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Editorial

The prevention of accidents in extreme sports

Prevencion de accidentes en deportes extremos

Miguel del Valle

Catedrdtico de la Facultad de Medicina. Universidad de Oviedo.

doi: 10.18176/archmeddeporte.00120

The practice of physical activity, as well as participation in compe-
titive sports, right up to the highest level of competition, offers consi-
derable health benefits. However, these athletes may also face a risk of
sustaining injuries and illnesses of varying degrees of severity, including
the sudden death of the athlete or a fatal accident.

Serious injuries that could affect the CNS are relatively frequent in
some competitive sports, including American football, rugby, ice hockey,
boxing and wrestling.

All these sports are governed by regulations that include rules
of the game, sports materials, safety protections on the playing field
and specific accessories directed at the prevention of injuries, such
as helmets, mouthguards, eye protection, gloves, wrist guards, elbow
guards, ankle guards and special footwear. Furthermore, all teams are
required to be supervised by a doctor who will monitor the athletes’
state of health, supervise injuries, the duration of sick leave due to injury,
and the moment when the athletes restart training and competitions.

These sports have a known and controlled risk of injuries and acci-
dents and the rules of the game are progressively modified in order to
guarantee the safety of the athletes.

However, other types of sports are now becoming increasingly
popular, grouped under the term extreme or adventure sports. These
extreme sports, which present some important differences when com-
pared to traditional ones, include land sports such as snowboarding,
Alpine skiing, sport climbing, skateboarding, mountain biking and
ultra-endurance races, air sports such as bungee jumping, parachuting,
hang gliding, and base jumping, and water sports such as scuba diving,
white-water rafting and surfing.

All are considered to be high-risk, extremely dangerous sports due
to the inhospitable environments and conditions in which they are

practised. Although some are already organised, most are performed
in adverse environmental conditions with no regulations or medical
supervision, despite the high risk of serious injury and even death.

For these athletes, the risk represents a physical and mental cha-
llenge that brings pleasure and satisfaction and involves a physical and
emotional release. All these sports are having a major social impact
and the number of participants has been steadily increasing over the
last few years.

Most of these activities are practised at high speed, great heights or
extreme temperatures, involving a real or perceived risk and requiring a
high level of physical strength, leading to the overload of many organs
and systems. These athletes are required to exert full concentration given
that a single mistake in some activities, which can occur in a fraction of
a second, could be fatal.

The type and severity of injuries and accidents in extreme sports
can vary considerably, depending on the sport in question and on many
other circumstances that have received little scientific analysis to date.
Minor injuries frequently occur when practising these sports, although
there is still a risk of more serious injuries. Fractures, sprains and muscle
injuries caused by falls, direct impact, etc. are more frequent than when
practising traditional sports.

Injuries to the head and neck, which frequently lead to cranioen-
cephalic trauma (CET) or spinal injuries are of greatest concern due to
their consequences in the short and long term. Although existing studies
show that the risk of head and neck injuries, and also the percentage of
fatal accidents is low, the number of serious injuries sustained during the
practice of extreme sports has been increasing in the last few decades as
these sports become more popular. The injury mechanisms for all these
sports are less well-known than for traditional sports due to the fact that
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there are no reliable records. Injuries are generally a result of human
mistakes made either by novices or by experts taking extreme risks.

Many of these athletes depend on sponsors to earn their living
with their sport and this has a great bearing on increased risk in order
to obtain some impressive images. If it were possible to change this
situation, then the risk of serious accidents would decrease.

What can be done to reduce the risk of
accidents in extreme sports?

From a medical point of view, all these sports carry a greater risk
of serious injury than traditional sports, given that the athletes may be
affected by the heat, cold, deep waters or great heights and, although
there are few serious scientific studies to support this, CET is known to
be more frequent than in traditional sports.

Until now, medical services have paid little attention to all these
sports and there are but few well-designed scientific investigations of
related injuries. In general, sports medicine specialists have very little
training in the risks involved in the practice of extreme and adventure
sports, although there is some specific training in some countries. In
order to provide good medical care, it is necessary to understand the
health risks faced by the athletes participating in these sports.

The health of these athletes can be seriously at risk during the rescue
operation, therefore the doctor assisting the injured athlete must be
trained to deal with accidents of this nature.

The factors causing injuries in extreme sports depend on many
variables and it is only possible to act on those variables that are con-
trollable. Thus, the introduction of a series of safety measures in these
sports would prevent many injuries and accidents.

While in other types of sport an accident or mistake may cause an
injury, in extreme sports it could prove fatal.

In order to better prevent injuries caused by the practice of sports
of this nature, the doctors responsible for these patients must have a
sound understanding of the sports in question, the environment in
which they are practised, environmental factors, materials used, training
methodology and many other aspects such as psychological factors and
potential trauma mechanisms. Itis also extremely important to unders-
tand the motivations of these athletes and to have specific training in
order to offer them individualised medical care.

There is a need to implement effective prevention schemes for all
these sports. Among the accident prevention measures for extreme
sports, consideration should be given to the following:

— Mandatory sports medical examination for anyone practising ex-
treme sports, assessing the ability of each athlete for the specific
sport in question.

The prevention of accidents in extreme sports

— Itisalsoimportant to improve the quality of the risk assessment of
each sport and to make individual assessments.

— Control the nutrition and dietary supplements based on the energy
needs of these athletes.

— Establish age limits for practising these sports.

— Monitor symptoms of fatigue and overtraining given that these
increase the risk of accidents.

— Participants in extreme sports must have suitable physical prepa-
ration and training.

— Conduct psychological work on those obsessed with the need
for risk.

— With regard to the strategy to prevent serious or fatal accidents,
sportswear must be considered as well as the use of protective
equipment such as helmets, gloves and joint protectors, given that
the margins of error in all these sports are very small.

— For mountain and snow sports, it is very important to monitor the
environmental variables (weather conditions) and to take them
into account when planning the activity.

— Use of the social media to improve the dissemination of injury
prevention mechanisms, to ensure that these athletes are more
aware of the risk and how to prevent accidents.

— The establishment of specific locations and spaces to practice the
different types of extreme sports would also considerably improve
accident prevention, taking account of the possibilities of evacua-
tion and the action of the medical services.

Recommended bibliography

—  Brymer E, Feletti F. Beyond risk: the importance of adventure in the everyday life of
young people. Annals of Leisure Research. 2020,23:429-46.

— Caine DJ. The epidemiology of injury in adventure and extreme sports. Med Sport Sci.
2012,58:1-16.

—  Emery CA. Injury prevention in kids'adventure and extreme sports: future directions.
Res Sports Med. 2018;26(sup1):199-211.

—  Feletti F. Extreme Sports Medicine. Springer; Cham, Switzerland: 2017.
—  Gomez AT, Rao A. Adventure and Extreme Sports. Med Clin North Am. 2016;100:371-91.

— LaverL, Pengas IP, Mei-Dan O. Injuries in extreme sports..J Orthop Surg Res. 2017;12:59.
doi: 10.1186/513018-017-0560-9.

— Monasterio E, Mei-Dan O, Hackney AC, Lane AR, Zwir |, Rozsa S, Cloninger CR. Stress
reactivity and personality in extreme sport athletes: The psychobiology of BASE
jumpers. Physiol Behav. 2016;167:289-97.

—  Peterson AR, Gregory AJ. Extreme Sports and the Adolescent Athlete. Adolesc Med
State Art Rev. 2015;26:208-20.

— Sharma VK, Rango J, Connaughton AJ, Lombardo DJ, Sabesan VJ. The Current
State of Head and Neck Injuries in Extreme Sports. Orthop J Sports Med. 2015;3(1):
2325967114564358. doi: 10.1177/2325967114564358.

— Trease L, Albert E, Singleman G, Brymer E. What Is an Extreme Sports Healthcare
Provider: An Auto-Ethnographic Study of the Development of an Extreme Sports Me-
dicineTraining Program. Int J Environ Res Public Health. 2022;19(14):8286. doi: 10.3390/
ijerph19148286.

Arch Med Deporte 2023;40(2):74-75 75



Analizador Instantaneo de Lactato

Lactate Pro 2 .t1730

e S6lo 0,3 pl de sangre

e Determinacion en 15 segundos

e Mas pequeio que su antecesor

e Calibracion automatica

e Memoria para 330 determinaciones

e Conexion a PC

e Rango de lectura: 0,5-25,0 mmol/litro

e Conservacion de tiras reactivas a temperatura ambiente y

e Caducidad superior a un afio

Importador para Espana:

¢/ Lto. Gabriel Miro, 54, ptas. 7y 9
46008 Valencia Tel: 963857395
Movil: 608848455 Fax: 963840104
info@bermellelectromedicina.com
www.bermellelectromedicina.com

n Bermell Electromedicina u @BermellElectromedicina u Bermell Electromedicina

Indice

Foreward

Presentacion

1. Introduccién

2. Valoracién muscular

3. Valoracién del metabolismo anaerébico

Monografias Femede n° 12 4. Valoracion del metabolismo aerébico
Depésito Legal: B. 27334-2013 5. Valoracién cardiovascular

ISBN: 978-84-941761-1-1 6. Valoracion respiratoria

Barcelona, 2013

7. Supuestos practicos

560 paginas. indice de autores

Indice
Introduccion
1. Actividad mioeléctrica
2. Componentes del electrocardiograma
3. Crecimientos y sobrecargas
4. Modificaciones de la secuencia de activacién
5. La isquemia y otros indicadores de la repolarizacion
. 6. Las arritmias
PS%F;\II:LQE%[IBB 423217 57240715; 7. Lcts rt?gistros ECG .de los deportistas
Barcelona, 2013 8. Términos y abreviaturas
75 péginas. Color 9. Notas personales

Informacién; www.femede.es



Original article

Ankle Active Range of Motion as an Essential Factor of Footwork
Technique in the Prevention of Overuse Injuries in Flamenco

Dancers

Ningyi Zhang', Sebastian Gémez-Lozano', Ross Armstrong?, Hui Liu3, Alfonso Vargas-Macias*
'UCAM Universidad Catolica de Murcia. Murcia. Spain. ?University of Cumbria. Carlisle. England. *Beijing Sport University. Beijing. China. “Telethusa Centre for Flamenco Research.

Cddiz. Spain.

doi: 10.18176/archmeddeporte.00121

Received: 30/09/2022
Accepted: 03/11/2022

Key words:

Ankle active range of motion. Exter-
nal load. Playerload. Triaxial accelero-
metery. Overuse injuries.

Palabras clave:

Rango de movimiento activo del
tobillo. Carga externa. Carga de
jugadores. Acelerémetro triaxial.
Lesiones por sobrecarga.

Summary

Flamenco dance is a performing art which is based on footwork technique where the foot and ankle play an important role.
The objective of this study was to investigate the effect of ankle active range of motion on external load and its efficacy as a
predictor during a flamenco footwork technique, with consideration of accelerometer positions and dance proficiency. Twelve
flamenco dancers composed of 6 professional and 6 amateurs participated voluntarily in this study for whom no significant
differences were detected regarding age, mass or height. Participants completed a 15-second Zap-3 footwork test at a speed
of 160 bpm (beats per minute), 180 bpm and as fast as they could. Triaxial accelerometers were positioned at the dominant
ankle, 5th lumbar vertebrae and 7th cervical vertebrae to calculate accumulated PlayerLoad and uniaxial PlayerLoad of the
3 planes (anteroposterior, mediolateral and vertical) for each speed level. Percentage contributions were also calculated. The
effect of dorsiflexion on the external load of the dominant ankle of both professional and amateur dancers existed only in the
anteroposterior axis while dorsiflexion was related to the external load at the 7th cervical vertebrae and only amateurs were
affected. Plantarflexion only affected the uniaxial contribution of the vertical-axis of professional dancers. These programs
would be applied to develop a technique feedback system for the flamenco dancer to follow their own model with respect
to the ideal. This would allow intervention in the prevention of overuse injuries in flamenco dance artists.

Rango de movimiento activo del tobillo como factor esencial de la técnica
de zapateado en la prevencion de lesiones por sobreuso en bailarinas
de flamenco

Resumen

El baile flamenco es un arte en el que el zapateado tiene un papel muy relevante. El objetivo de este estudio fue investigar el
efecto del rango de movimiento activo del tobillo sobre la carga externa y su eficacia como predictor durante la realizacion
de un zapateado flamenco, en funcion de las posiciones del acelerémetro y el dominio técnico de los participantes. Un total
de doce bailaoras de flamenco, 6 profesionales y 6 amateurs, participaron voluntariamente en este estudio y en los que no
se encontraron diferencias significativas respecto a edad, peso o estatura. Los participantes realizaron un test de zapateado
denominado Zap-3 durante 15 segundos a una velocidad de 160 pulsos por minuto, 180 y tan rdpido como pudieron. Se
colocaron acelerémetros triaxiales en el tobillo del pie dominante, en la 52 vértebra lumbary en la 72 vértebra cervical para
calcular la PlayerLoad acumulada y la PlayerLoad uniaxial de los 3 planos (anteroposterior, medio-lateral y vertical) en funcion
de cada nivel de velocidad, asi como sus contribuciones porcentuales. Solamente se ha encontrado relacion entre la flexion
dorsal del tobillo dominante y la carga externa en el eje anteroposterior, tanto en profesionales como amateurs, mientras que
anivel de la 72 vértebra cervical solo se ha encontrado relacion entre la dorsiflexion y la carga externa en el grupo de amateurs.
Respecto a la flexién plantar solo se ha encontrado relacion a nivel uniaxial con el eje vertical de los bailarines profesionales.
Estos programas podrian servir de ayuda a desarrollar un sistema de retroalimentacion de la técnica para que el practicante
de baile flamenco pueda seguir su propio modelo respecto al ideal. Esto permitiria intervenir en la prevencion de las lesiones
por sobreuso en los artistas de baile flamenco.
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Introduction

Dance performance is a combination of physical movement and
aesthetics, it demands a high level of physical conditioning, excellent
artistic, and proficient techniques and dancers are also required to reach
a similar demand for training and rehearsal, which could contribute to
potential injury risk™>. Injuries have been reported in various styles of
dance*?, including flamenco dance and a high incidence of injuries is
prevalent in the lower limbs, lumbar and cervical vertebrae®'". Injuries
can have serious consequences for a dancer’s career and can impact on
their daily life'#%, and result in psychological suffering'*'*. Injury can be
caused by various factors including demographic characteristics, such
as the body mass index, gender, age, and the level of proficiency of
dancers’. Previous studies have demonstrated that the injury frequency
suffered by professional dancers or athletes is greater than student or
amateurs'"'2'¢18 Furthermore, the correlation between external load
and injury risk has been proven in different sports and highlighted
the importance of monitoring external workload metrics routinely for
reducing injury risks'*?".

Previous studies indicated that range of motion (ROM) is an im-
portant contributor to dance performance?. Efficient ankle function
is fundamental to success in dance and is an important factor in es-
tablishing low extremity stability between the leg and the foot? and
can improve dance performance?. Ankle ROM is related to the injury
development??, and research has suggested that reduced right ankle
plantarflexion is a risk factor for injury between injured and non-injured
pre-professional dancers?® and hyper ankle plantarflexion is related to
increased injury rate'>?%, Dancers with decreased hip and ankle/foot
joint ROM are less prone to developing patellofemoral pain syndrome®

Research investigating injury risk factors in contemporary dance
students demonstrated that limited ankle dorsiflexion during a single-
leg squat was significantly associated with the occurrence of substantial
lower extremity injury®. These injuries may occur due to the aesthetic
requirement of dance which require dancers to increase the ROM to
sometimes excessive levels and can relate to injury?*2. Ankle ROM
could also affect joint stability and static balance performance®, which
could also be a potential injury risk. Currently the majority of research
investigating the effect of ROM on dance performance and injury
involves ballet or contemporary dancers with some research failing to
specify dance genre.

There is a high loading demand of flamenco dancers on the foot
and ankle joints'. The footwork technique requires dancers to use diffe-
rent foot locations to strike the floor and produce a rhythmic and loud
sound?*, and the huge vibration produced during this time'’, the impact
of the shoe is transmitted by vibrational waves from the joints of the
lower body to the spine, which can trigger pains and overuse injuries’.
For instance, the Zapateado-3 (Zap-3) flamenco footwork technique,
utilized in this study requires striking the floor and quickly alternating
the heel and tip of the toes. The heel striking occurs with the foot in
dorsiflexion in front of the base of support and toes striking with the
foot in plantarflexion by tapping the floor behind the supporting base®.
Furthermore, the frequency of this step can reach 11.8 steps for each
second®. This requirement of ankle active ROM (AAROM) and frequency
for floor tapping may increase external load and reduce body stability.

Consideration of potential factors that may contribute to ove-
rusing injury risk in dance and specifically the relationship between
ankle active ROM and external load is required. The aims of this study
were to investigate the effect of AAROM on external load and the
efficacy of the AAROM as a predictor of external loading during the
flamenco footwork technique with consideration of accelerometer
positions and dance proficiency. We hypothesis that the ankle active
range of motion significantly affects the external load and its efficacy
as a predictor could be proved during a flamenco footwork technique,
the effects may show difference between different dance proficiency
and body positions.

Material and method

Participants

Twelve flamenco dancers were recruited by asking for volunteers
via posters in three flamenco dancing training institutions or perfor-
mance company. Participants were composed of a professional group
(PRO group, 6 participants, age: 38.83 + 7.96 years; height: 1.67 £ 0.10
m; mass: 63.33 + 6.38 kg; BMI: 22.79 + 1.95 kg/m? flamenco dance
experience: 7.67 + 4.89 years) and an amateur group (AM group, 6
participants, age: 34.50 + 10.67 years; height: 1.62 + 0.03 m; mass:
56.17 £ 15.99 kg; BMI: 21.36 + 6.00 kg/m? flamenco dance experien-
ce: 1.83 + 1.17 years). Only flamenco dance experience years shows
significant difference between groups (p = 0.09). The inclusion criteria
for the PRO group were that participants were professional flamenco
dancers who received paid work for teaching, rehearsing or performing
in the flamenco dance field and who primarily considered themselves
as a professional flamenco dancer. For the AM group, participants were
amateur flamenco dancers who engaged in dance for recreational
purposes only and attended flamenco dance training at least 3 hours
per week. Participants completed a self-reported questionnaire before
the study, and those who under 18 years of age and had a minimum
of 1-year flamenco dance experience and/or reported heart disease
and/or were pregnant and/or had musculoskeletal injuries in the 6
months preceding the study were excluded. No participants reported
they had been diagnosed with either Ehlers-Danlos syndrome, Marfan
syndrome, or osteogenesis imperfecta. The dancers provided informed
consentin writing before commencing the study. Ethical approval was
granted by the Faculty Ethics Committee at Beijing Sport University
(2022037H), and the study was conducted in accordance with the
Declaration of Helsinki.

General Procedures

Participants were informed regarding the experimental methods
and procedures. Firstly, AAROM was measured, and then accelerometer
data was recorded during performing the Zap-3 footwork. The order of
progress was fixed for each participant. One professional dance teacher
who experienced at 12-years flamenco dance teaching demonstrated
the Zap-3 footwork technique. Laboratory technicians who have at
least 5-year of lab experience and are trained were responsible for data
collection.
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Ankle active ROM measurement

AAROM were measured prior to the Zap-3 footwork test to prevent
any potential warm-up effects. Participants adopted a sitting position
with their feet off the ground and legs relaxed with their knee joints
flexed at 90°. AAROM was measured for dorsiflexion and plantarflexion
using a goniometer (Mitutoyo, Jiangsu, China) by a physiotherapist
with 5 years' experience. The angle was measured at the maximum
extent'**%%637 with the measurement axis set to the lateral malleolus.
While measuring, the fixed arm was parallel to the lateral aspect of the
gastrocnemius and the moving arm was parallel to the lateral aspect
of the 5th metatarsal bone®.

Flamenco zapateado-3 footwork technique

Participants were asked to perform the Zap-3 composed of a
sequence of 6 footwork steps with the right and the left foot (figure 1).
When one sequence was completed, participants repeated the next
sequence with the other foot and then repeated alternately with each
foot®>%, Participants were required to start with the dominant foot
which was defined as that the foot they would kick a ball with3*4,
During the entire footwork movement, participants were required to
keep their upper limbs and trunk stable, with maintaining in akimbo,
and to perform smooth and coherent movements. The six Zap-3 steps
were included and followed in this order: Zapateado de planta (P);
Zapateado de Tacon-planta (TP); Zapateado de Tacon (T); Zapateado
de Tacon-planta (TP); Zapateado de Punta (PNT); snd Zapateado de
Tacon-planta (TP).

Subsequently, for the flamenco footwork test, each participant
was asked to complete Zap-3 footwork at 3 different speed levels on
the same portable flamenco dancing wood floor (92x100 cm), respec-
tively at 160 bpm (beats per minute), 180 bpm, and at their own the
fastest speed possible (F speed level) in sequence. The sequence was
performed in a dance studio and each speed was completed 3 times
for a duration of 15 seconds. At 160 bpm and 180 bpm participants
were required to dance while listening to an earphone which was
linked to a metronome and had to strike the floor twice on each beat.
At the fastest speed level (F), participants were required to perform
every footwork step of Zap-3 as quickly as possible and maintain a
rhythmic sound***>, During the test, PRO and AM groups performed
the 160 bpm and 180 bpm at the same frequency, 5.33 and 6.00 res-

Figure 1. Elaboration of the graphic sequence of the ZAP-3 Test.

pectively. At F speed level, dancers tapped at 8.99 + 0.78 Hz and 7.08
+ 0.50 Hz respectively which demonstrated a significant difference
(P <0.05). Participants were able to practice 5 minutes before each
section testing commenced and rested for 5 minutes between
sessions. Participants were instructed to wear flamenco footwear
similar to that worn during training/performance (Figure 1).

External load measurement during footwork:
Playerload

Trigno Avanti™ Sensors (Trigno Wireless EMG System, Delsys, USA),
were used to record acceleration data with data sampling at a frequency
of 150 Hz and have a built-in nine degree of freedom inertial measure-
ment unit which can relay acceleration, rotation, and earth magnetic
field information. The sensors were attached directly to the skin using
medical tape and secured using elastic bandage at the position of the
7th cervical vertebrae (C7), 5th lumbar vertebrae (L5), and superior to
the lateral malleolus of the dominant ankle (DA). The locations were
determined by palpation. Uniaxial PlayerLoad (PLuni) was calculated as
the square root of the instantaneous rate of change in acceleration in
each of the medial-lateral (PLml), anterior-posterior (PLap) and vertical
(PLv) planes divided by 100. Accumulated total PlayerLoad (PLtotal)
defined as the square root of the sum of the squared instantaneous
rate of change in acceleration in each of the three planes and divided
by 100 was calculated at C7, L5 and the DA. The uniaxial contributions
(PL%) defined as the percentage contribution of the PLuni: medial-
lateral (PLmI%), anterior-posterior (PLap%) and vertical (PLv%) planes
were quantified by dividing the individual PLuni value by PLtotal and
by multiplying that value by 10044,

Statistical analysis

SPSS statistical software package (SPSS IBM Statistics V21.0) was
used for data analysis with descriptive statistics presented as mean
+ standard deviation. The descriptive characteristics of age, height,
mass, BMI and flamenco dance experience and the frequency of the
F speed level was analysed between PRO group and AM group using a
Mann-Whitney U test since the dependent variable was not normally
distributed. AAROM differences between PRO group and AM group
were analysed with anindependent sample t-test. A Pearson correlation
coefficient (r) was used to examine the correlation between active
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plantarflexion and PLtotal, PLuin and PL% respectively, and between
active dorsiflexion and PLtotal, PLuin, PL%. Simple linear regression
analysis was used to examine the effect of active dorsiflexion and
plantarflexion as a predictor of PLtotal, PLuni, PL%. This analysis was
performed using only variables that had a significant correlation with
active dorsiflexion or plantarflexion. Independence of observations was
assessed by Durbin-Watson test. Outliers were checked by casewise
diagnostics and a scatterplot was used to assess linearity between
AAROM and PLtotal, PLuni, PL%. The scatterplots of standardized resi-
duals against predicted values were used to check for the assumption
of homoscedasticity. Normal P-P plots were used to assess the normal
distribution. The effect size for r were calculated as follows: 0.90 t01.00
(-0.90 to -1.00) very high correlation; 0.70 to 0.90 (-0.70 to -0.90) high
correlation; 0.50-0.70 (-0.50 to -0.70) moderate correlation; 0.30 to 0.50
(-0.30t0-0.50) low correlation; 0.00-0.30 (0.00 to -0.30) negligible corre-
lation*. Statistical significance level was set at P <0.05.

Results

One participant in AM group was considered left foot dominant
and the other 11 participants were right foot dominant. For PRO group,
dorsiflexion was 15.33+6.44 degrees, Plantarflexion was 50.50+5.61
degrees; for AM group dorsiflexion was 19.50+5.24 degrees, Plantar-

flexion was 50.50+5.61 degrees. Statistical analysis via an independent
sample t-test. There was no significant difference between the groups
for dorsiflexion or plantarflexion ROM (P >0.05).

The effect of ankle active rom on the external load in
the dominant ankle

For the PRO group, Table 1 demonstrates that both DA-PLap at
F speed level (P =0.041) and DA-PLap% at160 bpm (P=0.019) had a
high positive correlation with dorsiflexion. DA-PLv% had a very high
negative correlation with plantarflexion at the F speed level (P =0.001).
For the AM group, table 1 demonstrates, DA-PLap had a very high
positive correlation with dorsiflexion at 160 bpm (P = 0.01) and high
positive correlation at 180 bpm (P =0.044), and F speed level (P=0.039).
DA-PLap% had a high positive correlation with dorsiflexion at 160 bpm
(P =0.035) and very high positive correlation at 180 bpm (P = 0.008)
and F speed level (P =0.003). There was no correlation between DA-PL
or DA-PL % and plantarflexion in the AM group.

Simple linear regression analysis was performed using only DA-PL or
DA-PL% values that had a significant correlation with active dorsiflexion
or plantarflexion. For the PRO group, Table 2 demonstrates that DA-PLap
at the F speed level and DA-PLap% at 160 bpm were significantly rela-
ted to dorsiflexion, DA-PLv% at F speed level was significantly related
to plantarflexion. For AM group, Table 3 demonstrates that DA-PLap

Table 1. Correlation between AAROM and PLtotal, PLuni, PL% in the dominant ankle (n=12).

Dorsiflexion (degrees)

Plantarflexion (degrees)

Group PRO Group AM Group PRO Group AM
DA-PLtotal 160 0.357 0.809 0.099 -0.378
au 180 0.347 0.71 -0.003 -0.383
[ 0417 0.684 -0.01 -0.006
DA-PLmI 160 0.177 0.77 0.355 -0.419
au 180 0.233 0.74 0.27 -0.413
B 0.146 0.682 0.171 0.041
DA-PLv 160 0.478 0.783 -0.227 -0.372
au 180 0.36 0.626 -0.238 -0.381
F 0.505 0.579 -0.17 -0.021
DA-PLap 160 0.634 0.916* -0.115 -0.294
au 180 0.603 0.824* -0.232 -0.274
F 0.829* 0.833* -0.494 -0.004
DA-PLmI% 160 -0.329 0.135 0.804 -0.288
180 -0.246 0.247 0.79 -0.107
B -0.559 0.212 0.54 0.303
DA-PLv % 160 0.083 -0.519 -0.704 0.31
180 0.024 -0.607 -0.748 0.331
F 0.578 -0.788 -0.971** 0.012
DA-PLap% 160 0.884* 0.843* -0.51 -0.241
180 0.743 0.924** -0.619 -0.33
F 0.708 0.958** -0.737 -0.158

* Correlation is significant at the 0.05 level (2-tailed). P< 0.05
** Correlation is significant at the 0.01 level (2-tailed). P<.001

Ankle active range of motion (AAROM); Total Playerload (PLtotal); uniaxial PlayerLoad (PLuni), uniaxial contribution (PL%); Total Playerload of the dominant ankle (DA-PLtotal); Playerload of the
dominant ankle in three planes: medial-lateral planes (DA-PLmI), vertical planes (DA-PLv), anterior—posterior planes (DA-PLap); uniaxial contribution of the dominant ankle in the three planes:
medial-lateral planes (DA-PLmI%), vertical planes (DA-PLv%), anterior-posterior planes (DA-PLap%); the professional group (Group PRO), the amateur group (Group AM). Performed Zap-3 at

160 beats per minute (160), 180 beats per minute (180) and at the fastest speed level (F).
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Table 2. Simple linear regression analysis of AAROM of PLuni or
PL% in the dominant ankle position of professional dancers (n=6).

AAROM PLuni/PL% rand P adjusted B
value rvalue coefficient
Dorsiflexion DA-PLap F 0.829 (0.041) 0.609 1.874
DA-PLap% 160 0.884 (0.019) 0.726 0.45
Plantarflexion DA-PLv% F 0.971 (0.001) 0.929 -0.224

Ankle active range of motion (AAROM); uniaxial PlayerLoad (PLuni), uniaxial contribution
(PL%); Playerload of the dominant ankle in anterior-posterior planes at the fastest speed level
(DA-PLap F); uniaxial contribution of the dominant ankle in anterior—posterior planes at 160
beats per minute (DA-PLap% 160) and in vertical planes at the fastest speed level (DA-PLv% F).

at 160 bpm, 180 bpm and F speed level were significantly related to
dorsiflexion. DA-PLap% at 160 bpm, 180b pm, and F speed level were
significantly related to dorsiflexion.

The effect of ankle active rom on the external load at
the 7th cervical vertebrae

For the PRO group, table 4 demonstrates that C7-PLv% had a
high positive correlation with plantarflexion at 180 bpm (P = 0.016)
and F speed level (P =0.017). For the AM group, Table 4 demonstrates,
C7-PLv (P =0.029) had a high positive correlation with dorsiflexion at

Table 3. Simple linear regression analysis of AAROM of PLuni or
PL% in the dominant ankle position of amateur dancers (n=6).

AAROM PLuni/PL% rand P adjusted B
value Pvalue coefficient
Dorsiflexion ~ DA-PLap 160 0.916 (0.01) 0.798 5.055
DA-PLap 180 0.824 (0.044) 0.599 5.527
DA-PLap F 0.833 (0.039) 0.618 6.877
DA-PLap% 160  0.843 (0.035) 0.638 0.868
DA-PLap% 180 0.924 (0.008) 0.818 0.917
DA-PLap% F 0.958 (0.003) 0.897 0.955

Ankle active range of motion (AAROM); uniaxial PlayerLoad (PLuni), uniaxial contribution
(PL%); Playerload of the dominant ankle in anterior—posterior planes at 160 beats per minute
(DA-PLap 160), at 180 beats per minute (DA-PLap 180) and the fastest speed level (DA-PLap
F); uniaxial contribution of the dominant ankle in anterior—posterior planes at 160 beats per
minute (DA-PLap% 160), at 180 beats per minute (DA-PLap% 180) and the fastest speed
level (DA-PLap% F).

160 bpm, C7-PLmI% (P = 0.048) and C7-PLv% (P = 0.033) had a high
positive correlation with dorsiflexion at 180 bpm. C7-PLap% had a
high negative correlation with dorsiflexion at 180 bpm (P=0.019) and
F speed level (P=0.03).

Simple linear regression analysis was performed using only C7-PL
or C7-PL% that had a significant correlation with active dorsiflexion or
plantarflexion. For PRO group, Table 5 demonstrates that C7-PLv% at

Table 4. Correlation between AAROM and PLtotal, PLuni, PL% in the seventh cervical vertebrae (n=12).

AAROM Dorsiflexion (degrees)

AAROM Plantarflexion (degrees)

Group PRO Group AM Group PRO Group AM

C7-PLtotal 160 0.394 0.777 -0.023 -0.345
au 180 0.289 0.713 0.087 -0.305
F 0.05 0.654 0.021 0.321

C7-PLml 160 0.472 0.812 -0.129 -0.365

au 180 0.449 0.757 -0.092 -0.304
F 0.07 0.763 -0.027 0.164

C7-PLv 160 0.352 0.857*% 0.197 -0.186
au 180 0.16 0.788 0.452 -0.212
F -0.137 0.668 0.476 0.334

C7-PLap 160 0.206 0.448 0.234 -0.225

au 180 0.033 0.351 0.374 -0.325
F 0.13 -0.083 0.067 0.808

C7-PLml% 160 -0.663 0.779 -0.731 -0.603

180 0.637 0.816* -0.728 -0.527

F 0.182 0.835 -0.318 -0.544

C7-PLv % 160 -0.15 0.347 0.787 0.286
180 -0.225 0.849*% 0.896* 0.041

F -0.377 0.351 0.893* 0.462

C7-PLap% 160 -0.495 -0.811 0.792 0.592
180 -0.445 -0.885* 0.753 0.478

F 0.256 -0.854* 0.222 0.553

* Correlation is significant at the 0.05 level (2-tailed). P< 0.05
** Correlation is significant at the 0.01 level (2-tailed). P<.001

Ankle active range of motion (AAROM); Total Playerload (PLtotal); uniaxial PlayerLoad (PLuni), PL%(uniaxial contribution); Total Playerload of the seventh cervical vertebra (C7-PLtotal); Playerload
of the seventh cervical vertebra in three planes: medial-lateral planes (C7-PLml), vertical planes (C7-PLv), anterior-posterior planes (C7-PLap); uniaxial contribution of the seventh cervical
vertebra in the three planes: medial-lateral planes (C7-PLmI%), vertical planes (C7-PLv%), anterior—posterior planes (C7-PLap%); the professional group (Group PRO), the amateur group (Group
AM). Performed Zap-3 at 160 beats per minute (160), 180 beats per minute (180) and at the fastest speed level (F).
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Table 5. Simple linear regression analysis of active plantarflexion of
PL% and seventh cervical vertebra of professional dancers (n=6).

AAROM PL% rand P adjusted B
value P value coefficient
Plantarflexion C7-PLv% 180 0.896 (0.016) 0.755 0.637
C7-PLv% F 0.893 (0.017) 0.746 0.612

Ankle active range of motion (AAROM); uniaxial contribution (PL%); uniaxial contribution of
the seventh cervical vertebra in vertical planes at 180 beats per minute (C7-PLv% 180) and
the fastest speed level (C7-PLv% F).

Table 6. Simple linear regression analysis of active dorsiflexion of
PLuni or PL% and seventh cervical vertebra of amateur dancers
(n=6).

AAROM PLuni/PL% rand P adjusted B
value rvalue coefficient
Dorsiflexion C7-PLv 160 0.857 (0.029) 0.667 0.418
C7-PLml% 180 0.816 (0.048) 0.582 0.916
C7-PLv % 180 0.849 (0.033) 0.651 0.334
C7-PLap% 180 0.885 (0.019) 0.730 -1.261
C7-PLap% F 0.854 (0.03) 0.662 -1.513

Ankle active range of motion (AAROM); uniaxial PlayerLoad (PLuni); uniaxial contribution
(PL%); Playerload of the seventh cervical vertebra in vertical planes at 160 beats per minute
(C7-PLv 160); uniaxial contribution of the seventh cervical vertebra in medial-lateral planes
at 180 beats per minute (C7-PLmI% 180), in vertical planes at 180 beats per minute (C7-PLv
% 180), in anterior—posterior planes at 180 beats per minute (C7-PLap% 180) and in ante-
rior-posterior planes at the fastest speed level (C7-PLap% F).

180 bpm and at the F speed level were significantly related to plan-
tarflexion. For the AM group, Table 6 demonstrates that C7-PLv at
160 bpm, C7-PLmI% and C7-PLv% at 180 bpm, C7-PLap% at 180 bpm
and F speed level were significantly related to dorsiflexion.

The effect of ankle active ROM on the external load at
the 5th lumbar vertebrae

There was no correlation between ankle AAROM and external load
at L5 (P >0.05).

Discussion

Flamenco dance is characterized by the strong emotion and
rhythmic sound made by footwork, which requires dancers to use
different positions of the foot, such as heel, toe, ball and whole foot, to
strike the floor**. Some steps, such as Zap-3, requires quick alternating
heel and toe strikes on the floor and dancers have to make unique
adjustments to the ankle joint to fulfil the requirements of this dance
style®. Therefore, active dorsiflexion and plantarflexion may potentially
affect the performance of this technical step*. The objectives of this
study were to investigate the effect of AAROM on external load and
the efficacy of the AAROM as a predictor of external loading during
a flamenco footwork technique with consideration of accelerometer
positions and dance proficiency.

Regarding the effect of AAROM on external load and the percentage
contribution, the results demonstrated dorsiflexion and plantarflexion
were associated with PLtotal, PLuni and PL% dependent upon the
position of the accelerometer. Dorsiflexion had a positive correlation
with DA-PLap, DA- PLap% for both groups, and a negative correlation
with C7-PLap% for the AM group. Therefore, during the footwork, a
greater active dorsiflexion may produce greater external load in the
anteroposterior plane of the DA, but less in the anteroposterior plane
of C7. Dorsiflexion had a positive correlation with C7-PLv, C7-PLv% and
C7-PLml%, but this correlation between dorsiflexion and PLtotal, PLuni
or PL% did not exist in the DA positions in the vertical and mediolateral
plane for both groups. Plantarflexion had a negative correlation with
DA-PLv% and a positive correlation with C7-PLv %, in the PRO group
only which may indicate that greater active plantarflexion may reduce
external load on the vertical plane of the DA, but increase external load
on the vertical plane of C7.The location of the accelerometer at the L5
position was not influenced by dorsiflexion or plantarflexion. This could
potentially be due to L5 been located closer the centre of mass of the
body and enhanced stability.

Results suggested AAROM was associated with different values
of PLtotal, PLuni and PL% dependent upon the dance proficiency. The
demographics of the two groups were similar and the only significant
finding was for dance experience. There was no significant difference in
the AAROM of the dominant ankle between groups, but the frequency
of the F speed level was significantly different with PRO group signifi-
cantly faster likely due to their professional status. Significant differences
between amateur and professional dancers at maximum speed show
that the ZAP-3 test is sensitive to the level of technical execution of
the dancers. The AM group were only influenced by dorsiflexion with
accelerometer position at the DA and C7. In contrast, the PRO group was
onlyinfluenced by plantarflexion with accelerometer position at C7 and
accelerometer position at DA was influenced by both dorsiflexion and
plantarflexion. This may be due to differences in training duration, dance
experience and dance proficiency, which might equate to greater injury
risk due to cumulative load and the increased demands of training and
rehearsal. The higher speeds in professionals at the fastest speed level
when performing the test may also be a factor as normally professio-
nal dancers strike the floor harder to make a louder sound. These two
reasons may lead to different mechanisms for completing the footwork
technique between groups. The frequency of injuries suffered by pro-
fessional dancers or athletes is greater than student or amateurs' %,
Eileen M. Wanke's group (2018) found a higher asymmetric load in the
highest national league group than in the regional or lower groups
among latin dancers and they were more often injured®.

In flamenco dance, professionals showed greater negative percep-
tion about pain and injuries than flamenco dance student'. In our study
although AAROM did not significantly differ between the two groups,
the mean dorsiflexion of amateurs was higher than professionals while
the plantarflexion of professionals was higher than amateurs, and the
external load values demonstrate that amateurs were only affected
by dorsiflexion while professionals were affected by both. This may be
due to the correlation between ankle stability and ROM* and reduced
ankle stability may increase external load. Therefore, it is necessary to
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consider if there is any difference between groups in ankle ligament
strength and arch height which may be related to ankle stability. Ankle
strength is influenced by postural balance in the single-leg quiet
stance for athletes® and a lack of strength in the muscles around the
joints often limit the active ROM, which may decrease joint stability®.
Ligament laxity may contribute to the high prevalence of lower limb
injuries in dancers®™. Furthermore, increasing arch height is associated
with decreased mediolateral control of single-limb stance”'. Although
joint hypermobility and associated ligament laxity is thought to be as-
sociated with reduced dynamic balance, postural control, and increased
injury risk, it is possible that the required high-level proficiency of dance
training may attenuate any potential reductions in dynamic balance®.

Ahighlevel of ROM s essential for optimal dance performance?2+>3,
The changes of ROM associated with adolescent dancers may cause an
increase in injury incidence?” and our study only used adult dancers to
prevent such issues which would require a different study design with
consideration of physical maturity. Dancers with decreased hip and
ankle/foot joint ROM are less prone to develop patellofemoral pain
syndrome®. Pedersen® investigated AAROM in 23 female flamenco
dancers who studied flamenco in intermediate and advanced classes by
using the dynamometer. For plantarflexion, the mean ROM was 59.35°
and 51.48° for the right and left ankle, and for dorsiflexion, the mean
range of motion ROM was 6.57° and 12.87° for the right and left ankle,
respectively. In contrast in our study, the plantarflexion DA ROM was
lower for both the professional (50.50° + 5.61°) and amateur (50.00° +
3.58°) groups and the dorsiflexion ROM was higher (professional: 15.33
+6.44°% amateur: 19.50 + 5.24°). Bejjani** reported that the mean of total
ankle AAROM of 10 female flamenco dancers was 85° + 11°. The values
in our study for professional (66.83° + 5.64°) and amateur (69.5° + 6.16°)
were lower. Castro-Méndez* measured the dorsiflexion of the ankle of
professional flamenco dancer with the supine position and knees ex-
tended by goniometer (right foot: 11.92°+ 0.38°; left foot: 12.00° + 0.43°),
which was lower than this study. The difference in AAROM between
groups may be due to the dance experience and proficiency*¢. The
AAROM difference of flamenco dancers between studies may be due
to variations in the method of measurement, such as the participant
position during measurement.

Two of the ZAP- 3 steps namely the Zapateado de Tacon (T) Za-
pateado de Punta (PNT) are always performed with the heel striking
in dorsiflexion in front of the base of support and with the foot in the
plantarflexion position by the toes tapping the floor behind the sup-
porting base. The most mobile element of the locomotor unit is the
ankle joint with a 42° entire ROM (plantarflexion through dorsiflexion
ROM) during the footwork, however, in everyday activities, the ROM
required in the sagittal plane is significantly reduced, with a maximum
of 25° for walking® therefore highlighting the importance of ankle
ROM for dance performance. Zap-3 was utilized for this study as firstly
it is a representative step of flamenco technique, including the various
factors of striking the floor with different parts of the foot, and it has a
high choreographic correlation. Occasionally biomechanical research
analyzes gestures that have no direct correlation with sports or scenic
reality and in our study the authors desired a movement of practical
importance. Secondly, some research has already pointed out the risks
of overuse injuries for flamenco dancers during Zap-3 footwork tech-

nique and the factors are needed to be explored'®****’ Furthermore,
since Zap-3 has been used in recent biomechanical studies and allows
standardization for a comparison of results.

Accelerometery was used to quantify external load as it has been
widely utilized in the dance research to explore the physiological charac-
terization of latin dance and physical activity levels during dancing®.
Researchers has also investigated the musculoskeletal demands of
dynamic load on flamenco dancers and used accelerometer to record
peak frequencies and amplitude at the tibial tuberosity and the anterior
superior iliac spine>*®. It was reported that urogenital disorders and back
and neck pain may be related to the vibrations generated by flamenco
dance form. Different dance genres and their varying demands limit
comparison. PlayerLoad has sufficient sensitivity to quantify mechani-
cal load during dance and can be used for injury prevention**%' and
has the benefit of been portable. Study limitations included the use of
only the dominant ankle for ROM measurement and the relatively small
sample size. Future studies could consider a larger sample and explore
the effect of other dance genres. From an injury perspective the use of
prospective injury surveillance would be beneficial to determine how
mechanical loading might influence injury prospectively.

Conclusion

Our findings suggest that AAROM has a correlation with the external
load at the DA and C7 during flamenco footwork techniques and the
effect showed differences according to dancers' proficiency. Therefore,
the external load of DA and C7 can be predicted by measuring AAROM
of the DA to some extent in professional and amateur dancers. Further-
more, coaches, dancers, and practitioners with an understanding of
the biomechanical characteristics of flamenco footwork can provide
theoretical advice to develop technical training programs. These pro-
grams would be applied to develop a technique feedback system for
the flamenco dancer to follow their own model with respect to the ideal.
This would allow intervention in the prevention of overuse injuries in
flamenco dance artists.

Acknowledgments

The authors would like to thank the subjects for participating in
this study.

Conflict of interest

The authors do not declare a conflict of interest.

Bibliography

1. Angioi M, Metsios G, Koutedakis Y, Wyon MA. Fitness in contemporary dance: a syste-
matic review. Int J Sports Med. 2009;30:475-84.

2. Bronner S, Ojofeitimi S, Spriggs J. Occupational musculoskeletal disorders in dancers.
Phys Ther. 2003;8:57-68.

3. Motta-Valencia K. Dance-related injury. Phys Med Rehabil Clin N Am. 2006;17:697-723.

4. Allen N, Nevill AM, Brooks JH, Koutedakis Y, Wyon MA. The effect of a comprehensive

injury audit program on injury incidence in ballet: a 3-year prospective study. Clin J
Sport Med. 2013;23:373-8.

Arch Med Deporte 2023;40(2):77-84 83



Ningyi Zhang, et al.

5. Cardoso AA, Reis NM, Vieira MDCS, Borgatto AF, Folle A, Guimaraes ACDA. Associated 33. Kim SG. Kim WS. Effect of ankle range of motion (ROM) and lower-extremity muscle
factors and profile of injuries in professional ballroom dancers in Brazil: a cross-sectional strength on static balance control ability in young adults: a regression analysis. Med. Sci.
study. Mot Rev de Educ Fis. 2020,26. Monit. 2018;24:3168-75.

6. Dang Y, Koutedakis Y, Wyon M. Fit to Dance Survey: elements of lifestyle and injury 34. Vargas-Macfas A, Baena-Chicon |, Gorwa J, Michnik RA, Nowakowska-Lipiec K, Gomez-
incidence in Chinese dancers. Med Probl Perform Art. 2020;35:10-8. Lozano S, Forczek-Karkosz W. Biomechanical Effects of Flamenco Footwork.J Hum Kinet.

7. Domene PA, Stanley M, Skamagki G. Injury surveillance of nonprofessional salsa dance. 2021;80:19-27.

J Phys Act Health. 2018;15:774-80. 35. Forczek-Karkosz W, Michnik R, Nowakowska-Lipiec K, Vargas-Macias A, Baena-Chicén

8. Ursej, Eva, Zaletel P. Injury occurrence in modern and hip-hop dancers: A systematic |, Gémez-Lozano S Gorwa J. Blomechanlcal description of zapateado technique in
literature review. Zdr Varst. 2020:59:195-201. flamenco. Int. J Environ Res Public Health. 2021;18:2905.

- . - . 36. Russell JA, Kruse DW, Nevill AM, Koutedakis Y, Wyon MA. Measurement of the extreme

9. Baena-Chicon \,,Gomez Lozgno > Abenza Cang L de Vicuria O.A,G’ Fernandgz Falero ankle range of motion required by female ballet dancers. Foot Ankle Spec. 2010;3:324-30.
MR, Vargas-Macias A. Las algias como factor predisponente de lesién en estudiantes de ) ) i ) ;
baile flamenco. (Algias as a predisposing factor of injury in flamenco dance students). 37. Steinberg N, Hershkovitz |, Peleg S, Dar G, Masharawi Y, Heim M, Siev-Ner I. Range of
Cult. Cienc. y Deporte. 2020;15:245-53., joint movement in female dancers and nondancers aged 8 to 16 years: anatomical and

10. Forczek W, Baena-Chicén . Vargas-Macias A. Variacion de la posicion del centro de linical \mpl.|cat|ons.ArﬁJSports/\/led. 2006_);34:814__2‘3' ) o o
gravedad en una bailaora profesional durante el zapateado flamenco. Rev Cent Investig 38. Vargas-Macias A. £ baile flamenco: estudio descriptivo, biomecdnico y condicién fisica.
Telethusa. 201 6;9230-6. Universidad de CédiZ, 2006.

11, Pedersen M, Elizabeth, Wilmerding V. Injury profiles of student and professional flamenco 39. Coren S.The lateral preference inventory for measurement of handedness, footedness,
dancers. J Dance Med Sci. 1998:2:108-14. eyedness, and earedness: Norms for young adults. Psychon Bull Rev. 1993;31:1-3.

12. Vassallo AJ, Pappas E, Stamatakis E, Hiller CE. Differences in the occurrence and charac- 40, Lin CW, Su FC, Wu HW, Lin CF. Effects ofleg dominance on performance of ballet turns
teristics of injuries between full-time and part-time dancers. BMJ Open Sport Exerc. Med. (pirouettes) by experienced and novice dancers. J Sports Sci. 2013;31:1781-8.
2018;4:e000324. 41, Wilson BR, Robertson KE, Burnham JM, Yonz MC, Ireland ML, Noehren B. The relationship

13. Wainwright SP, Williams C, Turner BS. Fractured identities: injury and the balletic body. between hip strength and the Y balance test. / Sport Rehabil. 2018;27:445-50.

Health (London). 2005;9:49-66. 42. Barrett S, Midgley A, Lovell R. PlayerLoad™: reliability, convergent validity, and influence

14. Baena-Chicon |, Gomez-Lozano S, Cano LA. Vargas-Macias A. Pain catastrophizing in of unit position during treadmill running. int J Sports Physiol Perform. 2014;9:945-52.
Flamenco dance students at professional dance conservatories. Arch de Medicina del 43. Boyd LJ, Ball K, Aughey RJ. The reliability of MinimaxX accelerometers for measuring
Deporte. 2021;86-90. physical activity in Australian football. Int J Sports Physiol Perform. 2011,6:311-21.

15. Steinberg N, Hershkovitz |, Zeev A, Rothschild B, Siev-Ner I. Joint hypermobility and joint 44. MUkak? MM. A guide to appropriate use of correlation coefficient in medical research.
range of motion in young dancers. J Clin Rheumatol. 2016;22:171-8. Malawi Med J. 2012;24:69-71.

16. Campoy FAS, de Oliveira Coelho LR, Bastos FN, Junior JN, Vanderlei LCM, Monteiro HL, 45. P.ede.rsen ME, Wilmerding MV, Milani J, Mancha J. Measures of plantar flexion and dor-
Padovani CR, Pastre CM. Investigation of risk factors and characteristics of dance injuries. siflexion strength in flamenco dancers. Med Probl Perform Art. 1999,14:107-12.

Clin J Sport Med. 2011,21:493-8. 46. Wanke EM, Schreiter J, Groneberg DA, Weisser B. Muscular imbalances and balance

17. Vetter RE, Symonds ML. Correlations between injury, training intensity, and physical and capability in dance. J Occup Med Toxicol. 2018;13:1-8.
mental exhaustion among college athletes. J Strength Cond. Res. 2010;24:587-96. 47.  Armstrong R, Brogden CM, Milner D, Norris D, Greig M. Functional movement screening

18. Young A, Paul L. Incidence of Achilles tendon injuries in competitive Highland dancers. as a predictor of mechanical loading and performance in dancers. J Dance Med Sci
JDance Med Sci. 2002,6:46-9. 2018;22:203-8.

19. Cummins C, Welch M, Inkster B, Cupples B, Weaving D, Jones B, King D, Murphy A. 48. Trajkovi¢ N, szinc 7, Smajla D, §a.r.abon N Rglaﬂomship bgtween a‘nkle ‘stremgth and
Modelling the relationships between volume, intensity and injury-risk in professional range of motion and postural stability during single-leg quiet stance in trained athletes.
rugby league players. J Sports Sci Med. 2019;22:653-60. Sci. Rep. 2021;11:1-8.

20. Drew MK, Finch CF.The relationship between training load and injury, illness and soreness: 9. ?a{n]n;gr;h[\ﬁﬁ;dé—(l}AThe quantification of joint laxity in dancers and gymnasts. J. ports
a systematic and literature review. Sports Med. 2016;46:861-83. cl B

21. Jaspers A, Kuyvenhoven JP, Staes F, Frencken WG, Helsen WF, Brink MS. Examination of 0. f‘rm;rong g Broggdjr; Chr/lr,RGrhelg;)%égg;;y;;rzmoblhty as a Predictor of Mechanical
the external and internal load indicators'association with overuse injuries in professional oading In Lancers. J5port nendoil. o '
soccer players. J SciMed Sport. 2018;21:579-85. 51. Cobb SC, Bazett-Jones DM, Joshi MN, Earl-Boehm JE, James CR. The relationship among

) L . o2 foot posture, core and lower extremity muscle function, and postural stability. JAth/ Train.

22. Deighan MA. Flexibility in dance. J Dance Med Sci. 2005;9:13-7. 2014:49:173-80.

2. Rﬁsse\lleA,. MgEvvanJH\D/l, Kou';\jds?s‘Yé\(/)\gy;rzll\g?.gmma\ anatomy and biomechanics of 52. Armstrong R. Joint hypermobility, dynamic balance and postural control in dancers:
theankle in dance. J bance Ved >ci. (i Implications for clinical practice.  Physiother. 2022;114:145.

24. KadelNJ, Donaldson»F\etcher.EA, Gerberg LF,Mlchgh U.Anthroponje.t.r\c mea;grements 53. Cho H, Kim S, Jung J-Y, kwak D-S. Foot and ankle joint movements of dancers and
ofyour?g b.a\letdance_rs examining body composition, puberty,ﬂenbl.hty, andjointrange non-dancers: A comparative study. Sports Biomech, 2018;18:587-94.
of motion in comparison with non-dancer controls. J Dance Med Sci. 2005;9:84-90.

. ) o ) . 54. BejjaniF,Halpern N, Pio A, Dominguez R, Voloshin A, Frankel VH. Musculoskeletal demands

25. Armstrong R, Relph N. Screening tools as a predictor of injury in dance: systematic on flamenco dancers: a clinical and biomechanical study. J. Foot Ankle. 1988;8:254-63.
literature review and meta-analysis. Sports Med Int Open. 2018;4:1-28. i i . ) i )

) ) o N 55. Castro-Méndez A, Mateos-Martinez D, Castillo-Lopez JM, Vargas-Macias A. Evaluation

26. Steinberg N, ngshkowtz I, Peleg S, Dar G, Masharawi Y, Siev-Ner |. Paratenonitis of the of the Correlation Between Flamenco Dance and Ankle and Foot Posture. J Am Podiatr
foot and ankle in young female dancers. foot Ankle Int. 2011;32:1115-21. Med Assoc. 2022:112.

27. Storm JM, Wolman R, Bakker EW, Wyon MA. The relationship between range of motion 56. Klemp P, Stevens JE, Isaacs S. A hypermobility study in ballet dancers. J Rheumatol.
and injuries in adolescent dancers and sportspersons: A systematic review. Front Psychol. 11-699-

1984;11:692-6.
2018,9:287. i ) o ) 57. Echegoyen S, Aoyama T, Rodriguez C. Zapateado technique as an injury risk in Mexican

28. Gamboa JM, Roberts LA, Maring J, Fergus A. Injury patterns in elite preprofessional ballet folkloric and Spanish dance: an analysis of execution, ground reaction force, and muscle
dancers and the utility of screening programs to identify risk characteristics. J Orthop strength. Med Probl Perform Art. 2013;28:80-3.

Sports Phys Ther. 2008;38:126-36. 58. Domene PA, Easton C. Combined triaxial accelerometry and heart rate telemetry for the

29. Briggs J, McCormack M, Hakim AJ, Grahame R. Injury and joint hypermobility syndrome physiological characterization of Latin dance in non-professional adults.J Dance Med Sci.
in ballet dancers—a 5-year follow-up. Rheumatology. 2009,48:1613-4. 2014;18:29-36.

30. Steinberg N, Siev-Ner |, Peleg S, Dar G, Masharawi Y, Zeev A, Hershkovitz |. Joint range of 59. O'Neill JR, Pate RR, Beets MW. Physical activity levels of adolescent girls during dance
motion and patellofemoral pain in dancers. Int J Sports Med. 2012;33:561-6. classes. J Phys Act Health. 2012;9:382-8.

31. van Seters C,van Rijn RM, van Middelkoop M, Stubbe JH. Risk factors for lower-extremity 60. Voloshin AS, Bejjani FJ, Halpern M. Frankel VH. Dynamic loading on flamenco dancers:
injuries among contemporary dance students. Clin J Sport Med. 2020;30:60-6. a biomechanical study. Hum Mov Sci. 1989;8:503-13.

32, Bennell KL, Khan KM, Matthews BL, Singleton C. Changes in hip and ankle range of motion 61. Armstrong R, Brogden CM, Greig M. The Star Excursion Balance Test as a predictor of
and hip muscle strength in 8-11 year old novice female ballet dancers and controls: a mechanical loading and performance in dancers. Gazzetta Medica Ital. Arch per le Sci
12 month follow up study. BrJ Sports Med. 2001,35:54-9. Mediche. 2019;178:98-105.

84 Arch Med Deporte 2023;40(2):77-84



Original article

Allometric scaling for normalizing maximal oxygen uptake in elite
rugby union players

Alicia S. Canda, Luis F. Agorreta, Manuel Marina-Breysse, Lucia Sainz, Manuel Rabadan
Centro de Medicina del Deporte. Agencia Espanola de Proteccion de la Salud en el Deporte. Consejo Superior de Deportes. Madrid.

doi: 10.18176/archmeddeporte.00122

Received: 03/12/2021
Accepted: 11/11/2022

Key words:

Allometric. Body size. Oxygen uptake.
Rugby union. Body composition.
Maximal aerobic capacity. Team
sports.

Palabras clave:

Alométrico. Tamano corporal.
Consumo de oxigeno. Rugby union.
Composicion corporal.

Capacidad aerdbica méaxima.
Deportes de equipo.

Summary

Introduction: The relation of a biological variable to body mass is typically characterized by an allometric scaling law. The
purpose of this study was to evaluate the relationship between oxygen consumption (VO, ), as a parameter of aerobic
exercise performance, and body composition in rugby players.

Material and method: The sample included one hundred and seven males of the Spanish rugby team. Age: 25.1 + 3.4 years;
body mass (BM): 89.8 + 11.7 kg, height: 182.4 + 6.5 cm; 52 backs (BR) and 55 forwards (FR). Maximum oxygen consumption
(VO,, ., Imin™) was measured during treadmill exercise test with progressive workload. Anthropometrical measurements
were performed to estimate the fat-free mass (FFM) and muscle mass (MM). The allometric exponent“b"was determined from
equationy = a* x® where"y"is VO, . and,"x"is the corresponding mass (BM, FFM or MM) and “a"is one constant.

Results: The VO, =~ was 4.87 + 0.56 Lmin”, BR vs FR, 467 + 0.48 L min™ vs 5.06 + 0.06 Lmin™; FFM: 77.5+7.7 kg, 73.5+7 kg vs
81.3+6.3 kg; and MM: 52.946.5 kg, 49.6+5.6 kg vs 56.1+5.8 kg. The allometric exponents (p <0.0001; R? = 0.4) were: 0.58 for BM
(959% CI: 045 - 0.72); 0.71 for FFM (95% Cl: 0.53 - 0.90); and 0.58 for MM (95% Cl: 0.43 - 0.73). Significant differences (p <0.0001)
were found BR vs FR according to their anthropometric characteristics and VO, _ with respect to BM and MM without allo-
metric scaling. While the VO, indexed by means of allometric scaling was similar between BR and FR.

Conclusions: In comparative studies, the VO,  should be expressed proportional to the 0.58 power of body mass or related
to FFM in order to take into account the variability in of body composition in rugby players.

2max

Normalizacién del consumo de oxigeno maximo por escala alométrica
en jugadores de rugby unién de élite

Resumen

Introduccion: La relacion de una variable biologica con la masa corporal se caracteriza tipicamente por una ley de escala
alométrica. El propdsito del estudio fue evaluar la relacién entre el consumo méximo de oxigeno (VO, ), como parametro
de rendimiento aerdbico, y la composicion corporal en jugadores de rugby.

Material y método: La muestra incluyé a 107 varones de la seleccion espafiola de rugby. Edad: 25,1 + 3,4 ahos; masa cor-
poral (MC): 89,8 + 11,7 kg, talla: 182,4 + 6,5 cm; 52 defensas (DF) y 55 delanteros (DL). El VO, . (Lmin™) se determind en tapiz
con carga progresiva hasta el méaximo esfuerzo. Mediante técnica antropomeétrica se estimo la masa libre de grasa (MLG) y la
masa muscular (MM). El exponente alométrico “b" se determind por la ecuaciony = a * x® donde "y"es VO, _,"x"es la masa
correspondiente (MC, MLG o MM) y “a" es una constante.

Resultados: £IVO, fue 4,87 +0,56 .min”', DF vs DL, 4,67 + 0,48 Lmin™ vs 5,06 + 0,06 .min"; MLG: 77,5+ 7,7 kg, 73,5 + 7 kg vs
81,3+63kg;y MM:52,9 +6,5 kg, 49,6 + 5,6 kg vs 56,1 + 5,8 kg. Los exponentes alométricos (p <0,0001; R? = 0,4) fueron: 0,58
para MC (IC 95%: 0,45 - 0,72); 0,71 para MLG (IC del 95%: 0,53 - 0,90); y 0,58 para MM (IC del 95%: 0,43 - 0,73). Se encontraron
diferencias significativas (p <0,0001) DF vs DL segun sus caracteristicas antropométricas y VO,  con respectoa BMy MM sin
escalado alométrico. Mientras que el VO, indexado mediante escalado alométrico fue similar entre DF y DL.
Conclusiones: En estudios comparativos el VO, deberfa expresarse a la potencia de 0.58 de MC o con MLG debido a la
variabilidad de la composicion corporal en jugadores de rugby.
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Introduction

In the evaluation of the physiological variables influencing sports
performance, such as maximal oxygen uptake (VO, ), the interpreta-
tion may differ depending on whether it is expressed in absolute terms
(*min™) orin comparison to body mass (mf*kg'*min™). The dependency
between a biological variable such asVO,  (y) and body mass (x) can
be expressed through allometric scaling in the formy = a * x°, where
b is the exponent or power of the scaling. When we express oxygen
uptake as mI*kg™*min’, the exponent “b"is assumed to be equal to 1
with allometric scaling. However, most of the research conducted in
this field suggests that“b"is less than 1, somewhere between 0.81 and
0.59 of body mass'*, as the rate at which oxygen uptake increases is
less than the rate of increase in body mass. In an extensive sample of
Danish athletes covering 25 different athletic activities, Jensen et al,,
2001° estimated a power close to 0.73 between body mass and VO,
determined in a maximum stress test. Because of this, depending on
the normalization model or scaling we apply, we might have a bias
according to the physical characteristics of the subject, potentially
making this a factor affecting the comparisons made among individuals
and also in longitudinal studies. On the other hand, body mass repre-
sents the sum of both fat mass and fat-free mass, in which the latter
is the metabolically active one because of its muscular component.
Athletes may have the same body mass with different proportions of
fat mass and fat-free mass; and also the same VO, in absolute terms
but different in relative value, so comparisons may be equivocal if the
effect of these variables is not considered. In a recent review by Lee
and Zhang, 2021¢they conclude that the most appropriate relationship
betweenVO, ~andbody weightis the power function and hypothesize
that the b-value may not be a static value but a dynamic value (>2/3 b
<1); they also suggest that lean weight s better for standardizingVO, .
Regarding this, Lolli et al, 2017 found an exponent of 0.90, with a 95%
Cl 0.68 to 1.12 by means of a meta-analysis based on fifteen previous
fat-free mass studies’. The normalization of oxygen uptake in relation
to fat-free mass has been called "aerobic muscle quality’, indicating
that it could be useful to make better comparisons of VO, _ among
participants of varying fat and body mass®°.

Rugby is a contact team sport in which, in its 15-player version
(rugby union, “RU"), players have quite distinct physical characteristics
depending on their position on the field of play. They are divided into
two large groups, the forwards (three lines making up the scrum of
eight players) and the backs or three-quarters line (seven players).
While the forwards are heavier, taller, with more subcutaneous adipose
tissue, and require greater power and muscle strength, the backs are
lighter, with less fat and need more speed and agility on the field™® .
Matches last for 80 minutes, divided into two halves with a 15 minute
rest, so both groups must have good aerobic capacity. Rugby is an
alternating aerobic-anaerobic activity with high demand of repeated-
high intensity efforts and frequent collisions. Performance is associated
with lower-body strength and power, high speed, high acceleration,
and lower percent body fat””"°. Players can cover an average of 7 km
during play; of this distance, 11% high intensity; the backs perform a
greater number of sprints than forward. Mean game heart rate is around

2max

88% HR % The training and physical preparation of rugby players will
be aimed at improving their skills, including strength, by increasing the
fat-free mass?', Also the contemporary rugby union player runs longer
and harder. A relationship has been established between skinfolds and
fat percentage to the performance of professional players'®. Their body
composition may undergo changes in the course of the season and
the player’s sporting life?>?. Currently there are few studies in rugby
players in which the oxygen uptake values are determined directly by
ergoespirometry, being estimation by test or physical tests the usual. On
the other hand, the references of body composition are diverse when
estimating body fat by different techniques and models?*?’.

The aim of this study was to determine the allometric ratio of VO,
to body mass, fat-free mass and muscle mass in high-competition rugby
players and to analyse which parameter would better discriminate the
changes in performance monitoring.

Material and method

A retrospective study was carried out on the members of the
male national rugby teams sent to the Sports Medicine Centre by their
federation for a medical and sports examination during the period from
1994 to 2017. First of all, we selected for each player the stress test in
which they obtained the highestVO, _ (*min”) in the period mentioned,
for a cross-sectional study in order to obtain the reference values. This
sample reached a total of 107 players, of whom 55 were forwards (FR)
and 52 backs (BR), with a mean age of 25.1 + 3.4 years, mass 89.8 £
11.7 kg and height 1824 + 6.5 cm. In this group, we determined the
allometric exponent for subsequent application to the VO, _ values
relative to the different masses.

Secondly, for the longitudinal study, we selected the rugby players
called up on two or more occasions, choosing for each one the two
checks at which they achieved the highest (C1) and the lowest (C2)
values for VO, in absolute figures for the stress test. This sample
comprised 17 players, of whom twelve were BR and five FR.

The anthropometric protocol included the following variables:
body mass (kg), height (cm), skinfolds (iliac crest, supraspinal, abdominal,
subscapular, biceps, triceps, front thigh and medial calf, in mm) and
girths of the forearm, middle thigh and maximum leg (cm). The material
used was: Seca scales; Holtain stadiometer; Holtain skinfold caliper; and
Rosscraft anthropometric tape. The person taking the measurements
was accredited to level Ill by the ISAK (International Society for the
Advance of Kinanthropometry), with the measurements being taken
according to the recommendations of this society?, except for the
measurement of the perimeter of the medial thigh®°.

The study of body composition was carried out by the anthropo-
metric technical, with body density being estimated using the equation
of Withers et al. (1987) and subsequently the percentage of fat using
the formula of Siri, (1961) both cited in Norton, 1996 fat masses (FM)
and fat-free masses (FFM) were then derived. Muscle mass (MM) was
estimated using the equation of Martin et al. (1990)%.

The stress test was carried out on a treadmill (Jaeger, LE 600 C mo-
del), using Jaeger Oxycon Champion and Jaeger Oxycon Pro respiratory
gas analysers depending on the year of each control. After two minutes
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in the initial phase at 6 km/h, the first stage began at 8 km/h.The speed
increases were 0.25 km/h every 15 seconds with a constant slope of
1% until exhaustion. The parameters evaluated include: heart rate (HR,
bpm), absolute VO, _ (“min”) and the VO,  (ml*kg'*min™) relative
to body mass (BM), fat-free mass (FFM) and muscle mass (MM). The
aerobic-anaerobic transition was determined from ventilation and gas
exchange®'. The ventilatory threshold ' (VT1) was defined as the first
non-linearincrease in ventilation with an equivalent increase in oxygen
(VE/VO2) without any concomitant increase in the equivalent CO2
(VE/VCO2). Ventilatory threshold 2 (VT2) was considered to be the
second non-linear increase in ventilation with a non-linear increase
in the VE/VO?2 ratio and a simultaneous increase in the VE/VCO2 ratio.
The total duration of the test (FT, final time) and the time at which
the VT2 was set (ANT, anaerobic threshold time) were considered as
the comparative parameters for maximal power and sub-maximal
capacity respectively in the longitudinal study as the same protocol
was applied in all tests.

The sportsman signed an informed consent form in which they
assigned the results of their tests for research purposes on condition of
confidentiality for their personal details. The research work was carried
outin accordance with the ethical standards of the Helsinki Declaration.

Descriptive statistical treatment (mean, standard deviation and
percentiles) was carried out, with the normality of each of the variables
being determined by the Shapiro-Wilk test. The difference between the
FR and BRin the transversal sample was confirmed using the T test for
independent samples or the Mann-Whitney U test in those that did
not meet the criteria for normality. In the longitudinal study of the 17
players, Wilcoxon's non-parametric test was used between C1 and C2.
Effect sizes can be evaluated using the rindex and are classed as small
(0.10-0.29), medium (0.30-0.49), or large (0.50 and greater)*”.VO, __ values
were assessed according to the percentiles established.

The potential curvilinear regression model was developed according
to the allometric model, y = a * x°, where absolute VO, _ was the de-
pendent variable "y"; the different masses (body mass, fat-free mass and
muscle mass) were the independent variables "x";"b"was the exponent

Figure 1. Relationships between VO
P <0.0001.

2max
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of power, and"a"the proportionality constant, using the Napierian loga-
rithms of these variables for transformation to a linear adjustment. The
VO, . were subsequently calculated relative to the powers obtained.
By means of this correlation, it was possible to study the independence
of the new indices with the corresponding masses.

Statistical significance was considered to exist above a p value of

0.05. Analyses were conducted using IBM SPSS Statistics version 19.

Results

The allometric exponents calculated in the regression study
(P <0.0001; R? = 0.4) were 0.58 (95% Cl: 0.45-0.72) for BM; 0.71 (95% Cl:
0.53-0.90) for FFM; and 0.58 (95% Cl: 0.43-0.73) for MM. The regression
curves are shown in Figure 1. The correlation of the relative VO,
calculated using allometric scaling with their corresponding masses
turned out to be not significant (p between 1 and 0.94) and with an
R?=0.0001, confirming the independence of the new indices.

Table 1 shows the anthropometric characteristics and the VO,
of the entire cohort and grouped by playing positions (FR and BR).
Significant differences were found between both groups in all the
anthropometric variables, with the FR being heavier, taller, with a higher
percentage of fat, fat-free mass and muscle mass than the BR. With
respect to the maximal oxygen uptake, there is a significant difference
between the two groups when their VO, values are assessed in
absolute terms, as well as by BM and MM, but not by FFM. FR players have
higherVO, _ valuesin absolute terms, whereas in relative terms, the BR
have better VO, _ values compared to BM and MM. When allometric
scaling is applied to relative uptakes, the differences between the two
groups disappears for BM, FFM and MM, with all of them giving similar
values. The effect size in VO, relative to masses using allometric scaling
is virtually zero, while the effect size is medium with respect to body
mass. The percentiles of VO, obtained with the 107 players in absolute
values and with respect to the various masses (BM, FFM and MM) using
linear and allometric scaling are shown in Table 2.

(I*min™") and body mass (kg), fat-free mass (kg) and muscle mass (kg) for 107 male rugby players;
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Table 1. Anthropometric and physiological characteristics of rugby union players (mean+SD).

Total BR FR P r
(n=107) (n=52) (n=55)

Body mass (kg) 89.8+11.7 82.7+£8.9 96.6+9.8 0.000 -0.66
Height (cm) 182.446.5 18046.1 184.7+6.2 0.000 0.36
Body fat (%) 13.2+4.9 10.8+3.3 15.5+5.1 0.000 0.48
FFM (kg) 77.5+7.7 73.5+7 81.3+6.3 0.000 0.51
MM (kg) 52.9+6.5 49.6+5.6 56.1+5.8 0.000 0.50
Vo, . (I*min™) 4.87+0.58 4.67+0.48 5.06+0.6 0.000 0.34
VO, isometric scaling

VO, . ml*kgBM"*min"' 54.6+5.7 56.73+4.99 52.55+5.6 0.000 0.37
VO, . ml*kgFFM*min"' 63.0+6.27 63.74+5.59 62.30+6.83 0.236 0.11
VO, . mI*kgMM*min’! 92.58+9.99 94.65+9.12 90.61+10.46 0.036 0.20
VO, allometric scaling

VO, . mI*kgBM**¥*min"! 352.9+31.7 354.96+28.11 350.87+34.93 0.508 0.06
VO, . mI*kgFFM*”*min"! 218.3+£20.8 217.53+£17.87 218.95+23.36 0.726 0.03
VO, . mI*kgMM0*#*min! 486.2+46.1 484.17+40.27 488.14+51.36 0.659 0.04

BM: body mass; Body fat (%) estimated by Withers et al. 1987, in Norton, 1996*; FFM: fat-free mass; MM: muscle mass, estimated by Martin et al. 1990%. p, significantly different between BR
(backs) and FR (forwards). r effect size: small, <30; medium, 0.30-0.49; and large, 0.50 and greater”".

Table 2. Percentiles of absolute and relative VO, _ for rugby union players (n = 107).

2max

vo, Vo, _ relative

Percentile I*min’ BM BM> FFM FFM> MM MMz
3 3.90 42.80 277.05 50.98 175.33 73.23 388.69
5 3.96 44.80 304.93 54.24 188.80 76.67 406.13
10 4.14 47.25 317.09 56.04 196.04 82.59 441.07
15 4.28 48.76 323.71 57.07 199.01 83.52 44415
20 4.40 50.13 329.74 58.12 202.80 84.51 450.90
25 4.48 51.10 334.49 58.75 205.25 85.22 457.95
30 4.56 51.54 336.58 60.13 208.49 86.15 462.68
35 4.61 52.11 342.06 60.28 210.04 87.38 468.31
40 4.72 52.94 345.14 60.94 212.41 88.89 470.65
45 4.80 54.18 350.33 61.24 213.79 90.63 476.36
50 4.86 54.69 353.50 61.96 216.13 92.07 482.74
55 4.92 55.07 355.43 62.84 218.25 93.45 487.98
60 4.98 55.71 358.17 64.42 220.28 93.98 494.51
65 5.06 56.63 360.16 65.00 221.84 95.38 499.00
70 5.13 57.50 366.41 65.56 224.75 96.48 506.19
75 5.23 59.21 373.87 66.33 228.99 98.24 511.64
80 533 59.84 375.26 66.86 232.18 101.12 516.91
85 541 60.39 381.49 69.37 239.38 103.89 523.99
90 5.57 61.40 389.84 72.52 246.62 106.63 547.39
95 6.04 64.35 417.67 75.48 259.67 111.66 575.59
97 6.13 65.44 420.86 76.94 262.86 113.33 582.82

VO, relative: BM, body mass: ml* BM™ * min™ BM®: m| * BM%* min<; FFM, fat-free mass: ml * FFM*min’'; FEM: mI*FFM %7 min™'; MM, muscle mass: ml* MM min; MM mI* MM %8 min™!,

2max

Superscript“as”: allometry scale. BM, FFM and MM in kg.
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Table 3 shows the mean values for the anthropometric and
ergospirometric readings of the 17 players selected to take part in the
longitudinal study. There are significant differences in BM but not in the
percentage of fat, FFM and MM. The VO, _ values show differences in
both the absolute and the relative values, with or without allometric
scaling. The FT and ANT times gave a similar mean in both controls.
The effect size is large in BM and in VO, _, confirming the differences
mentioned. Table 4 shows the same data individually for each player in
the two controls, ranked by larger to lower VO, _ (*min™) (C1 and C2).
Taking a difference of more than or equal to 5% as the criterion, eight
players (47%) were found to have changes in their VO, _ (*min™), of
whom five also showed variation with respect to body mass (ml*kg"
min’). Two players (11.8%) had variations in their VO, (ml*kg™*min™)
but not in VO, (*min™). Lastly, seven players (41.2%) showed no

Table 3. Longitudinal study of body compositionandVO, _ (n=17).

mean sD P r

Body mass (@] 90.65 14.88 0.039 -0.50
kg C2 88.79 14.62
Body fat @ 12.99 5.01 0.121 -0.39
% c2 11.99 4.80
FFM @ 78.34 9.60 0.287 -0.26
kg c2 77.70 10.21
MM C1 54.19 9.83 0.068 -0.42
kg (@] 53.34 9.38
Vo, c1 4.93 054 0000  -0.88
*min’! C2 4.59 0.51
Vo, C1 54.86 439 0010  -0.63
ml*kgBM"*min-! (o) 52.24 5.00
Vo, @ 63.05 3.40 0.003 -0.73
ml*kgFFM"*min! c2 59.36 4.72
Vo, . C1 92.16 8.89 0.006 -0.67
ml*kgMM"*min= 2 87.21 9.35
Vo, C1 355.25 18.08 0.001 -0.80
ml*kgBM*#*min! C2 335.19 22.83

- C1 21897 1096 0001  -0.80
ml*kgFFM%7¥*min'  C2 205.50 14.19

N @ 486.37 26.67 0.001 -0.80
mli*kgMM28*min®  C2 457.35 33.31
Final time C1 9.60 0.93 0.365 0.19
min C2 9.79 1.12
VT2 time C1 6.76 0.97 0.602 0.07
min C2 6.84 1.01

The two checks where they achieved the highest (C1) and the lowest (C2) VO, in absolute
values. BM: Body mass; FFM: fat-free mass; MM: muscle mass; VT2: ventilatory threshold 2;
p: statistically significant; r: (z/+/n); effect size: small, <30; medium, 0.30-0.49; and large, 0.50
and greater?'. % body fat estimated by Withers et al. 1987, in Norton 1996*° and MM by

Martin et al. 1990%.

Allometric scaling for normalizing maximal oxygen uptake in elite rugby union players

change in their VO,  values in either absolute terms nor in relation
to their body mass.

If we analyse the trend in the variables of those subjects with the
greatest variations in their body composition and/or in the oxygen
uptakes, we can examine if there are differences in the valuation made
with respect to the established references depending on whether we
estimate it with or without an allometric scale. Four of these cases are
reviewed below.

Subject n° 1 gained 3.5 kg of body mass, corresponding to an
increase in the fat component, and raised the percentage of fat by 2.7;
the fat-free and muscle mass components were similar in both controls.
In the stress test, he produced a shorter time, achieving a lowerVO,
in both absolute terms (a decline of 20 p) and also relative to body
mass (a decline of 15 p). If we see the change in VO, _ with respect to
BM using allometric scaling, he goes from being on the upper limit to
a low range (a decline of 70 p), the same as if we value it with respect
to MM with or without scaling. As for VO, with respect to FFM, the
valuation ranges from high to low (60-65 p) and from high to medium
(55 p), respectively with or without scaling. With respect to the sub-
maximal values, the anaerobic threshold represented by VT2 in the
2nd control was reached 1 min sooner, therefore at a lower speed. In
this case, there is an unfavourable evolution in his physical condition
(anincrease in fat mass and lower values for maximal and sub-maximal
oxygen uptake), which is discriminated better with allometric scaling
or by relating it to FFM.

Subject n° 2 lost 4.1 kg of body mass, all corresponding to the
fat component, reduced the percentage of fat by 3.6 and increased
the non-fat component by 0.6 kg. In the stress test, the FT was similar
and there were no significant changes in the absolute VO, _ (it fell by
between 5 and 10 p) or with respect to BM without scaling (5 p) or with
scaling (equal to p). With respect to the FFM with or without scaling, his
values come down in a similar way (10 p), passing from the medium to
low range in the valuation of allometric FFM. In comparison with MM,
he remained in the low range at both controls, without scaling (5 p)
and with scaling (10 p). As for the sub-maximal values, the anaerobic
threshold in the second control was reached 1.15 min later, at a higher
speed. In other words, the better body composition was only reflected
in the stress test in the sub-maximal values, with the most evident
changes being in related to FFM and MM.

Subjectn®4 lost 3.2 kg of body mass, of which 1.3 kg corresponded
to the fat-free component and 1.9 kg to the fat component, lowering
the fat percentage by 2.3. In the stress test he lowered his VO, _in
all variables: absolute (25 p) and relative to BM without (20 p) or with
scaling (35/40 p); relative to FFM without (30 p) or with scaling, it comes
down (40/45 p), and with respect to MM without scaling (10 p) and with
scaling (30 p). With respect to the sub-maximal values the anaerobic
threshold in the second control was reached at almost the same time,
0.45 min afterwards. In other words, the changes in body composition
(both components came down) were associated with lower maximal
values in the stress test, all of which were more evident in comparison
with FFM and BM using scaling.

In Subject n° 15 the greatest variation in absolute VO,  was
obtained during the stress test. He had lost 2.6 kg in mass, with 2.2 kg
corresponding to fat mass, lowering the fat percentage by 2. This
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Table 4. Longitudinal study: individually data for each player in the two controls.

Subjects 1 2 3 4 D 6 7 8 9 10 11 12 13 14 15 16 17
BM C1 1186 108 1176 733 74.1 86 104 853 888 907 977 71 722 837 97.8 84 88.2
kg C2 1221 1039 109.7 70.1 689 882 988 843 849 92 971 735 718 828 952 842 828
Body fat C1 231 232 18 112 126 109 184 135 107 106 85 73 7.7 8.1 12 15.2 9.7
% c2 258 196 101 89 111 101 167 121 106 107 84 86 8.8 8.1 10 153 9.9
FFM C1 912 829 964 651 648 766 849 738 793 811 894 658 666 769 86 713 797
kg C2 906 835 987 638 613 793 823 741 759 821 89 672 655 76.1 857 714 746
MM C1 7096 64.11 71.28 43.82 44.76 50.01 67.02 50.05 51.41 52.82 6243 40.76 4223 49.11 59.27 49.76 51.47
kg C2 7091 619 68.27 41.25 4255 5325 6299 5047 49.81 55.18 61.91 42.03 4131 47.76 5838 49.67 4843
- @] 6.09 537 535 459 412 502 522 461 489 49 538 425 403 5.18 532 439 498
[*min! C2 524 523 476 409 401 484 49 442 436 48 523 369 382 495 457 428 493
Vo, . BM C1 5132 497 4547 6259 5559 5838 50.14 54.02 55.09 54.66 55.05 59.87 5582 619 5436 5227 5647
ml*min~'*kg C2 4291 5036 43.38 584 58.13 54.82 49.64 5237 51.38 52.19 53.85 50.26 53.2 59.82 4797 5082 59.54
Vo, . FFM C1 66.76 64.75 5545 7049 636 6554 6146 6242 61.67 61.13 60.19 646 6047 6738 6179 61.63 62.52
ml*min~'*kg C2 5783 6264 48.24 64.13 6539 60.99 59.58 59.57 5745 5846 5877 54.99 5834 65.12 5332 5997 66.05
Vo, .MM C1 8578 83.74 75.01104.71 92.02 100.41 77.82 92.07 95.16 93.86 86.14 104.3 9543 1055 89.69 8825 96.77
ml*min~'*kg C2 7388 8453 69.71 99.26 94.13 90.8 77.85 8748 87.57 87.01 84.46 88.02 9247 103.7 7823 86.16 101.8
VO, . BMas C1 3742 3486 3304 373.6 3333 3724 346.2 3434 356.1 356.5 3703 352.7 331.1 3904 3658 330.2 364.1
ml*min'*kg°® C2 316.7 3475 306.2 3422 338.1 3534 3354 3313 326 3424 3613 306 3148 3756 3192 3213 3739
VO, . FFMas C1 2427 229.1 204.8 2327 209.7 226.7 2189 213.6 2154 2149 2175 2139 201 2333 2209 2088 2187
ml*min*kg°7’ C2 2098 2221 1793 2105 2121 213 2103 2041 1982 206.2 212.1 1853 1929 2248 1904 2032 226.7
VO, . MMas C1 5116 478.6 4483 5103 4525 517.2 4532 4744 4959 4947 4869 493.1 458 5393 496.1 4536 504.5
ml*min-'*kg°® C2 4405 476.1 409.1 471.6 453.1 480.2 441.7 4523 4503 467.1 4758 423.1 439.7 524 430 4425 5174
Final time 1 830 858 804 1005 9.05 1102 801 9.01 1005 1057 959 10.09 1054 1024 10.03 10.03 10.04
min 2 7.02 9.01 9.07 1147 9.05 1143 10.02 1000 10.03 1029 9.58 9.04 10.03 10.13 11.03 10.05 10.10
VT2 time 1 645 600 530 800 715 830 545 730 700 845 7.5 630 700 6.45 700 515 645
min 2 545 715 500 845 600 715 715 745 730 815 645 6.15 630 7.00 845 645 7.00

Ranked by larger to lower VO, (I*min”) (C1 and C2). BM: body mass; % Fat estimated by Withers et al. 1987, in Norton 1996*. FFM: fat-free mass; MM: muscle
mass by Martin et al. 1990%; Final time, duration of the stress test; time at which the VT2 was set (ventilatory threshold 2, anaerobic threshold). Superscript “as’,

allometry scale.

player achieved lower scores in all the VO, variables, moving from
being in the high to the medium range in absolute terms (50 p), and
lowering them in terms of BM without scaling (35) or with scaling (55 p);
with regard to FFM, they were lowered without (40 p) or with scaling
(50/55), and also for MM without scaling (35 p) and with scaling (50 p).
With respect to the sub-maximal values, VT2 at the second control was
reached 1.45 min later, at a higher speed. The improvement in body
composition was accompanied by a worse stress test in comparison
with the maximal values but with an improvement in sub-maximal
capacity. The difference between the two controls in terms of the drop
in VO,  percentiles was greater with respect to BM and FFM with
allometric scaling.

Discussion

In this study, we provide the percentiles of VO, _ for use in the
assessment of RU players and recommend the use of VO, relative
to fat-free mass or relative to body mass with application of scaling

depending on whether or not a body composition study is performed.
The investigation carried out on a large sample of rugby players, who
differin their morphology according to playing position, has shown that
when we value oxygen consumption by body weight with a linear scale,
it is underestimated in those of greater weight, since if an allometric
scale is applied or we assess the oxygen consumption in relation to
the fat-free weight, the differences between these players disappear
The classic studies on allometric ratios between oxygen uptake and
BM set the value at 0.67 or 0.75%37¢. Exponents less than 1 were also found
in athletes, indicating that this ratio does not increase in proportion to
BM during physical activity. Bergh et al. (1991)° obtained a power of
0.71inVO, and 0.76 in VO in endurance athletes. Svedenhag,
1995% also proposed that, for the correct assessment of runners, the
oxygen uptake during a race should be expressed as ml*kg®**min.
The most wide-ranging study among sports practitioners was carried
out by Jensen et al, 2001° and the male group comprised 655 people
engaging in 22 different types of sport subjected to stress tests with the
corresponding specific ergometers. When the number of practitioners

2submax

20
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was large (n >100) as in the case of handball (n=142,b=0.72), cycling (n
=157;b=0.74)and rowing (h=117;b =0.73), the allometric power came
close t00.73, so the authors set it at this value for the comparative studies
between sports. Among Croatian athletes in different sports, Markovic et
al, 2009* obtained a power of 0.67. The mentioned researches did not
include rugby, in which our power was lower (0.58). The potential reason is
that rugby players are more robust, with a higher BM, entailing a higher fat
and non-fat component than, for instance, among long-distance runners,
cyclists orteam sports players; on the other hand we consider the number
of participants in our sample to be representative.

Secher, 1984* compared the relative oxygen consumption in
rowers of different modalities (heavy and light) and therefore of different
body size, with or without an allometric scale (b = 0.67), and also found
that the differences disappeared with the allometric scale.

Our results are in agreement with von Dobeln who already in
1957 had demonstrated, that VO, _in 65 young men and women
did not scale in direct ratio with body mass and should be expressed
relative to FFM (body mass — fat mass), the exponent found to be 0.71
+ 0.082. On the other hand, Batterrham et al.? found that FFM models
resulted in a larger coefficient of determination and a lower SE of the
estimate in predictingVO2peak, . Their findings, like ours, suggest that
FFM estimates should serve as an indicator of body size; both studies
conducted in the general population.

Therefore, we should apply independent indices among sports
practitioners with major differences in mass or body composition in
order to be able to use them for comparisons. If these are not available,
the assessment of the athlete should always be made according to their
playing position which, although not taking into account their body
composition, is generally similar in terms of general morphological
characteristics of mass and height.

An athlete’s maximum aerobic power fundamentally depends on
age, gender, genetic burden and the level of physical activity. It may be
affected by changes in training and/or in body composition. Allometric
models have been developed forVO,  thatalsoinclude othervariables
apart from FFM such as gender, height or age*".

Inan athlete, it may not be relevant how we express their absolute or
relative oxygen uptake value over the course of a season or in successive
years unless there are changes in mass or body composition. However, any
modification of these parameters will influence their assessment. It has
been found that among rugby players there has been an increase in BM
in recent years, particularly among FRs, and this has been identified as one
of the factors that determine improvement in sporting performance®#4,

In the longitudinal study conducted, we have verified that when
fat mass is lost and the percentage of body fat comes down, athletes
improved their VT2 times. This coincides with the reports published
by other authors™* stating that the fat mass has no effect on VO,
(aerobic power), so an excess of body mass at the expense of the fat
component would not imply a lower VO, . although it might have a
negative influence on the sub-maximal aerobic capacity.

The values reported for VO, are between 53 - 62 ml*kg"*min™".
By playing position, FR are between 58 - 48 mlI*kg™min™ and BR are
between 60 - 55 ml*kg*min™ 174=° Our values are within these ranges.

The anthropometric characteristics are also similar to those
reported by other authors®'752%053 with a body mass of between

Allometric scaling for normalizing maximal oxygen uptake in elite rugby union players

115-98 kg for FR and between 95-84 kg for BR and a height of between
190-183 cmamong FRand between 182-178 cm for BR.When comparing
the percentage of fat, attention must be paid to the technique and
formula applied. Lundy et al, 2006*, in a sample of 74 Australian
players, obtained an average estimated fat percentage, starting from
different equations, of 11% among BRand 13.5% in the FR, percentages
respectively similarto and slightly lower than those in the present study.
Also similar to those reported by Carlson et al, 1994%° in BR (10%) and
FR (13%) for the US team; and, also in the USA, Maud y Shultz, 1984
in BR (7.8%) and FR (10.5%). Similar values were obtained by Brewer
etal, 1994°” and by Scott et al, 2003°% in BF (12.6 and 12.1%) and FR
(15.2 and 16.1%) with British subjects, obtained by Durnin-Womersley,
1974. In 36 elite Spanish players, Suarez-Moreno and Nufez, 2011
obtained by Yuhasz's E. a fat percentage of 12% in BR and 16.4% in FR.
In Australia, Zemski et al, 2015 used a DXA scanner (Hologic Discovery
A, Hologic, Bedford, MA) and obtained 10,7% in BR and 14,2% in FR. La
Monica etal. (2016)*° in USA University students obtained an average of
8.8 Vs 12.6% (BE vs FR) using Jackson-Pollock’s E. Lastly, Posthumus et al,
2020 in 39 players of New Zealand using DXA obtained the greatest
fat percentage, 14.8% BR and 17.8% FR.

For rugby players, strength and muscle power are major
components in their physical condition. Allometric studies have also
been carried out® ¢ to assess performance in various tests of the
upper body (bench pressing) and the lower body (vertical jumping)
with respect to BM, FR and BR, and it was found that the players were
better characterized by the normalization using the corresponding
power. Moreover, it was useful in the comparisons between those of
different body sizes.

The limitations of the study include the errors inherent to the
techniques used, mainly in connection with the anthropometric
estimation of muscle mass, since three perimeters are involved in the
equation applied (forearm, thigh and leg), all involving limbs, and this
may under-estimate the calculation as it does not take into account
the muscle development at trunk level that occurs in this form of
sport. On the other hand, other factors implicated in VO, ., such as
central cardiovascular adaptation (cardiac volumes) blood parameters
(haemoglobin) have not been assessed.

Among the practical applications of this work is the use of VO,
percentiles provided for the assessment of RU players, advising the
use of VO, relative to fat-free mass or scaled body weight according
to assessment of body composition or not. Likewise, the data of fat
percentage, lean mass and muscle mass can serve for the control and
fixing of the objectives that the athlete can reach according to position
and time of the season.

Allometric scaling will be more useful to us to discriminate the
changes in the maximum oxygen consumption in relation to the
body composition. The increase in VO,  may be due to a greater
mass of metabolically active tissue and/or greater ability to extract and
use oxygen within the muscle, reflecting the metabolic adaptation.
We recommend the use of lean weight to relativize the maximum
consumption due to the limitations mentioned in the estimation of
muscle mass. In comparative studies among athletes, a higher maximum
oxygen uptake relative to lean weight will therefore tell us who has
better metabolic adaptation and the changes of this with training.
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Summary

The aim of this study was to determine if the combination of active (exercise) and passive warm-up (thermal blanket) generates
an increase in the number of deep squat repetitions compared to only active warm-up. Ten physically active and apparently
healthy subjects (26.2 + 5.9 years of age) were recruited for the study. Four sessions, with three-days intervals were performed.
In the first session the maximum weight in deep squat was estimated (Brzycki's formula), the second, third and fourth sessions
performed the greatest number of deep squat repetitions with 85% maximum repetition (to exhaustion or even losing the
technique). Before each condition, subjects were randomly assigned to one of three different conditions: active warm-up
(CA,) traditional warm-up plus five minutes sitting, active warm-up plus placebo (CA ) traditional warm-up plus five minutes
sitting with thermal blanket placed on the legs and combined warm-up (CC_ ) traditional warm-up plus five minutes with a
thermal blanket placed on the legs. No differences (p >0.05) were found between CA_ (8.6 + 1.8 reps)and CA (8.7 + 1.6 reps)
conditions in the number of squats performed. However, the CC__condition (11.1 + 2.0 reps; p = 0.001; d =-2.107) was more
effective compared to CA_ (8.6 = 1.8 reps) and CA_, (8.7 + 1.6 reps). A combination of active and passive heating (thermal
blanket), increases the number of repetitions of deep squats in physically active young people.

La combinacion de calentamiento activo y pasivo como método para
incrementar la cantidad de repeticiones de sentadilla profunda

Resumen

El objetivo del estudio fue determinar si la combinacion del calentamiento activo (gjercicio) y pasivo (almohadilla térmica)
genera un aumento en la cantidad de repeticiones de sentadilla profunda en comparacion a realizar Unicamente calenta-
miento activo. Para el estudio se reclutaron 10 sujetos fisicamente activos y aparentemente sanos (26,2 + 5,9 afios de edad).
Se realizaron cuatro sesiones con intervalos de tres dias por sesion. En la primera sesion se estimé el peso méximo, mediante
repeticion maxima, en sentadilla profunda (férmula de Brzycki), la segunda, tercera y cuarta sesion realizaron la mayor cantidad
de repeticiones de sentadilla profunda con el 85% de la repeticion maxima (al fallo o hasta perder la técnica). Los sujetos fueron
asignados de forma aleatoria a una de tres condiciones distintas: calentamiento activo (CA., calentamiento tradicional mas
cinco minutos sentados), calentamiento activo mas placebo (CAc.», calentamiento tradicional mds cinco minutos sentados
con almohadilla térmica apagada sobre las piernas) y calentamiento combinado (CCor, calentamiento tradicional mas cinco
minutos con la almohadilla térmica encendida sobre las piernas). No se hallaron diferencias (p >0,05) entre la condicién CA«
86+ 1,8 rep)y CAwsr (8,7 + 1,6 rep) en la cantidad de sentadillas realizadas. Sin embargo, la condicion CCon (11,1 + 2,0 rep;
p =0,001; d =-2,107) mostrd ser mas efectiva en comparacion a CA« (8,6 + 1,8 rep) y CAcwr (8,7 + 1,6 rep). La combinacion
de calentamiento activo y pasivo (ejercicio y con almohadilla térmica) incrementa la cantidad de repeticiones de sentadilla
profunda en personas jovenes fisicamente activas.
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Combined active and passive warm-ups as a technique to increase the number of deep squat repetitions

Introduction

Regardless of the type of physical exercise or sport, warming up is
afundamental part of the training session or competition and can even
be considered to be an essential activity during exercise or competition.
However, its effect on physical performance is still at issue'™.

Warming up is considered to be any activity that results in an increase
in body temperature. It may be performed actively and/or passively in order
to improve neuromuscular response and reduce the probability of injury®.
Active warm-up is achieved through physical exercise (aerobic and/or an-
aerobic) while passive warm-up refers to the use of some external means to
raise the body temperature (hot water immersion, increase of environmental
temperature, compression sleeves, heating pads, among others)®.

Today, it is highly recommended to perform an active warm-up
routine prior to a sports activity due to the improvement in physical
performance caused by the muscular metabolism and the muscle fibre
conduction velocity, as well as generating greater emotional stability,
confidence and mental preparation*’. Likewise, passive warming-up
has been shown to be beneficial in improving the joint range of motion
and reducing the probability of injury®°.

It has been demonstrated that the increase in body temperature,
through a passive warm-up, improves physical performance in activities
of short and long duration due to the increase in the muscular metabo-
lism and the degradation of glycogen, production of adenosine triphos-
phate and phosphocreatine. Furthermore, it increases the muscle fibre
conduction velocity, in other words it generates an increase in muscle
power caused by the rapid release of calcium from the sarcoplasmic
reticulum and the hyperpolarization of the membrane as a result of the
increased activity of the sodium-potassium pump. Another factor that
increases physical performance is muscle relaxation, which improves at
high temperatures (25-37 °C) due to the efficiency of the mechanisms
for the removal of calcium from the sarcoplasm, calcium-troponin dis-
sociation and the separation of the actin-myosin bridges''".

In the case of an active warm-up, apart from the mechanisms
mentioned above, it also drives the oxygen uptake kinetics due to a greater
gasexchange, to achangein the oxyhemoglobin curve and to the activation
of the oxidative enzymes. It also improves post-activation potentiation,
in other words, intense muscle activity generates greater force in the
subsequent exercise. The above is the result of an increase in the electrical
activity in the spinal cord, increased actin filament calcium sensitivity and
an increase in the calcium concentrations in these muscle fibres”.

Considering the benefits of warming up on physical performance,
the purpose of this study was to determine whether the combination
of an active and passive warm-up (heating pad) leads to an increase
in the number of deep squat repetitions (85%RM) compared to solely
active warm-up.

Material and method

Participants

10 subjects were recruited (5 men and 5 women), who were physi-
cally active and apparently healthy (age 26.2 + 5.9 years, weight 70.0 +

11.8 kg, height 166.6 + 10.9 cm), with 2.8 + 1.4 years of experience perfor-
ming deep squat exercises. Subjects were selected non-probabilistically
for convenience. All participants were informed in detail with regard
to the objectives and procedures of the study, emphasising the risks
involved. This was set out in a letter of informed consent and voluntary
participation signed by each participant. The investigation protocol
was developed in compliance with the guidelines for investigations on
human beings established in the declaration of Helsinki'.

Procedure

The subjects attended a fitness centre on four separate occasions.
At the first session, an estimation was made of the maximum deep
squat weight (75.4 + 26.9 kg) using the formula proposed by Brzycki',
weight lifted in kg / (1.0278-0.0278)* number of repetitions). For
this test the subjects performed a conventional warm-up focussed
on two key aspects: low-intensity aerobic activity (15 seconds of
sideways head movements, shoulder rotation, hip rotation, knee
flexion-extension, ankle circling in the air and jogging for 3 minutes)
and dynamic muscle stretching (pectoralis major, latissimus dorsi,
hamstrings, quadriceps and iliopsoas, 15 sec. each)'™.

Once the maximum squat weight had been estimated, the order
of the following three conditions was randomly assigned, consisting
in performing the greatest number of deep squat repetitions at 85%
of their estimated maximum capacity in session one (64.1 + 22.9 kg)
(Figure 1). It should be mentioned that all the subjects attended
together at the same time (8:30 to 10:30 h) with a 3-day interval
between sessions.

Combined warm-up (CC,.)

For this condition, the subjects performed the active warm-up
indicated in session one. They subsequently sat down and a pad heated
to 42°C was placed on their legs (GAON Innovacioén, State of Mexico,
Mexico) (Figure 2) for a period of five minutes. At the end of the five
minutes, the skin temperature was 37.4 + 1.0°C.

Active warm-up (CA.)

The subjects performed the conventional active warm-up of
session one, they then sat down for a five-minute period without the
heating pad. At the end of this seated period, the skin temperature at
the quadriceps was 32.0 + 1.0°C. The skin temperature was taken with
an infrared thermometer, Fluke 68 (Washington, USA), which had a
resolution of 0.1°C and an accuracy of + 1°C.

Active warm-up plus placebo (CA.:p)

PFor this condition, the subjects performed the same active warm-
up as for session one. Subsequent to this, they sat down for a five-minute
period and a disconnected heating pad was placed on their legs with
the temperature control display facing downwards (so that they were
unable to see that it was off). This condition was proposed in order
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Figure 1. Example of a deep squat.

Figure 2. Example of the application of the heating pad for con-
dition CC,, and CA...p.

to determine whether the use of the heating pad created a placebo
effect on physical performance. At the end of the five minutes, the skin
temperature was 32.1+ 0.3°C.

The active warm-up intensity was measure subjectively by the Borg
Rating of Perceived Exertion (0-10). The subjects rated the warm-up
as hard (5.3+1.3). At the end of the seated period, irrespective of the
condition, the subjects were instructed to perform the greatest possi-
ble number of squats at 85% of maximum weight. For all sessions, the
subjects were informed that they should not do any physical exercise
in the 24 hours prior to the session, and that they should refrain from
consuming medication, drinks and food considered to be diuretic.

Statistical analysis

The SPSS version 23 statistical analysis package was used for the
data analysis. Descriptive statistics were used for the variables of age,
height, weight and years of experience performing deep squats. The
Shapiro-Wilk test of normality gave a normal data distribution (p >0.05).
A one-way ANOVA was performed (conditions) on related samples in
order to compare the ambient temperature, relative humidity, skin
temperature, number of repetitions made and for the sum of the lifted
weight (weight multiplied by repetitions) following a warm-up with a
heating pad turned on, off and without a heating pad.

Results

No significant differences were found in ambient temperature
(CCom 20.0 + 2.3°C, CA; 19.2 £ 5.3 °C, CAcip 204 £ 5.5°C, p=0.91) orin
relative humidity (CComn 59.6 +5.9%, CA 54.0 + 5.6%, CAc+p 49.2 + 2.8%;
p =0.41) between the different conditions. This result indicates that the
subjects performed the assessments in the same ambient conditions.

The one-way ANOVA showed no skin temperature differences
between condition CA. and CA.e (p >0.05). However, differences
were found for condition CCom compared to the other two conditions
(p = 0.001). These results indicate that the application of the passive
warm-up generated an increase in the skin temperature of 5.3°C in
comparison to those conditions without this type of warm-up (Table 1).

The variance analysis showed no significant differences (p >0.05;
Cl95% -1.294, 1.094; d = -0.079) between conditions CA. and CAcue
in the number of deep squat repetitions made. However, differences
were found (p =0.001; CI95% -3.182,-1.618; d =-2.107) between CC,,
and CA. and between CCyp and CAcip (p = 0.001; CI95% 1.407, 3.593;
d =-2.683) (Figure 3). The data suggest that the combined warm-up
(CCon) leads to a greater number of deep squat repetition (Table 1).

With regard to the total sum of the lifted weight (weight multiplied
by repetitions), no differences were found (p >0.079; CI95% -178.329,
8.993; d =-0.618) between conditions CA and CAcr. On the other hand,
differences were found (p = 0.001; CI95% 137.497, 336.115; d = 1.469)
between CC,, and CA. and between CC,y, and CAcisr (0 =0.001; CI95%
91.215,213.061;d=1.055).This result suggest that the combined warm-
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Table 1 Description of the data obtained.

Skin Number of
Temperature (°C) repetitions

Sum of lifted
weight (kg)

CCom 37.4+£1.1% 11.1+£2.0* 681.9+167.5%
CA« 32.0£1.0 8.6x1.8 445.1£154.5
CActip 32.1+0.3 8.7£1.6 529.7+116.4

*Significant differences compared to the other two conditions (p = 0.001).

Figure 3. Number of deep squat repetitions made, comparing the
combined warm-up (CC,.,), active warm-up (CA.) and active warm-
up plus placebo (CA.p). * p =0.001

16
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up (CC,y) is the most effective technique for achieving a greater number
of squat repetitions (Table 1).

Discussion

The purpose of this study was to determine whether or not the
combination of an active and passive warm-up technique (heating pad)
leads to an increase in the number of deep squat repetitions (85%RM)
compared to solely active warm-up. The key finding was that, with the
combined warm-up there was a greater number of squat repetitions
compared to the active warm-up and active warm-up with placebo. In
other words, combined warm-up enhances physical performance with
regard to the number of deep squat repetitions made.

Given that passive warm-up by itself has been demonstrated to
be insufficient to put the body through strenuous physical effort, it is
therefore necessary to perform active warm-up in order to ensure that
the joints and muscle tissue are in optimal condition for greater effort.

For decades it has been reported that one of the principal results
of a warm-up session is the increase in body and muscle temperature.
According to different authors, a 1°C increase in muscle temperature
is sufficient to observe improvement in the subsequent exercise of
between 2-5%''¢, which was also observed in this study in condition
CCom, Whereby, although the muscle temperature was not directly
measured, a temperature increase was propitiated through the muscle

contractions of he active warm-up plus the passive warm-up, increasing
the skin temperature by 5.3 °C.

The increase in body temperature through an active or passive
warm-up can lead to an increase in the muscular metabolism, muscle
fibre conduction velocity and muscle contractile performance®. For
their part McGowan et al*, reported that active and passive warm-ups
exert a considerable influence on subsequent performance due to an
increase in adenosine triphosphate (a nucleotide that is essential in
obtaining cellular energy), the actin-myosin cross bridge cycling rate
and oxygen uptake kinetics.

Recentinvestigations report that the combination of active and pas-
sive warm-ups improves physical performance compared to when used
separately, despite the use of different passive warm-up techniques and
application protocols. For example, in their study, Baskaran, Seemathan
and Sadhasivam'” used an infrared lamp to passively increase the body
temperature of their subjects, with similar characteristics to those of this
study; on the other hand, McGawley, Spencer, Olofsson and Andersson'®,
conducted a study with exercise protocols at -7.2 + 0.2°C implemented
with Alpine skiers who wore a lower-body heated garment as a passive
warm-up method. However, when discussing which is the best type of
warm-up (active - passive) prior to practising a sport, evidence points to
an active warm-up as the most suitable forimproving strength, anaero-
bic power and the range of motion'%, Even so, there is a considerable
amount of literature that reports that a warm-up exercise, whether
active, passive or combined, is not a factor that improves or negatively
affects physical performance, something that is not consistent with the
findings of this study. Ahsan and Mohammad?' reported that there was
no difference in muscular strength in any warm-up technique used in
their study (active, passive and combined). This could be due to the fact
that muscle strength was measured using an isokinetic dynamometer,
which measures the strength in the upper extremities, yet the passive
warm-up protocol was implemented in the lower body (Gluteus,
Hamstrings, Quadriceps, Gastrocnemius, and soleus). Furthermore, the
study was on independent samples, analysing volleyball, basketball and
handball players, sports in which grip strength may not hold the same
importance as explosive strength?”#. For their part, Gogte, Srivastav
and Balthillaya® also reported that they had found no differences in the
three different types of warm-up. This could be due to the fact that the
active warm-up comprised more intense activities (cycling, leg press,
jump squats, squat jumps) than those that are normally part of active
warm-up (low-intensity running, for example). Likewise, passive warm-
up was implemented through the application of moist towels on the
lower limbs for 20 minutes, which is along period of time in which they
do not explain whether the heat was lost or topped up in some way.

Just like the above investigators, Gray and Nimmo? found no diffe-
rences between the active and passive warm-up techniques. This result
may have been obtained due to the fact that, in the passive warm-up
session, the investigators left the subjects in a climate-controlled room
(45°C-70%) until they reached the same body temperature as that
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obtained in the active warm-up (36.9+0.2°C). However, the subjects
remained seated during the passive warm-up, with no physical exertion,
unlike the active warm-up. A further limitation of the studies is that
they did not report the muscle, body or skin temperature on comple-
tion of the passive warm-up?' %, which is an important variable for the
effectiveness of the warm-up. Unlike the active warm-up, the passive
one can increase both the body and muscle temperature without de-
pleting energy substrates. It has been documented that a 1°C increase
in muscle temperature improves physical performance by 2 to 5%*. In
this study, the subjects increased their leg skin temperature by 5.3°C
with the heating pad, improving their physical performance by 27%
with the combined warm-up.

Conclusion

The results of this study demonstrate that the combination of an
active and passive (heating pad) warm-up technique increases the
number of deep squat repetitions made. However, in order to achieve
this improvement, the skin temperature needs to be around 37.5°C.
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Summary

Objective: To know the surgeon’s decision making on the choice of graft in anterior cruciate ligament (ACL) reconstruction
surgery according to the sport practiced by the patient.

Material and method: An online survey was conducted through the Spanish Society of Sports Traumatology (SETRADE) and
the European Society for Sports Traumatology, Knee Surgery and Arthroscopy (ESSKA). A descriptive analysis of the sample was
performed, and an analysis of the main reason for the choice of plasty was carried out stratifying the sample into different groups.
Results: 83 surgeons responded to the survey, 71 members of SETRADE and 12 of ESSKA. The mean number of ACL recons-
truction performed per year per respondent was 56 (1-220). For 86.7% of the respondents, sport influenced the decision on
the type of graft to be used, the main reason being the biomechanical properties of the plasty (49.4%). The mean agreement
in the type of graft to be used in each sport studied was 58.29% (71.1%-38.6%). The highest concordance in the plasty of
choice occurred in cycling, with respondents using hamstrings in 71.1% of cases. The sports with the least concordance were
wrestling and skiing. There were no statistically significant differences in the reason for choosing plasty.

Conclusions: The survey was conducted by a significant number of surgeons with experience in ACL surgery, with biome-
chanical properties being the main reason for choosing which graft to use. Most of them were influenced in this decision by
the type of sport practiced. The authors recommend the handling of at least 2 plasties for primary ACL reconstructions and
to individualize each case considering the type of sport in the selection of the graft.

El deporte como condicionante en la eleccion del tipo de plastia en la
reconstruccion del ligamento cruzado anterior. Encuesta epidemiolégica
y analisis de la situacion actual

Resumen

Objetivos: Conocer la toma de decisiones del cirujano en la eleccion de la plastia en la cirugia de reconstruccion del ligamento
cruzado anterior (LCA) en funcién al deporte practicado por el paciente.

Material y método: Se realizd una encuesta online, dirigida a través de la Sociedad Espafnola de Traumatologia del Deporte
(SETRADE) y la European Society for Sports Traumatology, Knee Surgery and Arthroscopy (ESSKA). Se realizé un andlisis descrip-
tivo de la muestra, y un analisis del motivo principal de la eleccion de la plastia estratificando la muestra en distintos grupos.
Resultados: 83 cirujanos respondieron la encuesta, 71 miembros de SETRADE y 12 de ESSKA. La media de plastias realizadas al
ano por cada encuestado fue de 56 (1-220). Para el 86,7% de los encuestados el deporte influyd a la hora de tomar la decision
deltipo de injerto a utilizar, siendo la principal razén las propiedades biomecanicas de la plastia (49,4%). La coincidencia media
en la plastia utilizar en cada deporte estudiado fue del 58,29% (71,1%-38,6%). Las mayores concordancias en la plastia de
eleccién se produjeron en ciclismo, utilizando los encuestados isquiotibiales en el 71,1% de los casos. Los deportes con menos
concordancia fueron la luchay el esqui. No hubo diferencias estadisticamente significativas en la razon para elegir la plastia.
Conclusiones: La encuesta fue realizada por un nimero significativo de cirujanos con experiencia en plastias del LCA,
siendo las propiedades biomecénicas el principal motivo a la hora de elegir el injerto a utilizar. A la mayor parte de ellos les
influyd el tipo de deporte practicado en esta decision. Los autores recomendamos el dominio de al menos 2 plastias para
las reconstrucciones primarias del LCA e individualizar cada caso considerando el tipo de deporte en la seleccion del injerto.
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Introduction

The anterior cruciate ligament (ACL) injury of the knee is currently
one of the most limiting pathologies for athletes’. The instability that it
causes in the knee means that sport is out of the question in most cases
and so it requires reconstruction surgery with a tissue graft to replace it.

The type of reconstruction has varied over the last century. Firstly,
attempts were made to repair the ACL, although this was not particularly
successful, so this is now not recommended for athletes?. Nevertheless,
some work groups are currently performing repair techniques with com-
parable results to reconstruction techniques?. Even so, reconstruction
is the most recommended treatment among elite athletes nowadays.

Different types of grafts are available to replace ACL. Within these
types, there are different classes of grafts and multiple factors to consider
when choosing one or the other: the type of sport, the patient’s sporting
level and job, their availability, the presence of multiple injuries, the pre-
sence of previous surgeries, the surgeon’s philosophy and experience,
patient preference, aesthetics and economic means*®. The main issues
of these grafts initially revolve around the donor zone, the area where
they are extracted, where residual pain is the most frequent®.

The success of this ACL surgery is based on the capacity to get
patients back playing sport and to work by recovering the sporting or
working level prior to their injury.

The general objective of the study is to reveal specific indications
for each graft in our medium when choosing the plasty for primary
reconstruction of ACL in older professional athletes depending on the
sport the patients play, the reasons for this choice and observe whether
our results match the recommendations obtained in the bibliography
which was consulted.

Material and method

An online, anonymous, unpublished survey was carried out, com-
prising 5 questions: 3 open questions and 2 multiple choice questions
(Annex 1). The survey was sent out via the Sociedad Espariola de Trau-
matologia del Deporte (SETRADE) (Spanish Sports Traumatology Society)
and the European Society for Sports Traumatology, Knee Surgery and
Arthroscopy (ESSKA) to all Spanish and European orthopaedic surgeons
who perform ACL reconstruction as part of their usual clinical practice.

All the questions refer to the context of a mature professional
athlete who has completely torn their ACL with no previous history,
injuries or surgeries.

Firstly, information was compiled on the quantity of ACL recons-
truction surgeries that they carried out every year, the number and type
of plasties that they had mastered for this reconstruction, choosing
from among the most frequently used (BTB autograft, hamstring, QT,
allograft, ACL reconstruction + extra-articular plasty or other), where it
was possible to pick more than one option.

Subsequently, they were asked for the surgeon’s main reason
when choosing the plasty to be used (complications in the donor zone,

greater plasty stability/rigidity, faster osteointegration, biomechanical
properties, re-tear rate, etc.) and if they consider the patent’s sport when
picking one plasty over another.

Finally, various scenarios were raised to see how the chosen graft
preferences changed according to the sport and the level of activity
and functional needs of the patient: the participants were asked to
pick one type of graft for each scenario and the results were analysed.

All the data obtained were recorded in a database designed for
this study.

A descriptive analysis was made for the sample. The “reason for
choice of plasty” variable was analysed by stratifying the sample into
different groups, analysing them separately: surgeons that carried out
more than or less than 40 plasties a year, surgeons who belong to
SETRADE and ESSKA and any influenced by the sport when choosing
one plasty over another.

Statistical analysis

The statistical analysis used the SPSS computer program, version
18.0 (SPSS Inc., Chicago, USA). The Kolmogorov-Smirnov test was
used to determine whether the data fitted the normal distribution.
The quantitative variables are presented as means and standard de-
viation and the qualitative variables as percentages. To compare the
characteristics between the groups, 2x2 tables were constructed for
the categoric variables. For the qualitative variables, the chi square test
was used with Yates's correction depending on the Mantel-Haenszel
parametric.

Results

The survey was answered by 83 surgeons (n=83) who are members
of SETRADE (n=71) and ESSKA (n=12).

The mean number of plasties performed per year for each survey
respondent was 55.93 (1-220 range typical deviation 47.82) and the me-
dian was40.In this range, the 25th percentile was 20, the 50th percentile
was 40 and the 75th percentile was 100. 26.5% of survey respondents
performed more than 100 ACL reconstruction surgeries a year.

89.19% (n=74) mastered at least 2 plasties when performing this sur-
gery. From the total, 60 of them (72.2%) were familiar with the BTB graft
technique and 75 (90%) mastered the STG technique. Only 21 surgeons
were aware of the QT tendon technique (25.3%) while 55 (66.2%) were
able to use the allograft technique. The extra-articular plasty was used
by 50.6% of the responding surgeons (n=42) (Figure 1).

For 86.7% of the survey respondents, the sport influences the
decision on the type of graft to be used, where the main reason is the
biomechanical properties of the plasty (49.4%), followed by complica-
tions in the donor zone (19.3%) and thirdly, the type of sport that the
patient plays (12%) (Figure 2).

When different scenarios were suggested, their graft choices varied
as follows: More detailed information is available in Table 1:
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Figure 1. Knowledge of the plasties by the survey respondents.

Figure 2. Reasons for choosing the plasty.
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Table 1. Distribution of choice of plasty by sport.
Sport BTB STG QT BTB + Plasty STG + Plasty Allograft No answer
(%) (%) (%) extra-articular (%) extra-articular (%) (%) (%)
Football 57.8 21.7 4.8 9.6 24 3.6 -
Basketball - jumping events  27.7 51.8 24 - 9.6 7.2 1.2
Racquet 229 60.2 24 - 6 6 24
Wrestlers 38.6 38.6 4.8 4.8 24 7.2 3.6
Volleyball 18.1 63.9 1.2 - 10.8 3.6 24
Cycling 14.5 711 1.2 - 24 8.4 24
Skiing 38.6 373 4.8 3.6 3.6 8.4 3.6
Ballet 15.7 63.9 24 - 3.6 10.8 3.6
Runners 14.5 65.1 24 - 24 12 3.6
Swimming 18.1 66.3 - - 1.2 10.8 3.6
Multi-sport 24.1 63.9 - - 3.6 7.2 1.2

— For football, 57.8% of survey respondents preferred the BTB auto-
graft, followed by STG (21.7%) and BTB + extra-articular plasty (9.6%).
4.8% of the survey respondents use QT as the first option, 3.6%
autograft while 2.4% use the plasty with STG + extra-articular plasty.

— Forbasketball and jumping events, 51.8% of the survey respondents
preferred the STG autograft, followed by BTB (27.7%) and STGI +
extra-articular plasty (9.6%). 7.2% of survey respondents use allo-
graft in this type of athletes.

— For racquet sports, the most used plasty is STG (60.2%), followed
by the BTB autograft (22.9%) and the STG + extra-articular plasty
and allograft, both used as the primary option for 6% of surgeons
who answered the survey.

— Among wrestlers, 38.6% of survey respondents chose both BTB and
STG as their first option. In third place, 7.2% of surgeons use the
allograft as the main option among these patients.

For volleyball, 63.9% of survey respondents preferred the STG auto-
graft, followed by BTB (18.19%) and STG + extra-articular plasty (10.8%).
For cycling, 71.1% of survey respondents preferred the STG auto-
graft, followed by BTB (14.5%) and allograft (8.4%).

For skiing, 38.6% of survey respondents chose both BTB and 37.3 %
chose STG as their first option. In third place, 8.4% of surgeons use
the allograft as the main option among these patients.

For ballet, 63.9% of survey respondents preferred the STG autograft,
followed by BTB (15.7%) and allograft (10.8%).

For running, 65.1% of survey respondents preferred the STG auto-
graft, followed by BTB (14.5%) and allograft (12%).

For swimming, 66.3% of survey respondents preferred the STG
autograft, followed by BTB (18.1%) and allograft (10.8%).
Foramateur multi-sport patients, 63.9% of the survey respondents pre-
ferred the STG autograft, followed by BTB (24.1%) and allograft (7.2%).
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Figure 3. Choice of the plasty depending on the patient’s chosen sport.
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The most chosen plasty matched or was the same by 58.29% on
average (range 71.1 - 38.6%) in each sport among the different sports
studied (Figure 3).

When analysing the results, it was seen that 43 survey respondents
(51.8%) performed 40 or more plasties a year, while 40 (48.2%) perfor-
med less than 40 plasties. When comparing these groups, there were
no statistically significant differences in the reasons for choosing the
plasty (Fisher Test p=1) (Table 2).

When comparing these groups of surgeons from the SETRADE and
ESSKA societies, there were no statistically significant differences in the
reasons for choosing the plasty (Fisher’s Exact Test p=0.22) (Table 3).

When comparing surgeons influenced by the sport when choosing
the plasty, there were no statistically significant differences in the reasons
for choosing the plasty (Fisher's Test p=0.734) (Table 4).

Discussion

Our survey was completed by 83 surgeons or heads of surgical
teams. In the light of the results, we observe that most of them are sur-
geons with wide-ranging experience, with an average number of plas-
ties carried out per year for each surgeon or team of 55.93. Furthermore,
the majority of these surgeons had mastered at least 2 plasties. These

findings show the suitability of the survey respondent for this work. The
range of plasties performed every year was 1 to 220, where 220 was
the number of plasties performed by one of the Spanish surgical teams.
These figures are similar to other surveys published’. The best known
plasty among surgeons filling in the survey were hamstring, handled by
90% of the survey respondents. These findings match those from Arnold
and his team® whose article presents the evolution of plasties for this
surgery: In 1992, the most frequent choice of graft was BTB, accounting
for almost 90%. Hamstring autografts have become more popular, and
currently exceed 50%, followed by the BTB autograft with a little under
40%. The QT autograft has become more popular since 2014.

Otherfindings worth mentioning include the influence of the sport
when choosing the plasty for 86.7% of the survey respondents, and this
was the 3rd most important reason for choosing the plasty in the survey.
The biomechanical properties were the main reason for picking the graft.
There were no statistically significant differences concerning the reason
for choosing the plasty among surgeons from different societies, more
or less experienced surgeons and surgeons who considered the sport
in this choice, indicating a homogeneous sample.

Analysing each sport separately, we find that the most chosen
plasty matched or was the same in an average of 58.29% (71.1 - 38.6%
range) in each sport studied. From this data, it can be interpreted that
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Table 2. Statistical analysis. Groups that perform more or less than 40 plasties a year.

Reason for choosing the plasty

Properties Others Total
Number of plasties >40 Count 22 21 43
% within the number of plasties 51.2% 48.8% 100%
<40 Count 19 18 37
% within the number of plasties 51.4% 48.6% 100%
Total Count 41 39 80
% within the number of plasties 51.3% 48.8% 100%
Chi-square tests
Value Gl Asymptotic sig. Exact sig. Exact sig. (unila-
(bilateral) (bilateral) teral)
Pearson’s chi-square 0.000* 1 0.000*
Continuity correction** 0.000 1 0.000
Authenticity reason 0.000 1 0.000
Fisher’s Exact statistic 1.000 0.582
Line by line association 0.000 1 0.987

No. of valid cases 80

*0 boxes (0.0%) have an expected frequency under 5. The minimal expected frequency is 18.04.
**Calculated only for a 2x2 table.

Table 3. Statistical analysis. Setrade and ESSKA groups.

Reason for choosing the plasty

Properties Others Total
Origin Setrade Count 37 31 68
% within the origin 54.4% 45.6% 100%
ESSKA Count 4 8 12
% within the origin 33.3% 66.7% 100%
Total Count 41 39 80
% within the origin 51.3% 48.8% 100%
Chi-square tests
Value Gl Asymptotic sig. Exact sig. Exact sig.
(bilateral) (bilateral) (unilateral)
Pearson’s chi-square 1.814* 1 0.178
Continuity correction** 1.068 1 0.301
Authenticity reason 1.839 1 0.175
Fisher’s Exact statistic 0.220 0.151
Line by line association 1.791 1 0.181
No. of valid cases 80
*0 boxes (0.0%) have an expected frequency under 5. The minimal expected frequency is 5.85.
**Calculated only for a 2x2 table.
the majority agree on the choice of the same plasty in most of the sports added), the plasty choice percentages would rise to 67.4% (adding
studied. Furthermore, in sports such as football or basketball, if we con- isolated BTB and BTB with extra-articular plasty) in the case of football,
sider the sum of the main or most chosen plasty, plus the extra-articular and 61.4% in the case of basketball (adding hamstring and hamstring
reinforcement (the main plasty is the same, but an extra technique is plus extra-articular reinforcement). In the case of volleyball, as the sport
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Table 4. Statistical analysis. Groups where the sport may or may not influence the decision on the ACL reconstruction plasty.

Reason for choosing the plasty

Properties Others Total
Does the sport influence your choice? Yes Count 37 34 71
% within the sport, does the sport 52.1% 47.9% 100%
influence?
No Count 4 5 9
% within the sport, does the sport 44.4% 55.6% 100%
influence?
Total Count 41 39 80
% within the sport, does the sport 51.3% 48.8% 100%
influence?
Chi-square tests
Value Gl Asymptotic sig. Exact sig. Exact sig.
(bilateral) (bilateral) (unilateral)
Pearson’s chi-square 0.188* 1 0.665
Continuity correction** 0.006 1 0.937
Authenticity reason 0.188 1 0.664
Fisher’s Exact statistic 0.734 0.468
Line by line association 0.186 1 0.667
No. of valid cases 80

*2 boxes (50%) have an expected frequency under 5. The minimal expected frequency is 4.39.

**Calculated only for a 2x2 table.

where surgeons chose the option of extra-articular reinforcement most
often, this percentage would rise to 74.7% when adding hamstring and
hamstring plus extra-articular reinforcement, providing the greatest
percentage of coherence in the response chosen in our survey.

Our study found the most heterogeneity in sports such as wrestling
and skiing, where no choice prevailed over 50%.

When reviewing the literature, we find that within the framework
of a primary isolated reconstruction of ACL, most of the authors and
reviews make recommendations concerning the type of plasty by
dividing the patients into 3 groups®. Firstly, there are the elite, active
athletes where the graft of choice is the BTB autograft, although the
quadriceps tendon autograft can be an increasingly viable option in
this population given that the hamstring autograft and the allograft
have demonstrated greater failure rates and greater laxity, although
they can be used if the patient must frequently kneel in their profes-
sion. Secondly, there are moderately active patients where the graft
of choice is the hamstring autograft. It has a low failure and revision
rate compared to allografts, and it also avoids the morbidity of donor
zone associated with the BTB extraction. Although some residual
laxity can remain, compared to a BTB graft, it is not clear whether this
difference is clinically relevant. Finally, there are older patients who
are less active for whom non-surgical treatment fails, where the graft
of choice remains the hamstring autograft. However, the allograft

can be considered for patients who are prepared to accept a greater
risk of graft failure.

Other BTB indications could be athletes with a patellar tendino-
pathy, to the extent that it can be treated concomitantly with taking
the graft of the patellar tendon, and patients with medial laxity of the
knee for chronic injuries, then the hamstring acts as a medial stabiliser
and its resection would not be recommended for taking the graft®.

We thereby seen that BTB is the main option in the elite athletes’
group and this is where we would like to step in. For us, one graft is no
better than another, but a precise indication of its use. Not all sports are
the same or have the same requirements.

Other revisions, such as Calvo and their group,10 go one step further
regarding recommendations to select a graft according to the patient’s
characteristics and their sport: it is recommended to use a patellar
tendon autograft in professional and top competition patients (football
and rugby), patients who require an early return to their sport, patients
who are susceptible to hamstring injury (sprinters, American football)
and hyperlax patients; meanwhile, a hamstring graft is recommended
for patients with open physes, women (aesthetic advantage), patients
who have to kneel and sports which are susceptible to patellar tendon
damage (basketball, volleyball, tennis). Finally, allograft is recommended
in cases of multi-ligament injuries, patients over 40 years old with low
demand, revisions.
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This guide already made recommendations according to which
sport is played and this is what we are trying to analyse.

Recent prospective studies of cohorts have identified risk factors
for the failure of the ACL reconstruction graft failure, such as younger
patients, greater levels of activity, fitting a non-anatomical tunnel and
the use of allografts. Among these, the most easily modifiable risk fac-
tor is the choice of graft where the most suitable must be chosen for
the patient, so Buerba and their team'" also recommend considering
these risk factors and the sport played, recommending BTB in sports
or professions that do not involve kneeling; hamstring grafts in sports
that do not depend to a great extent on the hamstring musculature;
and QT in athletes that depend on their hamstring, and in athletes and
workers who spend time on their knees (wrestlers, judo and carpenters).

Likewise, Arnold and Houck®"? also concluded that the graft se-
lection must be individualised for each patient and understanding the
global trends in the choice of graft can help orthopaedic surgeons to
discuss the graft options with their patients and determine the appro-
priate graft for each case. Therefore, the surgeon must be familiar with
all ACL reconstruction options available to optimise the treatment and
the results of each patient.

Some considerations on the possible limitations of this work could
be due to only using data from 2 European societies as the selection
bias. Many answers were received from the Spanish society (SETRADE)
but not so many from the European society (ESSKA) and so these data
may not be representative of the society. Furthermore, the range of
plasties carried out every year by the surgeons is very high, and there
are broad differences between groups with a lot of experience and
surgeons with little experience.

As aspects to be highlighted, surgeons and teams with broad ex-
perience completed the survey, both in terms of volume of surgeries
per year and in plasties mastered by the survey respondents, which
strengthens our results.

After evaluating the situation and making all the considerations,
the following terms and consensus could be determined:

The performance of athletes in football, rugby, American football,
weightlifting, sprinting, ballet dancers, taekwondo or karate, that com-
promise the hamstring, can be affected if we use them as a graft as this
might considerably reduce the strength of the final flexion. There is also
a greater incidence of muscle contractures and tears in the donor area
and in female athletes if we use hamstring plasties; consequently, BTB
would be the plasty of choice in these sports.

On the other hand, for sports where the extensor plays an important
role, and kneeing is usual practice, as in martial arts, skiing, volleyball
and basketball, we would choose hamstring plasties, so as not to injure
the extensor.

In racquet sports, cycling, runners, swimming and amateur multi-
sport patients, where hamstring power and the requirements are not
as important, a hamstring plasty can be recommended given the
advantages and disadvantages analysed above.

For athletes with open growth cartilage, only a hamstring graft is
used, regardless of the sport, as the tunnel must always be filled with
soft tissue to avoid damage to the epiphyseal growth.

We only recommend allografts in multi-ligament injuries, amateur
athletes over 35 years old, as the inclusion and the strength of the graft
requires double the time of the autografts, and the re-tear rate is higher.
Patient preference should also be considered in the choice.

Currently we see that for almost 90% of the survey respondents, the
sportinfluences the decision on the type of graft to use. If we analyse each
sport separately, in general lines and the most popular sports, there is a
coincidence in the plasty used, although for others there is not as much
concordance as might be expected. With all this, the authors recommend
mastering at least 2 plasties for primary reconstructions of ACL and indi-
vidualising each case considering the type of sport when selecting the
graft, considering what has been analysed in this work and in the literature.

Conclusions

Our survey was completed by a significant number of surgeons
with experience in LCA plasties, where the biomechanical properties
were the main reason when choosing the graft to be used. Most of them
were influenced by the type of sport involved when making this choice.

The most chosen plasty was the same in 58.29% on average in
each sport being studied, where most of them coincided with this same
choice, although there are sports where no option prevails.

The authors recommend mastering at least 2 plasties for primary
reconstructions of ACL and individualising each case by considering
the type of sport when selecting the graft.

Appendix 1. Survey

All the questions refer to the context of complete rupture of the
anterior cruciate ligament in a mature professional athlete with no
previous history, injuries or surgeries.

1. How many ACL tear reconstruction surgeries do you perform per
year?

2. Do you consider the type of sport that the patient plays when
choosing the plasty in the ACL surgery?

3. What is the main reason that you consider when choosing the
plasty to be used? (Complications in the donor zone, greater sta-
bility/rigidity of the plasty, faster osteointegration, biomechanical
properties, re-break rate, etc.).

4. How many plasties for ACL reconstruction and which type have
you mastered? Choose the options that consider patellar tendon
autograft (BTB)?

a)  BTB-Patellar tendon.

) Hamstring autograft (STG).

O

c)  Quadricipital tendon autograft (QT).

d) Allograft.

e)  ACLreconstruction + extra-articular plasty.
f)  Other.
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Depending on the following type of activity, which ACL reconstruc-

tion plasty among the above do you think is the most appropriate?

More than one answer is possible:

a)  Football player and impact sports — rugby, American football,
handball.

b)  Basketball player /athletics — jumping events.

¢)  Racquet sport or similar: tennis, paddle tennis, ping pong,
badminton, squash, baseball, cricket.

d)  Wrestlers and martial arts.

e)  Volleyball.

f)  Cycling.

g)  Skiing / snowboard, ice or roller hockey.
h)  Ballet and other types of dancing.

0 Long distance runners.

j) Swimming.

k) Amateur multi-sport patients.
)} Low activity patients.
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The number of variables that influence the success of an anterior cruciate ligament (ACL) reconstruction is so high that an

in-depth analysis of the problem can only be carried out through numerical tools. Once the diameter of the substitute plasty

and the interference screw has been chosen for a given patient, one of the main concerns of the surgeon is to find the most

suitable diameter of the tibial tunnel for its fixation. In this work, a finite element model was developed in order to simulate

both the reconstruction and the subsequent rehabilitation of the ACL at its tibial insertion. For the simulation, the chosen

tendon and screw diameters were 4 mm and 7 mm, respectively, while diameters of 7, 8,9, and 10 mm were tested for the

tibial tunnel. The parameters of the behavior models of the different materials (screw, bone and tendon) were obtained

through experimental tests. The results obtained show that, as the diameter of the tunnel decreases, the compressive stress

over the plasty will increase (theoretical objective of the fixation), but the deformation induced on the trabecular bone also

increases, which can trigger its failure. For this reason, the maximum values of the interferential pressure must be limited to

those strictly necessary to ensure that the reconstruction is properly done, that is, that it prevents the tendon from slipping

in the tunnel during the rehabilitation process. The simulation of the rehabilitation process was done by pulling the already

Key words:  fixed tendon in the femoral direction in order to extract it. It was obtained that the most suitable diameter of the tibial tunnel
ACL. Tibiae. Trabecular bone, ~ for the chosen plasty-screw assembly is 8 mm, since it provides a suitable subjection without high values of deformation in

Plasty. FEM.  trabecular bone, that is, no damage in this part of the bone.

Efecto del diametro del tunel tibial en el resultado de la reconstruccion

de LCA

Resumen

El nimero de variables que influyen en el éxito de una reconstruccion de ligamento cruzado anterior (LCA) es tan elevado

que un andlisis profundo del problema sélo puede realizarse a través de herramientas numéricas. Elegido el didmetro de la

plastia sustituta y del tornillo interferencial para un determinado paciente, una de las principales preocupaciones del cirujano

es dar con el didmetro de tunel tibial més adecuado para su fijacion. En este trabajo se desarrollé un modelo de elementos

finitos que simula tanto la reconstruccién como la posterior rehabilitacion del LCA en su insercion tibial. Para la simulacion, los

didmetros del tendon y tornillo elegidos fueron 4 mmy 7 mm respectivamente mientras que para el tunel tibial se probd con

didmetros de 7, 8,9y 10 mm. Los pardmetros de los modelos de comportamiento de los diferentes materiales (tornillo, hueso

y tendoén) se obtuvieron mediante ensayos experimentales. Los resultados obtenidos muestran que, conforme disminuye

el didmetro del tunel utilizado, crece la tensién de compresion ejercida sobre la plastia (objetivo tedrico de la fijacion), pero

también crece la deformacion inducida sobre el hueso trabecular, lo que puede desencadenar el fallo del mismo. Por esta

razén, los valores maximos de la presion interferencial deben limitarse a los estrictamente necesarios para asegurar que la

reconstruccion sea efectiva, es decir, que evite el deslizamiento del tendén en el tinel durante el proceso de rehabilitacion.

Palabras clave:  Simulado, también, el proceso de rehabilitacion tirando del tendén en direccion femoral, se ha obtenido que el didgmetro de
LCA. Tibia. Hueso trabecular.  tunel tibial méas adecuado para el conjunto plastia-tornillo elegido, es el de 8 mm, ya que proporciona una fijacion suficiente

Plastia. FEM.  sin que los valores de deformacién en el hueso trabecular lleguen a producir su dafo.
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Introduction

ACL tears are usually treated by rebuilding the damaged ligament
or by replacing it with a tendon that can perform its function. To carry
out this procedure, the surgeon must drill two bone tunnels, in the tibia
and femur, remove the ligament and replace it with the graft.

The prevalence of this injury estimates that 60% of them have a
sporting nature, that is, they happen to the young and active popula-
tion'. However, it also happens in people who are overweight and not
very active or have motion limitations. Largely, the success of the recons-
truction will depend on the chosen plasty, but also on the choice of the
geometry of the tibial tunnel, the materials involved and the optimal
size of each element depending on the patient. To date, the surgeon
usually carries out the intervention in a standardized way, without being
able to make great distinctions between patients. Through this work, it
is intended that each patient can be treated individually. Moreover, this
work try to find the optimal reconstruction parameters for each patient,
that is, it will be performed for their type and size of tendon, as well as
for their own bone characteristics.

Due to the large number of variables involved in the study, it seems
clear that making the most appropriate decision for each patient is not
easy, and in order to undertake the analysis, we must use numerical
tools’.

The objective of this work is, therefore, the analysis of the mecha-
nical response of the tibia-plasty-screw assembly after the anterior
cruciate ligament reconstruction, evaluating the influence of the diffe-
rent variables that come into play?. This would not be possible without
the correct mechanical characterization, through laboratory tests, of
the different materials involved. This need arises, in large part, due to
the enormous variability in the existing bibliographic data*'°, derived
both from the use of very diverse materials (different species, screws
of different materials, etc.) as well as very different test methodologies.
Thus, in order to develop and subsequently validate a correct numerical
model, it is necessary to describe the most appropriate mechanical
behavior models for each of the intervening elements, which would not
be possible without their prior experimental characterization.

Once the most appropriate behavioral models for each material
involved in the reconstruction have been defined, this paper presents
the finite element model used to describe the fixation process of the
plasty in the tibial tunnel by using an interference screw. The states of
stress and strain are also analyzed once the surgery is finished, depen-
ding on the diameter of the tibial tunnel used. Finally, the stability of
the reconstruction is checked when, at the end of the plasty fixation
process, the assembly must respond to normal workloads that would
try to move the graft (and even the screw) along the tunnel.

Material and method

The numerical simulation of the ACL reconstruction has been ca-
rried out using the finite element method (FEM) with the commercial
program ABAQUS. Hence, a two-dimensional (2D) geometric model has
been made. It consisted of the trabecular bone that surrounds the tibial
tunnel, inside which the substitute plasty and the interference screw

Figure 1. Geometric model used in the analysis.

are located, as shown in Figure 1. Four different diameters of the tibial
tunnel (D =7, 8,9 and 10 mm) were analyzed, while the diameters of
the plasty and the interference screw were considered invariable, with
values of 4 mm and 7 mm, respectively.

The material models used are a reflection of the results obtained
after an extensive experimental work, which are collected in detail in
previous publications''2

Thus, trabecular bone, from porcine tibiae and characterized by
compression tests''?, showed that once a certain level of load (o,) was
reached, its resistant capacity remained constant until macroscopic
failure due to collapse of the different trabeculae happened. It is an
elastic-perfectly plastic behavior that is modeled by introducing the
elastic parameters (elastic modulus, E and Poisson's ratio, v) and the
yield stress, o, of the material. The trabecular bone also showed greater
resistance and stiffness when it was loaded in the longitudinal direction
(with respect to the axis of the tibia) than when it was loaded in the
transverse direction, that is, it has an anisotropic mechanical behavior.
However, taking into account that it is impossible to fix the position
of the tibial tunnel with respect to the axis of the tibia in an exact way
numerically, the best and safest option is to consider that the behavior of
the boneisisotropic using the corresponding properties to the weakest
direction (transversal). This also has greatly simplified the calculus''.

The tendons had porcine origin (flexor digitorum), too. They were
characterized using tensile loads and measuring the deformations with
an ARAMIS 5M video correlation image equipment'?. The behavior of the
tendons was clearly hyperelastic and anisotropic, typical of this type of
material. Itis adjustable to a material model defined by Calvo and Pefa™,
that describes the behavior of soft tissues being incorporated into the
finite element program through a user subroutine (uanisohyper_inv?3'3),
whose constants, Cio, Cs and C, collected in Table 1, are obtained after
adjusting the model to the experimental results.

For its part, the interference screw used (with dimensions of 7 mm
diameter and 25 mm length), was subjected to a compression test,
loading the specimen perpendicularly to its principal axis. Its behavior
was linear-elastic behavior up to very high loads. The elastic parameters
obtained (E y v), shown in Table 1, were consistent with those expec-
ted for the type of material analyzed, composed of a mixture of PLLA
polymer (75%) and hydroxyapatite HA (25%)2.
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Table 1. Materials involved in the simulation: Properties and constitutive model chosen.

Material Behavior

Constitutive model Properties

Trabecular bone

E=73 MPa
v=0.27
o, 2.7 MPa

Elastic-perfectly plastic

Tendon

uanisohyper_inv'? C,=798
C.,=0.374

C,=19.24

4

Interference screw

Elastic E =3600 MPa
v=0.3

To carry out the simulation, it was assumed that both the screw
and the tendon are located in their final position (the one they would
have after the real threading process was carried out by the surgeon)
inside the tunnel. In this way, the screw is not in contact with the su-
rrounding materials (trabecular bone and tendon) because a sufficient
radial compression pressure has been applied to it. In a second step,
this pressure is deleted, allowing the screw to start the contact with the
other components that will be pressed, to a greater or lesser extent,
depending on the size of the tunnel analyzed. The interaction properties
(contacts) between the different materials have been defined based
on previous studies?3'31415, A friction coefficient of 0.1 was used for the
contact between the trabecular bone and the tendon or the screw
while for the contact between the interferential screw and the tendon
a much smaller coefficient (just 0.05) has been taken.

In this way, once the geometric model was generated (Figure
1), the materials (Table 1), contacts and the corresponding boundary
conditions' were defined, the LCA reconstruction process was carried
out in three calculation steps:

— Step 1. Screw compression: A uniform pressure is applied to the entire
surface of the screw until its dimensions are reduced such that,
once it is placed in the desired position within the tibial tunnel,
there is no contact with any of the other elements of the model.

— Step 2. Tendon pretension: In the same way the surgeons act to en-
sure that the tendon does not roll or become lax during the screw
entry process'?, a slight pretension is performed on it.

— Step 3. Decompression of the screw: Gradually, the pressure to
which the screw had been subjected in step 1 is deleted. At the
same time, the screw is allowed to recover little by little its initial
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geometry and dimensions, starting the contact with the rest of
the elements of the joint.

Once the reconstruction is complete, stress and strain values of the
different elements are evaluated. However, the fundamental proof
of the success of the intervention is that the substitute tendon is
sufficiently fixed, so that, during the rehabilitation process, when
itis subjected to a tensile load in the femoral direction, it does not
experiment big displacements inside the tunnel. Thus, the following
step is used.

— Step 4. Rehabilitation: After the surgery, the tendon is released
from its initial pretension, and it is pulled from the opposite end,
in the same direction, but towards the femur, trying to extract it
from the tibial insertion. This simulates the natural movement of
the knee. Based on the results obtained by other authors' when
they analyzed the relative displacement of the tendons during a
normal rehabilitation process, the axial displacement applied to
the tendon at its femoral insertion is about 3 mm, which would be
equivalent to knee flexion of 30°, position of maximum load during
rehabilitation'”. After this step, the relative displacements between
the tendon and the screw teeth in different positions are analyzed.

Results

Figure 2 compares the appearance of the different elements invol-
ved in the ACL reconstruction once it is completed (step 3 is finished),
for different diameters of the tibial tunnel. The configurations corres-
ponding to the tibial tunnels with diameters of 10 mm (Figure 2a), 9 mm
(Figure 2b), 8 mm (Figure 2c) y 7 mm (Figure 2d), are represented keeping
constant the geometric parameters of the other components. As can be
seen, as the diameter of the tibial tunnel decreases, the points of contact
between the surface of the screw and the adjacent elements increase.

Figure 3 shows the distribution of minimum principal stress (radial
pressure) at the points of the tendon surfaces in contact with the screw
(tendon_left) and in contact with the trabecular bone (tendon_right),
for the four cases analyzed. The points of contact between the teeth of
the screw and the tendon are reflected in the peaks of the stress profile
(Figure 3.a), showing punctual values of high compressive stresses.
However, the contact between the tendon and the trabecular bone
(Figure 3.b) shows a much smoother and more homogeneous stress

Figure 2. Numerical results of the reconstruction. Arrangement
of tibial tunnels of: (a) 10 mm; (b) 9 mm; (c) 8 mm; (d) 7 mm.

Figure 3. Influence of the tibial tunnel diameter on the Minimum
Principal Stress in the tendon: (A) in contact with the screw; (B)
in contact with trabecular bone.

A

distribution. It starts in the area corresponding to the beginning of the
tibial tunnel, reaching its maximum value in the areas whose longitudinal
coordinates match with the first or second tooth of the screw, the area
with the largest diameter of the screw. Then, a progressively decrease
of stress happens until its disappearance in an area close to the exit of
the tibial tunnel towards the femur. These figures also show that as the
diameter of the tunnel decreases, the stress levels on the tendon are
higher as well as the area affected by these stresses, something that is
beneficial in theory. However, the greatest variation in stress happens
when the diameter of the tunnel decreases from 10 mm to 9 mm.

Furthermore, as can be seen in Figure 4, the decrease in the tibial
tunnel diameter also affects to the values of strain strongly, especially
in the trabecular bone. The strong increase in the radial deformation
of the trabecular bone is especially relevant when the diameter of the
tunnel decreases from 8 mm to 7 mm.

For its part, Figure 5 shows the displacements experienced by
different points of the tendon when it is subjected to the rehabilitation
process once the reconstruction is completed. The zones represented
are those that are in contact with the different teeth of the screw after
reconstruction. Zone 1 is the one corresponding to the tooth furthest
from the femur and Zone 8 is the one closest to the femoral part of the
tunnel.
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Figure 4. Influence of the tibial tunnel diameter in the strain
distribution of the trabecular bone in contact with the tendon.

Figure 5. Displacement of the different points of the tendon along
the tibial tunnel for different diameters of tunnel (d=10,9y 8 mm).

As can be seen, when the tunnel diameter used is 10 mm, all points
of the tendon suffer longitudinal displacements close to or greater than
2 mm, which indicates that with this tunnel diameter, the tendon has
not been sufficiently fixed. Thus, the reconstruction cannot be validate.
However, when the diameter of the tibial tunnel becomes 9 mm, the
displacements in the areas furthest from the femur are very small, being
almost zero the one corresponding to the first tooth. With an 8 mm
tibial tunnel diameter, all tendon displacement is zero, except to the
ones that are near the femur.

Effect of tibial tunnel diameter on the outcome of ACL reconstruction

Discussion and Conclusions

First, it should be noted that this work collects the results obtained
after developing and applying a finite element model that simulates ACL
reconstruction in the tibial area when a single interference screw with a
diameter of 7 mm and a length of 25 mm is used to fix the position of a
single 4 mm diameter substitute plasty. The variable that will change its
value is the diameter of the tibial tunnel (between 7 mm and 10 mm).
The geometric model, made in two dimensions, has been modeled in
the most reliable way possible, and the behavior models of the materials
involved (trabecular bone, tendon and interference screw) come from
results obtained from an extensive experimental work collected in pre-
vious publications'2. Due to the large number of contacts established
between the elements involved, the problem to solve is very complex
in numerical terms, so a strategy consisting of using three steps to
simulate the actual reconstruction and one more step to simulate the
rehabilitation process has been used. This early rehabilitation therapy
lies in the application of a longitudinal displacement of 3 mm to the
tendon, already located in the proper position inside the tibial tunnel,
but trying to extract it in the femoral direction.

Simulating the ACL reconstruction process with four different
diameters of the tibial tunnel (10,9, 8 and 7 mm), the stress and strain
values in the contact surfaces of the tendon with the trabecular bone
and with the screw have been presented (Figures 3 and 4). The results
have revealed that the diametrical pressure exerted by the screw
against the tendon (Figure 3.a), with peaks and valleys -depending
on whether the contact area is the teeth or the area between them-,
increases as the diameter of the tunnel decreases. Practically, the
maximum value of diametrical pressure is reached when the tunnel
passes from a 10 to 9 mm diameter. It also happens with the contact
pressure between the tendon and the trabecular bone (Figure 3.b),
which, although with a much smoother profile, goes from a value of
about 2.5 MPa to 4 MPa when the diameter of the tunnel is reduced
from 10to 9 mm.

Subsequent reductions in diameter of the tunnel (8 mm and 7
mm) have more influence in expanding the area subjected to maxi-
mum stress (by increasing the area of contact between the screw and
the rest of the materials surrounding it) than in increasing the value of
this stress distribution. These results are not far from those obtained
by other authors'®, who used a much simpler model, without the
presence of a tendon. This author used an interference screw with a
diameter of 8 mm and a length of 20 mm that perfectly adjusted to
the tibial tunnel and in which the material bone was simplified to only
cortical bone behavior, as linear elastic material (E=13.4 GPa, v=0.28).
They obtained that the pressures exerted on the bone tunnel did not
exceed 3 MPa, a value well below the yield limit of the cortical bone
used in said study (182 MPa).

Although the decrease in the diameter of the tunnel barely affects
the stress values from 9 mm diameter of tunnel, it does not occur with
the strain in the trabecular bone (Figure 4), which grows very noticea-
bly, especially when going from a tunnel diameter of 8 mm to one of
7 mm. When the results of these two tunnel diameters (8 and 7 mm)
are compared, although the stresses hardly change, the diametrical
deformation in the trabecular bone increases by almost 50% in the

Arch Med Deporte 2023;40(2):107-112 111



Covadonga Quintana-Barcia, et al.

contact areas affected transversely by the pressure of some of the screw
teeth. The high values of strain reached at certain points could imply a
localized deterioration of the trabecular bone and the consequent loss
of pressure on the reconstruction.

Based on these results, itis conceivable that the ideal tunnel will be
the one that manages to fix the plasty without extremely high values of
strain in the trabecular bone, regardless of the pressure reached. Thus,
itis necessary to analyze the displacements suffered by the plasty after
the rehabilitation process, which are summarized in Figure 5.

Analyzing the results showed in Figure 5, it could be inferred
that the use of a 10 mm diameter tibial tunnel is unable to fix a 4 mm
plasty with a 7 mm diameter interference screw, so the choice of this
combination of parameters would be completely wrong. It should be
noted that the verification of screw slippage is usually carried out one
or two months after the reconstruction, subjecting the joint to cyclic
loads'®. The fact that there could be tendon slippage in such an early
and non-aggressive rehabilitation is a reason to dismiss the tibial tunnel
configuration studied with the selected tendon and screw.

However, the use of a 9 mm diameter tunnel already ensures that
the tendon is totally fixed in zones 4 and 5 (displacement 0 mm) and
that in the rest of the zones the displacement is very small, so it could
be considered that the choice of this tunnel diameter would already
be sufficiently valid. Nevertheless, if the diameter tunnel used is 8 mm,
the displacements suffered by the plasty during rehabilitation are
even lower, without the implication of a sudden change in the values
of stress and strain in the different elements involved, something that
happens when the diameter of the tunnel decrease (Figure 4.b). Then,
it seems that the optimal choice for a successful reconstruction of a
4 mm tendon (assuming a double arrangement), using a screw with
the analyzed geometry (7 mm in diameter and 25 mm in length) would
be a tibial tunnel diameter of 8 mm or 9 mm, which also coincides with
that obtained by other authors?®? for a similar arrangement. Going
below that diameter would mean an excessive increase of the strain
in the trabecular bone, without providing any improvement in terms
of tendon support.

Having presented the results and discussed them, it is worth noting
that the model which has been developed is capable of simulating
ACL reconstruction in a reliable and relatively simple manner. Thus, it
is emerging as a very useful tool in making decisions about the most
appropriate tibial tunnel diameter to use depending on the interference
screw and the plasty chosen for the patient.
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Summary

Introduction: Determining the body composition and somatotype in sport talents provides a useful reference to improve
the trajectory toward high-level competition.

Objective: The aim of this study is to determine the body composition and somatotype by discipline of children and ado-
lescents of both genders in the sport talent development program at the Regional Training Center.

Material and method: Seventy-two subjects participated (29 females, 15.9 + 2.0 years; 43 males, 15.9 + 2.3 years) from the
disciplines of athletics, cycling, judo, karate, and table tennis. a) Baseline measurements: weight, height, and body mass index
(BMI); b) Body masses by fractioning into five components (in %): muscle, fat, bone, residual and skin, using Kerr's method and
€) Somatotype, according to the model proposed by Heath and Carter were performed.

Results: Females have a higher percentage of fat mass than males. Exactly the opposite occurs with muscle mass, where
males present a higher percentage than females, with the exception of table tennis. Regarding residual mass, males present
higher values in all the disciplines. The males were classified as endo-mesomorphs, except for those in athletics, who were
classified as ecto-mesomorphs, while the females from athletics and table tennis were classified as central, those from cycling
and judo as endomorph-mesomorphs, and those from karate as meso-endomorphs.

Conclusion: Through a two-dimensional contrast of the somatotype of CER athletes and that of adult athletes at the High
Performance Center in Chile, it was determined that both groups are different, indicating that CER athletes do not yet meet
the structural requirements necessary for a trajectory to high-level competition, suggesting that training modifications be
considered to get closer to the ideal somatotype.

Composicion corporal y somatotipo de los atletas del programa de
desarrollo de talentos deportivos chilenos

Resumen

Introduccion: Determinar la composicion corporal y el somatotipo en los talentos deportivos es una referencia Util para
mejorar la trayectoria hacia la competicién de alto nivel.

Objetivo: El objetivo de este estudio es determinar la composicion corporal y el somatotipo por disciplina de los nifios y
adolescentes de ambos géneros en el programa de desarrollo de talentos deportivos del Centro de Entrenamiento Regional.
Material y método: Participaron setenta y dos sujetos (29 mujeres, 15,9 + 2,0 afos; 43 hombres, 15,9 + 2,3 afos) de las disci-
plinas de atletismo, ciclismo, judo, karate y tenis de mesa. Se realizaron las siguientes evaluaciones a) peso, altura e indice de
masa corporal (IMC); b) Masas corporales fraccionadas en cinco componentes (en %): musculo, grasa, hueso, residual y piel,
utilizando el método de Kerry ¢) somatotipo, segun el modelo propuesto por Heath y Carter.

Resultados: Las mujeres tienen un mayor porcentaje de masa grasa que los hombres. Exactamente o contrario ocurre con
la masa muscular, donde los hombres presentan un porcentaje mayor que las mujeres, con la excepcion del tenis de mesa.
En cuanto a la masa residual, los hombres presentan valores mas altos en todas las disciplinas. Los hombres se clasificaron
como endo-mesomorfos, excepto los de atletismo, que se clasificaron como ecto-mesomorfos, mientras que las mujeres
de atletismo y tenis de mesa se clasificaron como centrales, las de ciclismo y judo como endomorfas-mesomorfas, y las de
karate como meso-endomorfas.

Conclusion: Mediante un contraste bidimensional del somatotipo de los atletas del CER y el de los atletas adultos del Cen-
tro de Alto Rendimiento de Chile, se determind que ambos grupos son diferentes, lo que indica que los atletas del CER no
cumplen aun con los requisitos estructurales necesarios para una trayectoria hacia la competencia de alto nivel, sugiriendo
que se consideren modificaciones del entrenamiento para acercarse al somatotipo ideal.

Correspondence: Daniel Jerez-Mayorga
E-mail: daniel.jerez@unab.cl

Arch Med Deporte 2023;40(2):113-118 113



Carlos Bahamondes-Avila, et al.

Introduction

Using several anthropometric studies conducted on elite athletes,
precise data have been obtained on the structural requirements needed
in the different disciplines, as there are morphological characteristics
that will be selective in the development of top-level sports'2. Anthro-
pometry not only enables the design of physical activity and training
programs, but itis also useful as a predictive measure in identifying sport
talents®. Thus, although all individuals have similar training conditions,
both qualitatively and quantitatively, those athletes with more favora-
ble morphological conditions for sports would perform better**. Even
the anthropometric characteristics and state of maturation have been
considered as predictors of success in young athletes®. Consequently,
the information that can be obtained from these evaluations acquires
great importance for the trajectory of sport talents toward high-level
competition. Accordingly, the Chilean government program responsible
for detecting, selecting, and developing sport talents, called the “National
Sport Projection — Regional Training Centers (Centro de Entrenamiento
Regional -CER- in Spanish) Program)”and dependent on the National
Sports Institute of Chile, establishes as part of its technical guidelines
certain training processes with technical instruments for detecting and
developing talent, including periodic anthropometric assessments’.
However, although there are multiple anthropometric studies on chil-
dren and adolescents in schools?, there is little information about the
morphological characteristics of boys and girls who train regularly® and
who are considered potential sport talents to enable the definition of a
characteristic anthropometric profile by gender and sport. Therefore, the
aim of this study is to determine the body composition and somatotype
by discipline of children and adolescents of both genders in the sport
talent development program at the Regional Training Center in (CER).

Materials and method

Sample

Seventy-two subjects participated in the study (29 females, 159 +
2.0 years; 43 males, 15.9 + 2.3 years) belonging to athletics, cycling, kara-
te, table tennis, and judo who are part of the sport talent development
program at the CER. They train a minimum of 10 hours per week and
regularly participate in official competitions of the respective national
federations. The study followed the guidelines of the Declaration of Hel-
sinki with respect to the ethical principles of human research: each athlete
participated voluntarily; signed an informed assent and consent form; had
the permission of their parents, coaching staff, and respective physician.

Instrument and Procedures

The assessments were carried out by a level | anthropometrist
certified by the International Society for the Advancement of Kinanthro-
pometry (ISAK) and supervised by a level lll instructor. Every six months
during the measurement process, standardization of the measurements
was checked with 20 subjects of similar physical characteristics, obtai-
ning a technical error of measurement (% TEM) for the evaluating anthro-
pometrist of 0.68% in the diameters, 0.43% in the perimeters, and 3.57%

in the skin folds. The procedures were routinely performed during the
annual sports season, establishing by protocol that these were outside
the training schedule, with no sport practice for at least 24 hours, with a
food intake of more than four hours prior, and with gastric and bladder
emptying prior to the assessment. The ISAK assessment protocol was
followed'™®, measuring 25 variables, using a Seca® 769 electronic column
scale with an accuracy to 100 grs., a Seca® 217 stadiometer with an
accuracy to Tmm, a Harpenden skinfold caliper with an accuracy to
0.2 mm, two Campbell sliding calipers with long and short branches,
and a Rosscraft anthropometric tape measure, all from Rosscraft, and a
Gaucho Pro model with an accuracy to Tmm. With this, the following
variables of interest were determined individually: a) Baseline measure-
ments: weight, height, and body mass index (BMI); b) Body masses by
fractioning into five components (in %): muscle, fat, bone, residual and
skin, using Kerr's method'"; and ¢) Somatotype, according to the model
proposed by Heath and Carter'?, Using the concepts of classification that
correspond to the literal translation of the original work.

Statistical Analyses

Allthe variables were grouped by sport in addition to being divided
by gender. For their descriptive analysis, the means and standard devia-
tions were recorded by discipline and gender. The Kolmogorov-Smirnov
test was applied to assess the level of normality of the data. The statistical
program SPSS 17.0 was used to develop these tests.

Results

Table 1 presents the anthropometric characteristics of the baseline
measurements in the athletes belonging to the sport talent develop-
ment program at the CER, distributed by sport, according to gender.
Regarding the variable BMI, only in judo do females present values
slightly higher than males.

Table 2 show the results corresponding to the body composition
fractionated into five components. With the exception of table tennis,
females have a higher percentage of fat mass than males. Exactly the
opposite occurs with muscle mass, where males present a higher per-
centage than females, with the exception of table tennis. Regarding
residual mass, males present higher values in all the disciplines. In
terms of bone mass, males present a percentage higher than females,
whereas in skin mass none of the disciplines have significant differences
between the two genders.

With reference to the calculation of the somatotype of the athletes
in the CER, Table 3 shows the values distributed according to discipline
for both genders. A review of the somatotype classification reveals that
all males are in the endo-mesomorph category, with the exception of
males in athletics, who are in the ecto-mesomorph category. The female
athletes in athletics and table tennis are in the central category, those in
cycling and judo in the endomorph-mesomorph category, and those
in karate are classified as meso-endomorph.

Figures 1 and 2 contain somatocharts with the somatopoints of the
athletes from each of the disciplines at the CER, distributed for females
and males, respectively.
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Table 1. Baseline anthropometric measurements of the athletes in the CER Program, according to their discipline.

Disciplines Gender n Age Weight Height BMI
M + M + M + M +
Athletics F 10 15.42 1.56 52.63 7.26 161.39 4.03 20.21 2.83
M 5 15.8 1.54 63.42 7.29 172.68 10.87 21.36 2.54
Cycling F 7 15.93 1.98 55.13 8.58 157.31 7.1 2217 2.1
M 8 16.41 1.49 66.28 5.27 170.35 6.15 22.93 2.52
Judo F 8 17.56 1.63 64.71 7.33 158.19 539 25.8 1.87
M 12 17.1 2.53 69.32 8.96 170.1 6.21 24.03 3.46
Karate F 2 14.3 1.56 54.6 7.35 156.5 2.12 2235 3.61
M 6 13.93 1.57 54.28 11.47 154.78 11.08 22.52 3.18
Table Tennis F 2 13 0.42 45.75 53 152.65 1.2 19.6 1.98
M 12 15.23 2.29 58.38 12.76 163.72 10.56 21.52 2.79
BMI: Body Mass Index; M: Mean; +: Standard deviation.
Table 2. Body masses expressed as percentages of the athletes in the CER Program, according to their discipline.
Disciplines Gender n % fat mass % muscle mass % mass residual % bone mass % skin mass
M ik M ag M e M ag M ag
Athletics F 10 31.67 2.99 41.01 2.27 9.38 0.8 11.56 1.00 6.38 0.69
M 5 24.29 3.57 45.43 3.49 11.41 0.84 12.69 0.85 6.19 0.55
Cycling F 7 32.39 345 41.18 3.26 10.07 1.2 10.47 0.9 5.88 0.41
M 8 26.57 443 44.62 3.08 10.79 1.14 12.31 1.8 5.72 0.44
Judo F 8 33.1 2.29 41.24 1.8 10.22 1.00 10.11 0.71 532 0.32
M 12 22.55 4.09 48.42 4.17 11.71 1.06 11.91 1.08 542 0.58
Karate F 2 3361 0.57 42.01 0.78 9.48 0.95 8.93 0.45 5.98 0.71
M 6 25.52 5.18 44.75 3.48 11.31 2.07 12.58 1.21 5.85 0.62
Table Tennis F 2 29.5 3.46 42.52 0.63 9.86 1.08 11.62 0.92 6.51 0.83
M 12 29.15 4.21 42.81 3.57 10.28 1.19 11.97 1.36 5.79 0.69
M: Mean; +: Standard deviation.
Table 3. Somatotype of the athletes in the CER Program, according to their discipline.
Disciplines Gender n Endo Meso Ecto X Y Categoria
M + M + M +
Athletics F 10 3.25 1.49 3.16 0.75 3.12 1.27 -0.16 -0.08 Central
M 5 2.02 0.67 4.04 1.28 3.18 1.68 1.14 2.92 Ecto-Mesomorph
Cycling F 7 434 0.91 4.04 0.84 1.81 0.84 -2.54 1.93 Endo-Mesomorph
M 8 3.09 1.61 4.75 0.64 231 1.34 -0.75 4.09 Endo-Mesomorph
Judo F 8 55 0.75 5.25 0.64 0.65 0.46 -4.86 435 Endo-Mesomorph
M 12 2.58 1.2 5.5 1.27 1.96 1.77 -0.61 6.46 Endo-Mesomorph
Karate F 2 4.5 1.27 3.7 1.27 1.8 1.56 -2.65 1.2 Meso-Endomorph
M 6 3.28 1.76 5.52 0.76 1.72 1.06 -1.55 6.02 Endo-Mesomorph
Table Tennis F 2 3 1.27 3.6 0.42 2.7 0.99 -0.3 1.45 Central
M 12 3.28 1.21 4.92 0.7 2.54 0.96 -0.74 3.98 Endo-Mesomorph

Ecto: Ectomorphy; Meso: Mesomorph; Endo: Endomorphy.
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Table 4. Somatotype values of athletes in the CER Program contrasted with the somatotype values of athletes in the CAR.

Disciplines Gender Study n Endo Meso Ecto X Y Category SDD of SM
Ciclyng F CER 7 434+09 404108 1.81+£0.8 -2.54 1.93 Endo-Mesomorph 2.95
CAR 7 38 +1.8 1.7+47 19+15 =133 -0.09 Endomorph Balanced
M CER 8 3.09+1.6 475+0.6 231+13 -0.75 4.09 Endo-Mesomorph 2.11
CAR 6 30+1.3 57+13 20+1.2 -0.7 6.2 Endo-Mesomorph
Judo F CER 8 550+0.8 525+0.6 0.65+0.5 -4.86 435 Endo-Mesomorph 5.55
CAR 3 36+1.3 6.5+0.5 0.7+0.3 -2.8 8.6 Endo-Mesomorph
M CER 12 258+1.2 550+1.3 1.96+1.8 -0.61 6.46 Endo-Mesomorph 523
CAR 4 26+0.3 BYE/AS 1.5+0.9 -2.2 10.9 Endo-Mesomorph
Karate F CER 2 450+13 3.70%£1.3 1.80 1.6 -2.65 1.2 Meso-Endomorph 4.95
CAR 2 31402 52+0.07 14+03 -1.6 5.8 Endo-Mesomorph
M CER 6 328+1.8 552+08 1.72+1.1 -1.55 6.02 Endo-Mesomorph 3.75
CAR 3 3.0+1.0 58+0.6 1.5+04 -3 8.8 Endo-Mesomorph
Table Tennis F CER 2 3.00+1.3 3.60+04 270+1.0 -0.3 1.45 Central 4.04
CAR 5 4.6+0.7 44 +0.7 1.9+0.8 -2.6 2.1 Endo- Mesomorph
M CER 12 328+1.2 492+0.7 254+1.0 -0.74 3.98 Endo-Mesomorph 4.48
CAR 6 44+1.6 40+6.6 12+1.7 0.5 7.9 Endo-Mesomorph

CAR: High Performance Center; CER: Regional Training Center; Ecto: Ectomorphy; Meso: Mesomorph; Endo: Endomorphy.

Figure 1. Somatotype of the female athletes in the CER Program,
according to their discipline.

Figure 2. Somatotype of the male athletes in the CER Program,
according to their discipline.

1. Athletics
2. Cycling
3.Judo

4. Karate
5.TableTennis | 48

+10

+6

® 4

+2

6 -5 -4 -3 -2 -1 0+1 42 +3 +4 +5 +6

1. Athletics
2. Cycling
3.Judo

4. Karate
5.Table Tennis | 48

@® +6

("52)@ 4

+2

+10

6 5 4 3 2 -1 0+l +2 +3 +4 +5 46

Discussion

The present study provides the values of body composition and
somatotype by sport discipline and gender in children and adolescents
in the sport talent development program at the CER. When analyzing
the baseline anthropometric measurements according to gender, with
the exception of the athletes in karate, males have higher values in
weight and height than females, which is consistent with similar studies
involving Chilean children and adolescents’'. In addition, with the

exception of female Judo and male Karate who are between +1 and
+2 standard deviations, all groups are in the range considered normal
(median to +1 standard deviation)', which is to be expected conside-
ring that athletes are a very active population. However, this situation
is not of great relevance given that the BMI does not discriminate
several variables that influence the nutritional state's, as occurs in this
case, since it concerns athletes. Moreover, considering that it is a sport
that is divided into weight categories, it is common that in the combat
disciplines the athletes have a slightly higher weight than that of their
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category''® The contrast of the body composition results obtained
in this study with other investigations studying child and adolescent
athletes of similar ages is complex, as different methodologies are
used to measure this variable, fractioning into four or five components.
Nevertheless and in the face of little existing evidence, they serve as a
reference to create an image of the similarities or differences between
equivalent populations. In that context, in the case of judo, the male
athletes in the CER (assessed with the five-component methodology)
present higher percentages of muscle mass (48.4%) and fat mass (22.6%)
than Spanish adolescent judokas (assessed with the four-component
methodology), with 45.6% muscle mass and 14.8% fat mass'®. The fe-
male judokas in the CER present a very high percentage of fat (33.1%)
compared to data found in the Spanish sample of selected female
judocas®, who present a percentage of fat mass of 19.9%, whereas in
the percentage of muscle mass there is no evidence of a substantial
difference between the two groups (judokas in the CER 41.2%, Spanish
judokas 42.5%). In the case of the results obtained for body composition
of table tennis athletes, there is a difference with the other sports in the
CER, since only in this discipline do females present a higher percentage
of muscle mass than males, and males present a higher percentage of
fat mass than females. These results could be explained by the reduced
size of the female sample, a situation similar to that found in the study
by Pradas de la Fuente et al* with selected Spanish table tennis players,
where it was also found that the muscle component of females in the
junior category was significantly greater than the percentage in males,
noting that this could be due to the small sample size. Referring to the
body composition in junior athletes in karate, males in the CER present
a percentage of fat mass of 25.5%, a much higher value than junior
Spanish karatekas (assessed with the four-component methodology),
who present 12.2% of fat mass?'. On the other hand, the percentage
of muscle mass in the male karatekas in the CER is slightly less (44.8%)
than junior Spanish karatecks, who present a muscle mass of 45.2%.
With respect to the variable somatotype, the results found that
the athletes in the CER are different when contrasted with other stu-
dies on somatotype in athletes of the same disciplines and categories,
there being similarities and differences. On the one hand, in the study
of Godoy-Cumillaf et al', the athletes belonging to the schools of
karate present a somatotypical classification of endo-mesomorph in
the men of both groups, whereas in the women it is categorized as
mesomorph-endomorph, unlike the CER that was meso-endomorph.
Likewise, in the discipline of athletics, in both studies, male athletes
present a somatotype categorized as ecto-mesomorphic and central
in women. On the other hand, in judo and table tennis results differed
as to the somatotype found in other studies. In the former, the athletes
in the CER are categorized as endo-mesomorph, which differs from the
somatotype of the Spanish judokas in a similar category, since the most
common categorization is balanced ectomorph™. In the case of females,
the judokas in the CER were classified as endomorph-mesomorph,
which differs from the results of female judokas from Spain of the same
age, categorized as endo-mesomorph®. Regarding table tennis, the
somatotype of males in the CER, classified as endomorph-mesomorph,
also does not coincide with the table tennis players from Spain, who are
classified as balanced mesomorph?. In the case of female table tennis
players, the athletes in the CER are categorized as having a central

somatotype, whereas the Spanish table tennis players are classified as
meso-endomorph??.

In addition to comparing the somatotypes of the athletes in the CER
with other studies that analyze similar variables, specifically discipline
and age, and despite these athletes still being in a stage of structural
development, it seems important to establish a contrast with elite adult
athletes, whose reference appears as the somatotype value “to look for”
by the current talents who are expected to be the future elite athletes in
Chile, since an athlete performs better when their physical configuration
is similar to the model for their sport'. Table 4 shows the somatotype
values of the disciplines in the CER and the somatotype values of the
nationally selected athletes at the High Performance Center (Centro de
Alto Rendimiento (CAR) in Spanish), although without considering the
athletics athletes because the data in the study by Rodriguez et al.* di-
fferentiate the athletes according to groups of track and field disciplines.
A contrast of the values of the athletes at the CER and the CAR shows
that the male cyclists, judokas, and karatekas in the CER are consistent
in biotypological classification with the somatotype of the adult athle-
tes at the CAR in their respective disciplines. However, a bidimensional
comparison of the group of athletes in the CER with the athletes at the
CAR as a reference, using the somatotype dispersion distance (SDD) of
the somatotype mean (SM)* between the two groups, shows significant
distances (SDD > 2.0), with these being considered as different groups.

Conclusions

Considering that in each region of Chile there is a Regional Training
Center dedicated to the development of children and adolescents with
sport talent, this study is relevant as it provides data on a subject for
which there is little information, making it a useful tool for teachers and
trainers in this program. Thus, the recommendations made by De Rose
and Guimaraes® can be followed, modifying the training in the direction
suitable for adopting the somatotype according to age, the components
(meso and endomorphic) and the discipline, to decide correctly whether
to train strength to increase mesomorphy or to control caloric intake
and increase the volume of training to reduce endomorphy.

Considering that the children and adolescents in the sport talent
development program are still at an important stage of development,
the physical structure of these athletes will be modified according to
their evolution during their pubertal development and maintaining
or increasing the volume and intensity of training according to the
sport advances and the biological support they possess®. Additionally,
the characteristics studied demonstrate several differences between
genders for the same practice of a sport. Consequently, this study gives
referential values to be taken into account by other populations of up-
and-coming athletes and without a doubt, more research on this topic
may contribute to recognizing better anthropometric aptitudes linked
to sport development and thus provide a more detailed background
for the planning and optimization of training potential elite athletes.
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