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SUMMARY: In several sports, morphological differences exist when comparing training status. However, these are less known
in novel urban sports such as Street Workout (SW). This study compares the morphological characteristics between urit@jned (nov
and trained (experienced) SW athletes. Thirty-seven male Street workout practitioners from Vifia del Mar (Chile) participated.
Anthropometric, body composition, and somatotype data were assessed and compared according to the training experience. We found
that trained SW athletes had a higher flexed and tensed arm perimeter (+4.4 %, p=0.038), lower hips perimeter (-4.8 %, p=0.041)
narrower biiliocristal breadth (-3.2 %, p=0.035), lesser sum of 6 skinfolds (-40.8 %, p<0.001), and a lower endomorphinttompone
(p<0.001) than untrained SW athletes. The proportionality analysis revealed that trained athletes had significantly hidfoelyuppe
perimeters and lower skinfolds than untrained athletes. In addition, trained participants had higher percentages of tiuy \(#@-b
%, p<0.001) and upper limb muscle mass (+1.1 %; <0.001), and lower fat mass percentage (-7.9 %, p<0.001) and fat mass (-6.9 kg,
p<0.001). In conclusion, similar to other sports, morphological differences exist in SW according to the training stastisgstingge
morphology is associated with training experience. Further studies using DEXA should corroborate our findings and, érming det
the relevance of morphology in SW performance.
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INTRODUCTION

In several sports, morphological and performance Street Workout (SW) is a novel urban sport where
differences exist when comparing training status. Faithletes use their body weight as resistance, known as
example, in Taw Kwon Do, experienced practitioners haghlisthenics exercises (Tomczykowska, 2013). Calisthenics
lower body fat, higher strength, and better aerobic perfagxercises are used for strength, body composition, and
mance than novice practitioners (Toskogical, 2004). posture improvements (Thomasal, 2017; Kotarskyet
Also, elite female volley ballers had high muscle mass ad., 2018), for physical preparation of gymnasts and
bone mass compared to the amateur subgroup (Mielgailitaries (Harrison, 2010; Gistt al, 2015), and are
Ayusoet al, 2017). In addition, a recent systematic reviewommonly used in physical therapy and fitness (Taptey
concluded that higher-level soccer players had a better bagly, 2015; Thompson, 2019). In SW, athletes execute
composition profile, higher cardiorespiratory fitness, anigometric and isotonic calisthenic exercises on rings, bars,
higher muscle strength and power compared to lower the floor, as well, swings and combinations, called
competitive level soccer players (Slimani & Nikolaidisfreestyle. Calisthenics exercises in SW are mainly
2019). In this way, the training status and experience gserformed in closed kinetic chain exercises (Harrison), are
linked to the morphological characteristics and performasimilar to gymnastics exercises and postures (e.g., pull up,
ce, making the assessment of these variables afnont-lever, or straddle planche), and include variations to
comparison between training status relevant. modify muscle recruitment and load (Ebketral, 2011;
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Calatayudet al, 2017). About freestyle, it is similar to Anthropometric measurement. Anthropometric
artistic gymnastics routines on high bars, parallel bars, anetasurements met the protocol of the International Society
uneven bars. for the Advancement of Kinanthropometry (ISAK) (Stewart
et al, 2011). The protocol was composed of 25
The popularity of SW has led to the creation ofmeasurements, including i) Basic data: weight (OMRON,
international organizations such as the World Stre&iN-289-LA, Kyoto, Japan), height and sitting height (SECA,
Workout & Calisthenics Federation (WSWCF, 2011) or thenodel 213, GmbH, Germany); ii) 6 breadths (Rosscraft
Spanish Federation of Street Workout and Calistheniesthropometer): biacromial, transverse chest, anteroposterior
(FESWC, 2017). However, despite the global popularity ahest depth, biiliocristal, humerus, femur; iii) 10 girths (metal
bodyweight training (Kercheat al, 2021), few studies have Lufkin tape): head, arm (relaxed), arm (flexed and tensed),
investigated SW. For example, some authors researchedfirearm (maximum), chest (mesosternale), waist (minimum),
injury profile (Ngoet al, 2021), psychosocial profile (Taipe- hips (gluteal), thigh (1 cm gluteal), thigh (mid tro-tib-lat),
Nasimbeaet al, 2019), and morphology (Sanchez-Martineand calf (maximum); and iv) 6 skinfolds (Slim Guide
etal, 2017). Likewise, the morphology in SW was exploredaliper): triceps, subscapular, supraspinale, abdominal, front
in competitive athletes. In that study, a balanced mesomortpigh, and medial calf. Measurements were carried out by
somatotype was reported, with a high muscle mass and loertified ISAK anthropometrists at the IRyS Laboratory of
levels of fat mass (Sanchez-Martinetzal). In addition, the Pontificia Universidad Catodlica de Valparaiso. The
they had small skinfolds values and high proportional girthwocedure was performed with as little clothing as possible
in the upper limb and trunk, related to the predominance tf facilitate the marking and measurement in a proper
upper body exercises in this discipline. Lastly, a recent studyaluation room.
reported that adolescent SW athletes with higher training
experience had a higher percentage of muscle mass &ata analysisBody mass index (BMI) was calculated as body
handgrip strength than the lower trainifeyel group weight divided to height squared (kgjrand categorized as
(Podrihaloet al, 2021). underweight weight (below 18.5), normal weight (18.5-24.9),
pre-obesity (25.0-29.9), obesity class | (30.0-34.9), obesity
Although the morphological differences betweertlass Il (35.0-39.9), or obesity class Il (above 40), based on
training status have been researched in several sports, Flee World Health Organization (WHO) reference values. In
vel urban sports such as SW are less known. For this reasaatdition, WHO cut-off points were considered for the
the objective of this study is to compare the morphologicadterpretation of waist circumference for men (>94 cm
characteristics between untrained (novice) and trainegpresents a risk of metabolic complications) and waist-to-
(experienced) adult SW athletes. hip ratio (WHR) for men%0.90 denotes risk of metabolic
complications). Waist to height ratio (WtHR), a predictor of
cardiovascular risk and mortality, was classified using national
MATERIAL AND METHOD cut-off points as low risk (<0.5), moderate risk (0.5-0.55), and
high risk (>0.55) (Koclet al, 2008).

Participants. Thirty-seven male Street workout practitioners The somatotype of the subjects was determined by
from Vifia del Mar (Chile) voluntarily participated in thisthe Heath & Carter method (Carter & Heath, 1990). The
study between August and October 2015. Inclusion critersmatotype quantifies the shape and composition of the body,
were: i) healthy male above 18 years old; i) current practiebout the relative fatness (endomorphy), relative
of Street Workout; iii) free of acute muscle-skeletal injumusculoskeletal robustness (mesomorphy), and the relative
ries. In addition, participants must sign an informed consefinearity of the body (ectomorphy). For anthropometric
which indicated the study protocol and objectives. Moreovasroportionality, we used the Z-scores of the Phantom model
this research met the current Declaration of Helsinki criteri@oss & Wilson, 1974), which adjusts and scales
for human research. anthropometric variables for comparisons between samples
or populations. The whole-body composition was estimated
Training experience categories.Participants were using the pentacompartimental fractionation method (Kerr,
categorized by training status as Trained, defined as at 1e4388). Likewise, upper and lower muscle mass was estimated
1 year of resistance training experience or an athletising validated equations for anthropometric data
participating in a competitive sport at the high schoo[(Rodriguez-Rodrigueet al, 2010).
collegiate, or professional level; or Untrained, defined as
less than 1 year of resistance training experience (Williarssatistical analysis Data analysis was performed using IBM
et al, 2017). SPSS Statistics Version 25 for Mac (IBM Corp). Data are
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presented as mean and standard deviation (SD) or medganticipants. Regarding skinfolds, the trained subgroup had
and interquartile range (IQR). Likewise, data distributiotower values in all the measurements and 40.8 % less sum
was evaluated using the Shapiro Wilk test. Then, meaf 6 skinfolds than the untrained subgroup (p<0.001).

comparisons of independent samples were performed using

t-test statistics for parametric and Mann-Whitney U for non- The somatotype of each participant and the subgroup

parametric data. The significance level was set at p<0.05neans are illustrated in Figure 1. On the one hand, trained
athletes had a balanced mesomorph profile (high
musculoskeletal robustness and lower/balanced relative

RESULTS fatness and linearity). On the other hand, untrained athletes
obtained an endomorphic mesomorph profile (the
musculoskeletal component slightly dominates, followed by

Anthropometric characteristics.

Anthropometric data of trained andrable I. Anthropometric characteristics of trained and untrained Street Workout athletes.

untrained SW athletes are shown in Table Iy giaple Trained Untrained p-value
Trained practitioners had a higher SW 12 25

training experience tha_n untraln_ed Ade(y) 218 (6.54) 217 (4.14) 0.737
pgrtICIpants (p<0.001), with a median Experience (months) 24 (16.5) 2(25) <0.001
difference of almost 2 years. About BMI, vy gigh (kq) 659(115)  716(10.7) 0.267
in the trained group, 10 out of 12 athletesyeght (cm) 169.7 £ 5.5 1725+ 6.1 0.197
had normal weight, and 2 had pre-obesity:siting height (cm) 90.3+30 91.0+30 0.501
while in the untrained group, 19 out of 25 pm| 23.06 (2.89) 23.40 (2.93) 0.491
were normal weight, 4 had pre-obesity, andwHR 0.86+0.04 0.84+0.03 0.090
2 had obesity class I. All trained athleteswtHR 0.45+0.02 0.46 + 0.03 0.653
were at low risk of metabolic complications Breadths (cm)

regarding waist circumference, while 1 out Biacromial 402+18 401+ 20 0.822
of 25 of the untrained participants was at T ransversechest 280(25) 28.2(2.4) 0.689
risk. About WHR, 2 out of 12 athletes in Anteroposterior chest depth 19.1(1.8) 18.8(2.7) 0.620
the trained group had a risk of metaboIiCB””O‘TiStal 27.0(2.2) 27.9(2.9) 0.035
complications, and all untrained athletes ha UMerus gz f 8'2 g'? f g‘j 8';5134
a healthy WHR. Regarding WtHR, all _’ e e 915
trained athletes had a low risk of Girths (cm)

. . . 55.3+0.9 56.3+1.7 0.065
cardiovascular risk '?lnd mortality as ngl 8S A rm (relaxed) 314+13 304+ 2.2 0.154
23 out of 25 untrained athletes, while 2 5, (fiexed and tensed) 344+15 329422 0.038
untrained participants had moderate risk.pgrearm 273+1.1 26.6+ 1.6 0171
Based on mean values, both groupschest 96.1+4.0 95.4+50 0.649
presented a healthy anthropometric profilewaist 76.5 (6.1) 76.6 (7.7) 0.395
on BMI (normal weight), waist Hips 90.4 (4.6) 93.4(7.2) 0.041
circumference (low risk), WHR (low risk), Thigh (1 cm gluted) 53.7(4.4) 55.0(4.9) 0.102
and WtHR (low risk). No differences were Thigh (mid tro-tib-lat) 498+29 51.3+39 0.224
found concerning age, weight, height, sitting Calf 350+23 36.0+24 0.268
height, and anthropometric indexes betweerskinfods (mm)
groups. Triceps 6.0(3.8) 12.0(6.0) <0.001

Subscapular 7.0(4.8) 12.0(8.0) <0.001

Most of the breadths were similar SuPraspinale 7034 120(125) 0.002
between training status. However, untraine bdom'.n d 11.0£3.7 21489 <0.001
. B . ront thigh 9.0(35 14.0(6.5) 0.001

athletes had a wider b||||0cr|sta! diameter \; i caf 50(19) 8.0 (5.5) 0.019
(+3.2 %, p=0.035) than trained SW g, g ginfolds 450(158)  76.0(450) <0.001
participants. About girths, most of them g,maiotype
were similar between training experience. endomorph 21+06 39+13 <0.001
Nevertheless, trained athletes had highefesomorph 54+06 49+10 0.099
flexed and tensed arm girth (+4.4 %, Ectomorph 20+07 20+08 0.768

p=0.038) Qnd lower hipS perimete_r (-4.8 %pata shown as meanSD or median (IQR); BMI: body mass index; WHR: waist to hip ratio;
p=0.041) in comparison to untrained SVWHR: waist to height ratio. Significance shown in bold, p<0.05.
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the fatness component). In addition, the trained group ha®eoportionality. The anthropometric proportionality
lower endomorphic component (p<0.001).

MESOMORPH 14

/ .
Ve o=
IS

comparison is illustrated in Figure 2. In general, both groups
showed a similar anthropometric proportionality, with higher
circumferences in the upper limb and trunk, smaller girths
in the lower limb, and smaller skinfolds compared to the
reference (Phantom, Z=0); however, some differences were
found. Trained athletes had a larger relaxed arm (+47.4 %,
p=0.029), flexed and tensed arm (+65.4 %, p=0.006), and
forearm circumferences Z-scores (+101.3 %, p=0.006) in
comparison to untrained SW athletes. No differences were
found in other Z-score girths. Both groups had negative Z-
scores in skinfolds, which means a lower proportionality
component of subcutaneous adipose tissue. Nevertheless,
trained athletes had smaller Z-score skinfolds (p<0.05) than
untrained athletes.

Body composition.Data are summarized in Table 1l. No

differences between groups were observed in the whole body,
upper limb, and lower limb muscle mass. Nonetheless,
trained athletes had a higher relative whole-body muscle
mass (+6.5 %, p<0.001) and upper limb muscle mass

Fig. 1. Somatotype of trained (open black circles) and untraingercentage (+1.1 %; <0.001) than untrained SW participants.
(open gray circles) Street Workout athletes, and mean somatotypeaddition, trained athletes presented smaller values of fat
of the trained (black circle) and untrained (gray circle) subgroupgass (-6.9 kg, p<0.001) and % fat mass (-7.9 %, p<0.001)
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Table II. Body composition of trained and untrained Street Workolgan body mass compared to lower HIFT volumes (Cavedon

athletes. et al, 2020). Secondly, the smaller hips perimeter detected in
Variale Trained Untrained p-value trained athletes could be because lower body exercises are
Musdemass (kq) 34.7+45 321+40 0.084 less performed in SW. In addition, negative Z-scores in the
Musd e mass (%) 515+16 45041 <0.001 lower limb, compared to the positive upper limb scores, could
ULMM (ka) 71+07 6.8+11 0.323 interpret the use and disuse of musculature in SW.
ULMM (%) 10.6+05 9.5+09 <0.001
LLMM (kg) 141+14 143+16 0.715 Thirdly, it is known that full-body resistance training
LLMM (%) 21.0+14  201+£22 0.190 reduces the fat mass content (Wewegal, 2022). Trained
Fat mass (k) 135(22)  19.3(7.6) <0.001 participants had lower skinfolds and fat mass than untrained
Fat mass (%) 20316 282151 <0.001 athletes, differences that may be related to the resistance
Bonemass (kg) 7.6(L5) 7.8(14) 0.413 training experience. These findings are comparable to sports
Bone mass (%) 114+12 111+12 0.465

: : with the dominant use of high-intensity bodyweight training.
Data shown as meanSD or median (IQR); LLMM: lower limb muscle o example, a study in CrossFit athletes found that the higher
mass; ULMM: upper limb muscle mass. Significance shown in bold, p<0.0ﬁa.I L.
e training level, the lower the fat percentage (Mangine
al.). In addition, a high volume of HIFT training reduced the
DISCUSSION fat mass content, in contrast to lower HIFT volumes (Cavedon
et al).

This study aimed to compare the morphology between Regarding somatotype, both groups had high
trained (experienced) and untrained (novice) SW athletes. \Weisculoskeletal robustness; however, untrained athletes had
found that trained SW athletes had a higher flexed and tensgdher relative fatness. Trained athletes had a balanced
arm perimeter, lower hips perimeter, narrower biiliocristalmesomorph profile, same as senior male gymnasts
breadth, lesser skinfolds, and a lower adipose component tf{8terkowicz-Przybycierét al, 2019) and competitive Street
untrained SW athletes. The proportionality analysis reveal&torkout athletes (Sanchez-Martiretzal). Athletes of sports
that trained athletes had higher upper body perimeters anith a predominant use of upper body limbs, such as mountain
lower skinfolds than untrained athletes. In addition, trainedimbers and boulderers, had a high mesomorphic component;
participants had higher percentages of the whole body ahdwever, they presented higher ectomorphic levels than trained
upper limb muscle mass and lower fat mass. SW athletes (Barbiegt al, 2012; Ozimelet al, 2017). The

same somatotype between SW and gymnastics could be due

Our findings are similar to a previous study thato similar biomechanical demands and exercise executions.
compared the body composition of adolescent SW athletes
with different training levels (Podrihaket al). Both studies The present study has some limitatioRsstly, the
report differences in the percentage of muscle tissue concerningnber of participants may not be a representative sample of
SW training experience; however, we additionally foundhe SW population in Chile. However, the total quantity of
differences in fat mass. Despite the similar results with thgractitioners in this country is unknown. Secondly, the
previous research, the comparison and interpretation shopiediction of body composition using doubly indirect methods
be cautioned due to the methodological differences to assémsthropometry) may increase the variability of the results.
body composition, categorize training experience, and the afeerefore, future studies may compare the body composition
of participants. of SW athletes using a reference standard for body composition

assessment such as dual-energy x-ray absorptiometry (DEXA).

The particularities of the SW training may justify thel astly, further studies may evaluate the association of
morphological differences found between training statusesiorphological characteristics and performance (aerobic
Firstly, upper body exercises predominate in SW, so a highepacity or strength) to better understand performance
muscle development due to training adaptation could explgimedictors and their differences according to the training sta-
the differences in the arm perimeter between training statags in SW.

In this way, higher percentages of whole-body muscle mass

and upper limb were found in trained athletes. Similar

differences between training levels have been found in spo@ONCLUSION

that use bodyweight exercises and resistance training. For

example, the higher the training level in CrossFit, the higher

the fat-free mass (Mangim al, 2020). In addition, a higher Similar to other sports, morphological differences
volume of high-intensity functional training (HIFT) increasedexist in SW according to the training experience. Trained
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SW athletes have a higher development of upper body, higlé@tatayud, J.; Casafia, J.; Martin, F.; Jakobsen, M. D.; Colado, J. C.;

muscle mass, and lesser fat mass and skinfolds than untraine2r9a/lo. P, Juesas, A.; Mufioz, V. & Andersen, L. L. Trunk muscle
activity during different variations of the supine plank exercise.

ath_le_-tes, suggesting that morphqlogy is associated with \; scioskelet. Sci. Pract., 38-8, 2017.

training experience. Further studies using DEXA shouldarter, J. L. & Heath, B. Fsomatotyping: Development and Applications

corroborate our findings and, in turn, determine the relevance Cambridge, CambridgUniversity Press, 1990. _

of morphology in SW performance. Cavedon,.\/_., Milanese, C.; Marchi, A. &'Zancanaro, C. leferen_t amgunt
of training affects body composition and performance in High-
Intensity Functional Training participanBos On., 15(8e0237887,
2020.
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