially
two or more fractures in their lifetime (insert Figs. 3 and 4 here).

Discussion
Muscle strength and bone mineral density are key determinants of athlete health, especially in disciplines
associated with a high risk of injury and falls, such as those involving frequent impacts or potential for fractures.
However, studies among athletes of sports with different osteogenic index (OI) are not numerous and often show
inconclusive results.

This cross-sectional study assessed the degree of mineralization in men from 4 different sports, including
winter sports. The specifics of training in these disciplines are heavily based on various upper limb and forearm
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V(n=18) | TA (n=9) | CL (n=13) | SN (n=14)
Variables % X (p) @
T-score dis
Norm 93.3 100 84.6 64.3 4.91 (0.178)
Reduced bone density 16.7 0 15.4 357 0.30
Z-score dis
Within the expected range for age | 100 100 100 100
Below the expected range for age | 0 0 0 0 -
T-score prox
Norm 72.2 77.8 84.6 50.0 4.32(0.229)
Reduced bone density 27.8 222 15.4 50.0 0.28
Z-score prox
Within the expected range for age | 94.4 100 100 100 2.04(0.564)
Below the expected range for age | 5.6 0 0 0 0.19
Fractures status
No 61.1 66.7 84.6 14.3 14.77 (0.002)**
Yes 38.9 33.3 154 85.7 0.52

Table 2. Prevalence of low and below the expected range for age BMD in the distal and proximal part of the
forearm and fracture status in the male athletes’ groups: volleyball (V), throwing athletes (TA), climbing (CL),
and snowboard (SN) (results of Chi-square test). T-score—the average bone density of a young and healthy
person; dis. — distal; prox.—proximal; x>—chi-squared test; ®—phi factor; p—p value, level of statistical
significance: *p<.05, **p<.01 and ***p<.001.

BMD BMD BMC BMC T-score T-score Z-score Z-score
dis. (g/cm?) prox. (g/cm?) dis. (g) prox. (g) dis prox dis prox
F (p) F (p) F (p) E (p) F (p) F (p) F (p) F (p)
n2 n2 n2 n2 n2 n2 n2 n2
) 7.120 (0.011)* | 1.938 (0.171) 1111 (0.298) | 3.254 (0.078) 0.380 (0.541) | 0.070 (0.793) 0.371 (0.532) | 0.068 (0.799)
Body height (cm) 0.137 0.041 0.024 0.067 0.008 0.002 0.008 0.002
EM (kg) 1.114 (0.297) 0.621 (0.435) 0.092 (0.763) | 2.142 (0.150) 1.161 (0.287) | 1.610 (0.211) 1.156 (0.266) | 1.602 (0.219)
& 0.024 0.014 0.002 0.045 0.025 0.035 0.021 0.037
FFM (kg) 1.928 (0.172) 0.514 (0.477) 1.433 (0.238) | 1.420 (0.240) 0.008 (0.929) | 0.032 (0.860) 0.007 (0.927) | 0.036 (0.871)
& 0.041 0.011 0.031 0.031 0.003 0.001 0.003 0.001
HGS (N) 0.928 (0.341) 0.570 (0.454) 7.167 (0.010)** | 11.613 (0.001)*** | 7.135 (0.010)** | 18.262 (0.000** | 7.122 (0.011)** | 18.260 (0.000)***
0.020 0.013 0.137 0.205 0.137 0.289 0.133 0.287
Training experience (years) | 0369 (0:547) 0.090 (0.765) 0.728 (0.398) | 0.890 (0.350) 0.105 (0.748) | 0.004 (0.953) 0.101 (0.755) | 0.004 (0.953)
8 X Y 0.008 0.002 0.016 0.019 0.002 0.003 0.002 0.003

Sports competition (type) | 21229 (0000 | 13.299 (0.000)** | 4,601 (0.007)** | 13.449 (0.000)*** | 3.143 (0.034)* | 2.064 (0.118) 3.102 (0.035)* | 2.063 (0.119)
P P P 0.586 0.470 0.235 0.473 0.173 0.121 0.171 0.120
F(p) 22.7 (0.000) 18.59 (0.000) 10.95 (0.000) | 37.63 (0.000) 5.87 (0.000) 10.63 (0.000) 5.80 (0.000) 10.60 (0.000)
R*2adj 0.77 0.73 0.60 0.85 0.42 0.59 0.40 0.58

Table 3. Relationships between bone parameters and somatic, body compositions, strength, training
experience, and type of sports competition in all athletes (n=54), (results of ANCOVA analyses). BMD—
bone mineral density; BMC—bone mineral content; dis—distal; prox—proximal; FM - fat mass; FFM—fat-
free mass; HGS—hand grip strength; Sports competition (type) - volleyball, throwing athletes, climbing,
snowboard; F—Ronald A. Fisher’s test; adj. R%2—the adjusted R-squared values of determination; n2—eta
squared; p—p value, level of statistical significance: *p <0.05, **p<0.01 and ***p <0.001.

exercises such as ball strikes and receptions, climbing grip, and throwing. In snowboarding, the upper limbs play
a crucial role in supporting the body on the slope. However, this leads to a high risk of injury during falls, as the
entire body weight may be placed on the wrists and forearms®.

Our finding of a correlation between lifetime fracture prevalence and bone T-score is consistent with previous
research. Earlier studies have shown that total and regional BMD values were lower in distance runners before
their first lower extremity fracture compared to athletes without injuries, indicating that low bone parameters
are an intrinsic risk factor for fractures®. In the present study, it was found that among the representatives of four
sports disciplines, the highest values of forearm BMD (dis and prox), BMC (dis and prox), T-score and Z-score
(dis and prox) were observed in athletes participating in climbing and throwing sports, compared to volleyball
players and snowboarders. In another cross-sectional study, differences in BMD were observed among male
athletes from various sports disciplines, with the highest BMD values found in those participating in strength
and team sports compared to cyclists, triathletes, runners, academic athletes, and a non-athlete control group27.
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Fig. 1. Relationships of mean T-score, type of sport, and fractures during life status (results two-way ANOVA;
results, F(3.46) =3.0185, p=0.03924, n2 =0.165, vertical lines —0.95 CI—confidence intervals).

Considering the training load, athletes involved in climbing, throwing, and volleyball exert significantly
greater pressure on the upper limbs compared to snowboarders, which is reflected in specific bone parameters.
The results of this study suggest a positive effect of training on bone metabolism through loading caused by
muscle contractions, leading to local adaptations?®-3°.

This study also analyzed the prevalence of reduced bone density (T-score) and BMD below the expected
range for age (Z-score) in the distal and proximal segments. The study shows that the reduced bone density in
the distal part of the forearm was in 35.7% of the SN group, 16.7% in the V group, and 15.4% in the CL group. In
the proximal part of the forearm, the reduced bone density was in 50% of the SN group, 27.8% in the V group,
15.4% in the CL, and 22.2% in the TA. BMD below the expected range for age (Z-score) was only in the proximal
segments of the forearm and only in the V group.

The frequency of normative T-score in the distal and proximal segments of the forearm varies between athletes
with different specificities of mechanical loading has been studied. Studies show that athletes who specialize in
sports that uniquely load the forearm (such as throwing) achieve the highest bone density in this area. In an
analysis of Masters athletes, it was throwing athletes who had the highest forearm BMD values regardless of
gender. This confirms that intense unilateral or local mechanical loading stimulates an increase in BMD in
specific areas of the bone, as observed by the 100% T-score norm in the throwing group?.

A concerning finding is the low T-score in snowboarders, for whom the wrist and forearm are particularly
often used as support during falls in this specific sport. Studies confirm that wrist fractures are the most common
injury among snowboarders. They constitute from 17 to 28% of all injuries®?. Interestingly, the highest percentage
of wrist and forearm injuries also occurs among competitive snowboarding athletes®>.

Low bone mineral density can have important implications for an athlete’s health and performance and
influences the risk of bone fracture in competitive sports®. Low BMD, a risk factor for fractures, is a significant
concern in professional sports, particularly among endurance athletes. Prolonged periods of low energy
availability (LEA) in athletes are a major contributor to low BMD, leading to a condition called relative energy
deficiency in sports (RED-S). Among the key mechanisms for the effect of RED-S on bone tissue are decreases
in estrogen in women and testosterone in men. Abnormally low levels of these hormones can lead to decreased
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Fig. 2. Relationships of mean T-score, type of sport, and number of fractures during life (two-way ANOVA
results, F(4.44) =1.7332, p=0.15976), vertical lines —0.95 CI—confidence intervals.

osteoblast activity and increased bone resorption. In addition, in RED-S, there is often impaired calcium and
vitamin D metabolism, and this impairs bone mineralization. This can affect performance, increase injury risk,
and lead to long-term health problems. Endurance athletes expend large amounts of energy during prolonged
high-intensity exercise. Most endurance athletes often practice periods of dietary restriction to maintain a
suitable light body shape. Several studies have analyzed the effects of low energy availability on various bone
structure parameters. However, there are differences in findings and research methods, and critical summaries
are lacking. Athletes find it difficult to reduce energy expenditure or increase energy intake to restore energy
availability when training performance is a priority®>. This is why DXA screening should be considered among
athletes who are particularly susceptible to RED-S and injury.

In this study, factors that most clearly influenced bone parameters in athletes were the type of discipline
practiced and hand grip strength. BMD is dependent on the specific mechanical demands of different sports.
Many studies have shown that external or device-loaded exercises and high-impact sports are associated with
higher BMD levels compared to inactive control groups. Resistance training and impact-loading activities are
effective at increasing or maintaining bone mass®’.

An explanation for these results can be given by analyzing the specific loads of a given sport: block throwing
sports such as discus, javelin, hammer throw involve large centrifugal forces transmitted by intensive muscle
pulling on bone. The specificity of climbing primarily includes a strong isometric grip and frequent jumping
into depth during training. Skeletal loads are caused by repeated falls to the ground. Intermittent isometric
contractions of the forearms occur at the moment of grip. However, climbing also involves dynamic and static
movements of the whole body, with some contractions approaching maximum intensity *. Climbing exercises,
including rock climbing and stair climbing, increase bone mineral density. Primarily by the application of
mechanical stress on bones. This stress stimulates osteoblasts (bone-forming cells) and inhibits osteoclasts
(bone-resorbing cells), leading to increased bone formation and reduced bone resorption. Additionally, climbing
promotes changes in bone morphology, such as cortical hypertrophy, and can alter bone marrow stromal cell
activity®.
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Fig. 3. Relationships of mean Z-score, type of sport, and fractures during life status (results two-way ANOVA;
results, F(3.46) =3.1051, p=0.03555, n2 =0.165, vertical lines —0.95 CI—confidence intervals).

Movements specific to volleyball, such as dynamic ball strikes, jumps, sprints, and quick stops, also cause
high-speed and impact loads. In snowboarding, high isometric work occurs in the lower limbs, but it is the upper
limbs that often absorb falls, which can also potentially be an osteogenic factor. To include a variable describing
upper limb strength in the analysis, this study also evaluated hand grip strength (HGS) on a dynamometer.
Covariance analysis indicated that the main indicators significantly affecting BMC in the dis and prox segments
of the forearm were two variables: HGS and type of sports competition. Similar results were obtained for T-score
dis, the main indicators significantly affecting were HGS and the type of sports competition. T-score prox was
significantly affected only by HGS. The results of this study are consistent with those of other authors analyzing
the correlation of HGS with BMD. Chan et al. (2008) showed, in a gradual regression, that HGS was a strong
predictor variable for BMD in both sexes. Prediction models according to grip strength and body mass accounted
for 60% and 40% of changes in BMC of various parts and BMD of the hip joint and the spine*’.

Nasri et al. investigated the correlation between bone parameters and HGS in among adolescent combat
sport athletes aged 17.1 0.2 years. In this study, the HGS in the dominant hand was significantly correlated with
BMD of both the spine and legs. However, the best predictor of BMD measurements is HGS in the nondominant
hand. This study has shown the osteogenic effect of combat sports practice, especially judo and karate Kyokushin
Ai. Moreover, Nasri et al. suggested that the best model predicting BMD in different sites among adolescent
combat sports athletes was the HGS in the non-dominant hand*.

This study has several limitations that should be noted. First, the relatively small number of athletes and only
one winter sports discipline. The study included several variables, but in future projects, it is worth expanding
to include variables such as nutrition and supplementation. One of the limitations of this study—and a strong
argument for continuing and expanding the research project was the lack of information on energy availability,
calcium and vitamin D intake, hormonal status of the athletes, and detailed training volume. These may be
confounding factors that could help explain differences between sports disciplines. Therefore, it is worth
including them in future research. The multifactorial nature of BMD influences the need for further studies
involving a larger group of athletes, preferably at different stages of their sports careers. In future studies, it would
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Fig. 4. Relationships of mean Z-score, type of sport, and number of fractures during life (two-way ANOVA
results, F(4.44) =1.7165, p=0.15232), vertical lines —0.95 CI—confidence intervals.

be worth looking more closely at the interactions of fracture history with BMD. For example, the location of the
fracture and the period of ontogeny in which the fracture was suffered may be important.

Conclusion

This study has shown that athletes, especially those who participate in throwing sports and engage in isometric
holding tensions, exhibit higher BMD. These results suggest that the type of sports activity may be an important
factor in achieving a high peak bone mass and good mineralization of the forearm bones. The results of this
study suggest that it is worth considering incorporating throwing and isometric exercises into other disciplines.
It is worth considering whether screening for bone mineral status should be included in sports diagnostics. The
results of the study also point to the important role of information about past fractures during life, which can
initially indicate of low bone density risk groups.

Data availability
Data availability The datasets generated during and/or analysed during the current study are available from the
corresponding author upon reasonable request.
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