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Abstract

Traditionally, physical and anthropometrical predilof the most successful kayak athletes have been
identified in male kayakers. This study attemptedlentify the differences in morphology and fitaes
level of two performance-based groups of young dimale paddlers. Eighty-six female kayakers,
aged 13.62 + 0.57 years (mean + SD) were allodatédo groups (Top-10 and Rest) depending on
their ranking in the three Olympic distances (2600 and 1000 meters). All subjects underwent a
battery of anthropometrical (heights, weight, girimd sum of skinfolds), physical fitness (overhead
medicine ball throw, countermovement jump, sit-aedeh test and 20-m multistage shuttle run test)
and specific performance assessments (200, 500 188 meters). Best paddlers presented
significantly greater anthropometrical values in sglea mass percentage, maturity status and
chronological age p( < 0.05) whereas physical fithess comparison only akge significant
differences in countermovement jump € 0.05). Furthermore, aerobic power and muscle mass
percentage appear to be crucial in achieving optipeaformances at long (1000-m) and short
duration races (200 and 500-m). These findings icanthe importance of a larger and compact
morphology, as well as superior fithess level,doccess in female kayakers. The current results not
only identify the weak areas on body compositiod ahysical fitness depending on the maturity

status but also the development of specific trgimrograms for females.

Key words: body composition, performance, maturity statakerit identification, fitness level.
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INTRODUCTION

Sprint canoeing became an Olympic sport for meBenlin in 1936 but female kayaking was not
introduced at the Olympic program until 1948 in don. Nowadays, only three distances are
performed by paddlers at the Olympics (200, 500 #@00-m) in two modalities, kayaking and
canoeing (20). First studies have traditionallyused on the physiological characteristics of both
genders, specifically the aerobic and anaerobi@lbait contribution (28, 34). However, a complex
blend of different parameters determines optimalakaperformance (10, 14). In recent decades,
studies on anthropometric characteristics and theliationship withperformance revealed an
increasing robust and compact somatotype in the swcessful kayakers regardless of gender (2,

17, 26, 40).

Each sport is related to singular anthropometret @inysical characteristics that suit the particties

of a specific sport or discipline (15, 38). For tihetermination of an optimal performance profile,
predictive tests have typically been used as a uneasf power, speed, aerobic fitness or flexibility
(15, 18). Although most of these tests are onlyasgntative of a non-specific capacity, significant
correlations have been observed with specific perdoce in team sports (18, 21). Nevertheless, the
few investigations that have conducted studiesndividual water sports have revealed contradictory

results about the relationship between performancephysical fitness (11, 16, 17, 26).

In addition, the study of physical and anthropometariables and their relationship with certain
disciplines or playing positions have been undenaik several sports (15, 18, 22) and have become
paramount in the determination of a typical athfetile (37). Similarly, in male sprint kayakingé
canoeing, different disciplines and events seerhetmptimally performed by athletes with certain
morphology and physical attributes (14, 40). Presictudies have revealed taller and heavier
somatotypes, lower skinfolds values and superigeufpody girths and isokinetic force in the most
successful senior paddlers (1, 14, 38). Furthernage group kayakers appear to show greater body

mass, size and physical capacities than canodis).
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The identification of these attributes is espegiatiportant at early ages and during adolescerme, n
only for the development of particular capacities dlso for sport and discipline specialization§2,
25). In an attempt to determine the optimal kaygk®file, only males and adult female paddlers

have been analyzed (1, 39).

It was hypothesized that young female paddlers dvexhibit similar physical and morphological

characteristics to those observed in young malellpesl depending on the performance level.
Therefore, the aims of this investigation were:td)determine and compare the anthropometric
characteristics and physical fitness level betwi@enperformance-based groups of female kayakers,

and 2) to identify their relationship with perfornta at different events.

METHOD

Experimental Approach to the Problem

A comparative description (cross-sectional studygswconducted to assess the differences in
anthropometry and physical fitness in young eltméle paddlers based on their performance level. A
variety of assessment test items were used as depevariables to offer a wide description of the
representative successful paddler depending orpén®rmance level (independent variable). The
Leger test (23) was used to estimate,\£) which has been shown to provide compatible values
between treadmill and on water paddling tests yakars (30, 33). Performance tests were conducted
outside, and the weather conditions were not idehfrom one day to the other. However, wind
velocity was measured to assure values below 2" @t $he beginning of each test to guarantee a
minimum influence on performance results (41). Moe¥, paddling experience and training volume
were not collected as variables for posterior aialgnd perhaps, in future research, they might be
taken into account as control variables. Basedremiqus studies aimed to identify typical athletes’
profiles, traditional field-based physical testsreveselected, as they provide valid and reliable

information that can be used as normative datéuftiner comparison using limited resources.
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Subjects

Between 2006 and 2009, a total of 160-180 femayahkexs per year (depending on the year) were
found eligible to participate in this study. Onhettop 20 to 22 paddlers based on the Spanishatio
championship ranking each year were pre-selectadk® part in the present study, as they were
chosen by the Spanish Federation to participalaiional Development Camps. A total of 86 young
female kayak paddlers, aged 13.62 + 0.57 yearsnme2D), finally were recruited-and volunteered
to collaborate in this study. Afterwards, subjestse ranked depending on their positions in each of
the three distances performed during the Camp 00,and 1000-m), where the mean ranking was
subsequently used to allocate them in two groupg-10 (best 10 kayakers of each year) and Rest
(kayakers between top 10 and top 20-22). The proesdwere approved by the Institutional Ethical
Committee. Written signed informed consent wasiobthfrom all subjects and their parents before
the start of the study. During the testing perisdpjects under pharmacological treatment or
presenting any disease were excluded from assetsfikesubjects were required to avoid caffeine

ingestion and hard-work sessions 48 hours pritiiéaneasurements.

Procedures

A battery of field-based tests to measure physitaéss status and body size composition was
performed on three separate days. Clear instrigctidmout the procedures were given to all subjects
before the beginning of each test. All physicaldis tests were performed 3 times, recording by t
best attempt for posterior analysis. Maximum oxygensumption estimation and the three specific
race tests were measured just once due to the ghighical demands required for completion.
Additionally, a 15 minute warm-up consisted of Sates of general aerobic activity and 10 minutes
of specific joint movements and familiarization kvitnaterials and procedures was provided. To
prevent any potential morphology changes and to/igeosufficient rest time, the order of the
assessments were as follows: 1) Anthropometryyeadrning of the first day); 2) Physical fithess
(midday of the three separate days); 3) Specifitopmance on water for the three specific distance

(afternoon of the three separate days).
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Anthropometric parameters

All anthropometric measurements were taken follgwihe procedures of the International Society
for the Advancement of Kinanthropometry (ISAK) byully certified level-2 ISAK anthropometrist
(27). The parameters analyzed included body magks &heights (cm), 8 skinfolds (mm) and 6
breadths (cm). Body mass was measured using a S2Acale (SECA, Germany); stretch stature
and sitting height with a GPM anthropometer (SiHegner, Switzerland); girths with a metallic non-
extensible tape Lufkin W606PM (Lufkin, USA) and rskilds with a Harpenden skinfold caliper
(British Indicators, UK). Each parameter was meaduwo or three times, if the difference between
the first two measures was greater than 5% foiskivefolds and 1% for the rest of the dimensions.
The mean values (or median in the last case) ward for further analysis. Body mass index (BMI)
was calculated by the equation: body mass (kgetat stature(m) whereas muscle mass percentage
(%MM) was determined using corrected arm, thigh agalf girths values following the
anthropometric formula defined by Poortmans et(al). For the determination of fat mass
percentage (%FM) triceps and subscapular skinfokte used according to the equation described by

Slaughter et al. (35).

Maturity status was estimated taking into consitienathe age at peak height velocity (APHV)
following the guidelines described by Mirwald et @9). Since APHV was considered a maturational
benchmark (0 value), the difference in years betw&BHV and each measurement (described as

years from PHV) was considered as a value of ntgtafiset.

Physical fithess and performance assessment

According to the procedures described by Lager &nbeart (23) maximum oxygen consumption
(VO2may Was estimated using the multistage shuttle ran(tap3 version, Coachwise, UK). Subjects
were required to run 20-m shuttles progressivelgpeed and in time with an audible “beep” until

reaching volitional exhaustion. The test was comhetlif two consecutive shuttles were completed out
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of time, considering the last successful repetifmmsubsequent VL., estimation by the regression

equations described by Ransbottom et al. (32).

For the determination of upper and lower body pow@wuntermovement Jump test (CMJ) and
Overhead Medicine Ball Throw test (OMBT) were usexspectively. CMJ test was performed on a
Bosco platform (Bosco System, USA) to record atetontact time (rs') in accordance to the
recommendations described by Temfemo et al. (3@xinD the action, a countermovement of
approximately 90° of knee flexion was permitted.e TOMBT test was evaluated using a 3-kg
medicine ball (15). Subjects were requested tonhthe ball over the head as far forward as possible
from a standing and arm-relaxed position, registgrthe distance to the nearest centimeter.

Countermovements were allowed during the act afwing since the feet remained motionless.

To determine hamstring flexibility, sit-and-readstt (SR) was used according to the procedures
described by Lépez-Mifarro et al. (24). Subjectseniastructed to sit with no shoes, keep the legs
together and the knees extended while the heels ¥iar against the bottom of a testing board
(Richflex System, Sportime, USA). The maximum disereached and maintained for 3 seconds by
sliding the hands together along the testing beaslithen registered to the nearest centimeterpé ta
measure placed on the top of the board, with the m&ark representing the plantar surface, was used

for that purpose.

Specific performance tests were performed over 200,and 1000 meters on separate days. Subjects
were required to complete the three distances ainmouan effort on a measured flatwater course
under race conditions. All tests were laterallyoreed by a JVC Everio MG-135 (Victor Company,
Japan) at 30 frames per second from a motorbdiiwiog each paddler and leaving at least 5-m of
separation. Race times were obtained throughoutalmilation of the frames from the first traction

movement to the finish line using the Virtualdulfitsare 1.8.8 (Avery Lee).

Copyright © National Strength and Conditioning Association



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Statistical analysis

All statistical analyses were conducted using SP&50 (SPSS Inc. Chicago IL, USA). The
hypotheses of normality and homogeneity of variameee analyzed using the Kolmogorov-Smirnov
test and Levene’s test, respectively. The diffeeebetween the mean values between groups was
analyzed using t-test for independent samples vdtatistical tests revealed no violations of the
assumptions of normality and homogeneity. When iaditypnsupposition of data was rejected, the
Mann-Whitney nonparametric test was used. Stadissignificance was set at tipe< 0.05 level of
probability. To measure the effect size of obserdiffierences Cohen’'s d analysis was used,
considering small effect between 0.2 and 0.5, natddsetween 0.5 and 0.8, and large when it was >
0.8 (12). The relationships between anthropomethiaracteristics and performance and between
physical fithess and performance were investigatsidg Pearson’s correlation coefficiefr) or
Spearman correlation coefficiemt)(when the assumption of normality was violatede Tignitude
of the correlations was assessed according to Hepkial. (19). Stepwise multiple linear regression
analysis was conducted using the significant végsbrom the linear correlation to determine which
ones could predict performance times. In additiooi)inearity was analyzed using the variance
inflation factor (VIF). When VIF values were greatean 10 predictor variables were excluded from

the model.

RESULTS

The results of the anthropometric characteristasbioth groups of kayakers, depending on their
performance level, are presented in Table I. Sicamit differencesp< 0.05) between the Top-10 and
the Rest groups were identified in chronologica,&MM and maturity status. Coherdsanalysis

revealed moderate effect sizes in these parametiting] values ranging from 0.50 to 0.80.

***Table | near here***
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Table Il summarizes the physical fitness and ragameters of the two performance-based groups of
kayakers. The independent t-test analysis revesadgmificant differences in CMJ (0.30 + 0.05 vs 0.27
+ 0.03 cm for Top 10 and Rest kayakers, respegliwehereas OMBT, SR and estimated M8
presented no significant differences between meatihiough moderate effect size was only
identified in CMJ (0.73), OMBT and estimated M@.showed meaningful small effect sizes of 0.41
and 0.44, respectively. Highly significant loweceaimes [ < 0.001) were observed in the Top-10
group compared to the Rest group in all three dcsta performed (1000, 500 and 200-m).
Additionally, Cohen’sd calculations revealed large effect sizes with @alnot lower than 1.25 for

any distance.

***Table |l near here***

Pairwise correlations between the anthropomethigsigal fithess variables and race times in att¢hr
distances are presented in Table Ill. Furthermdehle [V shows the stepwise linear regression
models to identify the determining factors thatdice race times over 200, 500 and 1000-m.
Chronological age, sitting height, %MM- and maturgtatus were negatively and significantly
associated with all distances € 0.01), except for sitting height with 200-m réoee. Several and
substantial relationships were also observed betywbgsical fithess and race times. SR and OMBT
revealed negative and significant correlations wéite time over 1000 and 500-m< 0.05) whereas
over 200-m only OMBT presented a significant catieh @ < 0.01). Conversely, no significant
associations were observed for the rest of parameiealyzed apart from estimated M& with
1000-m ¢ = 0.31;p < 0.01) and CMJ with 200-m race time=0.23;p < 0.05). Chronological age,
sitting height, estimated VQ.x and %MM significantly contributed as predictor iadtes of 1000,

500 and 200-m time, observingvalues not greater than 0.47.

***Table Il near here***

***Table IV near here***
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DISCUSSION

The main objectives of this study were to determtre differences in anthropometry and physical
fithess and to identify their relationship with eaimes between the more successful (Top-10) and th
rest (Rest) of the young elite female paddlers.i#ialthlly, other findings revealed the importande o
chronological age, maturity status, upper bodyngfite and muscle mass in obtaining optimal results

over the three Olympic distances.

Traditionally, the typical morphology of the moreucsessful kayakers involved  superior
anthropometric parameters than their opponentsilynan weight, height and lean mass, resulting in
larger and heavier somatotypes (1, 14, 40). Owefast decades these differences in somatotype have
been intensified, especially for female athletemmeting not only in paddling (1) but also in rowing
(9). Although, in the current research only sigrfit differences were discovered in chronological
age, %MM and maturity, the greater values obseimeaiost parameters for the Top-10 kayakers
support the affirmations of a more solid and rolsmshatotype in the best paddlers. Similar resalts i
the basic anthropometric attributes were obseryeflificid et al. (3, 6), except for the greater sofm

6 and 8 skinfolds (above 88 and 110 mm, respeglivela group of young female kayakers. Prior
investigations with senior female competitors régarheavier and taller morphology but similar fat
mass percentage values than those observed h&gl(,, 34). Previous analysis of proportionality o
the sum of 8 skinfolds revealed that young femalgakers presented higher levels of adiposity in
comparison with- Olympic paddlers (ranging from -0#® -0.7 vs -2.2 in the Phantom Z-score,

respectively) (1, 3).

One of the main anthropometric differences betwamsh performance-based groups was identified in
%MM. The significantly greater muscularity in thera successful kayakers (41.3 vs 40.1% of MM)
has traditionally been stated in prior researcin wiale competitors (10, 14, 40). Despite the faat t

no data about muscle mass in female paddlers waslfm the literature, greater levels of certain

variables that are typically associated with greatescularity such as relaxed and contracted arm
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10

girths were observed in the more successful fewaepetitors (1, 2). In addition, the higher ratings
of mesomorphy exhibited by the Olympic and inteoval kayakers in comparison with younger and
national paddlers may be mainly explained by labg&tM (1, 3, 40). In recent years, more resistance
workouts have been added to female training progréifl) contributing, perhaps, to the observed

increases in muscle mass increases.

Along with these morphological differences, TopkKEyakers also showed significantly higher levels
of maturation than the Rest, partially explained thg significantly -greater chronological age
observed in the first group. In most sports, thpromements in physical attributes and morphology as
a result of maturation have been well document&d Z2). In water sports, the few investigations in
analyzing athletes’ physical fitness reported sigpeesults in the most mature male paddlers (26)
and the most experienced female rowers (9). Inctiveent investigation, Top-10 paddlers were also
those who showed superior results in all-physiGaiBmeters but only significantly in CMJ. Best
paddlers seem to have greater power and strengté better results were obtained in the OMBT and
CMJ tests traditionally used as upper and loweb Ipower predictors (15, 36). In both tests, overall
moderate effect sizes were also observed betwedormpance groups. This suggests that not only
meaningful power and strength levels are essefatigtalent identification at early ages but also fo
optimal long-term’ development in young female padkl Additionally, there is some evidence
supporting these affirmations when comparing tlokirgetic strength between different level male
paddlers (14, 40). Perhaps, these superior levefmwer production may be related to the larger

muscularity shown above in the most successful lekeyakers.

To date, the association between performance #relift events and physical and anthropometric
characteristics has only been investigated in elide kayakers (14, 26, 38). The performance of the
female kayakers in all distances were significamiyated to chronological age and maturity,
especially in 200-m. Nevertheless, only chronolagi@ge was identified as a predicting factor of

1000 and 200-m perhaps due to the fact that allkerg had already reached PHYV a long time before

Copyright © National Strength and Conditioning Association
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11

and/or as a consequence of maturity status caloogatfrom other anthropometric parameters.
Regarding prior studies with female paddlers, Aitl& Jenkins (2) found no correlation between
anthropometry and 500-m performance. Male kayakameh has revealed contradictory results in
morphology, except for chest and arm girths cotieia with performance (14, 17, 38). In addition,
as distance decreases, there is an increasingiafmocof %MM with performance which is
consistent with the high relationship between maspimy and short events observed by van Someren
et al. (38, 40) and the presence of %MM in the &80 200-m predictive equations. Along with the
significant associations of the power tests with-B®time ¢ = -.289;p < 0.05 and = -.231;p < 0.05

for OMBT and CMJ, respectively) observed in therent investigation, it appears that muscular

factors seem to be a determinant for optimal sppénformance irrespective of gender.

The analysis of maximum oxygen consumption hasllysoeen used to evaluate the aerobic power in
sprint canoeing (28, 34). Prior research compariifferent male paddlers’ level reported
contradictory results when ViQswas analyzed. Fry & Morton (14) determined greatdues in the
best 1000-m adult kayakers while van Someren & Bal@#0), conversely, identified slightly lower
peak VQ levels in 200-m sprinters, perhaps due to theslaagaerobic metabolic contribution in this
event. In the current investigation, the effecesibserved in the estimated ¥ would suggest that
the enhancement and monitoring of this capacitynduadolescence would be important in the
development process of successful female kayakerthermore, the estimated valeédoth groups
were consistent with those identified in previoesearch for female kayakers, ranging from 44 to 49

ml-kg™ min ' (10, 34).

Concerning the relationship between maximum oxygamsumption and performance, Bishop (10)
reported significant correlations between 500-nmertime and V@ in female kayakersr (= 0.72),
finding even greater correlations for relative p®¥a (r = 0.82) that suggests a significant influence
of body mass on this variable. In addition, thespreee of estimated Wi« in the predictive equation

for 1000-m might suggest a greater importance oblae power over long distances than that
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previously revealed by the linear correlation asialy¢ = -.307;p < 0.01). The results from the
current investigation are in agreement with presiaesearch that identified greater aerobic
contribution at longer distances (14). On the @mtrvan Someren & Howatson (38) revealed no
significant relationships between peak ¥&hd 200, 500 or 1000-m race times. Neverthelbssaict
that some evidence only found meaningful associatim absolute and threshold Y(88) may
indicate the importance of not only the achievenadiiigh VO,max levels but also of the maintenance
of maximal and supramaximal intensities. Unfortehgtmost investigations on young paddlers have

focused on male kayakers, limiting the possibilitiyfurther comparisons:

As for the relationship among all these parametsgecially at early ages, performance and aerobic
power seems to be largely influenced by morpholdberefore, V@ parameters were typically
normalized for body mass (10). Although the improeat of aerobic power during puberty is
difficult to predict due to maturational change)(3biological and chronological age plays an
important role in its development (13): Interestyn@erobic power in pubertal athletes may not$e a
influential on performance as other physiologicatgmeters (8). The metabolic specialization into
aerobic or anaerobic that occurs late in the migtprocess may be responsible for the secondagy rol
of this parameter (13).-Additionally, best kayakeesformed equally bettep & 0.001) over the three
Olympic distances (200, 500 and 1000-m) compardhd thie Rest, suggesting that specific distance
specialization observed in elite adult paddlersearilikely as a result of this posterior metabolic

specialization.

The results of the current investigation demonsttdhe importance of physical and morphological
parameters for success in young female kayakerst Baddlers exhibited a significantly greater
%MM but only slightly larger body sizes than lesscaessful competitors. Additionally,

chronological age, muscle mass and physical fitlegel appears to be associated with better
performances at the three Olympic distances. Adb¢hfindings may be explained by the superior

maturity status also identified in the best contpegi Therefore, assuming that there is an inflaenc
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of biological age on performance, this parameteukhbe taken into consideration as critical factor
in the talent identification programs. Currentlg thbarameters used in the selection process ofefutur
talents among age-group paddlers are mainly race-based tests (26). To date, this is the first
research conducted with female paddlers that peoMitbrmative data regarding the optimal profile of

successful kayakers, which may be useful for datgnt identification.

PRACTICAL APPLICATIONS

For coaches, this is the first study to analyzeatimdropometric and physical fitness profile of ygu
female paddlers based on field tests. The anthrefraancharacteristics of the current female
kayakers are consistent with those previously tepdior both-male kayakers and canoeists (3, 7, 26)
Thus, the findings presented here provide valuabiermation about the characteristics of the
paddlers depending on their level and may be aulissél and guide for talent identification among
young athletes. The physical fitness results mégwafor identification of the weak areas of the
strength and conditioning programs that might rieele reinforced for optimal athlete performance
depending on individual maturity status. Currentiyost specific training programs followed by
female paddlers are based on prior male scienitifiowledge or on coach training experience.
Therefore, these results may also help to improdevidual program designs for females, developing
specific paddler training to allow for a smoothnisiion to the professional field. In addition, sdbt
and assessments could be performed with littlepsa@int by following the procedures defined in the

methods, making it accessible for teams and athieitd limited resources.
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Table I. Mean values of the anthropometric parameters

Top 10 (n = 40) Rest (n = 46) p Effect size

Mean + SD 95% Cl Mean + SD 95% ClI values  (Cohen's d)
Chronological age (vears) 13.86+0.53  13.69 - 14.03 1342+054 1326-1358 <0.001  0.80
Body mass (kg) 55.30+7.88  52.87-57.91 5456+8.18 52.13-56.99  0.63 0.12
Height (cm) 163.48+4.99 161.89-165.07  162.16+6.10 160.35-163.97 0.27 0.25
Sitting height (cm) 87.87+2.22  86.84 - 88.90 86.97 +3.44 85.95-88.00  0.22 0.31
BMI (kg - m?) 20.65+2.16  19.96 - 21.34 20.70£2.46 19.97-21.43 093 0.02
Sum of 6 skinfolds (mm) 72.76+19.70  66.46-79.06  72.91+20.10 66.95-78.88 < 0.97 0.01
Sum of 8 skinfolds (mm) 98.13+27.87 87.72-10854  98.76+25.91 89.57+107.05  0.93 0.02
FM (%) 2300 +4.28  21.63 - 24.37 2205+433 21.66-2424 . 0.96 0.01
MM (%) 4131+187 40.72-41.71 4014202 39.54-40.74  0.01 0.60
Maturity status (years from 1.82+047  167-197 156056  1.39-1.72 002 0.50

APHV)

Notes: Means + SD and the lower and upper bound 95% confidence intervals for the means.
Significant differences are highlighted in bold text.

Abbreviations: BMI = Body Mass Index; FM = Fat Mass; MM = Muscle Mass; APHV = Age at Peak Height Velocity.
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Table 1. Mean values of the physical and performance parameters

Top 10 (n = 40) Rest (n = 46) 5 Esflffgt
Mean + SD 95% ClI Mean + SD 95% Cl values (Cogf ns
SR (cm) 11.73+553  9.99 - 13.46 10144733  7.96-1232 043 0.25
OMBT (m) 4.97 +0.63 476-5.18 471+064  452-491 0.07 0.41
CMI (m) 0.30 +0.05 0.28-0.32 027+003  0.26-0.28 0.01 0.73
VOamae (Ml - kg - min') 46.18 +3.46  45.04-47.31 4469+338  4368-4571 0.5 0.44
1000-m time (s) 280.28 £7.99 286.73-291.83  30455+9.63 301.69-307.41 <0001 173
500-m time (s) 146.60 + 6.44 144.63-148.75  154.93+579 153.22-156.66 <0.001  1.35
200-m time (s) 53.16+2.24  52.44-53.87 56.35+2.82 5552-57.19 <0001 125

Notes: Means + SD and the lower and upper bound 95% confidence intervals for the means.
Significant differences are highlighted in bold text.

Abbreviations: SR = Sit and reach; OMBT = Overhead Medicine Ball Throw; CMJ = Countermovement Jump.
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Table Ill. Relationship between anthropometric and physical fithess characteristics and performance

1000-m 500-m 200-m
time HPM time HPM time HPM

Anthropometry
Chronological age (years) -.490** M -.272* -.640** LA
Body mass (kg) -.013 - .035 -.083 -
Height (cm) -.187 L -.067 -.078 -
Sitting Height (cm) -3327% M -.333% -.183 L
BMI (kg - m?) -113 L .101 -.068 -
Sum of 6 skinfolds (mm) 129 L .100 117 L
Sum of 8 skinfolds (mm) .146 L .081 .246 L
FM (%) .075 L .070 -.026 -
MM (%) -.320** M -.337** -.352** M
Maturity status (years from APHV) - 441%* M -.267* -.459** M
Physical Fitness
SR (cm) -.232* L -.256* -.149 L
OMBT (m) -.278* L -.222* -.289** L
CMJ (m) -.072 - -.065 -.231* L
VOomax (Ml - kg-1 - min-1) -307% < M -.186 -.181 L

Notes: *Significant correlation (p < 0.05); ** Significant correlation (p < 0.01).

Abbreviations: BMI= Body Mass Index; FM= Fat Mass; MM= Muscle Mass; APHV= Age at Peak

Height Velocity; SR= Sit and reach; OMBT= Overhead Medicine Ball Throw; CMJ= Countermovement

Jump; HPM= Hopkins’ magnitude; M= moderate; L= Low; LA= Large.
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Table IV. Regression equations to predict performance over 1000= 500 and 200 meters.

Distance r? SEE

1000-m 1000-m time = 525.04 - (7.93 x Chronological age) - (1.17 X VOzna) - (0.42 x SR) - (0.71 x Sitting 0.39 9.36 s
height)**

500-m 500-m time = 265.12 - (1.24 x %MM) - (0.73 x Sitting height)** 0.21 6.54s

200-m 200-m time = 113.65 - (3.23 x Chronological age) - (0.36 x %MM)** 0.47 2.26s

Note: **Significant contribution (p < 0.01) to the predictive model.
Abbreviations: MM= Muscle Mass
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