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1. Abstract

QUS values were associated with lower endomorphy

Regular physical activity has favourable influence on

and mesomorphy, while more linear physiques

the bone status. The purpose of this study was to

correlated with better bone parameters. Physique and

analyze the relationships between the bone quality

type of exercise training appear to be associated with

index (BQI) in the calcaneus and anthropometric

bone status. Both weight-bearing and non-weight

variables in male elite athletes. Participants were

bearing exercise improve calcaneus bone parameters

Hungarian elite male athletes: kayak-canoe (KC,

such as BQI to different extents. It might be preferable

n=43); triathlon (T, n=16); track & field (TF, n=46);

to combine some weight-bearing exercise during the

water-polo (WP, n=19). Their

physique was

sessions, and it is also highly recommended after a

characterised by Heath-Carter somatotype. Calcaneal

competitive period and during recreational sport

Quantitative Ultrasound (QUS) parameters were

activities.

registered by Sonost3000 densitometer. Differences

2. Keywords: Weight-bearing and Non-weight-

in bone quality between the groups and correlation

bearing Exercise; Ultrasound Bone Characteristics;

patterns between QUS and physique were analysed

Anthropometry; Somatotype

(p<0.05). There were significant differences in QUS

3. Introduction

parameters. T and TF had significantly higher SOS

Osteopenia and osteoporosis in males are becoming

(speed of sound, m/s) values than WP. KC had lower

an increasingly important public health problem, and

SOS values than T athletes (TF: 1519.3±16.0; T:

their prevalence in male patients is also high. Twenty

1512.9±20.8; KC: 1505.6±12.4; W: 1495.1±10.8.

percent of men over the age of 50 year will suffer an

BUA (broadband ultrasound attenuation, dB/MHz)

osteoporotic fracture during their lifetime [1,2].

was the largestest in TF but this only differed

Osteoporosis is about four times more common in

significantly

women, but one in three patients with osteopenia

from

WP

(TF:

106.5±14.8;

T:

98.9±11.5; KC: 98.7±16.5; WP: 92.2±8.8). BQI

(more frequent than osteoporosis) is a man [3].

(αSOS+βBUA) was higher in TF (92.0±16.7) than in

Osteopenia associated with lower bone mass (new

KC (79.2±13.1), WP (69.3±10.0); it was higher in T
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term of osteopenia is low bone mass) and lower bone

combat sports had higher BMD values than water

density than in normal bone status. The treatment of

polo athletes [15]. Running and ball games improve

osteopenia is complex, with an emphasis on

bone density [16]; and ultrasound bone parameters

developing a healthy lifestyle and most often

were higher in footballers than in swimmers, the latter

medications are also recommended. Osteopenia is

group exceeded the values of the sedentary control

usually associated with no symptoms or pain, so it is

group [17]. In several studies a positive osteogenic

often not diagnosed until after a fracture, that is why

effect

prevention is so important. Bone degeneration can be

improvement has been detected with Dual-energy X-

prevented, decreased or slowed down with regular

ray Absorption (DXA) [4,7,15,18]. However, these

physical

Cross-sectional studies have

DXA measurements give no suitable information as

demonstrated greater bone mineral content and

to other qualities of bone structure, such as elasticity,

density in athletes [4,5,6,7,8]. Moreover, longitudinal

microarchitecture and fracture risk. Quantitative

studies confirm the beneficial effects of regular

ultrasound measurement (QUS) provides information

exercise on bone health [9, 10]. In adults bone

not only about bone mineral mass or density but also

remodeling

its quality parameters.

activity.

highly depends

on

the

effective

of

different

sports

on

bone

density

mechanical loading of stimuli. Weight-bearing

Some previous studies have analyzed somatotype

activity has a beneficial effect on the skeleton through

differences in athletes. In a study was found that

gravitational and muscular forces. Bones adapt to

athletes in throwing events differed from other

greater

adequate

athletes [19] others found relationships between

reconstruction in trabecular net and with higher

extreme ectomorphic constitution and performance in

density and thickness of the bone substance. Non-

track and field athletes [20] and young Portuguese

weight bearing activities have non-significant or little

triathletes were considered mainly ectomorphic

effect on bone density. Swimming and cycling are

mesomorphs [21]. Carter and Heath analysed the

considered to be the types of physical activity that

somatotype differences between various Olympic and

have low impact on bone density [11,12] however,

other sports participants [22]. In a study was found

they have a positive influence on other bone

that elite water polo players belonged to the balanced

properties

mesomorph somatotype category [23].

mechanical

like

loading

elasticity

and

with

microstructure

conforming by QUS [8]. Others reported divergent

Not many investigations have focused on the

results in a study of male recreational athletes [13].

differences in bone properties measured with QUS in

Cyclists, aged 20 to 59, were seven times more likely

athletic males. Furthermore, no results of the

to have osteopenia in the spine than runners,

relationship between physique and quantitative

controlled for age, body weight, and bone-loading

ultrasound bone parameters have been published.

history. According to a review it seems that cyclist’s

The main aim of this study was to verify the

BMD correlates positively with the cumulative

relationships between different weight-bearing and

amount of bone loading forces experienced over their

non-weight-bearing

lifetime [14]. There is a negative correlation between

parameters and bone quality in elite male athletes in

bone mineral density and dermal calcium losses

the calcaneus bone. Our questions were: 1. Can sports

during exercise, also [14]. Bone density parameters

with different mechanical loading result in difference

increase in parallel with the level of mechanical

in the ultrasound indicators of the calcaneus bone be

loading and with the level of intensity of sport

found in male elite athletes? 2. Are there significant

activities. It was found that athletes from different

relationships between anthropometric and somatotype
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components and calcaneus bone characteristics in

relaxed, upper arm flexed and tensed, lower arm,

male elite athletes?

thigh, maximum calf and ankle). Body height was

4. Material and Methods

measured

Participants were elite Hungarian male athletes

Switzerland) to the nearest 0.1 cm, and the body

(N=124; kayak-canoe: 43; triathlon: 16; track and

weight was recorded on a portable scale (model 707,

field: 46; water polo: 19). All competed at an

Seca Corporation, Columbia, Maryland) to the nearest

international level, achieved at least sixth position in

0.1 kg. Nutritional status was calculated by BMI

the national championships and participated in

(kg/m2). Skinfolds were measured using a caliper

international competitions (kayak-canoe: 22.66±4.23;

(Lange Ltd, Cambridge, Maryland) to the nearest 0.5

triathlon: 23.47±6.22; water polo: 25.33±4.26; track

mm,

and field 21.7±4.17). To select the male elite athletes,

(Switzerland)

they filled in a standard valid questionnaire and took

measured with a flexible metallic tape measure

part in a personal interview during which we also

(Holtain Ltd) to the nearest 0.1 cm. All measurements

asked about their current and past organized and other

were repeated three times by skilled anthropometrists,

habitual physical activities, as well as the best results

and the average was employed in further calculations.

in elite athletes. The athletes’ sport related experience

The accuracy of repeated measurements were 1 mm

and number of training hours per week were: kayak-

and 0.5 mm in skinfolds.

canoe: 13.63±6.35 years and 21.5±4.3 hours per

Body fat percentage estimation followed the modified

week; triathlon: 10.47±4.23 years and 20.00±5.20

procedure of Parízková [25,26]

hours per week; water polo: 16.65±4.78 years and

Fat%=28.894 x log

18.94±5.18 hours per week; track and field

[2(biceps+triceps+subscapular+suprailiac+calf

12.52±5.78 years and 18.5±3.60 hours per week. All

skinfolds)] −41.18.

of the elite athletes served as volunteers in line with

Body composition was assessed with the Drinkwater

the principles of the Declaration of Helsinki. All

and Ross technique [27]. Bone and muscle mass were

participants received written information about the

determinated based on the following equations:

goal of the survey and the procedures used. Data

Bone mass (kg) = [1.57 × 0.25 x (zb1+zb2+zb3+zb4) +

management was conducted anonymously. The

10.49]/(hc3)

protocol

Muscle mass (kg) = [2.99 × 0.2 x

was

approved

by

the

Semmelweis

with

widths

a

were

stadiometer

taken

(Sieber-Hegner,

with

anthropometric

set;

Sieber-Hegner
girths

were

University's institutional review board and the

(zm1+zm2+zm3+zm4+zm5) + 25.55]/(hc3)

Medical Research Council of Hungary by the

zb1= (elbow width x hc – 6.48)/0.35; zb2 = (knee width

Scientific and Research Ethics Committee (14120-

x hc – 9.52)/0.48;

3/2014/EKU (133/2014). The experiments carried out

zb3 = (wrist girth x hc – 16.35)/3.14/0.72; zb4 = (ankle

in this study comply with the current laws of Hungary.

girth x hc – 21.71)/3.14/1.33;

Anthropometric measurements were taken according

zm1 = [(upper arm relaxed – 0.314 x triceps skinfold)

to the International Biological Program [24]. The

x hc –22.05]/3.67;

instruments were calibrated prior to use and all

zm2 = [(chest girth – 0.314 x subscapula skinfold) x

measurements were taken on the subject’s right side.

hc – 82.36]/4.68;

Anthropometric variables included body mass, body

zm3 = (lower arm girth x hc – 25.13)/1.41;

height, seven skinfolds (biceps, triceps, subscapular,

zm4 = [(thigh girth – 0.314 x thigh skinfold) x hc –

suprailiac, abdominal, thigh and medial calf), two

44.34]/3.59;

widths (elbow and knee), and six girths (upper arm
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αβ:

temperature

zm5 = [(calf girth – 0.314 x calf skinfold) x hc –

Index

30.22]/1.97; hc = 170.18/height.

corrections) is derived from SOS and BUA with

Physique was characterised by the Carter and Heath

temperature correction and lower value of standard

somatotype method, based on the following equations

deviation, and fracture risk can be predicted with BQI,

[22].

which makes it suitable for clinical use [30]. Base on

(BQI=αSOS+βBUA,

Endomorphy* (relative fatness) = – 0.7182 + 0.1451

its short time requirement, repeatability, the accuracy

(X) – 0.00068 (X ) + 0.0000014 (X )

of repeated measurements were 0.5-1 unit in QUS

X = sum of triceps, subscapular, and suprailiac

parameters [29,31], portability and absence of

skinfolds; *(for height-corrected endomorphy, X is

ionizing radiation, QUS is suggested for screening

multiplied by 170.18/height in cm);

work with athletes and population-based samples

Mesomorphy (relative robustness) = (0.858 humerus

under the right clinical setting [32].

width + 0.601 femur width + 0.188 corrected

Data were analyzed with the use of Statistica for

arm girth + 0.161 corrected calf girth) – (height x

Windows software (version 11., StatSoft Inc., Tulsa,

0.131) + 4.50;

OK 74104, USA, 2011). All values were expressed as

Ectomorphy (relative linearity) = 0,732 x (height x

mean±standard deviation (SD). Differences in the

2

weight

−0,33

3

) – 28,58;

respective subgroup’s means were tested with
(QUS)

MANOVA. In the case of significant F-values

parameters were registered with a Sonost 3000

Bonferroni's post-hoc tests were used. Differences

Calcaneal

bone

quantitative

densitometer.

ultrasound

Two

trained

between subgroups by endomorphy and mesomorphy

authors

values were tested with Student’s t-tests for

performed all measurements by positioning

independent samples.

participants’ right foot properly. Quantitative

We

ultrasound

relatively

anthropometric variables and bone characteristics in

inexpensive, portable, non-invasive and radiation-free

the total sample and subgroups using a Pearson linear

method of evaluating bone status. It provides

correlation. The level of effective random error was

information not only about bone mineral mass or

set at 5% in all significance tests (p<0.05).

density but also its quality parameters. Variables,

5. Results

measured by QUS, are as follows: Speed of sound

The basic statistics of anthropometric parameters of

(SOS), which reflects elasticity and microarchitecture

the subjects are shown in Table 1.

rather than bone mineral mass, was shown to predict

Water polo players were significantly taller and

fractures independent of BMD, suggesting that it

heavier than the others. Water polo players had the

measures some aspects of bone strength. The value of

highest values in girth and width. The Body Mass

SOS is changed by the propagation of wave and bone

Index (BMI) values of triathletes and track and field

elasticity, the latter has a stronger influence on speed

athletes were the lowest and differed from the results

of sound than density, and therefore, shows the

of other athletes. Bone percentage did not differ

material quality of the bone. Broadband ultrasound

between the elite male athlete groups. Nevertheless,

attenuation (BUA) reveals the mineral content of bone

the bone measurements (for example, elbow and knee

showing the best correlation to BMD [28] and BMC;

width, and ankle girth) were significantly higher for

and it can be also a microstructral indicator of bone

the water polo and kayak-canoe subgroups.

[29] BUA value depends on bone mass and the

Somatotype components differed significantly in the

remaining intactness of trabecula-net. Bone Quality

elite male athlete groups. Ectomorphy was the highest

measurement
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Table 1: Descriptive statistics of absolute and derived anthropometric parameters in the four male elite athlete groups (Mean±SD; df=3).

Kayak-Canoe (1)
Body height (cm)
Body weight (kg)

183.0±6.31
23

82.80±8.16

Triathlon (2)

Track and Field (3)

Water Polo (4)

F value

179.5±6.5

180.6±7.2

195.9±4.4 123

27.38

70.7±5.7

71.1±10.9

123

98.5±9.7

44.07

Biceps skinfold (mm)
Triceps skinfold (mm)

4.0±0.8
6.7±2.3

4.4±1.5
7.3±3.2

4.8±2.2
7.3±3.0

4.9±2.1
9.0±3.1

1.78
2.92

Subscapular skinfold(mm)

9.1±2.2

8.5±1.5

9.7±3.0

13.9±3.9123

14.52

Suprailiac skinfold (mm)

9. 8±3.4

9.1±3.2

8.5±4.5

14.6±6.3123

8.79

Abdominal skinfold (mm)

11.3±4.6

10.5±4.5

12.3±5.0

19.6±8.4123

11.65

Thigh skinfold (mm)

12.4±4.7

9.8±2.8

10.4±2.9

14.2±4.6

0.49

Calf skinfold (mm)
Elbow width (cm)
Knee width (cm)
Upper arm girth (cm)
Upper arm flexed girth (cm)
Lower arm girth (cm)
Wrist girth (cm)
Thigh girth (cm)
Calf girth (cm)
Ankle girth (cm)
Chest girth (cm)
2

BMI (kg/m )

7.7±33
7.4±0.3

6.4±2.4

23

10.0±0.4
23

32.2±2.5

23

35.9±2.4

23

29.4±1.6

17.1±0.9
56.1±3.6
37.2±1.8
23

23.2±1.1

23

102.2±4.4

23

24.7±1.7

6.9±0.4
9.7±0.5
27.4±1.5
30.3±1.9
26.2±1.3
16.4±0.7
52.3±2.9
35.8±1.6
21.9±1.2
92.1±3.7
21.9±1.4

6.8±2.3
7.1±0.3
9.8±0.5
27.7±2.8
30.8±3.0
26.1±1.8
16.4±1.6
55.1±4.3
36.9±2.3
22.1±1.1
90.5±6.1
21.8±2.6

23

10.8±3.6
7.9±0.3

123

7.56
33.49

123

22.11

123

58.27

123

60.48

123

59.78

123

11.83

123

11.99

23

5.4

23

12.88

123

87.19

23

22.85

3

10.8±0.4
35.9±2.3
38.8±2.4
30.9±1.1
18.3±0.8
59.8±3.0

38.8±3.1
23.8±1.2

111.0±4.3
25.8±2.1

Fat%

14.4±4.1

15.1±3.7

12.4±3.4

17.0±3.4

7.45

Bone%

16.5±1.0

16.8±1.3

16.9±1.5

16.2±0.9

1.62

Muscle%

34

47.7±1.6

46.2±1.8

46.1±2.5

45.8±1.9

5.5

Bone%/Muscle%
Endomorphy I

0.3±0.0
2.4± 0.8

0.4±0.0
2.4± 0.8

0.4±0.0
2.4± 0.9

0.3±0.0
3.4± 0.9

2.91
7.04

Mesomorphy II

4.7±1.023

3.4±0.7

3.7±1.2

4.7±0.923

10.07

2.5±0.8

12.69

Ectomorphy III

2.2±0.8

3.2±0.8

3.4±1.2

14

BMI: Body Mass Index; significant differences are shown by upper index of subgroups (p<0.05), index numbers show significance
differences between respective subgroups.

in triathletes and track and field athletes. When the

(p=0.000) (triathlon: 1513.91±20.80; kayak-canoe:

male elite athlete groups were grouped according to
their somatotype, triathletes and track and field
athletes belonged to the central category; water polo
players to the endomorphic-mesomorph category and
kayakers-canoeists to the balanced mesomorph
category.
Triathletes and track and field athletes had
significantly higher SOS values than water polo
players (p=0.005; p=0.000). Kayakers-canoeists had
Figure 1. Somatotypes of the subgroups. 1=Kayak-Canoe,

lower SOS values than track and field athletes

2=Triathlon, 3=Track and Field, 4=Water Polo.
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1505.61±12.41; track and field: 1519.30±16.00; water

with differences among the subgroups (kayak-canoe:

polo: 1495.15±10.85) (df =3; F=13.582).

79.23±13.08; triathlon: 84.76±19.63; track and field:
91.97±16.67; water polo: 69.31±10.05) (df=3;
F=11.423).
Table 2. summarizes the correlation pattern of
ultrasound bone parameters and anthropometric
variables in the total sample of male elite athletes.

Figure 2. Speed of Sound (SOS) of calcaneus in subgroups
(Mean±SD). SOS reflects elasticity, microarchitecture and
strength of bone. Abbr.: ↔ significant differences.

The BUA mean was lowest in the water polo players;
every other sporting group had higher results (Figure
3). Track and field athletes had the largest BUA mean,
Figure 4. Bone Quality Index (BQI) of calcaneus in subgroups

but this statistic only differed significantly from water

(Mean±SD). BQI is derived from SOS and BUA with temperature

polo players (p=0.009) (triathlon: 99.13±11.49;
kayak-canoe:

98.73±16.48;

track

and

correction and predicts fracture risk, Abbr.: ↔ significant

field:

differences.

106.51±14.82; water polo: 92.20±8.83) (df=3;

Bone characteristics had a small to medium negative

F=5.827).

correlation with body height, body weight, BMI, and
relative fat percentage in the total sample. Relative
muscle mass correlated positively with bone
parameters. Nevertheless, bone percentage and QUS
parameters did not correlate with each other, and there
was a slight to medium inverse but significant
correlation

between

absolute

bone

sizes and

ultrasound SOS and BQI values.
A small correlation was found between QUS and
Figure 3. Broadband Ultrasound Attenuation (BUA) of calcaneus

somatotype

in subgroups (Mean±SD). BUA depends on bone mass and

endomorphy. The higher values of QUS were

trabecula-net status. Abbr.: ↔ significant differences.

components,

especially

with

associated with lower endomorphy and mesomorphy

In terms of Bone Quality Index (Figure 4), the highest

values and a more linear physique was associated with

mean value was found in track and field athletes, with

better bone parameters.

the lowest values in water polo players (p=0.000),

Table 2: Correlation pattern of anthropometric and QUS parameters in total sample of male elite athletes
Significant correlation coefficients in italics (p<0.05).

Total Sample (r)

SOS (m/s)

p

BUA (dB/MHz)

p

BQI

p

Body Height (cm)
Body Weight (cm)

-0.3
-0.33

0.001
0.001

-0.17
-0.15

0.071
0.112

-0.25
-0.28

. 008
0.003

BMI (kg/m2)

-0.24

0.008

-0.1

0.213

-0.21

0.028

Fat%

-0.19

0.045

-0.12

0.201

-0.19

0.049
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Muscle%
Bone%
Bone%/Muscle%
Elbow width (cm)
Knee width (cm)
Ankle girth (cm)
Endomorphy
Mesomorphy
Ectomorphy

0.17
0.16
-0.13
-0.31
-0.24
-0.2
-0.18
-0.18
0.16

0.049
0.066
0.067
0.001
0.003
0.024
0.048
0.049
0.067

0.16
0.05
-0.13
-0.15
-0.08
-0.04
-0.16
-0.1
0.07

0.053
0.593
0.068
0.116
0.371
0.644
0.053
0.117
0.857

0.19
0.15
-0.14
-0.26
-0.21
-0.2
-0.19
-0.12
0.17

0.045
0.098
0.062
0.005
0.03
0.031
0.047
0.097
0.049

No significant correlation was found in the subgroups

has been a growing need for the use of non-invasive

between anthropometric and bone parameters, except

quantitative ultrasound methods to demonstrate both

in the kayak-canoe subgroup (SOS with mesomorphy,

bone density and microarchitectural changes. In

r=0.37, p=0.028; BUA with Bone%, r=0.39, p=0.020;

addition, only a few studies have investigated the

Bone%/Muscle%, r=0.36, p=0.031; Elbow, knee

bone status of kayakers-canoeists [33] water polo

width with QUS, r=0.36-0.44, p=0.031-0.007).

players [15,34] and triathletes [35].

6. Discussion

Because of the limited data regarding kayakers, we

The objective of this study was to compare elite male

had to rely on the results of ten elite kayakers (six

athletes from various sports in terms of different

males, four females) [33]. A greater BMD was found

effective mechanical loading stimuli on the calcaneus

in flatwater sprint kayakers than in controls in most

bone. We investigated track and field athletes (with

upper body sites; total body’ and lower body sites’

high impact, and weight-bearing exercises), triathletes

BMD did not differ except for the pelvis. Strong

(running is a high impact, weight-bearing exercise

correlations were found between BMD in upper body

combined with also non-weight bearing activities like

sites and lean body mass and body weight and fat

cycling and swimming), kayakers and canoeists (non-

percentage in controls. In contrast, we found a

weight bearing exercises with a low impact, weight

significant correlation between anthropometric and

bearing training and light running), water polo players

ultrasound bone parameters (SOS with mesomorphy;

(non-weight bearing exercise). There were significant

BUA with Bone%, Bone%/Muscle%; QUS with

differences in ultrasound calcaneus bone parameters

elbow, knee width) in the kayak-canoe subgroup.

between triathlon and track and field athletes, despite

Others investigated combat sport athletes and water

the high level of weight-bearing activity present in

polo players with DXA [15]. It was found that water

both sports. However, each training regime of

polo players had significantly lower BMD, higher fat

different track and field athletes involves weight-

mass and did not differ from control individuals in

bearing activities. In the case of triathletes, the ratio

these parameters, however, appendicular muscle mass

of declining weight-bearing activities of the three

was obviously higher in the athletes than in the

sports (running − cycling – swimming) is almost the

controls. A similar trend was observed with the use of

same, and this is well reflected in their ultrasound

QUS in our comparison to other sports; even the mean

calcaneus bone parameters.

of SOS and BQI in water polo players showed the

Several studies have analysed the sports-specific

lowest value, and the world leading water polo players

relationship of bone density with DXA [32].

could be characterized by a lower specific gravity.

However, DXA only measures the bone status in

In a Chinese study [17] male students (N=55) were

terms of bone mineral density. In the last decade there

categorized according to their main sport activities
(soccer, dancing, swimming and sedentary group). A

SunKrist Public Health Res J
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significant linear increase was found in all QUS

study has evaluated the association between skeletal

parameters with increasing weight-bearing and high

aging traits (obtained from an evaluation of bone of

impact exercise. Others reported that aquatic athletes

hand radiographs) and characteristics of physique

and controls had lower bone values than jumpers,

[41]. They reported a moderate but significant

measured with SPA (single energy photon absorption)

connection between

as well as with QUS bone densitometry [35].

somatotype from 18 to 90-year-old Chuvasha

Our study confirms that the values of bone

individuals (n=1190, Russian Federation).

characteristics differin parallel with the level of

Only one investigation has focused on osteoporosis

mechanical loading in different sport activities (from

risk factors in association with somatotype in 70

highest to lowest bone values): track and field

healthy males aged 45 to 65 years using DXA [42].

athletes; kayakers-canoeists; triathletes; water polo

They found a moderate positive correlation between

players. Our answer to our first question is that the

lumbar and total femur BMD and endomorphy and

different sports really result in difference in the

mesomorphy; and a negative correlation with

ultrasound indicators of the calcaneus bone.

ectomorphy.

Anthropometric variables and bone status were

primarily endomorphy, together with daily energy

investigated in some previous studies, but those

expenditure may be important for estimating

focused on the effect of body fat on bone density.

osteoporosis risk factors in males. We also found

They stated that overweight and obese conditions are

significant

sometimes associated with lower bone density [36].

components

Divergent results have also been reported that is

Nevertheless, in the total sample of male elite athletes

obesity (gravitational force) may protect against

our results (Table 2) contradicted their findings:

osteoporosis [37,38,39,40]. However, recent studies

endomorphy and mesomorphy negatively correlated

have shown conflicting results; nowadays there is

with QUS results, and a small positive correlation was

growing evidence that obesity, particularly severe

found between ectomorphy and bone parameters.

obesity, may be related to an increased risk of fracture

Thus, based on our studies, we can state that all three

at different skeletal sites, which is partially

somatotype components showed a relationship with

independent from BMD. In our sample higher body

calcaneus bone characteristics in this sample.

fat percentage values were associated with lower QUS

According to the literature, marked endomorphy is

bone parameters.

associated with lower QUS values, which is

Thus, we investigated the relationships between

consistent with the unfavourable bone characteristics

muscle and bone mass, bone sizes, as well as

of overweight and obese individuals [36,39]. The

somatotype components and bone characteristics. As

dominant relative linearity – ectomorphy – is

we found no correlation between relative bone

connected to higher SOS, BUA and BQI values, and

percentage and ultrasound bone parameters, we

although track and field athletes and triathletes had

suspect that it has no major effect on bone health. On

higher ectomorphy values, they performed a higher

the contrary larger bone sizes were associated with

intensity weight-bearing exercise [43,44].

lower values of QUS parameters.

There was a striking invers correlation between

Because of the limited available data about the link

mesomorphy and bone parameters for the whole

between somatotype and bone density in athletes, our

sample, and a positive correlation could be detected in

findings should be treated with care and require

the kayak-canoe subgroups. However, dominant

They

skeletal aging traits and

assumed

relationships
and

that

somatotype,

between

ultrasound

bone

somatotype
parameters.

further investigation and analysis. Only one previous
SunKrist Public Health Res J
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mesomorphy without notable endomorphy correlated

7. Conclusions

with better bone characteristics in athletes.

Our results suggest that the male elite athlete’s type of

Correlations of somatotype and bone health should

sport activity with high mechanical loading on the

also be investigated in females. In addition, body

skeleton may be an important factor in achieving a

proportions, primarily length and width dimensions of

high peak bone mass and reducing the risk of

lower extremities, may also be associated with bone

ostepenia or osteoporosis later in life.

health.

The training methods of non-weight bearing sports

Study limitations

suggest that it might be preferable to include some

The results of this study are limited due to its cross-

weight-bearing exercise during the sessions, and it is

sectional nature and their small sample size. The track

also highly recommended after a competitive period

and field athletes were specialized in different kind of

and during recreational sport activities, as well.

sports (jumpers, sprinters, marathonists, etc), and we

Somatotype is a holistic approach of human body

could not separate them into small subgroups.

structure; so, its connection with local bone

Although ultrasound bone measurements correlate

parameters requires further investigation either in

highly with BMD of the total body measured with

athletes or in non-athletes.

DXA, only a single body region’s bone parameter

Our results do provide relevance as to weight- and

such as the calcaneus can be detected with QUS.

non-weight bearing exercise’s impact on bone quality.

However,

and

According to the authors, QUS is a sensitive enough

microarchitecture rather than bone mineral mass. It

method to reflect the difference in the effect of sport-

can also predict fracture risk independently of BMD,

specific loads (weight-bearing and non-weight-

suggesting that SOS measures other aspects of bone

bearing) on calcaneus bone. Both weight-bearing and

status. BUA has the highest correlation with BMD,

non-weight bearing exercise improve calcaneus bone

and it can be also a microstructural indicator of bone

parameters such as BQI to different extents. It might

complexity. BQI is derived from the two latter with

be preferable to combine some weight-bearing

temperature correction and with a lower value of

exercise during the sessions, and it is also highly

standard deviation. Therefore, BQI is a suitable

recommended after a competitive period and during

parameter for clinical use and non-invasive QUS is

recreational sport activities.

highly recommended to investigate bone properties in

Funding: This research received no external

athletes. All of the variables of physique – including

funding.

somatotype – both quantitative and qualitative

Acknowledgments: This work was supported by

SOS

reflects

elasticity

indicators of bone slowly and gradually change with

the

aging. These two examined properties (physique and

Hungarian

Society

of

Sport

Science;

Exercise=Medicine Program.

bone parameters) are obviously influenced by

Conflicts of Interest: The authors declare no

lifestyle. The complexity of the issue and the very

conflict of interest.

limited available data need further investigation.

8. References

Sectional Retrospective Study. Osteoporos and

1.

Sarcopenia. 2018; 4: 53-60.

Khosla S. Update in Male Osteoporosis. J

Clin Endocrinol Metab. 2010; 95: 3-10.

3.

2.

Kaushal N, Vohora D, Jalali RK, Jhac S.

Delzell SE, Randall S et al. The Recent Prevalence of

Prevalence of Osteoporosis and Osteopenia in an

Osteoporosis and Low Bone Mass in the United States

Apparently Healthy Indian Population - a Cross-

Based on Bone Mineral Density at the Femoral Neck

SunKrist Public Health Res J

9

Wright NC, Looker AC, Saag KG, Curtis JR,

Volume 2(2): 2020

or Lumbar Spine. J Bone Miner Res. 2014; 29: 2520-

by Swimming? A Systematic Review. PLoS One.

2526.

2013; 8: e70119.

4.

Chilibeck PD, Sale DG, Webber CE.

13.

Rector RS, Rogers R, Ruebel M, Hinton PS.

Exercise and Bone Mineral Density. Sports Med.

Participation in Road Cycling vs. Running is

1995; 19: 103-122.

Associated with Lower Bone Mineral Density in Men.

5.

Metabolism. 2008; 57: 226-232.

Falk B, Braid S, Moore M, Yao M, Sullivan

P, Klentrou N. Bone Properties in Child and

14.

Adolescent Male Hockey and Soccer Players. J Sci

Density in Competitive Cyclists. Curr Sports Med

Med Sports. 2010; 134: 387-391.

Rep. 2010; 9: 352-355.

6.

Szmodis M, Bosnyák E, Protzner A, Szőts G,

15.

Beatty T, Webner D, Collina SJ. Bone

Andreoli A, Monteleone M, Loan MV,

Trájer E, Tóth M. Relationship between Physical

Promenzio L, Tarantino U, Lorenzo AD. Effects of

Activity, Dietary Intake and Bone Parameters in 10-

Different Sports on Bone Density and Muscle Mass

12 Years Old Hungarian Boys and Girls. Cent Eur J

In Highly Trained Athletes. Med Sci Sports Exerc.

Public Health. 2019; 27: 10-16.

2001; 33: 507-511.

7.

16.

Tenforde AS, Fredericson M. Influence of

Tarakci D, Oral A. How Do Contralateral

Sports Participation on Bone Health in the Young

Calcaneal Quantitative Ultrasound Measurements in

Athlete: A Review of the Literature. PM & R. 2011;

Male Professional Football (Soccer) Players Reflect

3: 861-867.

the Effects of High-Impact Physical Activity on

8.

Bone? J Sports Med Phys Fitness. 2009; 49: 78-84.

Shenoy S, Shadagopan SP, Jaspal SS. Radial

and Tibial Bone Ultrasound Densitometry in Weight

17.

Bearing and Non-Weight Bearing Activity: A

CK, Hung VW et al. Effects of Weight Bearing and

Comparative Analysis. Serb J Sports Sci. 2012; 6: 29-

Non-Weight Bearing Exercises on Bone Properties

35.

Using Calcaneal Quantitative Ultrasound. Br J Sports

9.

Bennell KL, Malcolm SA, Khan KM,

Yung PS, Lai YM, Tung PY, Tsui HT, Wong

Med. 2005; 39: 547-551.
Stojanović E, Radovanović D, Dalbo VJ,

Thomas SA, Reid SJ, Brukner PD et al. Bone Mass

18.

and Bone Turnover in Power Athletes, Endurance

Jakovljević V, Ponorac N, Agostinete RR et al.

Athletes, and Controls: A 12-Month Longitudinal

Basketball Players Possess a Higher Bone Mineral

Study. Bone. 1997; 20: 477-484.

Density Than Matched Non-Athletes, Swimming,

10.

Bakker I, Twisk JWR, Van Mechelen W,

Soccer, and Volleyball Athletes: A Systematic

Roos JC, Kemper HCG. Ten-year Longitudinal

Review and Meta-Analysis. Arch Osteoporos. 2020;

Relationship Between Physical Activity and Lumbar

15: 123.

Bone Mass in (Young) Adults. J Bone Miner Res.

19.

2003; 18: 325-332.

Tharp GD, Hammer RW. Body Composition and

11.

Somatotype Characteristics of Junior Olympic

Weeks BK, Young CM, Beck BR. Eight

Thorland WG, Johnson GO, Fagot TG,

Months of Regular In-School Jumping Improves

Athletes. Med Sci Sports Exerc. 1981; 13: 332-338.

Indices of Bone Strength in Adolescent Boys and

20.

Girls: the POWER PE Study. J Bone Miner Res.

International Association of Athletics Federations.

2008; 23: 1002-1011.

Physique and Performance for Track and Field

12.

Events. J Sports Sci. 2007; 25: S49-60.

Gómez-Bruton A, Gónzalez-Agüero A,

O'Connor

H,

Olds

T,

Maughan

R,

Gómez-Cabello A, José A, Casajús JA, Germán

21.

Vicente-Rodríguez G. Is Bone Tissue Really Affected

ST, Antes DL, Silva AM et al. Anthropometric

SunKrist Public Health Res J

10

Silva DA, Benedetti TR, Ferrari EP, Meurer

Volume 2(2): 2020

Profiles of Elite Older Triathletes in The Ironman

Dental Implants: Retrospective Study. J Health Sci.

Brazil Compared with those of Young Portuguese

2014; 4: 85-88.

Triathletes and Older Brazilians. J of Sports Sci.

31.

2012; 30: 479-484.

A, Trájer E, Farkas A et al. Reference Data for

Szmodis M, Zsákai A, Bosnyák E, Protzner

Carter JEL, Heath B. Somatotyping –

Ultrasound Bone Characteristics in Hungarian

development and applications. Cambridge University

Children Aged 7-19 Years. Ann Hum Biol. 2017; 44:

Press; 1990;189-291.

704-714.

23.

32.

22.

Farkas A, Pavlik G. Physique and Body

Trimpou P, Bosaeus I, Bengtsson BA,

Composition Characteristics of Elite Water Polo

Landin-Wilhelmsen K. High Correlation between

Players.

Quantitative Ultrasound and DXA During 7 Years of

The

75th

Anniversary,

International

Congress on Sport Sciences, Budapest, 10-11th

Follow-Up. Eur J Radiol. 2010; 73: 360-364.

november, Programme and Abstracts. 2000.

33.

24.

K. Bone Mineral Density in Flatwater Sprint

Weiner JES, Lourie JA. (Eds.) Human

Flodgren G, Hedelin R, Henriksson-Larsén

Biology. A Guide to Fields Methods. IBP Handbook,

Kayakers. Calcif Tissue Int. 1999; 64: 374-379.

No. 9; Blackwell, Oxford. 1969.

34.

25.

Szmodis I, Mészáros J, Szabó T. Alkati és

Karipidou M, Sidossi S, Sidossis LS. The Bone

működési mutatók kapcsolata gyermek-, serdülő- és

Response to Non-Weight-Bearing Exercise is Sport-,

ifjúkorban

Site-, and Sex-Specific. Clin J Sport Med. 2007; 17:

(Relationship

Characteristics

and

between

Functions

in

Physique
Childhood,

Magkos F, Kavouras SA, Yannakoulia M,

2. 123-128.

Adolescence and Young Adulthood, in Hungarian).

35.

Testnevelés- és Sportegészségügyi Szemle. 1976; 17:

Endurance

255-272.

Swimmers. Curr Sports Med Rep. 2012; 1: 328-334.

26.

Parizkova J. Total body fat and skinfold

36.

Scofield KL, Hecht S. Bone Health in
Athletes:

Runners,

Cyclists,

and

Taaffe DR, Suominen H, Ollikainen S,

thickness in children. Metabolism. 1961; 10: 794-807.

Cheng S. Calcaneal Bone Mineral and Ultrasound

27.

Drinkwater DT, Ross WD. Anthropometric

Attenuation in Male Athletes Exposed to Weight-

fractionation of body mass. In: Ostyn M, Beunen G.

Bearing and Nonweight-Bearing Activity. J Sports

Simons J. (Eds.) Kinanthropometry II. Baltimore:

Med Phys Fitness. 2001; 41: 243-249.

University Press; 1980; 178-189.

37.

28.

van Rijn RR, van der Sluis IM, Lequin MH,

Dengel DR. Lower Relative Bone Mineral Content in

Robben SG, de Muinck Keizer-Schrama SM, Hop

Obese Adolescents: Role of Non-Weight Bearing

WC et al. Tibial Quantitative Ultrasound versus

Exercise. Ped Exerc Sci. 2010; 22: 557-568.

Whole-Body and Lumbar Spine DXA an a Dutch

38.

Pediatric and Adolescent Population. Invest Radiol.

Biophys. 2010; 503: 20-27.

2000; 35: 548-552.

39.

29.

Fracture Risk. Clin Cases Miner Bone Metab. 2014;

Mészáros Sz, Ferencz V, Csupor E, Mester

Templeton DL, Kelly AS, Steinberger J,

Reid IR. Fat and Bone. Arch Biochem

Gonnelli S, Caffarelli C, Nuti R. Obesity and

A, Hosszú E, Tóth E et al. Comparison of the Femoral

11: 9-14.

Neck Bone Density, Quantitative Ultrasound and

40.

Bone Density of the Heel Between Dominant and

Weber J, Brough L et al. Quantitative Ultrasound and

Nondominant Side. Eur J Radiol. 2006; 60: 293-298.

Dual X-Ray Absorptiometry as Indicators of Bone

30.

Mineral Density in Young Women and Nutritional

Borchenko NA, Gulyuk AA. Prevalence of

Osteoporosis and Osteopenia in Patients Receiving
SunKrist Public Health Res J

Schraders K, Zatta G, Kruger M, Coad J,

Factors Affecting it. Nutrients. 2019; 11: 10.
11

Volume 2(2): 2020

41.

Kalichman L, Malkin I, Kobyliansky E.

43.

Hambli R. Connecting Mechanics and Bone

Association between Physique Characteristics and

Cell Activities in the Bone Remodeling Process: An

Hand Skeletal Aging Status. Am J Phys Anthropol.

Integrated Finite Element Modeling. Front Bioeng

2005; 128: 889-895.

Biotech. 2014; 2: 6.

42.

44.

Saitoglu M, Ardicoglu O, Ozgocmen S,

Weatherholt AM, Warden SJ. Tibial Bone

Kamanli A, Kaya A. Osteoporosis Risk Factors and

Strength is Enhanced in the Jump Leg of Collegiate-

Association with Somatotypes in Males. Arch Med

Level

Res. 2007; 38: 746-751.

Controlled Cross-Sectional Study. Calcif Tissue Int.

Jumping

Athletes:

A

Within-Subject

2016; 98: 129-139.

Citation: Szmodis M. Calcaneal Bone Quality and Physique in Elite Hungarian Male Athletes. SunKrist Public Health Res J. 2020; 2: 1010.

Copy Right: © 2020 Szmodis M. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

SunKrist Public Health Res J

12

Volume 2(2): 2020

