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Abstract
Background: The proprioceptive neuromuscular facilitation (PNF) Key words
method provides a full range of therapeutic patterns which thoro-
ughly reproduce individual, football-related motions. ekl

PNF patterns,
Objective: To verify the hypothesis concerning the PNF method motor abilities.
exerting a favorable influence on selected motor abilities in young
football players

Materials and methods: A group of 14- to 15-year-old football players
from the SA Zaglebie Sosnowiec Sports Club was involved. Initial
measurements were taken after the final stage of the league ga-
mes. The experimental group had its training programme en-
riched by selected PNF method techniques. After the completion
of the 6-month training programme, the players were subjected to
the final series of measurements. By that time, each person in the
experimental group had taken part in 30 15-min-long PNF training
sessions, which were conducted 2 times a week in the following or-
der: pelvic patterns, trunk patterns, unilateral lower limb patterns,
and symmetric reciprocal lower limb patterns. The sequences were
executed bilaterally with 6 repetitions each. The total duration of a
single PNF session was around 15 min.

Results: The maximal isometric torque produced by the flexor and
extensor muscles was enhanced in both groups for both lower extre-
mities; however, a greater in the experimental group. For extension,
the difference between the initial and final outcomes accounted for
17.2% on the right and 16% on the left side of the body. For flexion, we
observed differences of 44.7% and 35.3%, respectively. In the control
group, these differences were considerably smaller. Also, a great im-
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provement of the kinaesthetic force differentia-
tion ability was noticed in the experimental gro-
up. The absolute error for extension was lessened
by 75.8% on the right side and 74.9% on the left
side. Similarly, the absolute error for flexion was
decreased: 61.1% on the right and 57.3% on the
left side. The corresponding values were signifi-
cantly smaller in the control group. The ability of
explosive force differentiation proved to be bet-

Introduction

Nowadays, numerous pursuits aiming to impro-
ve the effectiveness of both young and qualified
football players are undertaken. Their focus is
usually on technique and tactics, leaving the pro-
cess of shaping the coordination sphere of motor
abilities aside. This is especially remarkable in the
case of young sportsmen. Football coaches place
strong emphasis on all abilities which are directly
linked to the effectiveness of sport performance.
However, such an approach only fulfils the ob-
jective of achieving the highest performance and
may actually be unfavourable for young athletes
in particular. In the opinion of coaches, young
football players frequently seem to be as skilled
as experienced players. In practice, however, one
may observe that even with a high technical le-
vel, junior players still do not possess the ability
to harmonize their motion with tactical moves
on the field, to alternate their pace of motion, or
to perform any other action under the pressure
of the opponent. In such circumstances, the co-
ordination abilities of an experienced player re-
present a factor that promotes greater efficiency.
This is the reason why many specialists emphasi-
ze the necessity for combining technical training
with the development of coordination abilities,
especially in professional football [1].

In the literature, as many as 20 or more coordi-
nation motor abilities (CMAs) are counted. It is
worth noting that a given CMA depends on the
specificity of a given sport discipline, the charac-

ter in the experimental group after the six-month
training regimen. The absolute error decreased
by 52.3%, while in the control group, its reduction
was only half as significant (26.5%).

Conclusions: The kinaesthetic force differentia-
tion ability was improved in the case of the labo-
ratory tests but not in the specific tests. The PNF
techniques influenced the level of conditional
motor abilities as well.

ter of the movements performed, and the parts
of the body involved in this motion. Seven CMAs
are distinguished in football: adjustment and
readjustment of the motor action, kinaesthetic
force differentiation, sense of motion rhythm,
movement coupling, sense of direction, speed
of reaction, and static and dynamic balance. For
specialists, both adjustment and readjustment of
the motor action and kinaesthetic force differen-
tiation rank among the most relevant [2, 3].

The ability of kinaesthetic force differentiation
influences precision of movement and its energe-
tic cost. A proper assessment of the data concer-
ning joint position (spatial parameters), muscle
tone (force parameters), and velocity of motion
(time parameters) lies in its background. A player
with this ability can execute movements in any
given alignment of the body, with accurate force
and in proper time, which defines the main va-
riables of precision of passes, shots on goal, and
receptions of the ball [4].

Objective

A football player’s ability to reproduce a given
motor task is positively correlated with the leng-
thening of the training period. Motor skills are
clearly linked to the creation of proper motor
habits within an individual sport discipline. Ho-
wever, if the training cycle is disturbed in any
way (trauma, illness, etc.), which results in an
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extended exclusion from exercise, the player will
inevitably suffer from a decreased level of perfor-
mance after returning to the game. In such circu-
mstances, the pace of regaining neuro-muscular
coordination is a crucial factor in returning to
effective play. Rebuilding coordination gradually
leads to a more precise activation of the muscle
groups and control force-movement and time-
-movement parameters, all of which are neces-
sary for fluent passage from one phase of a given
exercise to another. Restored coordination may
also lessen the energetic cost of an individual
motion pattern.

The complex, central coordination neutral pro-
cesses are dependent on smaller data-organisa-
tion mechanisms which can be found within the
control and movement regulation system [3, 4].
The proprioceptive neuromuscular facilitation
(PNF) method provides a full range of therapeu-
tic patterns, which thoroughly mimic individual
football-related motions. The objective of this
study is to verify the hypothesis concerning the
PNF method exerting a favourable influence on
selected motor abilities in young football players.

Materials and methods

A total of 21 male football players, aged 14-15
years, from the SA Zaglebie Sosnowiec Sports
Club were evaluated (more detailed characte-
ristics of the subjects are presented in Table 1).
Only healthy players with no history of trauma or
pain ailments during the experimental period qu-
alified for the study. The subjects were randomly
divided into two subgroups—experimental and
control—which were homogenous as far as age,
body mass, and height were concerned (Table 1).
In evaluating young players, age-related homoge-
neity is of particular importance, as many are en-
tering the puberty spurt, in which all stimuli in-
troduced into the training process may influence
either the central or peripheral nervous system
and, therefore, affect the level of coordination [4].

We informed all subjects about the objective of
the study and all experimental procedures. All
the participants signed their informed consent
and were freely allowed to refuse participation at
any stage of the study. The entire protocol was in
agreement with the Helsinki Declaration of 1975,
as revised in 1983.

Table 1. Characteristics of the study groups: number (N) and mean values and standard deviations of the age, body
mass, and height. The p-values of testing the homogeneity of the groups are also presented.

Body mass [kg] Body height [cm]
Group N Age [years]
Initial Final Initial Final
Experimental 1 14.68 + 0.37 4443 +7.73 4574 +7.63 152.82 + 9.56 155.0 + 8.97
Control 1 14.82 + 0.37 44.0 +4.14 45.28 + 4.34 154.18 + 5.33 156.9 + 5.13
p-value NS NS NS

Notes: NS - not significant.

All experimental procedures were executed in
the afternoon (due to the school schedule) on
non-training days or before the training session
to minimize the influence of fatigue. The testing
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protocol was preceded by a versatile, 20-min
warm up, which was performed by a physiothera-
pist in cooperation with a football instructor.

Isometric muscle contractions were performed



and evaluated in the Motor Analysis Laboratory,
Katowice. A sport-related testing protocol was
performed at the SA Zaglebie Sosnowiec Sports
Hall, with medical assessments being executed
by an orthopaedist.

Baseline measurements were taken at the conc-
lusion of the league games. During the winter
break and spring league session, the experimental
group followed a training programme enriched
by selected PNF techniques. The subjects in the
experimental group were divided into two cate-
gories: some of them received their PNF training
on Tuesdays and Thursdays, while the others on
Wednesdays and Fridays.

After completing the 6-month training program-
me (May and June of 2005), the players were sub-
jected to the final series of measurements. At the
conclusion of the study, the experimental group
participated in 30 PNF training sessions, each la-
sting for 15 min.

The measurements were taken in the following
order:

e First, the Enraf Nonius EN-Knee chair was
used for measuring the isometric muscle con-
traction parameters. The subject was properly
positioned in the chair with his trunk stabili-
sed by Velcro belts. The tested lower limb was
immobilised in a position of 70° flexion (half
of the standard normal range of knee motion),
which constituted a self-administered modi-
fication with respect to the traditionally used
90° of flexion for isometric testing. After re-
ceiving the signal, the subject performed a
maximal isometric contraction of the knee
flexors, followed by a maximal contraction
of the extensors. An identical procedure was
performed on the opposite limb with a short,
2-min break in between. The whole proce-
dure was repeated 2 min later, but with the
modification of subjectively using only half of
the force produced previously. No repetitions
were possible. A light, 10-min warm up on a
stationary bicycle with minimal loading was
also performed. The original Enraf Nonius
EN-Knee software for Windows was utilised.
The absolute values of the following isometric

contraction parameters were further measu-
red: (1) the maximal torque for extension [Nm],
(2) torque for extension 50% of maximal for-
ce used [Nm], (3) maximal torque for flexion
[Nm], and (4) torque for flexion 50% of maxi-
mal force used [Nm].

Second, a two-legged, open-eyed long jump
from a steady position (explosive force test)
was performed. The best result of two trials
was taken into consideration. The subject
assumed a starting position with his toes on a
line drawn on the floor and independently de-
cided when to jump. A non-elastic tape served
as the measuring device. The results were ro-
unded to the closest 5 cm. The trials were se-
parated by a 1-min break.

Third, a two-legged, blindfolded long jump
was examined. After performing the open-ey-
ed long jump, the subjects were blindfolded to
complete the next task, in which they subjec-
tively decided to produce as much force as to
reach half of the maximal distance achieved in
the open-eyed trial. All other details were as
described above. Two trials were performed,
and only the best result was recorded. The er-
ror in relation to 50% of the maximal distance
was calculated according to the following for-
mula:

|absolute error| = maximal result (eyes-open) -
50% of maximal result

Last, the subjects performed a ball shot to a
target. Two concentric squares (side leng-
ths of 2 and 4 m) were marked on the floor.
A 15-m line was drawn from the centre line.
From that line, the subject was asked to shoot
a ball (mass 0.7 kg, circumference 70 cm) to-
wards the marked square targets. The ball was
thrown slightly into the air and then kicked
with a straight upper foot. Eight right-legged
and eight left-legged shots were performed.
The subjects gained 2 points for hitting the in-
ternal square and 1 point for hitting the exter-
nal square. The points were totalled for the
right and left lower extremities.
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The statistics were based on the paired Wilcoxon
test due to frequent deviations of the empirical
distribution of variables from the normal distri-
bution (Kolmogorov-Smirnov test). The critical
p-value was set at p < 0.05.

For a better illustration of the data, the differen-
ces between the results of the initial and final se-
ries of measurements were calculated. The follo-
wing equation for normalization was applied:

2xd
7o 177
S, +S,
Z - normalised value
d, . - difference between the initial and final

1-2
measurements

S, - initial standard deviation

S, - final standard deviation

The following sequence of PNF exercises was ap-
plied 2 times a week during a period of 6 months:
pelvic patterns, trunk patterns, unilateral lower
limb patterns, and symmetric reciprocal lower
limb patterns. The patterns were executed bila-
terally with 6 repetitions for each side. The total
time of a single PNF session was approximately 15
min. A properly trained physiotherapist was re-
sponsible for the execution of all PNF exercises. A
light 15-min warm up on a stationary bicycle with
minimal loading was introduced.

Focusing on football specificity, the following PNF
patterns were selected as most useful:

* pelvic patterns: posterior and anterior eleva-
tion of the pelvis, posterior and anterior de-
pression of the pelvis for the enhancement of
pelvis stability, and motor coordination in re-
lation to a stable trunk and/or lower limbs;

* unilateral patterns: flexion-adduction-exter-
nal-rotation pattern with knee flexion, exten-
sion-abduction-internal-rotation pattern with
knee extension for mimicking kicks with the
medial aspect of the foot; flexion-abduction-
-internal-rotation pattern with knee flexion,
and extension-adduction-external-rotation
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pattern with knee extension for mimicking
kicks with the lateral aspect of the foot;

* patterns for torso controlled by legs: flexion
pattern with flexion of knee joints, extension
pattern with extension of knee joints for en-
hancement of the global synergy and synkine-
sis between the trunk, pelvis, and lower limbs;

e symmetric reciprocal patterns: lower limbs
acting in a common oblique plane; the sagit-
tal-plane movement is opposite for the left
and the right extremities as a kind of closed
kinetic chain enhancing the opposite move-
ments of the lower limbs.

The PNF methodology maximally activates the
nervous system receptors to create the expected
goal. Thereby, the following stimulation appro-
aches were incorporated during PNF training:

» optimal load for individual subject;

* elongation of the muscle by appropriate initial
position;

* engagement of stretch reflexes: passive
stretch of the muscle right before starting the
movement;

* appropriate tactile contact: on the skin over
activated muscle groups;

e visual control: engagement of the subject’s
eyes for better stimulation;

e isometric contraction of the active muscles
when closing the movement;

* rhythmic initiation of the movement: a brief
description of the movements that the subject
is up to perform;

» alternating muscle work technique: incorpo-
rating concentric, eccentric, and isometric
contractions within individual movement;

» technique of stabile turnings: slowly changing
isotonic contractions when the load conti-
nuously switches between opposite direc-
tions.



Results

For the kinaesthetic force differentiation ability,
there was a degree of homogeneity in the groups,
since significant differences between initial and
final results were registered in both. However,
the final outcome was better in the experimental
group, where the selected PNF patterns were in-
troduced (Tables 2 and 3).

An analysis of mistakes made during a trial of ki-
naesthetic differentiation for both a movement
of extension and one of flexion showed essential
differences between the control and experimen-
tal groups (p < 0.05). An ANOVA test was used to
indicate the significance level of these differen-
ces. A mixed model of analysis of variance (ANO-
VA) and post-hoc Tukey’s test. The obtained data
are shown in Figures 1-4.
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start error

end error
right knee flexion

—— experimental —1- control

Figure 1. Mistake level measured for right knee
straightening (p < 0.001).

A post-hoc analysis showed that significant dif-
ferences occurred between the first and the se-
cond measurements (p < 0.001) in both the expe-
rimental and the control groups.
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Figure 2. Mistake level measured for left knee
straightening (p < 0.001).

An analysis using a post-hoc test showed that not
only the differences for this movement between
the first examination of the control group and
that of the experimental one was important. The
other differences also showed a statistical im-
portance, with p < 0.01 in the control group and
p < 0.001 in the experimental group.

p <0.001
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Figure 3. The mistake level measured for left knee
extension (p < 0.001).
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A post-hoc analysis for this measurement shows
that, as for the left knee extension, differences
did not occur only in the initial examination. The
differences between the first and the last exami-
nation were p < 0.001 in the experimental group,
while in the control group, the p-value slightly
exceeded 0.05.

p <0.001
35
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Figure 4. The mistake level measured for left knee
extension (p < 0.001).

Using ‘the following measurements’ implies
that an enumeration of measurements should
follow; please specify to which measurements /
movements that were measured you are referring
in the studied group (p < 0.001).

The maximal isometric torque produced by the
flexor and extensor muscles was enhanced in both
groups for both lower extremities (Tables 2 and
3). Normalized values were used to depict these
changes in Figures 5 and 6. The increased torque
values were also greater in the experimental
group. For extension, the difference between the
initial and final outcomes accounted for 17.2% on
the right side and 16% on the left side of the body.
For flexion, we observed differences of 44.7%
and 35.3%, respectively. In the control group,
these differences were considerably smaller: for
extension, 8.3% on the right and 11.6% on the left;
for flexion, 18.7% on the right side and 14% on the
left side of the body (Tables 2 and 3).

Most importantly, a great improvement of the
kinaesthetic force differentiation ability was
noticed in the experimental group. The absolute
error for extension was lessened by 75.8% on
the right side and 74.9% on the left side of the
body. Similarly, the absolute error for flexion was
decreased: 61.1% on the right side and 57.3% on
the left side (Tables 2 and 3). The corresponding
values were significantly smaller in the control
group: 11.5%, 14.1%, 17.1%, and 10.8%, respectively.

The ability of explosive force differentiation
proved to be better in the experimental group
after the six-month training regimen (Table 4).
The absolute error decreased by 52.3%, while in
the control group, its reduction was only half as
significant (26.5%) (Figure 7).

Table 2. Mean values, standard deviations, and p-levels (Wilcoxon test) for isometric torques (knee extension/flexion

max.) and kinaesthetic force differentiation ability (knee extension/flexion 50%, 50% extension/flexion absolute error)

in the experimental group.

Right Left
Parameter p-value p-value
Initial Final Initial Final
. 165.73 194.27 <0.01 175.0 203.09 <0.01
Knee extension max [Nm] +1427 | +16.16 +16.17 +16.97
Knee extension 50% [Nm] 1211(?25 1077357 <0.01 121726:6 11%% 9 <0.01
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50% extension absolute error [%] 148120 5613 <0.01 i763167 2(110291 <0.01

Knee flexion max [Nm] 95.94 135.91 <0.01 101.55 137.36 <0.01
+16.63 +19.37 +16.89 +17.59

Knee flexion 50% [Nm] 151383 3298579 <0.05 17151321 341(()%8 <0.05

50% flexion absolute error [%] i066079 igl(())illl <0.01 i37555; 527-.7;17 <0.01

Table 3. Mean values, standard deviations, and p-levels (Wilcoxon test) for isometric torques (knee extension/flexion
max.) and kinaesthetic force differentiation ability (knee extension/flexion 50%, 50% extension/flexion absolute error)

in the control group.

Right p-value Left p-value
Parameter
Initial Final Initial Final
. 164.64 178.27 <0.01 172.18 192.09 <0.01
Knee extension max [Nm] +£9.03 +955 +1866 | 1773
Knee extension 50% [Nm] 12;%% 12;3 é? <0.05 12536; 1312?;3 469 NS
50% extension absolute error [%] 11365(4)1 4 3260793 <0.05 fi?;é EQJ; <0.01
K flexi N 95.73 113.6 <0.01 98.38 112.15 <0.01
nee flexion max [Nm] +12.35 +11.62 £2243 | +2214
. 73.86 82.6 <0.01 73.15 80.49 <0.01
Knee flexion 50% [Nm] + 8.49 +8.8 +14.0 £12.72
50% flexion absolute error [%] ilsgg 6 31'5011 4 NS 359')2; ili?)G 59 NS

Notes: NS - not significant.
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Figure 5. Normalized values of differences between the initial and final isometric torques in the experimental and

control groups.

. experimental
. control

right knee left knee right knee left knee
extension extension flexion flexion

Figure 6. Normalized values of differences between the initial and final absolute errors for force differentiation ability
in the experimental and control groups.
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Table 4. Mean values, standard deviations, and p-levels (Wilcoxon test) for explosive force (long jump) and explosive

force differentiation ability (blindfolded long jump, absolute error) in the experimental and control groups.

Experimental p-value Control p-value
Test

Initial Final Initial Final

Long jumpfcm] 184.09 + 201.36 <0.01 179.55 185.91 + <0.01

g Jump 13.0 +12.47 +16.65 | 1514
. . 104.09 100.0 NS 98.64 100.46 NS

Blindfolded long jump [cm] +10.91 +12.04 +18.59 +12.14

. . 9.28 443 <0.01 10.3 7.57 <0.01

0,

Blindfolded jump absolute error [%] + 944 201 +3.03 +263

Notes: NS - not significant.

2.5

2.0

1.5

1.0

0.5

0.0

experimental

control

D experimental
- control

Figure 7. Normalized values of differences between the initial and final values of absolute errors for explosive force
differentiation ability in the experimental and control groups.

There were no significant intra-group differences in the functional evaluation of the force differentiation
ability (ball shot to a target) in either the total score or in the number of direct hits (Tables 5 and 6).

Table 5. Mean values, standard deviations, and p-levels (Wilcoxon test) for the functional evaluation (ball shot to a
target) of kinaesthetic force differentiation ability (the total score and number of direct hits) in the experimental group.

Right Left
Parameter p-value p-value
Initial Final Initial Final
Total score 5.45 5.27 NS 445 5.0 NS
+2.11 +142 23 +1.79
. . 4.18 4.0 NS 3.27 4.0 NS
Direct hits +1.47 £11 £179 +1.18

Notes: NS - not significant.
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Table 6. Mean values, standard deviations, and p-levels (Wilcoxon test) for the functional evaluation (ball shot to a
target) of kinaesthetic force differentiation ability (the total score and number of direct hits) in the control group.

Right Left
Parameter p-value p-value
Initial Final Initial Final
Total score 5.36 5.36 NS 4.55 5.18 NS
+1.8 +1.93 +2.16 +0.98
. . 4.27 4.09 NS 3.36 3.73 NS
Direct hits £179 +114 +15 +0.79

Notes: NS - not significant.

Discussion

A review of the literature depicts two specialized
approaches to evaluating the CMAs in football,
although they may translate to other sport disci-
plines as well. The first approach is based on the
assumption that, in the field of football, coordi-
nation abilities should always be assessed by me-
ans of specific tests, which should always be ‘with
the ball' [5]. The second approach, supported by
Mynarski and Zywicka [6] and Raczek [7], incor-
porates non-specific, laboratory tests which give
an overall view of the given coordination ability.
This style of testing has revealed significant dif-
ferences between young football players whose
training was enriched by selected PNF patterns
and players who only exercised regularly.

In particular, this study aimed to verify the hypo-
thesis that PNF techniques constitute one of the
factors that influence specific coordination foot-
ball abilities. Therefore, the outcomes of the spe-
cific tests were the most challenging to interpret.
Both groups showed similar, but usually non-si-
gnificant, increases of the functional kinaesthetic
force differentiation ability, which indicates only
a slight influence from the PNF training. However,
it seems unusual that regular football training did
not affect them. It is likely that all subjects had
already achieved the optimal level of specific co-
ordination abilities. All subjects had trained for
several years (from 2 to 7 years). To better un-
derstand this issue, research incorporating PNF
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techniques must be conducted on young players
who are just starting the training process. Only
then can we establish if an improved force dif-
ferentiation ability, as indicated by non-specific
laboratory tests, can also be noticed in the chan-
ging level of specific football skills.

It is impossible to exclude the possibility that
small increases in the CMAs, as shown by specific
tests, are the result of improper training loads.
As described by some researchers [7], it may be
the case that in Poland, coordination abilities are
treated as secondary and are rarely shaped in an
isolated, specific fashion.

A different picture can be observed in the out-
comes of the laboratory tests. The kinaesthetic
force differentiation ability showed a significantly
larger increase in the experimental group than
in the control group. Therefore, the hypothesis
of PNF patterns influencing this ability appears
to find empirical support. However, according
to Starosta [8], it is based on adroit ball handling
(‘sense of the ball'), and its objective assessment
should be performed in exactly the same way. In
the future, studies verifying the influence of PNF
techniques on the level of football skills should be
based on tests developed in accordance to that
statement.

Conclusions

Selected PNF techniques introduced into football
training influence the kinaesthetic force diffe-



rentiation ability, although this result was appa-
rent only in laboratory tests but not in specific
tests. PNF exercises affect the level of conditional
abilities as well. Having in mind the specificity of
the introduced training, this was probably the ef-
fect of a greater capability to activate muscle mo-
tor units. Selected PNF patterns may constitute
an additional, valuable training tool after injuries
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