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The purpose of practicing sportis to improve one’s
physical fitness and technical skills. Highly specialized training
strengthens particular muscles, which due to repeated overuse
may become hypertonic and shortened. This kind of disorder
of soft tissues surrounding joints limits the articular range of
motion and causes pain, which in effect reduces an athlete’s
ability to compete. The aim of this study was to
evaluate the state of muscle balance in field hockey players. The
research sample consisted of seventeen professional players from
the Polish National Field Hockey Team from 2009.

The research methods included muscle length
tests and a questionnaire survey on players’ pain symptoms and
their knowledge about maintaining muscle balance.
Insignificant asymmetric muscle balance disorders were found
in the upper limb region. The external rotators of the shoulder
joint were the most overused muscles. Significant symmetric
muscle length disorders were found in the lower limb region
— the iliopsoas was shortened in 100% of cases, and rectus
femoris in 63%. Several conclusions were drawn.
The most significant one is that all field hockey players exhibit
disturbances in muscle length and suffer pain. This research
shows which muscles are highly overloaded and should be
taken into consideration in developing programs of stretching
exercises. To improve the efficiency of these exercises they should
be supervised by an experienced physiotherapist.
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What is already known on this topic?

There have been scientific studies that prove structural
degenerative changes in intervertebral and knee joints
of field hockey players. However, there has been
no complete functional analysis that could define
muscles that tend to be overused and should be taken
into consideration during stretching exercises.

Introduction
Human muscles work to move bones, maintain the
vertical posture and stabilize some segments of
the biomechanical chain to allow other segments to
move. Therefore, from the kinematic point of view,
muscles perform entirely different roles — they move
and stabilize segments. Considering their functions in
biomechanical chains we can divide them into phasic
and tonic muscles [1]. Phasic muscles perform dynamic
and isotonic activities. They produce high strength
values in short time, tire fast and regenerate long. Tonic
muscles perform the static and isometric function, e.g.
maintaining the vertical posture or muscle tone even
during sleep. Contrary to phasic muscles, they do not
require much oxygen and nutrients, regenerate faster,
and are, therefore, adapted to long-term and low-effort
activities. Examples of phasic and tonic muscles are
listed in Table 1.
Maintaining balance between both groups of muscles is
essential to perform a movement with utmost precision
and speed as well as with low energy output. This
balance can be disturbed by professional and highly
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Table 1. Examples of phasic and tonic muscles

Phasic muscles Tonic muscles

Rectus abdominis Scaleni

Vastus medialis Pectoralis major and minor
Vastus lateralis
Rhomboideus

Erector spinae (th region)

Levator scapulae
Quadratus lumborum
Piriformis

Triceps brachii Rectus femoris
Gluteus medius Hamstrings

Triceps surae

specialized sports training, because of repeated and
specific muscles overuse. In athletes practicing sports
requiring quick reactions, including field hockey,
exaggerated spine curvatures have been observed [2].
A lumbar hyperlordosis can be caused by overusing the
hip joints, as they are strongly connected with the spinal
and knee joints [3]. An example of hip muscles affecting
the lumbar spine is the pelvic crossed syndrome, where
tonic hip flexors together with lumbar extensors are
significantly stronger than the phasic hip extensors and
abdominal muscles [1, 4].

An increased lumbar lordosis causes pain and structural
changes in the lumbar-sacral region, e.g. degeneration
in intervertebral joints and discs [5, 6, 7, §].

Aim of Study

The aim of this study was to evaluate the state of muscle
balance and the frequency of pain symptoms in athletes
practicing a quick, resistance sport, i.e. field hockey.

Material and Methods

The research sample consisted of seventeen field hockey
players from the Polish National Team aged from 22-35
years, who had trained field hockey from 10 to 27 years.
All the players were right-handed. In the 2008/2009 season
they played for Polish sports clubs (in the 1st, 2nd and 3rd
places in the Polish Championships) and foreign clubs. The
characteristics of the subjects are given in Table 1.

Study results were collected from a survey and functional
tests of muscle length by Zembaty. The tests assessed
the range of motion, muscle tension and players’ feelings
during passive and isolated muscle stretching [9].

The tests were performed to assess whether muscles have
a normal length or not. The evaluation was conducted
after aregular season and before an international season
in the morning hours, with no warm-up, in comfort
temperature.
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Thirty six muscles (eighteen for each side of the body)
were evaluated and they are presented in Table 2.

Table 2. Examined muscles

Upper limb Lower limb

Pectoralis major— clavicular part | Quadratus lumborum

Pectoralis major— sternal part Iliopsoas

Pectoralis major— abdominal part | Rectus femoris

Latissimus dorsi Piriformis
Internal rotators Hamstrings
External rotators Adductor brevis
Biceps brachii Adductor longus
Triceps brachii Adductor magnus

Tensor fasciae latae

Triceps surae

The applied muscle tests are presented below:

» Latissimus dorsi muscle test (Fig. 1).
Starting position: a patient lies supine, lower limbs
flexed in the hip and knee joints, the tested arm is
flexed over 90° and maximally rotated outwards.
A therapist stands on the tested side.
Performance: the therapist stabilizes the patient’s rib
cage on the tested side with one hand and performs
a maximal flexion of the patient’s arm.
Interpretation: a range of motion less than 180°
confirms muscle shortening.

Figure 1. Final position in the latissimus dorsi muscle test

»  Shoulder external rotators test (Fig. 2).
Starting position: a patient lies supine. Tested upper
limb abducted to 90° in the shoulder and flexed to
90° in the elbow.
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Performance: a therapist rotates the patient’s shoulder
internally. Stabilizing the scapula is necessary — it
cannot stand out from the surface of the postural
rehabilitation table.
Interpretation: a range of motion below 85° indicates
muscle shortening.

Figure 2. Final position in the external rotators test

» Iliopsoas muscle test (Fig. 3).
Starting position: a patient sits at the edge of the table
holding the non-tested thigh close to his chest.
Performance: the patient lies down on the table
holding the non-tested lower limb, while the tested
lower limb hangs freely.
Interpretation: the tested thigh should be about 5°
below the horizontal line.

Figure 3. Final position in the iliopsoas muscle test

*  Quadratus lumborum muscle (Fig. 4).
Starting position: a patient stands straight.
A therapist stands behind the patient.

Vol. 4(20)

Performance: the patient performs bends to both
sides. To eliminate additional movements (flexion or
extension of the trunk) the patient is asked to move
the hand along the thigh.

Interpretation: the range of motion is measured (it
should reach about 9 cm between the fossa axillaris
and the top of'iliac crest) together with the symmetry
of adipo-cutaneus folds on the contralateral side.

Figure 4. Final position in the quadratus lumborum muscle
test (right side)

Results

The data collected from the survey revealed that field
hockey players do not know the purpose of stretching
exercises and how they should be executed during
the training. The majority of players (70%) perform
these exercises at the beginning and at the end of
a training session. Other players perform them only
at the beginning (24%), or only at the end of training
(6%). It is worth noticing that different answers were
collected from players from the same sport clubs. It is
also essential to highlight that all players confirmed that
stretching was performed individually, and 35% were
not able to define its purpose.

A quantitative analysis of the collected data showed
that 35% of tested muscles (ranging from 14 to 56%)
were hypertonic (Fig. 5). There were significant
differences between players of different formations (Fig.
6): midfielders had the highest number of hypertonic
muscles (47%) and goalkeepers the lowest (19%). This
is probably caused by the completely different tactical
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muscles were observed in taller players, however,
the difference was non-significant and there was no
connection to body weight (Fig. 11-12).

m -
.
.

=80 >
= - . o
Saw *
=3
g —___4___-____7-‘—__-__;
30
2 ¢ .« * -
S0
@
& * *
T 10

0 . ' v ' . .

160 165 170 175 180 185 190
Body height [cm]

Figure 11. The relationship between years of training and
number of hypertonic muscles
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Figure 12. The relationship between body weight and number
of hypertonic muscles

Discussion

The analysis of collected data showed that the mean
of 35% of hypertonic muscles was noted among
field hockey players of the Polish National Team.
A connection between the ranking place of the sports
club in the Polish Championships and the number of
hypertonic muscles in players was observed: the lower
the ranking place of the club, the more hypertonic
muscles can be found in the club players. The lowest
mean value was observed in players from foreign clubs;
however, players from the 1st and 2nd teams had their
mean value higher only by 5%.

Differences in the number of hypertonic muscles
between playing formations were also analyzed.
It was discovered that defenders had the least overused
muscles. They also covered the shortest distance and
reached the lowest speed during matches and training,
therefore, their muscles were not intensely overused
[10]. However, the physical loads of midfielders and
forwards were not proportional to the number of their
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hypertonic muscles. It could be suggested that a forward
should present the highest number of overused muscles
due to the covered distance and reached speed. The
research disproved that suggestion. The highest number
of hypertonic muscles was observed in midfielders.
It can be caused by the fact that two highest individual
values were noticed in midfielders from the 3rd club in
the championships list, which raised the mean value of
this formation. It should be emphasized that the lowest
individual value (14% of hypertonic muscles) was
obtained by the forward from the st club — the most
physically demanding position on the field. This state of
muscles can be explained by the time dedicated by the
forward to stretching exercises — from 11 to 30 minutes.
Moreover, players from the 1st club (unlike the other
players) could regularly visit a physiotherapist and use
hydrotherapy during the whole season, which strongly
affected their results in the present study.

The analysis of the upper limb region showed significantly
low and asymmetric disorders in muscles. It is probably
caused by the characteristic style of holding the hockey
stick — the right arm has to be positioned in external
rotation during dribbling, and the external rotators have
to decelerate the arm at the end of the swinging phase
after hitting the ball as well.

The lower limb region can be characterized by
significant and symmetric muscle disorders. The most
overused muscle is the iliopsoas, which was shortened
in all examined players. This was probably caused
by the function of this muscle, i.e. flexion, adduction
and external rotation of the hip and forward tilt of the
pelvis. The short hockey stick forces players with ball
possession to maintain the balance between the lower
limbs joints and intervertebral joints. Moreover, when
a player runs straightened up, the iliopsoas works
dynamically. These situations cause that iliopsoas is
overused in two ways: isometric and isotonic, resulting
in a higher tendency to become hypertonic.

A shortened iliopsoas muscle is a serious problem
because when a player moves on the field or during daily
activities in an upright position, this limits the extension
in the hip joint and provokes a lumbar hyperlordosis.
This is a biomechanically unfavorable situation for
spinal segments from L4 to S1 — a higher pressure of
gravity force affects the posterior aspect of the vertebral
bodies and intervertebral discs leading to structural
damages [§]. Moreover, the intervertebral discs are also
overused during the game when the player is in a bent
position. The nucleus pulposus moves in the opposite
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direction to the movement of the spine. During flexion,
for example, an increased pressure in the frontal aspect
of the disc pushes the nucleus pulposus backwards.
It presses on the anulus fibrosus, causing its rupture, i.e.
slipped disk [7].

Other overused muscles include the rectus femoris,
piriformis, hamstrings and adductors (with disorders
ranging from 47% to 63%). Significant differences
were observed only in the quadratus lumborum muscle.
Again, it is caused by the position that players have to
maintain during the game. Flexion and side bending to
the right are forced by the length of the hockey stick
and the fact that the right hand is positioned lower than
the left hand.

All presented overloads of the spine cause structural
damage, which has been proven by magnetic resonance
imaging. 68% of field hockey players of the Polish
National Team sustained damage of their intervertebral
discs from L1 to L5, and 36% had degenerative changes
in the vertebral bodies [11]. It was also observed that
players who trained hockey for longer (over 14 years)
sustained more severe damage.

47% of the players reported low back pain symptoms,
which lasted from several days to as long as 10
months. Half of them had never gone to a doctor or
a physiotherapist. Moreover, they were still practicing,
without having a break for total recovery. It should be
underlined that a long-lasting functional disorder leads
to previously mentioned structural changes which
exclude an athlete from playing for much longer time
dedicated to treatment, often of surgical type.

The present study found that players who played field
hockey longer had fewer hypertonic muscles. This could
suggest that more experienced players know how to
protect their muscles. The studied players trained field
hockey for 10-27 years. Only one player out of seven
practicing no more than 20 years did not know the
purpose of stretching exercises. On the other hand, in
the group of players training hockey for longer than 20
years, five players out of ten did not know this purpose.
It is surprising then how more experienced players who
are unfamiliar with the purpose of stretching keep their
muscles in a satisfactory condition.

The research data analysis demonstrated that taller
players had more hypertonic muscles. It can be explained
by the length of the hockey stick, which is 36.5-38.5
inches. A taller player has to perform further flexion of
the vertebral and lower limb joints to control the ball
more accurately. Maintaining this position demands
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larger isometric muscle activity, which leads to muscle
overuse and shortening.

Conclusions

Shortened muscles lead to disorders of muscle balance

in one or several joints (e.g. intervertebral joints). This

muscle imbalance causes unequal tension of tissues
surrounding the joints and induces pain, which limits
aplayer’s abilities to compete during training or a match.

Therefore, from the coach’s point of view, in order to

maintain the proper muscle balance in players, it is

a priority to train them effectively.

The following observations can be made on the basis of

results of the present study:

1. In the upper limb region, 50% of the investigated
muscles were hypertonic, with a right — hand side
bias.

2. Inthe lower limb region, all the investigated muscle
groups were hypertonic symmetrically.

3. In the studied group, the state of disordered muscle
balance was connected with the position on the field:
it was higher for taller players, and lower for more
experienced players.

4. Field hockey players are exposed to a significant
number of muscle disorders — 12 out of investigated
36 muscle groups were hypertonic in more than
a half of studied players. These muscles have
to be particularly considered during stretching
exercises.

5. Stretching exercises controlled by a physiotherapist
and using relaxing procedures help to maintain
proper muscle balance.

What this study adds?

The presented results show that lower limb muscles
are strongly overused by field hockey players who
do not realize the importance of muscle stretching.
Therefore, field hockey players and coaches should be
informed that maintaining muscle balance, especially
around the hip joints, protects the lumbar spine and
consequently improves sport skills.
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