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Abstract

The objective of this study was to determine the long-
term effect of a stretching program using the propriocep-
tive neuromuscular facilitation technique (PNF) on the
hamstring flexibility of pre-juvenile football players. A
quasi-experimental study was carried out with 20 young
football players. Their lower limbs were randomized by
assigning one to the control group and the other to the
experimental group. The control group underwent a stat-
ic-passive stretching programme, while the experimen-
tal group received a stretching program using the PNF
contraction-release technique. Hamstring flexibility was
assessed through the passive knee extension test. The
difference between groups were assessed through homo-
geneity tests for independent samples (Student’s t-test)
and for related samples (Wilcoxon signed rank test). In
both the control and experimental groups, the post-test
measures of the popliteal angle improved very little com-
pared to the pre-test. In none of the limb groups was the
difference statistically significant (p > .05). The measure
of popliteal angle change was 0.4° higher in the con-
trol group, although this small difference between groups
was not statistically significant (p = .829). In conclusion,
there were no changes in the popliteal angle between
limbs where the static-passive stretching programme was
applied compared to stretching with PNF. Neither pro-
gram was shown to be effective in increasing hamstring
flexibility in the long term.

Keywords: football, adolescent, hamstring muscles,
muscle-stretching exercises, articular arthrometry
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Resum

L’objectiu del present estudi va ser determinar 1’efecte a llarg
termini d’un programa d’estirament amb la tecnica de facilita-
cié neuromuscular propioceptiva (FNP) sobre la flexibilitat dels
isquiosurals en futbolistes de la categoria prejuvenil. Es va rea-
litzar un estudi quasiexperimental amb 20 joves futbolistes. Es
van aleatoritzar els seus membres inferiors assignant una extre-
mitat al grup control i una altra a I’experimental. En cada grup
es van realitzar 36 sessions d’estirament d’isquiosurals. El grup
control va dur a terme un programa d’estirament estatic-passiu,
mentre que 1’experimental va realitzar un programa d’estira-
ment amb la técnica contraccié-relaxacié de FNP. La valoracio
de la flexibilitat d’isquiosurals es va fer a través del test d’ex-
tensié passiva de 1’angle popliti. Es va valorar la diferéncia
entre grups a través de proves d’homogeneitat per a mostres
independents (¢ de Student) i per a mostres relacionades (prova
de rangs amb signe de Wilcoxon). Tant en el grup control com
en I’experimental les mesures postest de 1’angle popliti van mi-
llorar molt poc respecte al pretest. En cap dels grups d’extremi-
tats la diferéncia va ser estadisticament significativa (p > .05).
La mesura de canvi de 1’angle popliti va ser 0.4° superior en el
grup control, aquesta petita diferéncia entre grups no va ser es-
tadisticament significativa (p = .829). En conclusid, no es van
evidenciar canvis en I’angle popliti entre extremitats on es va
aplicar el programa d’estirament estatic-passiu i aquelles que
van rebre estirament amb FNP. Cap dels dos programes va
mostrar ser efectiu en 1’augment de la flexibilitat d’isquiosurals
a llarg termini.

Paraules clau: futbol, adolescent, musculs isquiosurals,
exercicis d’estirament muscular, artrometria articular
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Introduction

In football, many training or recovery processes are
focused on improving hamstring flexibility. Their
evaluation and maintenance are important in the field
of physical-sport health, since a shortening of this
muscle group has been related to an increase in the
likelihood of suffering from muscular-skeletal alter-
ations (Croisier, Forthomme, Namurois, Vander-
thommen, & Crielaard, 2002).

Flexibility is the ability to move one or sever-
al joints throughout the entire range of motion re-
quired for a specific activity or action, and it is one
of the basic components for physical-sport purpos-
es (Cejudo, Sainz de Baranda, Ayala, & Santonja,
2014).

A deficiency in this conditional physical capacity
can lead to muscle injuries when executing a sports
move due to the joint’s lower range of motion. The
majority of times, this is detected in sports medicine
check-ups or by using different evaluation methods.
The popliteal angle test has been used the most. Au-
thors like Ayala, Sainz de Baranda, Cejudo, and
Santonja (2013) used it to estimate and monitor the
flexibility of the hamstring musculature. The purpose
of the test is to eliminate the limitations detected in
the straight-leg elevation test (Luque-Suarez, Fuen-
te-Hervias, Bar6n-Lopez, & Labajos-Manzanares,
2010; Marella, Santos, & Bermudez, 2013; Neves
et al., 2012). It is based on measuring the existing
angles through a knee extension with the hip flexed.
The person must be lying down in supine position
with the hip and knee at a 90° right angle and the
ankle in a neutral position, with the centre of the go-
niometer flush with the knee’s axis of motion (Ayala
et al., 2013).

The lack of flexibility in the hamstring muscula-
ture affects the mobility of the pelvis and hip, which
leads to a change in the biomechanics of the distri-
bution of the loads borne by the backbone. Because
of this, it creates limitations in the gait and makes on
susceptible to muscular-skeletal injuries, in addition
to increasing the risks of falling (Da Silva Dias & Go6-
mez-Conesa, 2008).

It is generally accepted that increasing flexibility
will improve sport performance. Athletes with a high
degree of flexibility traditionally master the move-
ments better (Decoster, Scanlon, Horn, & Cleland,
2004).

Introduccio

En el futbol molts processos d’entrenament o recupe-
racié s’enfoquen a millorar la flexibilitat dels isquiosu-
rals. La seva valoracié i manteniment son importants en
I’ambit de la salut fisicoesportiva, ja que 1’escurcament
d’aquest grup muscular ha estat relacionat amb un incre-
ment de la probabilitat de sofrir alteracions musculoes-
queletiques (Croisier, Forthomme, Namurois, Vandert-
hommen i Crielaard, 2002).

La flexibilitat és I’habilitat de moure una o diver-
ses articulacions a través de tot el rang de moviment
requerit per a una activitat o accié especifica, sent
un dels components basics amb finalitats fisicoespor-
tives (Cejudo, Sainz de Baranda, Ayala i Santonja,
2014).

La deficiencia d’aquesta capacitat fisica condicional
pot portar a desencadenar lesions musculars en I’execu-
ci6 d’un gest esportiu per una disminuci6 del rang de
moviment de I’articulacid. La majoria de les vegades es
detecta en els reconeixements medics esportius o utilit-
zant diferents metodes d’avaluaci6. La prova de 1’angle
popliti ha estat la més utilitzada, autories com Ayala,
Sainz de Baranda, Cejudo i Santonja (2013) la van usar
per a estimar i monitorar la flexibilitat de la musculatu-
ra isquiosural. La prova té com a finalitat eliminar les
limitacions que s’han detectat en la prova d’elevacié de
la cama recta (Luque-Suarez, Fuente-Hervias, Bardon-
Lopez i Labajos-Manzanares, 2010; Marella, Santos i
Bermudez, 2013; Neves et al., 2012). Es basa en me-
surar els angles existents a través de 1’extensi6é de genoll
amb maluc flexionat. La persona ha d’estar en dectbit
supi amb el maluc i el genoll en un angle recte de 90° i
el turmell en una posicié neutral, fent coincidir el centre
del goniometre amb 1’eix de moviment del genoll (Ayala
et al., 2013).

La falta de flexibilitat en la musculatura isquiotibi-
al afecta la mobilitat de la pelvis i maluc, el que com-
porta un canvi en la biomecanica de distribucié de les
carregues que suporta la columna vertebral. A causa
d’aix0 es creen limitacions en la marxa i es fa sus-
ceptible a lesions musculoesqueletiques, a més d’aug-
mentar els riscos de caiguda (Da Silva Dias i Gémez-
Conesa, 2008).

S’accepta en general que I’augment de la flexibilitat
millora el rendiment esportiu. Atletes amb un alt grau de
flexibilitat, tradicionalment, presenten un millor domi-
ni dels moviments (Decoster, Scanlon, Horn i Cleland,
2004).
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Many stretching techniques are described in the
scholarly literature, with the static stretching tech-
nique being the one used in the most in the clinical
and physical-sport fields due to its simplicity and
safety (Ayala, Sainz de Baranda, De Ste Croix, &
Santonja, 2012). It consists in taking the articula-
tion through a maximum range of motion through an
external force like the action of gravity or a person
holding the limb (Solana-Tramunt, 2007).

On the other hand, the neuromuscular proprio-
ceptive facilitation (NPF) method described by
Voss, Ionta, and Myers (2001), fosters or acceler-
ates the neuromuscular mechanism by stimulating
the proprioceptors. It includes, among others, the
hold-relax technique, which lengthens the muscles to
their maximum,; at this point the individual makes an
isometric contraction of between 6 and 10 seconds,
followed by a passive movement of the limb. Like-
wise, there are studies which examine the dynamic
of isometrically contracting just 5 seconds followed
by another 10 seconds of stretching with the mus-
cle relaxed; these procedures are repeated twice and
the entire manoeuvre lasts a total of 30 seconds, five
series of 30 seconds, with a 30-second rest interval
between them (Tavella-Navega, Paleari, & Morcelli,
2014).

Currently, no scholarly studies have been found
that have unanimously determined the effects of a
stretching training programme using the neuromuscu-
lar proprioceptive facilitation (NPF) technique com-
pared to static-passive stretching programmes among
young athletes. The most effective technique of the
two for working on stretching in terms of frequen-
cy, number of repetitions and length of the stretch has
not been determined, since each study uses different
protocols with the goal of validating it particularly
(Neves et al., 2012).

The elongation lowers muscle rigidity, generat-
ing immediate changes in the muscle’s viscoelastic
properties, which in turn leads to an increase in the
joints’ range of motion (Osorio, Rossi, Hidalgo, &
Lizana, 2009). Thus, when working on the phys-
ical capacity of flexibility, an immediate but not
long-term effect is attained, so the stretching tech-
niques are used to maintain flexibility, but not to
increase it in the long term. It is valid to highlight
that flexibility is behind the range of breadth of
one or more joints until a maximum point without
the risk of injuring the anatomical structure, given

Les técniques d’estirament descrites en la literatura
cientifica son nombroses, sent la técnica d’estirament
estatic la més utilitzada en 1’ambit clinic i fisicoesportiu
a causa de la seva senzillesa i seguretat (Ayala, Sainz
de Baranda, De Ste Croix i Santonja, 2012). Aquesta
consisteix a portar 1’articulacié a un rang de moviment
maxim a través d’una forca externa com 1’accié de la
gravetat o d’una persona que subjecta 1’extremitat (Sola-
na-Tramunt, 2007).

D’altra banda, el métode de facilitacidé neuromus-
cular propioceptiva (FNP), descrit per Voss, lonta i
Myers (2001), afavoreix o accelera el mecanisme
neuromuscular mitjancant 1’estimulacié dels propio-
ceptors; inclou, entre altres, la técnica de sostenir-
relaxar, la qual implica I’allargament dels musculs
fins a un punt limit; en aquest punt 1’individu realit-
za una contraccié isometrica a partir de 6 segons amb
un maxim de 10 segons, seguit d’un moviment passiu
de P’extremitat. Igualment, hi ha estudis en els quals
s’ha emprat la dinamica de contreure isométricament
solament 5 segons seguits per altres 10 segons d’esti-
rament tenint el mascul relaxat; aquests procediments
es repeteixen dues vegades i la maniobra té una durada
total d’uns 30 segons, cinc cicles de 30 segons, amb
un interval de 30 segons de descans entre ells (Tavella-
Navega, Paleari i Morcelli, 2014).

En I’actualitat, no s’han trobat estudis cientifics que
hagin determinat de forma unanime els efectes d’un
programa d’entrenament de la flexibilitat utilitzant la
tecnica de la facilitacid6 neuromuscular propioceptiva
(FNP) comparats amb programes d’estirament estatic-
passiu en una poblacid juvenil d’esportistes. No s’ha
establert quina és la técnica més eficac de les dues per
a fer un treball d’estiraments en termes de freqiiencia,
nombre de repeticions i durada de 1’estirament, ja que
cada estudi empra diferents protocols amb I’objectiu de
validar-lo particularment (Neves et al., 2012).

L’elongacié disminueix la rigidesa muscular gene-
rant canvis immediats en les propietats viscoelastiques
del muscul, provocant un augment en el rang de mo-
viment de les articulacions (Osorio, Rossi, Hidalgo i
Lizana, 2009). De tal manera que quan es treballa la
capacitat fisica de la flexibilitat s’aconsegueix un efec-
te immediat i no a llarg termini, pel que les técniques
d’estirament s’utilitzen per a mantenir la flexibilitat i
no per a augmentar-la a llarg termini. Es valid desta-
car que la flexibilitat és la responsable del rang d’am-
plitud d’una o més articulacions fins a un punt maxim
sense risc de lesionar I’estructura anatdmica, ja que un
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that a stretch focuses on increasing the length of
the muscle-tendon unit by increasing the distance
between the muscle’s origin and insertion (Page,
2012). Long-term flexibility in the lower limbs “is
important to be successful in the majority of sports.
When a muscle is chronically shortened, it cannot
develop its full potential when it is recruited to
contract. Coupled with this, chronically shortened
muscles limit the breadth of motion” (McAtee &
Charland, 2010).

Studies examined have determined the imme-
diate effect of different stretching techniques on
hamstring flexibility (Davis-Hammonds, Laudner,
McCaw, & McLoda, 2012; Garrido-Marin et al.,
2013; Michaeli, Tee, & Stewart, 2017), and a gap
was found in the evaluation of the long-term ef-
fect. The purpose of this study was to determine
the long-term effect of an eight-week stretching
programme using the NPF technique on hamstring
flexibility on football players in the pre-juvenile
category compared to the static-passive technique.

Methodology
Design
A quasi-experimental study was performed with
young football players in the pre-juvenile category in
the Risaraldense football league (Colombia).

Participants

The participants were youths who met the inclusion
criteria and agreed to participate via informed con-
sent, parental approval and the authorisation of the
leaders of the Risaraldense Football League. The par-
ticipants had to be males aged 14 to 16 who had been
a member of the Risaralda team for at least one month
and played football at least three times per week.
Anyone who had suffered from lower-limb injuries
within the past six months or who did not have ham-
string retraction was excluded. The sample size was
calculated with a confidence level of 95%, a statisti-
cal power of 80%, an 8° expected difference among
groups of knee flexion and a reference standard devia-
tion of 8.93°, following the results reported by Puen-
tedura et al. (2011) for a minimum sample of 20 low-
er limbs in each group: control and experimental.
Twenty young football players from the male
pre-juvenile team in the Department of Risaralda

estirament se centra en augmentar la longitud d’una
unitat musculotendinosa, augmentant la distancia entre
un muscul d’origen i la insercid (Page, 2012). La fle-
xibilitat a llarg termini en els membres inferiors “és
important per a tenir exit en la majoria dels esports.
Quan un muscul esta escurcat en forma cronica, no pot
desenvolupar tota la seva poteéncia quan és reclutat per
a contreure’s. Sumat a aix0, els musculs cronicament
escurgats limiten 1’amplitud del moviment” (McAtee i
Charland, 2010).

Recerques consultades han determinat ’efecte im-
mediat de diferents tecniques d’estirament sobre la fle-
xibilitat dels isquiosurals (Davis-Hammonds, Laudner,
McCaw i McLoda, 2012; Garrido-Marin et al., 2013;
Michaeli, Tee i Stewart, 2017), trobant un buit en 1’ava-
luaci6 de I’efecte a llarg termini. El proposit del pre-
sent estudi va ser determinar 1’efecte a llarg termini d’un
programa d’estiraments a vuit setmanes amb la técnica
de FNP sobre la flexibilitat d’isquiosurals en futbolistes
categoria prejuvenil, comparada amb la técnica estatica-
passiva.

Metodologia
Disseny

Es va realitzar un estudi quasiexperimental amb joves
futbolistes de categoria prejuvenil de la lliga Risaralden-
se de futbol (Colombia).

Participants

Es va comptar amb la participacié de joves que complien
els criteris d’inclusid i van acceptar la seva vinculaci6 mit-
jancant consentiment informat, assentiment de pares de fa-
milia i autoritzacié de directives de la Lliga Risaraldense
de Futbol. Els participants havien de ser homes de 14 a
16 anys, amb una vinculacié minima d’un mes en la se-
leccié Risaralda i que juguessin a futbol com a minim tres
vegades per setmana. Es van excloure aquells amb lesions
de membres inferiors sofertes en els tltims sis mesos i els
que no presentaven retracci6 d’isquiosurals. El calcul de la
mida de la mostra es va realitzar amb un nivell de confi-
anca del 95%, un poder estadistic del 80%, una diferéncia
esperada entre grups de 8° de flexi6 de genoll i una desvi-
aci6 estandard de referéncia de 8.93° segons el que Puen-
tedura et al. (2011) van trobar per a una mostra minima de
20 membres inferiors en cada grup: control i experimental.

Es van avaluar 20 joves futbolistes de la seleccid
prejuvenil masculina del Departament de Risaralda
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Table 1
Descriptive statistics for sociodemographic and athletic variables
(n=20)

Taula 1
Descriptius per a variables sociodemografiques i esportives
(n=20)

Variable Minimum Maximum Mean SD Variable Minim Maxim  Mitjana DE
Age (years) 14 16 15.15 0.67 Edat (anys) 14 16 15.15 0.67
Time on the football team 48 2750 15.82 Antiguitat en la selecci6 de 1 48 2750 15.82
(months) futbol (mesos)

(Colombia) were evaluated; they had with an aver-
age age of 15.2 years and had spent a mean of 27.5
months in the football schools (Table 1). Forty-five
percent played as midfielders, 35% on defence, 15%
as forwards, and 5% as goalkeepers.

This study conforms to the ethnical norms issued
by the Declaration of Helsinki and Resolution 8430 of
the Ministry of Health of Colombia from 1993, and it
was approved by the Bioethics Committee of the Au-
tonomous University of Manizales.

Instruments

Hamstring flexibility was assessed through the pas-
sive knee extension test; a goniometer was designed
for this purpose following the description by Ayala
et al. (2013). The goniometer was built with two al-
uminium plates with a movable and a stationary arm
with a horizontal width of 4 centimetres. A Maped
brand 360° transporter was used to measure angles.
Levellers were adapted to the stationary arm to make
the measurements more precise. An acrylic support
was made for the hip with a 180° transporter and a
leveller. Furthermore, the antenna that represents
the bisector was added, which goes through the
greater trochanter and the femoral condyle, as ana-
tomical references (Figure 1). The reliability of the
goniometer was assessed by measuring the popliteal
angle in 30 people who were not participating in the
study, and then comparing the measurements between
a conventional goniometer and the goniometer man-
ufactured for this study. Thirty young football play-
ers from the Corporaciéon Deportiva Once Caldas de
Manizales (Colombia) participated in the study. The
measurements were taken in the dominant lower limb
by different evaluators for each type of goniometer.
No significant differences were found in the results
(p <.001): CCI=.911 1C95% = .821-.956).

(Colombia), amb una mitjana d’edat de 15.2 anys i una
mitjana d’antiguitat a les escoles de futbol de 27.5 me-
sos (taula 1). El 45% jugaven com a migcampistes, el
35% com a defenses, el 15% com a davanters i el 5%
com a porter.

Aquest estudi s’adequa a les normes ¢tiques emana-
des de la Declaracié d’Helsinki i de la resoluci6 8430 de
1993 del Ministeri de Salut de Colombia, i va ser apro-
vat pel Comite de Biog¢tica de la Universitat Autdnoma
de Manizales.

Instruments

La valoraci6 de la flexibilitat d’isquiosurals es va fer a
través del test d’extensio passiva de I’angle popliti; amb
aquest objectiu es va dissenyar un goniometre prenent
com a referéncia la descripcié d’Ayala et al. (2013). Es
va construir el goniometre amb dues platines d’alumi-
ni, amb bracos mobil i fix amb una amplitud horitzontal
de 4 centimetres. Es va utilitzar un transportador mar-
ca Maped de 360° per a mesurament d’angles. Al brag
fix se li van adaptar uns anivelladors per a donar major
precisié al mesurament. Es va realitzar un suport per al
maluc en acrilic amb un transportador de 180° i un ani-
vellador. A més, es va incorporar ’antena que represen-
ta la bisectriu que passa pel trocanter major i el condil
femoral com a referéncies anatomiques (figura 1). Es
va valorar la confiabilitat del goniometre mitjancant el
mesurament de 1’angle popliti a 30 persones no parti-
cipants en la recerca, comparant els mesuraments entre
un goniometre convencional i el gonidmetre fabricat per
a aquest estudi. Van participar trenta futbolistes juve-
nils de la Corporacién Deportiva Once Caldas de Ma-
nizales (Colombia). Els mesuraments es van fer en el
membre inferior dominant per avaluadors diferents per a
cada tipus de goniometria. No es van trobar diferéncies
significatives en els resultats (p < .001): CCI=.911
(IC95% = .821-.956).
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Figure 1.
Passive knee extension test.
(Source: Authors).

Procedure

The participants’ lower limbs were randomised via
a random number generator without repetition; one
limb was assigned to the control group and the other
to the experimental group. Each group was made up
of 20 dominant and 20 non-dominant legs. Each group
participated in 36 hamstring stretching sessions, with
five sessions per week. The lower limbs of the con-
trol group were administered a static-passive stretch-
ing programme, while those of the experimental group
were administered a stretching programme with the
PNF contracting-relax technique. The static-passive
stretching was done for 30 seconds, and at the end of
the stretch the leg remained relaxed for 30 seconds.
The contralateral leg was administered the NPF tech-
nique with a time of 5 seconds of contraction and
10 seconds of passive stretching, followed by anoth-
er 5 seconds of contraction and 10 seconds of passive
stretching, for a total of 30 seconds. Two repetitions of
each technique were done during the first 12 sessions,
progressing to three in sessions 13 to 24 and four in
sessions 25 to 36. No one dropped out of the study.

The popliteal angle was measured on each group of
limbs before and after the intervention, that is, before
the first session and after session 36 (pre-test and post-
test). A simple blind technique was used, in this case
with the evaluating group. The main evaluator was a
sports physician, working with the assistance of a phys-
iotherapist, who were trained previously by conducting
32 tests. The pelvis was immobilised to minimise the
effect of the shift in position on the popliteal angle (Her-
rington, 2013; Sullivan, Dejulia, & Worrell, 1992).

The stretching was done after practising football,
since previous studies show that when static stretch-
ing is done in the warm-up phase, this could lead
to a decline in sports performance, although this is
not true for dynamic stretching (Ayala-Rodriguez &
Sainz de Baranda, 2010).

Figura 1.

Test d’extensio passiva de
I'angle popliti. (Font: registre
propi).

Procediment

Es van aleatoritzar els membres inferiors dels participants
mitjancant un generador de nombres aleatoris sense repe-
tici6, assignant una extremitat al grup control i una altra
a ’experimental. Cada grup va quedar constituit per vint
cames dominants i vint no dominants. En cada grup es van
realitzar 36 sessions d’estirament d’isquiosurals, amb cinc
sessions setmanals. Als membres inferiors del grup control
se’ls va aplicar un programa d’estirament estatic-passiu,
mentre que als del grup experimental se’ls va realitzar un
programa d’estirament amb la técnica contraccid-relaxacio
de FNP. L’estirament estatic passiu es va executar durant
30 segons, en finalitzar I’estirament la cama va romandre
relaxada 30 segons. A la cama contralateral es va realitzar
la tecnica FNP amb un temps de 5 segons de contraccid,
10 segons d’estirament passiu, seguit de 5 segons de contra-
cci6 i 10 segons d’estirament passiu, per a un total de 30 se-
gons. Es van realitzar dues repeticions per cada técnica du-
rant les primeres dotze sessions, progressant a tres entre les
sessions 13 i 24 i finalitzant amb quatre entre les sessions 25
i 36. Durant I’estudi no es van presentar desercions.

A cada grup d’extremitats es va mesurar 1’angle
popliti abans i després de la intervencid, o sigui, abans
de la primera sessié i després de la sessid 36 (pretest i
postest). Es va comptar amb emmascarament simple, en
aquest cas de 1’equip avaluador. L’avaluador principal va
ser un metge esportiu amb 1’assisténcia d’un fisioterapeu-
ta, que van ser entrenats preéviament mitjancant la realit-
zacié de 32 test. Es va fixar la pelvis per a minimitzar
I’efecte del canvi de la seva posici6 sobre 1’angle popliti
(Herrington, 2013; Sullivan, Dejulia i Worrell, 1992).

Els estiraments es van realitzar després de practicar
futbol, ja que estudis previs mostren que els estiraments
estatics si es realitzen en la fase d’escalfament poden
comportar una disminucié en el rendiment esportiu, cosa
que no succeeix en el cas de la técnica dinamica (Ayala-
Rodriguez i Sainz de Baranda, 2010).
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Recruitment

Pre-test and
intervention

Young football players contacted to participate (n = 23)

Excluded (n = 3)

a. Did not meet selection criteria (n = 2)
b. Refused to participate (n = 1)

Assigned (randomised) (n = 20)

Lower limbs assigned to the control group (n = 20)

1. Pre-test: passive extension test of the popliteal angle

2. Participants received the assigned intervention (n = 20)
Static-passive stretching programme

Lower limbs assigned to the experimental group (n = 20)
1. Pre-test: passive extension test of the popliteal angle

2. Participants received the assigned intervention (n = 20)
Stretching programme with PNF

Monitoring and
post-test
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3. Post-test: Passive angle extension test
Drop-outs: none

3. Post-test: Passive angle extension test
Drop-outs: none

Analysis

Analysed (n = 20)
Excluded from analysis (n = 0)

Figure 2. Flow chart of the study.

Reclutament

Pretest i
intervencio

Analysed (n = 20)
Excluded from analysis (n = 0)

Joves futbolistes contactats per participar (n = 23)

Exclosos (n = 3)

b. Renuncien a participar (n = 1)

a. No compleixen els criteris de seleccio (n = 2)

Assignats (aleatoritzats) (n = 20)

Membres inferiors assignats al grup control (n = 20)
1. Pretest: Test d’extensio6 passiva de I'angle popliti
2.Van rebre la intervencio assignada: (n = 20)
Programa d’estirament estatic-passiu

Membres inferiors assignats al grup experimental (n = 20)
1. Pretest: test d’extensioé passiva de I'angle popliti

2. Van rebre la intervencié assignada: (n = 20)

Programa d’estirament amb FNP

Seguiment
i posttest

A,

3. Posttest: test d’extensié passiva de I'angle.
Pérdues de seguiment: cap

3. Posttest: test d’extensio passiva de I'angle.
Pérdues de seguiment: cap

Analisi

Analitzats (n = 20)
Exclosos de I'analisi (n = 0)

Analitzats (n = 20)
Exclosos de 'analisi (n = 0)

Figura 2. Fluxograma de I'estudi.
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Statistical Analysis

The measurements of the popliteal angle were de-
scribed, and Shapiro-Wilk normality tests were
performed for the different tests, finding that the
measurement in the pre-test and the measurement
of change between the pre-test and the post-test for
independent samples (control and experimental)
showed normal distribution (Table 2). The difference
between groups was assessed via bilateral homoge-
neity tests for independent samples (Student t-test)
and for related samples (Wilcoxon signed rank test).
Differences were accepted when the bilateral asymp-
totic significance was equal to or less than .05. The
SPSS 23.0 (Statistical Package for the Social Sci-
ence) statistical software was used for the informa-
tion processing. No data was lost in the information
processing.

Table 2
Normality tests

Analisi estadistica

Es va realitzar la descripci6 dels mesuraments de
I’angle popliti i es van realitzar proves de normalitat
Shapiro-Wilk per als diferents test, trobant que la me-
sura en el pretest i la mesura de canvi entre el pretest
i postest per a mostres independents (control i expe-
rimental) es distribueix normalment (taula 2). Es va
valorar la diferéncia entre grups a través de proves
d’homogeneitat bilateral per a mostres independents
(t de Student) i per a mostres relacionades (prova de
rangs amb signe de Wilcoxon). Es van acceptar di-
feréncies quan la significacié asimptotica bilateral va
ser igual o menor a .05. Per al processament de la
informacié es va utilitzar el programa estadistic SPSS
23.0 (Statistical Package for the Social Science). No
es van presentar dades perdudes en el processament
d’informacié.

Taula 2
Proves de normalitat

Variables Shapiro-Wilk df  Sig. Variables Shapiro-Wilk gl  Sig.

Popliteal angle (pre-test) 0.953 40 0.098 Angle popliti (pretest) 0.953 40 0.098
Popliteal angle (post-test) 0.913 40 0.005 Angle popliti (postest) 0.913 40 0.005
Measure of change (pre-test vs. post-test)  0.989 40 0.963 Mesura de canvi (pretest vs. postest) 0.989 40 0.963

Note. Sig.: bilateral asymptotic significance; df: degrees of freedom.

Results

Difference of Independent Samples for the Pre-
tests. No significant differences were found in the pre-
test of the popliteal angle between the control and ex-
perimental groups (Student t-test =-.800, p = .428),
which shows the homogeneity of the limbs at the start
of the study.

Difference of Related Samples (difference be-
tween pre-test and post-test). As shown in Table 3,
in both the control and experimental groups, the post-
test measurements of the popliteal angle improved
very little compared to the pre-test. In none of the
groups of limbs was the difference statistically signif-
icant (p > .05).

Difference of Independent Samples for the
Measurements of Changes Pre-test and Post-test.
The measure of popliteal angle change in the pre-test
and post-test was 0.4° higher in the control group.
As shown in Table 3, this small difference between
groups is not statistically significant (p < .05).

Nota. Sig.: significacié asimptotica bilateral; gl: graus de llibertat.

Resultats

Diferéncia de mostres independents per als pre-
test. No es van trobar diferéncies significatives entre
les mesures pretest de 1’angle popliti entre grups control
i experimental (¢ de Student =-.800, p =.428), la qual
cosa demostra I’homogeneitat de les extremitats a 1’inici
de I’estudi.

Diferéncia de mostres relacionades (diferéncia
entre pretest i postest). Com s’aprecia en la taula 3,
tant en el grup control com en l’experimental, les
mesures postest de 1’angle popliti van millorar molt
poc respecte al pretest. En cap dels grups d’extremi-
tats la diferencia va ser estadisticament significativa
(p > .05).

Diferéncia de mostres independents per a les me-
sures de canvi pretest i postest. La mesura de canvi de
I’angle popliti pretest i postest va ser 0.4° superior en el
grup control. Com s’observa en la taula 3 aquesta petita
diferencia entre grups no és estadisticament significativa
(p < .05).
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Table 3

Comparison of the popliteal angle before and after the
intervention: for related samples (intragroup differences) and
for the measure of change for independent samples (intergroup
difference)

Taula 3

Comparacio de I'angle popliti abans i després de la intervencio:
per a mostres relacionades (diferéncies intragrupals) i per a

la mesura de canvi per a mostres independents (diferencia
intergrups)

Intragroup differences

Intergroup differences

Pre-test Post-test AL PR
Limb Pretest Postest Diferéncies intragrupals Diferéncia intergrupal
Extremitat Mean (SD) Mean (SD) Mean (SD) 7 si Mean Si
(n=20) Mitjana (DE) Mitjana (DE) Mitjana (DE) 9 Mitjana g
Control 50.1° (6.01) 51.1° (6.99) 1.0° (5.46) -1.29 197
0.4° 0.217 0.829
Experimental 51.6° (5.84) 52.2° (4.55) 0.6° (6.18) -1.20 .844

Note. SD: standard deviation; Z: Wilcoxon signed rank test (related samples);
t. Student t-test (independent samples); Sig.: bilateral asymptotic signifi-
cance.

These results enable us to infer that there are no
significant differences in the long-term improvement
of the popliteal angle between limbs where a stat-
ic-passive stretching programme was administered
and those that received stretching with NPF. Indeed,
in neither of the two programmes was there evi-
dence of an improvement in the hamstring flexibility
measured with the passive extension test of the pop-
liteal angle.

Discussion

These findings lead us to conclude that neither the
stretching programme with the NPF contraction-re-
laxation nor the static-passive technique led to long-
term improvements in hamstring flexibility in the
football players in the pre-juvenile category given
that the post-test measurements of the popliteal angle
did not improve compared to the pre-test in either the
control or the experimental group after eight weeks
of administering the stretching protocols, which de-
termined the long-term effect.

Calle-Fuentes, Muifioz-Cruzado, Cataldn-Mata-
moros, and Fuentes-Hervias (2016) claim that
stretching techniques manage to increase joints’
range of motion, but they argue, citing Cometti
(2003), that this increase does not take place be-
cause of a structural change in the muscle but in-
stead because of the gradual increase in the toler-
ance of the pain caused by stretching, both central
and peripheral (Calle-Fuentes et al., 2006). In this
study, none of the techniques led to a long-term in-
crease in the range of motion of the knee exten-
sion; the reason may be that in neither group was
the stretch pushed to the point of pain. Cometti

Nota. DE: desviacié estandard; Z: proba de rangs amb signe de Wilcoxon (mos-
tres relacionades); t. proba tde Student (mostres independents); Sig.: significacio
asimptotica bilateral.

Els resultats anteriors permeten inferir que no exis-
teixen diferéncies importants en la millora a llarg termi-
ni de I’angle popliti entre extremitats on es va aplicar un
programa d’estirament estatic-passiu i aquelles que van
rebre estirament amb FNP. Efectivament, en cap dels
dos programes es va evidenciar millora en la flexibilitat
d’isquiosurals mesurada amb la prova d’extensié passiva
de I’angle popliti.

Discussio

Aquestes troballes comporten la conclusi6 que ni el pro-
grama d’estirament amb la tecnica de FNP contraccio-
relaxacié ni la teécnica estatic-passiva milloren a llarg
termini la flexibilitat dels isquiosurals en els futbolistes
de categoria prejuvenil, ja que les mesures postest de
I’angle popliti no van millorar respecte al pretest, ni en
el grup control ni en ’experimental, després de vuit set-
manes d’aplicaci6 dels protocols d’estirament, que de-
terminava 1’efecte a llarg termini.

Calle-Fuentes, Muiloz-Cruzado, Catalan-Matamo-
ros i Fuentes-Hervias (2016) sostenen que les técni-
ques d’estirament aconsegueixen augmentar el rang de
mobilitat articular, perd argumenten, citant a Cometti
(2003), que aquest augment no es produeix per un canvi
estructural del muscul sind per una progressiva eleva-
ci6 de la tolerancia al dolor produida per 1’estirament,
tant a nivell central com periferic (Calle-Fuentes et al.,
2006). En aquest estudi, cap de les dues teécniques va
produir a llarg termini augment de 1’amplitud de movi-
ment de I’extensi6 de genoll; el motiu podria ser que en
cap dels dos grups es va treballar forgant I’estirament al
limit de dolor. Cometti (2014), citat per Calle-Fuentes et
al. (2006), mostra que 1’estirament en una sessi0 aillada
disminueix la rigidesa muscular o resisténcia muscular
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(2014), cited by Calle-Fuentes et al. (2006), shows
that stretching in an isolated session lowers the
muscle rigidity or muscle resistance at rest, but this
effect disappears one hour after the session; headds
that in long-term interventions, there was no evi-
dence of significant changes in the rigidity or vis-
coelastic changes in the muscle. This author holds
that this behaviour is most likely due to the muscle
mechanism which provides structural integrity after
the micro-ruptures of some filaments that limit the
elongation of the muscle in the long term.

Similar to these results, Wiemann (2000), cited by
Calle-Fuentes et al. (2006), did not find changes in
the muscle length in people who were administered a
stretching programme for several weeks, as measured
via strength-muscle length curves. The author states
that in athletes who require a great deal of joint flexi-
bility, like gymnasts, there is a natural preselection of
individuals with suitable anatomical-functional char-
acteristics, who then manage to achieve greater flex-
ibility after intense specific training (Calle-Fuentes et
al., 2006).

In terms of the use of NPF techniques to in-
crease joint flexibility, it has been argued that mus-
cle relaxation takes place by the mechanisms of
neuromuscular inhibition caused by the stimulation
of the Golgi tendon organ via Ib fibres, which takes
place by the sustained stretching of the muscle
(Guyton & Hall, 2016). According to the argument
put forth by Guissart et al. (1988), the decrease in
the excitability of the motor neuron is brief, and it
quickly goes back to baseline values (Calle-Fuentes
et al., 2006). This could explain why in this study,
no long-term effects on hamstring flexibility were
achieved after 36 sessions of stretching using the
NPF technique.

Likewise, Tavella-Navega et al. evaluated and
compared the long-term effects of two stretching
techniques, NPF and static-passive, on the ham-
string muscles of 45 young women. Both the static
stretching group and the facilitation group engaged
in three stretching sessions per week over the
course of four weeks. They evaluated the flexibility
at the start and end of the programme with the pop-
liteal angle test. Counter to the results in this study,
they found a significant increase in hamstring flex-
ibility when analysing the evaluations and re-evalu-
ations of both stretching protocols, but they found
no significant differences to indicate which of the

de repds, pero aquest efecte desapareix passada una hora
d’acabada la sessid; afegeix que en intervencions a llarg
termini, no es van evidenciar canvis significatius en la
rigidesa o canvis viscoelastics del miscul. Aquesta auto-
ria sosté que aquest comportament es deu probablement
als mecanismes musculars que proveeixen la integritat
estructural després de les microruptures d’alguns fila-
ments que limiten a llarg termini I’elongacié del muscul.

Similar a aquests resultats, Wiemann (2000), citat
per Calle-Fuentes et al. (2006), no va trobar variacions
en la longitud muscular en persones a les quals se’ls va
realitzar durant diverses setmanes programes d’estira-
ments, tan estatics com dinamics, mesures a través de
corbes de forga-longitud muscular. L’autor afirma que
en esportistes que requereixen gran flexibilitat articular,
com els gimnastes, existeix una preseleccié natural de
persones amb caracteristiques anatomiques funcionals
aptes, que sumades a entrenaments intensos especifics
aconsegueixen major flexibilitat (Calle-Fuentes et al.,
2006).

Quant a 1’as de les tecniques de FNP per a augmen-
tar la flexibilitat articular, s’ha argumentat que la rela-
xaci6 muscular es produeix pel mecanisme d’inhibicid
neuromuscular produida per I’estimulacié de 1’0rgan
tendinds de Golgi a través de les fibres Ib, la qual es
produeix per I’estirament mantingut del muscul (Guy-
ton i Hall, 2016). D’acord amb 1’argument de Calle-
Fuentes et al. (2006), basat en treballs d’autories com
Guissart et al. (1988), la disminuci6 de ’excitabilitat de
la motoneurona és molt breu, aconseguint un efecte ma-
xim als 5 o 10 segons de ’estirament, tornant a valors
basals molt rapidament (Calle-Fuentes et al., 2006).
Aix0 podria explicar que en aquest treball no s’acon-
seguissin efectes a llarg termini en la flexibilitat d’is-
quiosurals després de 36 sessions d’estirament amb la
tecnica de FNP.

També Tavella-Navega i col-laboradors van avaluar
i van comparar els efectes a llarg termini de dues tec-
niques d’estirament, la FNP i I’estatica-passiva, en els
musculs isquiosurals de 45 dones joves. Tant el grup
d’estirament estatic com el grup de facilitacié van rea-
litzar tres sessions d’estirament setmanals durant un
periode de quatre setmanes. Van avaluar la flexibilitat
a l’inici i al final del programa amb la prova d’angle
popliti. Contrariament als resultats obtinguts en aquest
treball, van evidenciar un augment significatiu en la fle-
xibilitat dels isquiosurals en analitzar les avaluacions i
reavaluacions de tots dos protocols d’estirament, pero
tampoc van trobar diferéncies significatives per a indicar
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two stretching techniques, NPF or passive-static,
was the best to increase flexibility (Tavella-Navega
et al., 2014).

Likewise, testing for a long-term effect, Gama,
Medeiros, Dantas, and Souza (2007) analysed the
optimal frequency to increase the flexibility of the
hamstring muscles, but this time they used the ac-
tive knee extension breadth test. Thirty-six wom-
en were chosen and randomly divided into four
groups. Three groups were administered stretching
with NPF at different frequencies: one, three and
six manoeuvres per session, while the fourth group
was the control group. The three stretching groups
received the intervention five days a week for two
consecutive weeks. The data indicated that there
was a statistically significant increase in the arc of
joint mobility when NPF stretching was adminis-
tered compared to the control group, but not among
the experimental groups. They concluded that there
is no difference in using 1, 3 or 6 stretching ma-
noeuvres with the NPF sustain-release technique in
the hamstrings in terms of long-term gains in flex-
ibility (Gama et al., 2007).

Sanchez-Rivas, Mayorga-Vega, Fernandez-Ro-
driguez, and Merino-Marban (2014) analysed the
long-term effects of a stretching programme on the
hamstring muscles conducted during physical educa-
tion classes. The sample was comprised of 44 school-
children randomly divided into the experimental
group (EG) and the control group (CG). The EG re-
ceived hamstring stretching lasting three minutes, ap-
plying the static-passive method in the physical edu-
cation class for nine weeks. The CG had their usual
physical education classes. Before and after the pro-
gramme was administered, hamstring flexibility was
evaluated using the Wells (sit and reach) test. The re-
sults showed that the intervention programme had a
statistically significant positive effect (Sanchez et al.,
2014). However, unlike this study, the CG did not
receive any stretching programme. Furthermore, the
Wells test was used, which, unlike the popliteal angle
test, evaluates not only hamstring flexibility but also
the musculature of the entire rear hip: the paraverte-
brae, gluteus maximum and triceps surae.

In view of the results of this study and the others
by the above-cited authors, the conclusion could be
reached that hamstring flexibility cannot be increased
in the long term, as assessed via the breadth of the
range of joint motion. The premises and procedures

quina va ser la millor de les dues técniques d’estirament
aplicades, FNP i estatic-passiva, en I’augment de la fle-
xibilitat. (Tavella-Navega et al., 2014).

Aixi mateix, provant I’efecte a llarg termini, Gama,
Medeiros, Dantas i Souza (2007) van analitzar la fre-
qliencia optima per a augmentar la flexibilitat dels
musculs isquiosurals, perd en aquesta ocasié es va uti-
litzar el test de I’amplitud activa d’extensi6 del genoll.
Van seleccionar 36 dones distribuides aleatoriament en
quatre grups. A tres grups se’ls va aplicar estirament
amb FNP a diferents freqiiencies: una, tres i sis manio-
bres per sessid; el quart grup era el grup control. Els
tres grups d’estirament van rebre la intervencio cinc dies
a la setmana durant dues setmanes consecutives. Les da-
des van indicar que va haver-hi un guany de 1’arc de
mobilitat articular, estadisticament significativa, aplicant
estiraments amb FNP en relacié amb el grup control,
perd no entre els grups experimentals. Van concloure
que no hi ha diferéncia en relaci6 amb el guany de flexi-
bilitat a llarg termini quan s’utilitzen 1, 3 o 6 maniobres
d’estirament amb la tecnica sostenir-relaxar de FNP en
els isquiosurals (Gama et al., 2007).

Sanchez-Rivas, Mayorga-Vega, Fernandez-Rodri-
guez i Merino-Marban (2014) van analitzar els efec-
tes a llarg termini d’un programa d’estirament sobre
la musculatura isquiosurals realitzat durant les clas-
ses d’educaci6 fisica. La mostra va estar formada per
44 escolars dividits aleatoriament en grup experimental
(GE) i grup control (GC). El GE va rebre estiraments
d’isquiosurals amb una durada de tres minuts, aplicant
el metode estatic-passiu en la classe d’educaci6 fisica
durant nou setmanes. El GC va desenvolupar amb nor-
malitat les classes d’educaci6 fisica. Abans i després de
I’aplicacid del programa es va valorar la flexibilitat de la
musculatura isquiosural mitjancant el test de Wells (sit
and reach). Els resultats van mostrar que el programa
d’intervenci6é va tenir un efecte positiu estadisticament
significatiu (Sanchez et al., 2014). No obstant aixo, a
diferéncia del present treball, el GC no va rebre cap
programa d’estirament. A més, es va utilitzar el test de
Wells, el qual, a diferencia del test de 1’angle popliti,
no només valora la flexibilitat d’isquiosurals sind també
de la musculatura de tota la cadena posterior: paraverte-
brals, gluti maxim i triceps sural.

Es podria arribar a la conclusio, amb els resultats
d’aquesta recerca i els d’altres autories citades, que no
es pot augmentar la flexibilitat d’isquiosurals a llarg ter-
mini, valorada mitjancant I’amplitud dels rangs de mobi-
litat articular. Han de revisar-se, tedricament i empirica,
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which claim that muscle stretching can increase mus-
cle flexibility in the long term should be revised both
theoretically and empirically, using both basic and ap-
plied research, and flexibility should conceptually and
methodologically be considered beyond the excursion
of maximum movement.
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