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Abstract

:

(1) Background: The advancement of technologies has made morphological assessment rapid and reliable. A combination of 3D body scanning (3D-BS) and bioelectrical impedance (BIA) could be essential in monitoring the morphological status of athletes and the general population and their symmetries for coaches, researchers and medical professionals. (2) Methods: The current study presents the use of Inbody-720 BIA and 3D-BS NX-16 for analyzing the asymmetry profile of an athlete in 2 min on a sample of 106 male judo competitors from the following age categories: older boys—U14 (N = 24), younger cadets—U16 (N = 31), cadets—U18 (N = 17), juniors—U21 (N = 19) and seniors (N = 15). Variables observed were arm lean mass, upper arm, elbow, forearm and wrist girth, leg lean mass, thigh length, thigh, knee and calf girth. The paired sample t-test, asymmetry index (AI) and Kruskal–Wallis analysis were used at p ≤ 0.05; (3) Results: Morphological asymmetries were detected in all age categories: seniors—three, U21—four, U18—three, U16—five and U14—four. The most common asymmetrical variable in all categories was the forearm girth, while thigh length, knee girth and upper arm girth presented symmetrical variables in all age categories. AI showed that the size of the asymmetries did not differentiate between the age groups. (4) Conclusions: The current study demonstrated great potential for combining BIA and 3D-BS for rapid asymmetry detection that would allow for monitoring and quick adjustments to the training process in youth to senior age categories.
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1. Introduction


There are many available methods through which one can acquire and analyse the morphological features of athletes with body asymmetries, but these methods vary depending on the time available for measurement, funds, and the accuracy of results [1]. The most known and used method for assessing the dimensions of body segments is conventional anthropometry [2], which has often been used in judo [3,4]. The literature reports that one of its limitations is that it typically measures only the right side of the body, disregarding the preferred side of the subject [5]. Additionally, it was reported to be time-consuming [6], especially when testing both body sides for asymmetry assessment. The time and accuracy of testing also depend on the trained anthropometrist’s skill and level [7], which demands time for adequate training. However, morphological and anthropometrical research has taken a new direction with the progress of technology and the application of 3D body scanners and bioelectrical impedance (BIA). The 3D scanners and BIA have made the measurements contactless, fast, accurate [8,9], safe, noninvasive, portable and easy to conduct [10]. Additionally, it has been reported that digital anthropometry could be used as a screening tool before more expensive imaging techniques or as an alternative to other less affordable techniques also in clinical practice [11]. Body dimensions play an important component in weight-sensitive sports [12]. Therefore, a fast and reliable method such as 3D body scanning and BIA analysis can be of use in determining body asymmetry status.



Judo is an attractive high-intensity combat sport with a complex time structure of short and intense movements, which may represent attacking, counter-attacking or defensive motions, with the main goal of throwing the opponent on his/her back or controlling him/her during the groundwork combat [13,14] while controlling for penalties that can impact the final outcome [15]. Motoric, technical, and tactical skills are developed in judokas from an early age since judo athletes start to compete very early in their careers [16]. Regular and intense practice of certain sports is known to result in morphological, physiological, and postural adaptations of athletes’ bodies [17]. However, each sport discipline affects the body in its particular way [18]. Judo performance in highly skilled judokas is connected to a higher symmetry of arm and leg movements [19,20], where strength factors should be equally exhibited by both sides of the body [21], which impacts the symmetrical development of the body. Symmetrisation is, therefore, of great importance for judokas, and it is a process that involves balancing motor abilities on both sides of the body [19,22,23,24]. Body asymmetries can occur from long-lasting one-sided and repeated situational training over many years [25]. Moreover, asymmetrical muscle work may cause different types of overloads, which can lead to different deformations with morphological and functional asymmetries [25,26] and are associated with increased risk factors for athletic injuries [22,27,28,29,30]. Asymmetries in judo have been noted in functional [31,32,33,34,35,36,37] and morphological [38,39,40] aspects.



Research on body symmetries with the bilateral application of manual anthropometry from the last 25 years in judo is scarce [35,41,42,43]. Three-dimensional body analysis of human shape contains information that is absent from measures used in current anthropometric practice [44]. An advantage of 3D scanning is that it captures the whole-body image, and the bilateral extraction of measurements is automatic. The literature reports that BIA can also be used to reveal morphological asymmetries in the estimated muscle mass, fluid distribution, fat mass and phase angle (PhA) in individual body segments of athletes [45]. Therefore, combining the 3D scanning method and BIA could be of interest and benefit all sports in general. In judo research, it is being used to detect morphological traits in youth judokas [39,40,46]. Judokas start to compete at an early age, and only a few studies have focused on an analysis among age groups in different aspects of judo [47,48,49], with only one study focusing on body morphology [50] and none of the studies focusing on morphological asymmetries. Therefore, our research aims to present the morphological status by using 3D body scanning and BIA on judokas of the following age categories: under 14 years, under 16 years, under 18 years, under 21 years, and senior judokas. Additionally, the research aims to investigate the status of body asymmetries and how they implement themselves through and between different age categories.




2. Materials and Methods


2.1. Participants


The sample of this cross-sectional study included a total of 106 male judo competitors of Slovenian judo clubs from the following age categories: older boys—U14 (N = 24; age = 12.93 ± 0.56 years; body height (BH) = 160.89 ± 8.56 cm; body weight (BW) = 52.99 ± 11.89 kg; skeletal muscle mass (SMM) = 24.5 ± 5 kg; body fat mass % (BF%) = 14.4 ± 8.8%; training experience (TE) = 6.00 ± 0.00 years; belt degree (BD) = 3rd ± 0 KYU), younger cadets—U16 (N = 31; age = 14.54 ± 0.47 years; BH = 172.68 ± 6.25 cm; BW = 66.87 ± 12.96 kg; SMM = 33.6 ± 5.9 kg; BF% = 10.2 ± 5.6%; TE = 6.90 ± 0.30 years; BD = 2nd ± 0.3 KYU), cadets—U18 (N = 17; age = 16.24 ± 0.56 years; BH = 175.28 ± 8.26 cm; BW = 71.98 ± 12.38 kg; SMM = 35.9 ± 5 kg; BF% = 11.4 ± 7.4%; TE = 7.41 ± 0.80 years; BD = 1st ± 0.7 KYU); juniors—U21 (N = 19; age = 18.74 ± 1.45 years; BH = 177.28 ± 3.79 cm; BW = 76.88 ± 6.78 kg; SMM = 33.7 ± 7.3 kg; BF% = 11.7 ± 6.6%; TE = 8.74 ± 0.45 years; BD = 1st ± 0.45 DAN); and seniors (N = 15; age = 24.33 ± 2.9 years; BH = 174.57 ± 7.43 cm; BW = 77.96 ± 9.02 kg; SMM = 39.1 ± 4.5 kg; BF% = 12.4 ± 4%; TE = 18.53 ± 3.89 years; BD = 2nd ± 1.05 DAN). The inclusion criteria included (1) they were all active athletes participating in official judo competitions; (2) they have been training in judo for at least three years; (3) they were free from any musculoskeletal injuries at the time of measurement; (4) they were not in the intentional process of weight loss before a competition. Hand dominance was used as an indicator of judo dominance [51], where the participants were asked which hand they use to write, draw, and throw a ball, as previously used [20]. There were 99 right-hand dominant and 7 left-hand dominant judokas. All examinees were informed about testing conditions and procedures and voluntarily participated in this research. Written consent was acquired from the participants, their parents or guardians before testing. The research was carried out following the Declaration of Helsinki and with the approval of the Faculty of Sport, University of Ljubljana’s Ethics Committee (no. 2033/2013).




2.2. Data Collection


The morphological measurements were performed in the morning (8–10 a.m.) in the Physiological Laboratory of the Institute of Sport in Ljubljana, Slovenia. First, Body height was measured by the GPM (Swiss) anthropometer, followed by the Bioelectrical impedance measurements (BIA), and ended with 3D body scanning.




2.3. Bioelectrical Impedance Measurements


The BIA InBody 720 (Biospace Co., Ltd., Seoul, Republic of Korea) was analysed for body composition. Testing was followed in a standardised standing posture and necessary measurement guidelines were followed [52]: (1) the measurements were taken between 8 and 10 a.m.; (2) athletes were asked to abstain from large meals after 9 p.m. the evening before the analysis. On the day of the measurement, they were asked neither to eat nor drink before the end of the procedure; (3) athletes were asked to refrain from extreme physical exertions 24 h before the screening, and the last training should have been performed at least 12 h before assessment; (4) the athletes did not consume alcohol 48 h before the testing; (5) athletes emptied their bowels and bladder at least 30 min before the measurement; (6) To properly distribute the tissue fluids the athletes were in the standing position for at least 5 min before the test; (7) the testing was performed in the standing position with hands placed aside 15 cm laterally from the body. The BIA Inbody 720 has already reported high accuracy and test-retest reliability, with interclass correlation (ICC) reported at 0.99 [53]. Correlations with the reference measure of du-al-energy X-ray absorptiometry were significant at a level of r = 0.95, and the standard error of the estimate was reported at 1.8 in an adult athletic population [54]. Moreover, Inbody 720 is a valid tool that can measure the body composition of children and adolescents [55]. Before each participant, the device was cleaned with recommended disinfectant. An experienced researcher performed the testing. InBody 720 was used to measure the following variables: body mass; skeletal muscle mass; left and right arm lean mass; left and right leg lean mass and body fat mass percentage. The BIA de-vice was set in the research mode and the testing time was 1 min 36 s. Afterwards, the 3D testing took place. The pause between tests was approximately 5 min.




2.4. 3D Body Scanner Measurements


The 3D body scanner NX-16 ([TC]2, Cary, NC, USA) was used to capture and analyse the 3D anthropometric body variables. This 3D scanner presents a non-invasive scanning method to produce a true-to-scale 3D body model in 8 s that has been previously validated [56,57]. A photogrammetry technology (white light) is used in the NX-16 3D-BS that uses 32 cameras to produce raw photonic point cloud data 3D body image. This allows automatic landmark recognition and electronic tape measurements. NX-16 test-retest variability was reported as a coefficient of variation (CV%) in the range of 0.2–3.3% [57]. Correlations with the reference measure of manual anthropometry were shown to be significant in the range of r ≥ 0.95–0.99, with the average relative error in the range of 0.006–0.037 [56].



The NX-16 scanner was fully calibrated before the measurements according to the manufacturer’s recommendations. The acceptable range of the accuracy of circumferences standard deviation in the calibration process was well under 0.9 mm to pass the calibration, with the final calibration accuracy reported at 0.3725 mm. Subjects were instructed to remove all jewellery and clothes and to enter the scanner barefooted and in form-fitting bright colour underwear. They stood in a standardised position, with their feet located on landmarks on the scanner’s floor (feet set straight, not inwards or out-wards), grabbing the handles inside of the scanner with a natural standing posture (shoulders not elevated, elbows stretched, the upright position of the back, chin slightly lifted). Subjects were instructed to remain still during the scan. The software Body Measurement System Version 7.4.1 was used to create the initial point cloud. This was later processed into a 3D body model from which customised measurements were extracted. A multi-scan option with three consecutive scans was used to give us one merged file with the means of all three consecutive scans. Scanning of three consecutive scans lasted 24 s. An experienced measurer performed the scanning process. From the scan 8 paired (left and right) variables were taken for further Analysis: Upper arm Girth, Elbow Girth, Forearm Girth, Wrist Girth, Thigh Girth, Thigh Length, Knee Girth and Calf Girth. Additionally, the Asymmetry index (AI) was calculated as absolute values from paired variables|Right side–Left side| [58]. The AI was calculated for Arm lean mass, Upper arm Girth, Elbow Girth, Forearm Girth, Wrist Girth, Leg lean mass, Thigh Girth, Thigh Length, Knee Girth and Calf Girth paired variables.




2.5. Statistical Analysis


Data were processed and presented using the SPSS 28.0 for Windows (SPSS, Inc., Chicago, IL, USA). Descriptive statistics (Means ± SD) were used to present the data. The Shapiro–Wilk test was used to assess the normality, and a paired sample T-test to determine differences/asymmetries in paired body variables. Effect sizes (ES) for paired T-test were calculated utilising Cohen’s d. Threshold values for ES statistics were; >0.2 small, >0.5 moderate, >0.8 large, >1.3 very large [59]. The Kruskal–Wallis test was performed to determine differences between the Asymmetry index (AI) of morpho-logical variables of different age groups with post hoc paired comparisons by a Mann–Whitney U test with Bonferroni adjustment. Additionally, the eta-squared effect size values were calculated: >0.01—small, >0.06—medium, >0.14—large [60]. There were no missing data in the analysis. Statistical significance for all tests was set at p ≤ 0.05.





3. Results


In Table 1, the paired t-test highlighted significant asymmetries in the senior age group in forearm girth t(14) = −2.59, p = 0.022; [d = 0.69; moderate effect], wrist girth t(14) = −2.51, p = 0.025; [d = 0.65; moderate effect] and calf girth t(14) = −2.43, p = 0.029; [d = 0.63; moderate effect]. In the U21 age group, significant asymmetries were highlighted in elbow girth t(18) = −2.94, p = 0.009; [d = 0.68; moderate effect], forearm girth t(18) = −3.03, p = 0.007; [d = 0.69; moderate effect], knee girth t(18) = −2.60, p = 0.018; [d = 0.60; moderate effect] and calf girth t(18) = −2.58, p = 0.019; [d = 0.59; moderate effect]. In the U18 age group, significant asymmetries were highlighted in elbow girth t(16) = −5.38, p = 0.000; [d = 1.31; very large effect], forearm girth t(16) = −5.27, p = 0.000; [d = 1.28; large effect] and leg lean mass t(16) = −2.17, p = 0.046; [d = 0.53; moderate effect]. In the U16 age group, significant asymmetries were highlighted in elbow girth t(30) = −2.93, p = 0.006; [d = 0.53; moderate effect], forearm girth t(30) = −4.15, p = 0.000; [d = 0.75; moderate effect], arm lean mass t(30) = −2.45, p = 0.020; [d = 0.44; small effect], calf girth t(30) = −2.19, p = 0.036; [d = 0.39; small effect] and leg lean mass t(30) = −3.41, p = 0.002; [d = 0.61; moderate effect]. In the U14 age group, significant asymmetries were highlighted in elbow girth t(23) = −6.09, p = 0.000; [d = 1.24; large effect], forearm girth t(23) = −5.64, p = 0.000; [d = 1.15; large effect], wrist girth t(23) = −3,20, p = 0,004; [d = 0.65; moderate effect] and arm lean mass t(23) = −2.77, p = 0.011; [d = 0.57; moderate effect].



Table 2 presents differences between the asymmetry index (AI) for selected age groups with the Kruskal–Wallis test (K-W) for upper-body variables. The K-W indicated a significant difference between AI in age groups of arm lean mass (H = 10.6, p ≤ 0.032, ES = 0.10 [medium effect]); however, there was no significance detected between groups after Bonferroni correction for multiple tests.



Table 3 presents differences between the asymmetry index (AI) for selected age groups with the Kruskal–Wallis test (K-W) for lower-body variables. The data did not show statistically significant results between AI variables and age groups.




4. Discussion


Our study results highlight the morphological asymmetries in different age groups of judokas who were rapidly assessed in 2 min via 3D scanning and BIA technology. Morphological asymmetries were detected in all age categories: seniors—three, U21—four, U18—three, U16—five and U14—four. All of the detected asymmetries were greater on the right body side, which was mainly the dominant side. The most common asymmetrical variable in all age categories was the forearm girth, while the thigh length, knee girth and upper arm girth presented symmetrical variables in all age categories. Furthermore, the AI showed that the size of asymmetries did not differentiate between the age groups. The combination of 3D-BS and BIA was shown to be an effective approach to getting comprehensive asymmetries profiles of athletes.



According to the literature, judo is a sport discipline that symmetrically develops both sides of the human body [38,61]. However, our study highlighted several morphological asymmetries occurring in different age groups in the upper and lower body. Therefore, the discussion section will be divided into sections on upper and lower body segments and advances in modern technologies in sports for greater clarity.



4.1. Upper-Body Morphological Asymmetries


Upper-body extremities are one of the most important muscle groups in positioning for judogi grip, breaking the opponent’s balance, entering the throw and controlling the opponent’s throw on the tatami in groundwork techniques. The present research shows that the upper arm girth is symmetrically developed in all age groups. This aligns with the previous research done with manual anthropometry [41,42] and 3D scanning [39,40,46].



On the other hand, elbow girth was shown to be an asymmetric body measure in all young age categories except for seniors, while the asymmetries in the forearm girth were present in all age categories. This aligns with previous research done with 3D scanning [39,40,46] for both variables regarding the asymmetries. In addition, manual anthropometry research also presented asymmetries in forearm girth [41,42]; however, it did not reveal any asymmetries in a similar measure of elbow diameter [42,62].



The results also show arm lean body mass (ALBM) asymmetries in the U14 and U16 age categories, which aligns with research done on Czech adolescent judokas, where significant differences in ALBM favoured the dominant side [63]. In addition, asymmetries favouring the dominant right side were also noted in the wrist girth of the U14 and senior age categories. Previous research has contrarily reported wrist girth as a symmetrical variable [39,40,46,62].



Asymmetries in youth age groups could be explained by the fact that in the U14 and U16 groups, first selections and talent development programs start to occur. Additionally, it was recently highlighted that talented youth judokas compete in up to three higher age group competitions to gain experience as fast as possible [64]. This could lead to intense stress on their musculoskeletal system and to the occurrence of asymmetries, which may lead to injuries in the future. This means a harder, longer and more strenuous workout. During this period, young judokas mainly focus on how to fight for the grip in the so-called “kumikata”. All this affects the skeletal adaptation in the wrist joints in the youngest categories. According to our data, the situation is stabilising among junior cadets, cadets and juniors. However, asymmetries in wrist girth reappear in seniors, where the exercise intensity is greatest, indicating adaptations to the increased workload.



One of the reasons for the occurrence of right-sided asymmetries could be that the right-hand dominant judokas fight in the right fighting stance, where the right hand is most likely the first to grab the “judogi” and its collar (lapel) to initiate the attack and later to control the opposing athlete. This repetitive movement suggests that judokas overload the dominant hand, which is expressed in muscular and skeletal asymmetries in the upper body, which is highlighted by the data from our research.



According to research in combat sports, a larger forearm girth is positively related to a greater muscle strength of the hand grip [65], which, in judo, is of vital importance in the grip fight and breaking the opponent’s balance in all possible directions of movement [66,67,68]. In controlling the opponent’s “judogi”, grip is considered a key factor influencing the outcome of the fight, as it enables the execution of attacking techniques and hinders the opponent’s ability to counter the attack [69,70]. Research shows that greater hand grip strength and greater upper limb push or pull strength are associated with better fighting success in judokas [71]. Precisely this importance of initial grip fighting results in, from a young age and up to the senior category, great attention being devoted to the development of hand strength and, in general, greater strength of the upper limbs [72]. However, we must be careful not to impose excessive asymmetries in the forearm girth, as it was reported that bilateral differences of more than 2 cm lead to a significant decrease in the hand grip of the opposite hand [65]. Furthermore, the natural occurrence of lateralisation [73,74], in combination with the one-sided repeated training of judo elements, can further develop and emphasise morphological asymmetries. The present study supports this, as most of our participants are right-dominant; consequently, all of the significant asymmetries were greater on the right side. However, we know that increased asymmetries are a major risk factor for the occurrence of injuries [22]. In judo, injuries to the upper limbs are the most common and account for as much as 41% of all injuries in judo [75]. Increased asymmetries on the right side of the body may be one of the additional reasons for them since as many as 61.8% of injuries in judo fights occurred in right-side dominant judokas [76].



During judo practice, every judoka develops favourite techniques on which they mostly rely to score the most points and wins. Such techniques are called special techniques or “tokui waza”. Especially in youth judokas, these techniques are primarily performed only to the better, dominant side. Frequent repetition and practice of special techniques in the dominant side, especially if the throw(s) comes from the group of hand technique throws, significantly impacts the development of skeletal and muscular asymmetries of the upper body [63].



Additionally, the proportion of strength training increases in the senior age category. During the strength and conditioning (S&C) of top judokas, barbell exercises, such as bench press, push press, overhead press, deadlifts, forward bend rows, etc., are frequently used [77,78,79,80], which can lead to (especially in the last series when fatigue sets in) reliance on the dominant hand to start or/and lead the movement. This increases the pressure on the musculoskeletal system, which could explain the manifestation of wrist and forearm girth asymmetries in seniors. Therefore, we recommend that multijoint unilateral exercises be introduced to a greater extent in judo S&C practice, as this can improve movement, support muscles, reduce the bilateral deficit in muscle strength and improve overall functionality and muscle group coordination [79,81,82].




4.2. Lower-Body Morphological Asymmetries


The thigh girth is only shown as an asymmetrical variable in the U21 category. On the contrary, most research has found thigh girth as a symmetrical variable in judokas [40,42,46,62]. However, when the sample comprised only one weight category [39], the results aligned with our results and revealed asymmetries. Similar findings were presented in calf girth asymmetries identified in the senior, U21 and U16 categories. Asymmetries were noted only when the sampling was done on the weight category level [39], while other studies with judokas from mixed weight categories samples revealed symmetrical results [40,41,42,46,62]. Variables of thigh length and knee girth were symmetrically developed in all age categories, aligning with current research [39,40,42,46,62]. Lastly, asymmetries were noted in lean leg mass (LLM) in the U18 and U16 categories, which aligns with previous research noting asymmetries favouring the dominant leg [38,63].



As we have already indicated for the upper body, lower-body asymmetries can be influenced by S&C training and reliance on the dominant leg to initiate and/or lead the movement in the last sets and reps when fatigue is the highest. Such bilateral exercises include squats, deadlifts, knee extensions, flexions and leg press [77,80,82]. In addition, it would be recommended to add unilateral exercises, such as alternating lunges in all directions (with dumbbells, kettlebells, flat or z-shaped barbell), single-leg squats (with body weight, dumbbells or kettlebells), unilateral leg press, alternating single-leg knee extension and flexions, single-leg deadlift (with body weight, dumbbells or kettlebells), single-leg step-ups (with dumbbells, kettlebells, flat or z-shaped barbell), etc. These exercises allow us to quickly and efficiently identify bilateral strength deficits when we test for one repetition maximum. Consequently, we can adequately tailor the S&C program to develop morphological and strength symmetries.



Lower-body asymmetries could also be explained by the majority of judokas being right-hand and right-stance dominant. Right-stance dominant judokas use the left leg as a supporting leg and the right leg as the “execution” or attacking leg. The execution leg is getting much more concentric and eccentric work than the supporting leg, which could lead to bilateral strength and, consequently, morphological asymmetries [83]. This would especially be the case if the judokas’ training is mostly unilateral and they perform most of their throwing techniques only on their dominant side [84]. Lower-body asymmetries, along with naturally occurring lateralisation, can be significantly pronounced if our special technique is from the foot techniques group [63].



The results present that the overall number of asymmetries decreases with age. From this, we can conclude that the greatest risk of asymmetry is in the younger categories—U14, U16 and U18. In these years, regular and more frequent judo training, as well as the targeted S&C of young athletes, begins. To reduce the possibility of asymmetries and consequent injuries, greater attention should be paid to bilateral technical training and more gradual unilateral S&C. With this, we can contribute to the better development of young judokas and also contribute to reducing the number of young judokas who stop training judo during this period.



Lateralisation and, consequently, the fighting stance may be the main reasons for the identified morphological asymmetries. Furthermore, lateralisation from the general population highlights that only 6–12% of people are left-handed [85], while the lateralisation in favour of the right body side in judokas was reported between 66 and 86%, which largely determines their most common fighting position and thus the most common direction of attacks and execution of techniques [19,84]. It was reported that 72% of right-dominant judokas mostly prefer and rely on throws performed to the right side [84]. In addition to training, judoists load the body’s dominant side during competitions. The increased morphological asymmetries are also directly influenced by coaches, who are primarily right-handed and thus teach and demonstrate techniques mainly to the right side for both left- and right-dominant judokas [19]. This could also be identified as one crucial reason for the occurrence of morphological asymmetries from youth to senior categories [19]. It is interesting to note that research has shown that judokas most often attack to the right side, but the most successful attacks that score points or ippon are to the left side [86]. Furthermore, judokas who compete in a left-dominant stance are typically on the podium more often and in rankings from first to fifth place compared to right-side stance competitors [87].



That is why the symmetrisation of movement and bilateral execution of attack techniques in judo is important from two aspects: (1) it initially improves the chances of winning the fight and provides more technical-tactical solutions so that we can surprise and defeat the opponent [19]; (2) it helps to load the musculoskeletal system evenly and thus enables the even development of young judokas to the member category, thereby reducing the possibility of injuries [39]. Research has shown that the symmetrisation of movement and lateral preference in judo can be modulated with long-term and planned practice [20,88]. To summarise, the symmetrisation of movement in judo can significantly positively affect morphological traits and, consequently, lower injury occurrence.




4.3. Advantages of Modern Technologies in Sport


A rapid morphological status assessment via 3D scanning and BIA in sports sciences can significantly benefit coaches and their athletes, as the combined time of direct measurement is only 2 min. Additionally, with its fast application, it is very suitable for longitudinal studies, and the vast number of automatically measured body surface dimensions (74) allows for additional exploration of detailed health risk phenotypes far beyond the classical approach (75) in athletic and general populations. Additionally, it allows for the possible exploration of new variables that could be connected to successful sports performance in particular disciplines available by the software. Moreover, 3D technology offers numerous benefits over traditional approaches, as it goes beyond 1-D measurements and extracts more complex topographical and shape outcomes. At the same time, the digital data allow for rapid processing and archiving, as these saved avatars can be rescanned in future with updated algorithms and software [89], while with classical anthropometry, we will never measure the athlete in the same state again. Three-dimensional scanning has been shown to be helpful in various sports settings; it is a reliable tool for measuring thigh volume [90], determining the best aerodynamic cycling position [91], developing jumpsuits in ski jumping and their dynamic forces [92,93], etc. Research has also reported that digital anthropometry could be used as a screening tool before more expensive imaging techniques or as an alternative to other less affordable techniques in clinical practice [11,94].



The BIA has also been shown to be a fast, noninvasive technique that is being widely used in body composition, nutritional status, hydration, general health, well-being, training and performance-level assessment [95]. Similar to 3D scanning, BIA allows for rapid data assessment, and with updated algorithms and software, it enables phase angle with segmental analysis [95,96] and the calculation of various body indexes, like protein fat index, protein mass index and others [97]. Both technologies also allow for rapid morphological asymmetry assessment [39,96], and their combination gives athletes a comprehensive asymmetries profile. The present study presents a basic asymmetries profile; however, further studies should examine a wider range of paired variables and possible new measurements that have not been explored in connection to sports performance but are available by the software. Additionally, new devices joining these technologies, like the Visbody, Anea 3D, Fit3D and Styku, are already available [94,98,99,100], which could speed up the process and its applicability. However, their reliability and validity must be assessed and confirmed before wide-scale application. Moreover, some 3D body scanners have already shown promising results [94,100,101]. This rapid analysis could be instrumental in athletes’ preparation periods or before top competitions when their schedules are packed and in regularly monitoring youth athletes’ development on their path to the senior category. Additionally, it could help distinguish what makes elite athletes elite in the micro positions of their bodies or in specific technical elements [102].




4.4. Practical Application


In regular screening of judokas, we recommend establishing the basic morphological asymmetry profile using the following paired variables: arm and leg lean mass; and elbow, forearm, wrist, thigh and calf girth. If new mobile 3D technologies are used, we should be sure that they have been previously validated. Not everything new is good, and not everything old is obsolete. Also, an experienced person should carry out the testing. If asymmetries are detected, they can be addressed in two ways: (1) via the implementation of more S&C bilateral exercises done with dumbbells and/or kettlebells and +1 additional set done on the affected side; (2) via regular bilateral execution of techniques (especially in tokui waza) in nage/uchi komi drills with 5–7 additional repetitions on the affected side.




4.5. Limitations of the Study


The present study needs to acknowledge some limitations. The analysis was done only on male judokas; therefore, further studies should examine female judokas. The analysis was done on a wide range of body weight categories. This could impact the sensitivity of asymmetries, as the discussion highlighted that in some variables, the asymmetries were noted only when examined in a particular weight category. Therefore, further studies should also take into account all weight categories. The study was cross-sectional, and a better presentation of asymmetry development would be in a longitudinal study. Therefore, further studies should try to examine these phenomena longitudinally. Also, the judoka’s special techniques (tokui waza) were not known to us, which could give us better insight into the movements that occur most often and impact the development of morphological asymmetries. Therefore, further studies should also explore and take this information into account when analysing the data. Nonetheless, this is the first study to present a combination of 3D and BIA asymmetric profiles among different age groups in judo, which gives better insight into how judo training and competition impact the body morphology of its practitioners.





5. Conclusions


The current study demonstrates great potential for the combined use of BIA and 3D scanning technologies for rapid morphological asymmetry detection. With the help of these modern technologies, we can use the acquired data for monitoring and quick adjustments to the training process to lower the possible occurrence of injuries. The data on judokas identified morphological asymmetries in all age categories, with the senior age category showing three asymmetrical variables, U21—four, U18—three, U16—five and U14—four. All of the detected asymmetries were greater on the right body side, which was mainly the dominant side, and show the impact of lateralisation on body development. Additionally, this highlights the importance of movement techniques, bilateral execution and symmetrisation in judo for healthy and symmetrical body development. The most common asymmetrical variable in all age categories was forearm girth, followed by elbow girth. Furthermore, the AI showed that the size of asymmetries did not differentiate between the age groups. Therefore, we recommend that regular screening in judo should include the basic profile of morphological asymmetries, with L-R arm and leg lean mass and L-R forearm, elbow, wrist, thigh and calf girth as variables that are the most impacted by asymmetries in judo.
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Table 1. Descriptive statistics of morphological variables per age group with a paired t-test to highlight asymmetries.






Table 1. Descriptive statistics of morphological variables per age group with a paired t-test to highlight asymmetries.





	

	
PAIR

	
VARIABLE

	
AGE GROUP




	
U14

	
U16

	
U18

	
U21

	
SENIORS




	
LEFT

	
RIGHT

	
LEFT

	
RIGHT

	
LEFT

	
RIGHT

	
LEFT

	
RIGHT

	
LEFT

	
RIGHT




	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD






	
UPPER BODY

	
1

	
Arm Lean Mass (kg)

	
2.25 ± 0.61

	
2.27 ± 0.62 *

	
3.38 ± 0.75

	
3.43 ± 0.74 *

	
3.75 ± 0.65

	
3.75 ± 0.62

	
4.24 ± 0.43

	
4.24 ± 0.40

	
4.18 ± 0.57

	
4.20 ± 0.62




	
2

	
Upper Arm Girth (cm)

	
26.39 ± 3.27

	
26.10 ± 3.01

	
30.14 ± 3.49

	
30.35 ± 3.30

	
31.81 ± 3.40

	
31.88 ± 3.15

	
33.83 ± 1.77

	
34.13 ± 2.15

	
34.26 ± 1.97

	
34.05 ± 2.15




	
3

	
Elbow Girth (cm)

	
23.08 ± 2.04

	
23.86 ± 1.92 *

	
25.98 ± 2.35

	
26.47 ± 2.02 *

	
26.44 ± 1.73

	
27.33 ± 1.82 *

	
27.91 ± 1.41

	
28.43 ± 1.31 *

	
28.65 ± 1.42

	
28.73 ± 1.45




	
4

	
Forearm Girth (cm)

	
23.60 ± 1.76

	
24.13 ± 1.88 *

	
26.36 ± 2.32

	
26.93 ± 2.20 *

	
27.29 ± 1.94

	
27.92 ± 2.02 *

	
28.82 ± 1.33

	
29.16 ± 1.33 *

	
29.21 ± 1.45

	
29.68 ± 1.23 *




	
5

	
Wrist Girth (cm)

	
16.05 ± 1.08

	
16.41 ± 1.11 *

	
17.59 ± 1.01

	
17.45 ± 0.95

	
17.68 ± 0.99

	
17.62 ± 0.86

	
17.83 ± 0.90

	
17.79 ± 0.89

	
17.78 ± 0.91

	
17.99 ± 0.80 *




	
LOWER BODY

	
6

	
Leg Lean Mass (kg)

	
6.85 ± 1.57

	
6.87 ± 1.61

	
9.14 ± 1.37

	
9.23 ± 1.41 *

	
9.65 ± 1.44

	
9.71 ± 1.49 *

	
10.01 ± 0.62

	
10.05 ± 0.61

	
9.94 ± 1.25

	
9.99 ± 1.21




	
7

	
Thigh Girth (cm)

	
50.19 ± 5.56

	
50.25 ± 5.23

	
57.25 ± 7.13

	
57.65 ± 7.17

	
57.37 ± 4.61

	
57.99 ± 5.07

	
61.68 ± 5.15

	
62.03 ± 4.77 *

	
64.30 ± 6.87

	
63.97 ± 6.66




	
8

	
Thigh Length (cm)

	
30.25 ± 2.55

	
30.25 ± 2.59

	
32.45 ± 4.03

	
32.53 ± 3.99

	
31.63 ± 4.87

	
31.72 ± 4.91

	
33.81 ± 3.21

	
33.91 ± 3.33

	
32.38 ± 5.24

	
32.36 ± 5.30




	
9

	
Knee Girth (cm)

	
35.42 ± 2.56

	
35.45 ± 2.61

	
37.91 ± 2.55

	
38.06 ± 2.58

	
38.09 ± 2.35

	
38.26 ± 2.32

	
38.32 ± 1.94

	
38.76 ± 2.15

	
39.09 ± 2.84

	
39.34 ± 3.11




	
10

	
Calf Girth (cm)

	
33.10 ± 2.41

	
33.27 ± 2.45

	
35.92 ± 2.70

	
36.14 ± 2.85 *

	
36.51 ± 2.95

	
36.74 ± 3.07

	
36.46 ± 2.12

	
36.85 ± 2.11 *

	
37.97 ± 3.14

	
38.42 ± 3.25 *








* Statistical significant difference between paired variables inside the selected age group at p ≤ 0.05.













 





Table 2. The difference in asymmetry index between age groups with the Kruskal–Wallis test and effect size for upper-body variables.






Table 2. The difference in asymmetry index between age groups with the Kruskal–Wallis test and effect size for upper-body variables.





	
Variable

	
Group

	
Mean

	
SD

	
Mean Rank

	
χ2

	
Sig

	
ES






	
Arm Lean Mass

	
U14

	
0.078

	
0.064

	
38.25

	
10.59

	
0.032 *

	
0.101




	
U16

	
60.16




	
U18

	
46.94




	
U21

	
60.47




	
SENIORS

	
62.73




	
Upper Arm Girth

	
U14

	
0.780

	
0.647

	
57.73

	
2.98

	
0.562

	
0.028




	
U16

	
50.37




	
U18

	
50.03




	
U21

	
48.68




	
SENIORS

	
63.23




	
Elbow Girth

	
U14

	
0.888

	
0.687

	
53.75

	
8.86

	
0.065

	
0.084




	
U16

	
52.31




	
U18

	
63.03




	
U21

	
37.61




	
SENIORS

	
64.90




	
Forearm Girth

	
U14

	
0.625

	
0.491

	
49.77

	
4.97

	
0.290

	
0.047




	
U16

	
58.95




	
U18

	
58.32




	
U21

	
41.53




	
SENIORS

	
57.90




	
Wrist Girth

	
U14

	
0.457

	
0.383

	
57.29

	
6.79

	
0.148

	
0.065




	
U16

	
61.97




	
U18

	
52.65




	
U21

	
46.53




	
SENIORS

	
39.73








* p ≤ 0.05, ES—effect size.













 





Table 3. Difference in asymmetry index between age groups with Kruskal–Wallis test and effect size for lower-body variables.
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Variable

	
Group

	
Mean

	
SD

	
Mean Rank

	
χ2

	
Sig

	
ES






	
Leg Lean Mass

	
U14

	
0.101

	
0.097

	
43.60

	
3.79

	
0.435

	
0.036




	
U16

	
56.65




	
U18

	
53.00




	
U21

	
60.26




	
SENIORS

	
54.83




	
Thigh Girth

	
U14

	
0.881

	
0.793

	
39.96

	
7.04

	
0.134

	
0.067




	
U16

	
60.71




	
U18

	
58.94




	
U21

	
55.37




	
SENIORS

	
51.73




	
Thigh Length

	
U14

	
0.242

	
0.200

	
50.08

	
0.94

	
0.919

	
0.009




	
U16

	
52.81




	
U18

	
52.35




	
U21

	
55.61




	
SENIORS

	
59.03




	
Knee Girth

	
U14

	
0.444

	
0.384

	
46.27

	
8.73

	
0.068

	
0.083




	
U16

	
55.74




	
U18

	
42.62




	
U21

	
69.26




	
SENIORS

	
52.80




	
Calf Girth

	
U14

	
0.476

	
0.422

	
48.00

	
2.25

	
0.689

	
0.021




	
U16

	
54.58




	
U18

	
48.85




	
U21

	
57.63




	
SENIORS

	
60.10








ES—effect size.
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