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Abstract: Karate is a widely practiced combat sport. Karatekas’ body composition has typically
been obtained in small groups using skinfolds or bioelectric impedance. In this work, we assessed
three-compartment body composition using the accurate dual-energy X-ray absorptiometry technique
(QDR Horizon, Hologic) in a large sample (n = 58; 74% males) of black belt karatekas. Stature-adjusted
body composition indices (fat mass index; fat-free mass index; bone mineral apparent density) were
calculated. The Student’s t-test was used for group–group analysis. Correlation was assessed using
the Pearson’s r. The ability of fat-free soft tissue mass to predict bone mineral content and areal bone
mineral density was assessed with linear regression. Reference mean and quartile values for whole-
body and regional body composition were obtained for the male athletes. The body composition
indices were generally more favorable in the male than female karatekas. The bone mineral apparent
density was similar in the males and females at all sites except the right leg. The fat-free soft
tissue mass predicted the bone mineral content and areal bone mineral density with good accuracy
(R2 = 0.542–0.827; p < 0.001 for all models). The data presented in this paper are expected to be of use
for karate coaches, physical trainers, and participants interested in assessing and monitoring athletes’
body composition.

Keywords: DXA; combat sports; anthropometry; training; asymmetry; black belt

1. Introduction

Karate is a martial art born in Japan, which is nowadays practiced all over the world. Recent
data [1] show that the number of karate practitioners around the world is >100 million, belonging
to about 200 national federations. Moreover, the program of the Tokyo 2020 Olympic Games
included karate as an additional sport. Karate is an intermittent combat sport, which is
physically demanding, dynamic, and high intensity, involving repeated bouts of strikes and
defenses, performed as explosive and technically demanding sequences [2]. Accordingly,
karate requires both aerobic [3] and anaerobic [4] capabilities. Speed, agility, coordination
and balance, and a high level of other motor and functional abilities are required to
successfully perform in karate [5]. It has been shown that continuative karate training
improves physical qualities including flexibility, strength, balance, and cardiorespiratory
fitness [6].

It is well known that athletic success is influenced by diverse factors, from morpholog-
ical and body composition characteristics to sport-specific skills [7,8]. In particular, it has
been shown that the practiced discipline affects the athletes’ physical characteristics. While
these physical traits (e.g., stature and skeletal muscle cell number) are largely determined
by genetic factors, they are, to some extent, dependent on environmental factors, e.g., sys-
tematic conditioning and dieting, the most observable effects affecting body composition
with an increase of lean body mass (and muscular strength), and a concomitant reduction
in fat mass [9]. Karate has weight competition categories ranging from <60 kg to >84 kg for
male and from <50 kg to >68 kg for female athletes.
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Ten years ago, a review [10] on the anthropometric, physical, and physiological profile
of elite karate athletes showed that information on the body composition of karatekas
came essentially from anthropometry and prediction equations. Percent body fat was the
most investigated variable, ranging from 7.4 to 18.6% (males and females). Only one paper
assessed three-compartment body composition using dual-energy X-ray absorptiometry
(DXA) in a small (n = 14) sample of male athletes [11]. In the following years, a limited
number of papers dealt with the body composition of adult (>18 y) karatekas, typically
using bioelectric impedance analysis (BIA) [12–14] or skinfolds [15–17]. Currently, the gold
standard for the assessment of body composition is the four-compartment method (4C);
however, DXA outputs are accurate and precise enough to reliably differentiate lean and fat
tissues in addition to mineral [18,19]. Instead, two review papers recently showed that the
predictive equations developed using BIA lead to large variability in the estimated value of
fat-free mass vs. DXA being population- and device-specific [20,21]. It has also been shown
that BIA may overestimate fat-free mass and underestimate FM vs. DXA in athletes [22–25].
Based on the above, the present work aimed at defining the body composition of karatekas
in a large sample of male and female athletes using the laboratory reference method DXA.
Given the possible relevance of asymmetries in the body composition of martial sports
athletes [26,27], we also conducted a preliminary study comparing right and left upper and
lower limb compartments.

2. Materials and Methods
2.1. Participants and Study Design

For this cross-sectional study, a convenience sample of Caucasian karate (kata and
kumite) athletes was recruited nationwide. The study was approved by the local ethics
committee. Written, informed consent was obtained from all athletes. The inclusion criteria
were: aged between 18 and 35 y; karate participation for at least 1 y; and competing at
the national or international level. The exclusion criteria were the presence of: ongoing
pathology of the locomotor apparatus; significant injury in the last six months; being on
pharmacological treatment for any reason; and, for females, amenorrhea (i.e., the absence
of menses for a period longer than three months). Information about sport experience (belt,
years of practice, training hours) was obtained by interview. A total of 60 karatekas were
recruited. Two athletes were excluded due incomplete data. Accordingly, 58 karatekas
(43 males, mean age 22.3 ± 4.12 years; 15 females, mean age 20.0 ± 1.81 years) were
included in the analysis. The frequencies for weight category (kg) were as follows. Males:
−60, n = 3; −67, n = 12; −75, n = 9; −84, n = 16; 84+, n = 3. Females: −50, n = 3; −55, n = 2;
−61, n = 7; −68, n = 3; 68+, n = 0.

2.2. Anthropometry and Body Composition Analysis

An electronic scale (Tanita electronic scale BWB-800 MA) was used to measure body
mass to the nearest 0.1 kg; a Harpenden stadiometer (Holtain Ltd., Crymych, UK) was
used to measure stature to the nearest mm according to standard procedures [28] (intra-
rater error ≤0.15% for body mass and ≤0.10% for stature). Body mass index (BMI) was
calculated as weight (kg)/height (m2). Body composition was evaluated in terms of bone
mineral content (BMC) (and bone areal density (aBMD)), fat-free soft tissue mass (FFSTM),
and fat mass (FM) by means of a total body DXA scanner (QDR Horizon, Hologic, Marlbor-
ough, MA, USA; fan-beam technology, software version 13.6.05). For the quality control
checking of baseline drift, the reference phantom obtained from the manufacturer was used
daily. For the sake of consistency, the same researcher carried out all examinations. The
participants were scanned in the late morning after voiding when fasted for at least 4 h.
The participants were required not to exercise vigorously in the 24 h before examination.
DXA scans were performed at least 10 days before or after competition, thus representing
close to “competition body composition”, yet before acute weight loss/gain had begun.
The participants were in light clothing and removed any metal or reflective material. All
measurements were performed according to Nana et al. [29]. Scans were taken of the whole
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body (WB). The in vivo measurement short-term precision was calculated according to
standard criteria [30]; in particular, repeated (n = 2) scanning of 30 subjects with reposition-
ing was carried out. The precision (percent coefficient of variation) was 2.12%, 0.59%, 0.75%,
2.19%, and 0.68% for FM, FFSTM, BMC, %FM, and aBMD, respectively. The following
regions were identified in the WB scans with the aid of the Hologic software and eventual
correction by one researcher: head, trunk, upper limb (left and right), and lower limb (left
and right). The BMC and aBMD values in the total body less head (TBLH) region were
used for analysis as recommended in [31], also considering that a large proportion of total
body mineral is contained in the skull, which is not easily amenable to changes induced by
physical activity [32]. However, WB values for BMC and aBMD were also reported in the
results for the sake of comparison with the previous literature. For the purpose of this work,
FM, FFSTM, BMC, and aBMD were also calculated for the lower limbs together (Legs) and
the four limbs together (Appendicular). In our sample of karate participants, stature and
body mass were confounding variables, especially for bone measurements, because DXA is
a projectional technique and DXA-derived measurements do not adequately correct for
body and/or bone size [33]. Accordingly, the soft tissue body composition variables were
also expressed either as a proportion to total body mass or normalized by square stature
(fat mass index, FMI; fat-free mass index, FFMI) [34]. The bone mineral was expressed
as bone mineral apparent density (BMAD, g/cm3) according to the formula proposed by
Katzman et al. [35]: BMAD = BMC/(bone area2/body stature).

2.3. Statistical Analysis

The normality of the data was assessed using the Shapiro–Wilk test. The data are
presented as mean ± SD. Sample size calculation (G*Power 3.1) for regression analysis using
f2 = 0.15, alpha = 0.05, power = 0.80 as the input parameters yielded n = 55. Correlation
analysis was carried out calculating the Pearson’s r. The criteria indicated by Hopkins [36]
were used to assess the strength of correlation, i.e., almost perfect (0.90–1), very large
(0.70–0.89), large (0.50–0.69), moderate (0.31–0.49), and small (0–0.30). A comparison of
body composition in the male and female karatekas and in the right and left limb were
carried out with the unpaired- and paired-sample, two-tailed t-test, respectively. The effect
size (Cohen’s d) was calculated and rated according to Cohen [37] as small (0.2), medium
(0.5), and large (0.8). The ability of FFSTM to predict bone variables was assessed with
linear regression analysis. The IBM-SSPS statistical package (v. 26) was used for all analysis.
Statistical significance was set at p ≤ 0.05.

3. Results

Valid, complete results were obtained for 58 participants (74% males). All of them
were black belt. The data were collapsed across weight divisions and analyzed within
sex or side of the body (right, left) as needed. In the whole sample of athletes, the mean
age was 21.7 ± 3.78 years, mean body mass was 68.1 ± 10.70 kg, mean stature was
171.3 ± 8.41 cm, and mean BMI was 23.1 ± 2.46 kg/m2; mean karate participation was
14.5 ± 4.10 years (range: 5–28 years). The participants trained 8.0 ± 3.42 h/w (range:
2–20 h) in 4.2 ± 1.97 sessions/w (range: 2–10). The main characteristics of the participant
karatekas (males and females) are shown in Table 1. The male and female karatekas were
not statistically significantly different in terms of age, BMI, years of karate participation,
weekly volume of training, and number of training sessions per week. The males were
statistically significantly older (+2.3 years), heavier (+16.6 kg), and taller (+12.9 cm) than
the females.
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Table 1. Characteristics of male and female karatekas. Mean ± standard deviation (SD). Student’s
t-test.

Variable Males
(n = 43)

Females
(n = 15) t-Value p-Value ES

Mean SD Mean SD

Age (years) 22.3 4.1 20.0 1.8 2.065 0.044 0.722

Body mass (kg) 72.4 8.0 55.8 7.4 7.021 <0.001 2.152

Stature (cm) 174.6 6.6 161.7 5.1 6.895 <0.001 2.188

BMI (kg/m2) 23.7 2.0 21.3 2.8 3.531 0.001 0.986

Karate participation (y) 14.9 4.4 13.1 2.7 1.478 0.145 0.491

Training (h/w) 8.4 4.0 6.7 3.7 1.466 0.148 0.453

Sessions (n/w) 4.4 2.1 3.6 1.6 1.435 0.157 0.438

ES, effect size; BMI, body mass index.

The body composition karatekas (males and females) are shown in Table 2. Males
showed statistically significantly higher values (effect size: large) for all bone mineral vari-
ables except for thoracic and lumbar spine aBMD. Females showed statistically significantly
higher %FM at all regional sites and at the TBLH level with a large effect size. FFSTM was
statistically significantly higher in males at all regional sites and at the TBLH level with a
large effect size.

Table 2. Body composition (DXA) in male and female karatekas. Mean ± standard deviation (SD).
Student’s t-test.

Variable Males
(n = 43)

Females
(n = 15) t-Value p-Value ES

Mean SD Mean SD

WB BMC (g) 2843.0 316.1 2265.0 332.1 5.444 <0.001 1.783

WB BMD (g/cm2) 1.253 0.084 1.174 0.091 3.060 <0.001 0.899

TBLH BMC (g) 2298.8 323.3 1720.1 281.9 6.156 <0.001 1.878

TBLH aBMD (g/cm2) 1.137 0.079 1.014 0.088 5.057 <0.001 1.471

Left arm BMC (g) 207.5 30.7 140.6 21.8 7.767 <0.001 2.498

Left arm aBMD (g/cm2) 0.879 0.065 0.751 0.059 6.705 <0.001 2.064

Right arm BMC (g) 220.4 32.0 152.7 25.6 7.445 <0.001 2.336

Right arm aBMD (g/cm2) 0.904 0.068 0.781 0.071 5.959 <0.001 1.767

Thoracic spine BMC (g) 127.7 22.6 103.8 17.1 3.725 <0.001 1.194

Thoracic spine aBMD (g/cm2) 0.999 0.117 0.935 0.104 1.877 0.066 0.577

Lumbar spine BMC (g) 68.7 13.1 59.3 12.2 2.442 0.018 0.741

Lumbar spine aBMD (g/cm2) 1.198 0.144 1.192 0.144 0.138 0.891 0.041

Pelvis BMC (g) 370.9 72.9 276.7 68.9 4.322 <0.001 1.328

Pelvic aBMD (g/cm2) 1.346 0.143 1.212 0.155 3.058 0.003 0.898

Left leg BMC (g) 539.2 71.6 400.5 61.6 6.676 <0.001 2.076

Left leg aBMD (g/cm2) 1.356 0.084 1.203 0.090 5.969 <0.001 1.751

Right leg BMC (g) 547.7 72.6 408.1 64.5 5.378 <0.001 2.033

Right leg aBMD (g/cm2) 1.367 0.090 1.202 0.092 6.068 <0.001 1.812

Trunk BMC (g) 787.9 128.5 618.1 122.2 4.459 <0.001 1.354
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Table 2. Cont.

Variable Males
(n = 43)

Females
(n = 15) t-Value p-Value ES

Trunk aBMD (g/cm2) 1.056 0.105 0.965 0.111 2.859 0.006 0.842

Left arm FM (g) 609.3 221.3 696.3 250.0 1.269 0.210 0.368

Left arm FFSTM (g) 3650.7 542.6 2052.3 379.2 10.520 <0.001 3.415

Left arm %FM 13.7 4.8 23.9 7.0 6.306 <0.001 1.609

Right arm FM (g) 547.3 221.0 643.2 218.9 1.450 0.153 0.436

Right arm FFSTM (g) 3865.0 543.8 2179.1 407.8 10.956 <0.001 3.508

Right arm %FM 11.8 4.5 21.5 6.0 6.590 <0.001 1.820

Trunk FM (g) 4779.7 1662.6 4769.6 1310.2 0.021 0.983 0.007

Trunk FFSTM (g) 27,172.0 2917.4 19,495.5 2148.9 9.312 <0.001 2.996

Trunk %FM 14.5 4.2 19.0 3.9 3.644 0.001 0.863

Left leg FM (g) 2123.2 799.3 2905.4 982.7 3.073 0.003 0.873

Left leg FFSTM (g) 9643.5 1147.7 6639.5 907.4 9.169 <0.001 2.904

Left leg %FM 17.0 5.1 28.6 6.7 7.066 <0.001 1.961

Right leg FM (g) 2141.4 843.3 2967.5 1003.9 3.108 0.003 0.891

Right leg FFSTM (g) 9837.9 1225.1 6805.7 945.0 8.707 <0.001 2.729

Right leg %FM 16.8 5.4 28.6 6.4 6.940 <0.001 1.995

TBLH FM (g) 10,201.0 3644.8 11,982.1 3574.2 1.637 0.107 0.493

TBLH FFSTM (g) 54,159.2 6065.1 37,172.2 4658.5 9.859 <0.001 3.141

TBLH %FM 15.1 4.5 23.2 5.0 5.859 <0.001 1.704

WB FM 11,099.8 3674.3 12,766.6 3601.2 1.520 0.137 0.006

WB FFSTM 57,427.8 6183.3 40,007.2 4739.3 9.921 <0.001 3.162

WB %FM 15.4 4.2 22.9 4.6 5.827 <0.001 1.700

WB, whole body; ES, effect size; BMC, bone mineral content; aBMD, areal bone mineral density; FM, fat mass;
FFSTM, fat-free soft tissue mass; TBLH, total body less head.

The stature-adjusted indices of body composition for males and females are reported
in Table 3. All body composition indices were statistically significantly different in males
and females except for trunk FMI. FMI was higher in the females and FFMI in males with a
large effect size.

Table 3. Stature-adjusted indices of whole body (WB) and regional fat and fat-free mass in male and
female karatekas. Mean ± standard deviation (SD). Student’s t-test.

Variable Males
(n = 43)

Females
(n = 15) t-Value p-Value ES

Mean SD Mean SD

WB FMI (kg/m2) 3.6 1.2 4.9 1.4 3.324 0.002 1.004

WB FFMI (kg/m2) 19.7 1.6 16.2 1.8 7.362 <0.001 2.078

TBLH FMI (kg/m2) 3.3 1.2 4.6 1.4 3.336 0.002 1.012

TBLH FFMI (kg/m2) 18.5 1.5 14.9 1.7 7.669 <0.001 2.210

Left arm FMI (kg/m2) 0.20 0.071 0.26 0.09 2.768 0.008 0.701

Left arm FFMI (kg/m2) 1.26 0.16 0.83 0.15 9.068 <0.001 2.774
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Table 3. Cont.

Variable Males
(n = 43)

Females
(n = 15) t-Value p-Value ES

Right arm FMI (kg/m2) 0.18 0.07 0.24 0.09 2.875 0.006 0.747

Right arm FFMI (kg/m2) 1.34 0.15 0.89 0.16 9.632 <0.001 2.874

Trunk FMI (kg/m2) 1.56 0.53 1.82 0.50 1.627 0.109 0.504

Trunk FFMI (kg/m2) 9.15 0.73 7.69 0.80 6.541 <0.001 2.039

Left leg FMI (kg/m2) 0.70 0.26 1.11 0.38 3.889 0.001 1.260

Left leg FFMI (kg/m2) 3.33 0.30 2.69 0.33 6.954 <0.001 2.027

Right leg FMI (kg/m2) 0.70 0.27 1.13 0.38 4.691 <0.001 1.288

Right leg FFMI (kg/m2) 3.40 0.31 2.75 0.34 6.651 <0.001 1.974

ES, effect size; FMI, fat mass index; FFMI, fat-free mass index; TBLH, total body less head.

BMAD (Table 4) was not statistically significantly different in the males and females,
except for right leg BMAD, which was higher in the males (p = 0.024, effect size: medium).
The average lumbar spine BMAD was higher in the females, but the difference was at the
limit of statistical significance (p = 0.082, effect size: small).

Table 4. Bone mineral apparent density (BMAD; g/cm3) in male and female karatekas. Mean ±
standard deviation (SD). Student’s t-test.

Variable Males
(n = 43)

Females
(n = 15) t-Value p-Value ES

Mean SD Mean SD

TBLH BMAD (g/cm3) 0.0988 0.0049 0.0974 0.0058 0.930 0.356 0.261

Left arm BMAD (g/cm3) 0.655 0.042 0.654 0.050 0.059 0.953 0.022

Right arm BMAD (g/cm3) 0.652 0.038 0.651 0.053 0.044 0.965 0.022

Thoracic spine BMAD (g/cm3) 1.380 0.201 1.369 0.152 0.201 0.842 0.062

Lumbar spine BMAD (g/cm3) 3.693 0.539 3.909 0.345 1.450 0.082 0.478

Pelvis BMAD (g/cm3) 0.866 0.097 0.877 0.122 0.354 0.725 0.010

Left leg BMAD (g/cm3) 0.599 0.036 0.589 0.044 0.936 0.353 0.247

Right leg BMAD (g/cm3) 0.605 0.036 0.577 0.047 2.318 0.024 0.667

ES, effect size; TBLH, total body less head.

The quartile (25◦, 50◦, 75◦) values of the body composition variables for the males are
presented in Table 5.

Table 5. Quartile (25th, 50th, 75th) values for the body composition of male karatekas.

Variable Quartile

25 50 75

Body mass (kg) 65.5 73.2 79.0

Stature (cm) 169.4 175.5 179.9

BMI (kg/m2) 22.28 23.56 25.23

WB bone area (cm2) 2155.7 2259.2 2386.0

WB BMC (g) 2646.6 2793.3 3010.2

WB aBMD (g/cm2) 1.200 1.255 1.3024
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Table 5. Cont.

Variable Quartile

TBLH BMC (g) 2152.1 2252.0 2474.5

TBLH aBMD (g/cm2) 1.085 1.130 1.177

Left arm BMC (g) 186.9 206.2 223.7

Left arm aBMD (g/cm2) 0.836 0.885 0.918

Right arm BMC (g) 200.4 221.5 237.0

Right arm aBMD (g/cm2) 0.872 0.912 0.932

Thoracic spine BMC (g) 108.5 127.0 140.2

Thoracic spine aBMD (g/cm2) 0.915 0.970 1.103

Lumbar spine BMC (g) 59.5 65.4 78.6

Lumbar spine aBMD (g/cm2) 1.092 1.196 1.276

Pelvis BMC (g) 327.3 371.7 407.4

Pelvis aBMD (g/cm2) 1.267 1.337 1.433

Left leg BMC (g) 491.5 530.6 585.2

Left leg aBMD (g/cm2) 1.284 1.334 1.414

Right leg BMC (g) 501.4 540.9 586.0

Right leg aBMD (g/cm2) 1.308 1.363 1.424

Trunk BMC (g) 695.7 758.3 873.5

Trunk aBMD (g/cm2) 0.999 1.047 1.118

Left arm FM (g) 452.0 564.3 715.3

Left arm FFSTM (g) 3209.6 3782.9 4019.3

Left arm %FM 9.7 12.8 15.2

Right arm FM (g) 382.3 467.6 626.1

Right arm FFSTM (g) 3453.0 3933.4 4286.6

Right arm %FM 8.3 10.7 13.9

Trunk FM (g) 3352.7 4411.5 5585.5

Trunk FFSTM (g) 24,709.3 27,755.5 29,957.5

Trunk %FM 10.4 14.0 16.8

Left leg FM (g) 1450.4 1957.9 2627.5

Left leg FFSTM (g) 8687.7 9670.4 10,368.6

Left leg %FM 12.7 16.4 20.6

Right leg FM (g) 1392.9 1998.0 2657.9

Right leg FFSTM (g) 8711.3 9879.6 10,625.4

Right leg %FM 12.2 16.5 19.8

TBLH FM (g) 7015.6 9508.2 12,947.3

TBLH FFSTM (g) 49,302.2 54,771.1 58,453.1

TBLH %FM 11.2 14.9 17.0
BMI, body mass index; WB, whole body; BMC, bone mineral content; aBMD, areal bone mineral density; FM, fat
mass; FFSTM, fat-free soft tissue mass.

The data on body composition symmetry in the male and female karatekas are reported
in Table 6. While a number of statistically significant differences were present, they showed
a trivial (<0.2) or small to moderate effect size.
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Table 6. Asymmetry in limb body composition for the whole sample of karatekas (n = 58). Student’s t-test.

Variable Males
(n = 43)

Females
(n = 15)

Left Right t-Value p-Value ES Left Right t-Value p-Value ES

mean SD mean SD

Arm BMC (g) 207.5 30.7 220.4 32.0 −8.166 <0.001 0.41 140.6 21.8 152.6 24.6 −5.703 <0.001 0.51

Arm aBMD (g/cm2) 0.879 0.065 0.904 0.068 −6.114 <0.001 0.10 0.751 0.059 0.781 0.071 −3.659 0.003 0.46

Leg BMC (g) 539.2 71.6 543.7 77.6 −1.342 0.187 0.06 400.5 61.6 408.1 64.5 −2.572 0.022 0.12

Leg aBMD (g/cm2) 1.356 0.084 1.367 0.090 −1.777 0.083 0.12 1.203 0.090 1.201 0.092 0.129 0.900 0.02

Arm FM (g) 609.3 221.3 547.3 221.0 6.988 <0.001 0.28 696.3 250.0 643.2 218.9 3.509 0.003 0.22

Arm FFSTM (g) 3650.7 542.6 3865.0 543.8 −8.376 <0.001 0.39 2052.3 379.2 2179.1 407.8 −5.776 <0.001 0.32

Leg FM (g) 2123.2 843.3 2141.4 1147.7 −0.919 0.363 0.018 2905.4 982.7 2967.5 1003.9 −1.555 0.101

Leg FFSTM (g) 9643.5 1147.7 9837.9 1225.1 −3.654 0.001 0.16 6639.5 907.4 6805.7 945.0 −3.425 0.004 0.28

ES, effect size; BMC, bone mineral content; aBMD, areal bone mineral density; FM, fat mass; FFSTM, lean soft tissue mass.
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When the relationship between the bone mineral variables and FFSTM was investi-
gated (Figures 1–3), a very large correlation was found between TBLH BMC and TBLH
FFSTM (r = 0.866) as well as Legs BMC and Legs FFSTM (r = 0.879), and almost perfect for
Arms BMC and Arms FFSTM (r = 0.911).
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Figure 3. Relationship between appendicular fat-free soft tissue mass and bone mineral content
at the total body less head region assessed in 58 black belt karatekas competing at the national
and international level. FFSTM, fat-free soft tissue mass; TBLH, total body less head; BMC, bone
mineral content.

The correlation between FFSTM and BMD was very high for all skeletal sites (r, 0.742–0.844).
The results of the regression analysis using FFSTM as the predictor variable of BMC

and aBMD are reported in Table 7. All models were statistically significant (p < 0.001 for all).
The R2 was higher for the BMC (range: 0.745–0.827) than the aBMD (range: 0.542–0.707)
prediction equations. SEE was 5.28–9.45% of the mean value of the predicted variable.
Forcing sex into the equations as a predictor variable did not change the F value to any
statistically significant extent.
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Table 7. Results of linear regression analysis in the whole group of karatekas (n = 58).

Dependent Variable Predictor Variable Adjusted R2 SEE Constant Beta Coefficient (95% CI) Beta Coefficient p-Value

Arms BMC (g) Arms FFSTM (g) 0.827 34.4 107.3 0.043 (0.038–0.048) 0.911 <0.001

Arms aBMD (g/cm2) Arms FFSTM (g) 0.707 0.0459 0.589 4.06 × 10−5 (3.4 × 10−5–4.8 × 10−5) 0.844 <0.001

Legs BMC (g) Legs FFSTM (g) 0.768 89.7 166.34 0.047 (0.040–0.054) 0.879 <0.001

Legs aBMD (g/cm2) Legs FFSTM (g) 0.616 0.0697 0.868 2.523 × 10−5 (2.0 × 10−5–3.0 × 10−5) 0.789 <0.001

TBLH BMC (g) Appendicular FFSTM (g) 0.745 203.2 483.4 0.068 (0.057–0.078) 0.866 <0.001

TBLH aBMD (g/cm2) Appendicular FFSTM (g) 0.542 0.0656 0.761 1.400 × 10−5 (1.1 × 10−5–1.7 × 10−5 0.742 <0.001

SEE, standard error of estimate; CI, confidence interval; BMC, bone mineral content; FFSTM, fat-free soft tissue mass; aBMD, areal bone mineral density; TBLH, total body less head.
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4. Discussion

This work investigated the body composition of a large sample (n = 58) of karate
participants using the accurate DXA technology. To the best of our knowledge, the sample
size in this work is unparalleled in previous literature investigating body composition in
adult karatekas. All participants were black belt, currently competing at the national and
international level, and DXA scans were taken at least 10 days before or after competition,
i.e., presumably before/after acute weight loss/recovery (a practice frequently adopted by
athletes in weight category sports) [38] had taken place. Therefore, we are confident that
the reported data reflect the current body composition of karatekas. The reference values
for WB and regional body composition were produced for males across weight divisions.
In the whole sample of athletes (males and females), the findings showed possible right–left
asymmetry in the limb body composition and the ability of appendicular FFSTM (which
fairly approximate the total body amount of skeletal muscle [39]) to reliably predict the
content and areal density of bone mineral, especially in the limbs.

Previous work using DXA [11] in a small number (n = 14) of male karatekas showed
lower WB FM and higher WB FFSTM in comparison with the male karatekas (n = 43)
participating in this study (8.3% vs. 15.1% and 61.2 kg vs. 57.4 kg, respectively). Higher
average values were also found for WB BMC (3.7 kg vs. 2.8 kg) and aBMD (1.36 g/cm2

vs. 1.25 g/cm2). Age and BMI were similar in the two groups. An explanation for such
a discrepancy can be the different volume of training in the two groups (at least 18 h/w
vs. 8 h/w on the average; participants in the Andreoli et al. [11] study were admittedly
highly trained athletes), which is expected to have an important effect on soft tissue and
bone mineral, associated with higher energy expenditure, muscle mass adaptation to high
training, and higher overall impact load on bone. As reported by Chaabène et al. [10],
the WB %FM of elite male karatekas (estimated by skinfolds) ranged from 7.4 to 16.8%,
showing high variability among countries and suggesting that higher %FM “does not
prevent from high-level performance” in karate. In females, WB %FM (average value,
18.6%) was only reported for seven Botswana national-level athletes. Subsequent studies
employing BIA [12–14] or skinfolds [15–17] for body composition assessment in adult
(>18 years) karatekas showed WB %FM ranging from about 10% to 16% in males and from
23% to 24% in females. Our data confirm and expand on these finding by using a more
accurate method such as DXA to show that karate participants competing at the national
and international level are well fit (especially males), but they do not typically reach the
low (<10%) WB %FM found in other sports (e.g., cycling). Our findings are supported by
DXA data collected in other combat sports showing WB %FM averaging 14% and 25% (for
males and females, respectively) in judo, and 13% and 22% in wrestling participants [40].
Similarly, Stantos and colleagues [41] showed that the median (50th) percentile for WB
%FM was about 12% (males) and 23% (females) in a sample of judo and wrestling athletes.

The stature-adjusted body composition indices (FMI, FFMI) were statistically signifi-
cantly lower (FMI) and higher (FFMI) in the male than female karatekas, with the exception
of trunk FMI, which was similar by sex (males, 1.56 kg/m2; females, 1.82 kg/m2). This indi-
cates that sex-related differences in adipose tissue distribution in karatekas are essentially
located in the limbs, independently of stature. The WB FMI and FFMI were 3.6 kg/m2 and
4.9 kg/m2, and 17.7 kg/m2 and 16.2 kg/m2 in the males and females, respectively. These
figures are comparable to those reported by Reale and colleagues [40] in judo and wrestling
participants (FMIjudo: males, 3.9 kg/m2; females 6.3 kg/m2; FMIwrestling: males, 3.3 kg/m2;
females, 5.6 kg/m2. FFMIjudo: males, 20.8 kg/m2; females, 18.1 kg/m2; FFMIwrestling: males,
19.8 kg/m2; females 19.0 kg/m2), but worse that those reported for boxing and taekwondo.
Using BIA, Sterkowicz-Przbycien et al. [15] found an FFMI of 21.6 kg/m2 in polish national
karate team athletes, a figure comparable with that presented herein using DXA. According
to Santos et al. [41], the median (50th) percentile for WB FFMI (DXA) for judo and wrestling
participants was 20.6 kg/m2 for males and 16.3 kg/m2 for females. Overall, it can be
concluded that karate has a limited impact on the stature-independent accrual of fat and
lean mass in comparison with other combat sports, e.g., boxing and taekwondo.
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Stature is one of the most important aspects affecting aBMD because it “inherently
overestimates the BMD of tall people and underestimates the mineral density of short
people” [35]. Since the karatekas in our sample were distributed over a wide range of
statures (151.5–192.9 cm), with females being statistically significantly shorter than males
(Table 1), stature-adjusted BMAD was calculated to obtain insight into possible bone size-
independent differences in the mineral density of bone between the sexes. The results
(Table 4) showed that BMAD is almost identical in males and females at the TBLH and
most regional levels, showing that bone size difference is critically involved in the statis-
tically significant differences in aBMD found in the male and female karatekas (Table 2).
Interestingly, the lower limb BMAD was similar between the sexes in the left leg (males,
0.599 ± 0.036 g/cm3; females, 0.589 ± 0.043 g/cm3; p = 0.353) and higher in males in
the right leg (males, 0.603 ± 0.037 g/cm3; females, 0.577 ± 0.047 g/cm3; p = 0.024). This
suggests that karate participation is able to induce bone size-independent improvement
of the mineral density of bone in one of two legs. Further research is needed to clarify the
reason(s) for that. Notably, BMAD showed a tendency to be higher in the female than the
male karatekas at the lumbar spine (p = 0.082; ES = 0.478), thereby implying a possible
positive, bone size-independent effect of female sex in regional bone mineralization in
karatekas. However, higher BMAD was recently found at the lumbar spine in female vs.
male flat jockers [42], showing that such sex effects might be present across sports with
different physical demands.

Table 5 presents the quartile values for the body composition variables of male
karatekas, expanding on data presented by Santos et al. [41] in a sample of wrestling
and judo athletes. These data can be useful to coaches, physical trainers, and athletes to
assess individual body composition.

Asymmetry is a debated issue in sports science [43]. While sporting-associated asym-
metries are not expected for a non-laterally dominant sport such as karate, previous findings
revealed some functional asymmetries in the limbs of combat sports [44–46] as well as
running, which were able to affect performance. The data in Table 6 showed the presence
of several statistically significant asymmetries in the limb body composition of the male
and female karatekas, which were generally in favor of the right limb. This is in accordance
with the overwhelming proportion of participating karatekas (95%) declaring the right
lower limb as the dominant one. However, relative differences between the limb body
composition were quite limited (Table 6) and the effect size was trivial or moderate. It
should be taken into account that both kata and kumite karatekas were included in the
study sample. While kata training involves relatively balanced fighting stances on both
the left and right sides, kumite train laterally much more unilaterally (i.e., in a left or
right stance). Accordingly, further investigation in separate groups of kata and kumite
karatekas is warranted to better clarify the asymmetry issue in karate. While some degree
of asymmetry can be acceptable in athletes, it has been suggested that a predisposition
to injury incidence exists for functional asymmetry values greater than 15% between the
limbs [43,44]. We did not investigate function in this study; work is in progress to assess
the effect of limb body composition asymmetry on some key physiological variables (e.g.,
balance) in karate.

In the last three decades, the concept of the bone–muscle functional unit has emerged
more and more frequently [47–49]. This concept hypothesizes that bone and muscle are two
interconnected tissues mutually affecting each other through a complex crosstalk [50]. It
has been shown that lean mass is positively associated with BMC and BMD [51], especially
in youth [52]. A recent systematic review and meta-analysis [53] highlighted that muscular
strength, which is especially related [54] to appendicular lean mass, is a marker of skeletal
health during development and early adulthood. In our sample of karatekas, a close
relationship was present between BMC and aBMD, and FFSTM (Figures 1–3). In order to
assess the structural bone–muscle unit in karate athletes, linear regression analysis was
carried out of the whole sample of karatekas participating in this study using BMC or
aBMD as the dependent variable and FFSTM as the predictor variable. The results (Table 7)



Appl. Sci. 2023, 13, 559 14 of 16

showed that FFSTM effectively predicts BMC and BMD (R2 ranging from 0.542 to 0.827)
at the TBLH as well as upper and lower limb level, with sex not affecting the FFSTM
predictive ability. The equations presented in Table 7 are useful for inferring the bone
changes associated with diet- and/or training-associated changes in skeletal muscle mass.

The main limitations and strengths of this work are itemized in the following. The
limitations are: 1. The number of female karatekas in the sample was small, thereby pre-
venting full analysis of the female karateka; 2. The body composition data were not split
across weight categories; 3. We did not measure bone mineral at specific skeletal sites (e.g.,
forearm, hip), thereby preventing a more precise assessment of the effect of karate participa-
tion on the skeleton; 4. The dietary regimen of the participants was not recorded, making it
impossible to relate caloric and nutrient intake with body composition; 5. No attempt was
made to relate body composition and sport-specific skills. The strengths are: 1. The large
number of black belt participants; 2. The use of DXA to accurately assess body composition
with novel insights into the bone mineral status of the karatekas; 3. The production of
reference body composition values for male karatekas across weight categories.

5. Conclusions

In conclusion, this work offered reliable data on the three-compartment body compo-
sition of elite karatekas, inclusive of reference body composition values for males. Further,
we made predictive equations available to estimate bone variables as a function of the
body’s lean mass and gave a preliminary account of asymmetries in the limb body compo-
sition. Overall, information presented herein is expected to be of use for karate coaches,
physical trainers, and participants interested in assessing and monitoring athletes’ body
composition.
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