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Abstract

Objective: The autonomic nervous System is an issue that needs to be examined due to the symptoms that develop due to orthostatic intolerance when a
person stands up. Nowadays, it is recommended to do sports regularly from childhood. In addition, there are many different ideas about which muscle groups
work and how they work, and which sport is more beneficial. In our study, we aimed to examine the responses of the autonomic nervous systems to position
changes in children who do regular and different sports.

Methods: The most commonly used head-up tilt test to detect orthostatic intolerance. Fifteen male wrestlers who dominantly do isometric sports, 15 male
basketball players who dominantly do isotonic sports, and 15 children of similar age and gender who do not do regular sports participated in our study. After
the children were placed on a tilt table and rested for 15 minutes, the table was turned to 70 degrees and their pulse and blood pressure were measured for
50 minutes, 65 minutes in total.

Results: In our study, basal cardiac pulse values were found to be lower in the athlete groups than in the control group, more clearly in the wrestler group
doing isometric sports. There was an increase in cardiac pulses upon standing up in all groups. During the test, systolic blood pressure values were found
to be higher in the wrestlers than in the control group, while basal diastolic blood pressure values were found to be significantly lower in the athlete groups.

Conclusion: The fact that there is a greater increase in diastolic blood pressure upon standing up in those who dominantly isometric sports compared to those
who dominantly isotonic sports suggests the need to do dominantly isometric movements to prevent orthostatic intolerance which is the most common cause
of vasovagal syncope.
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Amagc: insan ayada kalktiinda ortostatik intoleransa bagli gelisen semptomlar nedeniyle otonom sinir sistemi irdelenmesi gereken bir konudur. Giniimiizde
sporun ¢ocukluk caglarindan itibaren diizenli bir sekilde yapilmasi 6nerilmektedir. Ayrica yapilan egzersizlerde hangi kas gruplarinin nasit calistigi dolayisi
ile hangi sporun daha yararli olduguna dair gok cesitli fikirler bulunmaktadir. Calismamizda diizenli ve farkli spor yapan cocuklarin pozisyon degisikliklerine
otonom sinir sistemlerinin verdigi yanitlari incelemeyi amacladik.

Yontem: Ortostatik intoleransin saptanmasinda en yaygin kullanilan head-up tilt testidir. Calismamiza izometrik agirlikli spor yapan 15 erkek giresci, izotonik
agirlikli spor yapan 15 erkek basketbolcu ve yas ve cinsiyet benzer, diizenli spor yapmayan 15 cocuk alinmustir. Tilt masasina yatirilan ¢ocuklara 15 dakika
dinlenmeyi takiben masa 70 derece konuma getirilerek 50 dakika, toplamda 65 dakika boyunca nabiz ve kan basinci lctimi yapilmistir.

Bulgular: Calismamizda izometrik agirlikli spor yapan guresci grubunda daha belirgin olmak Uzere bazal kardiyak nabiz dederleri sporcu gruplarda kontrol
grubuna gore disiik saptanmistir. Tim gruplarda ayaga kalkma ile beraber kardiyak nabizlarinda artma olmustur. Test boyunca sistolik tansiyon degerleri
gurescilerde kontrol grubuna gére yiiksek saptanirken bazal diyastolik tansiyon dederleri sporcu gruplarda anlamli sekilde dustik saptanmistir.

Sonug: izometrik agirlikli spor yapanlarda ayaga kalkma ile beraber diyastolik kan basincinda izotonik agirlikli spor yapanlara gére daha fazla artigin
olmasi vasovagal senkopun en sik goriilen nedeni olan ortostatik intoleransin énlenmesinde izometrik agirlikli hareketlerin daha fazla yapilmasi geregini

dastndirmektedir.
Anahtar Kelimeler: Egzersiz, head-up tilt testi, ortostatik intolerans

Introduction

Changes in the cardiovascular system due to changes in the
position of the human body have been a subject of constant
interest and curiosity. Factors that are effective in regulating
blood flow during body position changes; gravity, autonomic
nervous system, cardiovascular system, central nervous
system and endocrine system®.

The response of the autonomic nervous system varies the
most in a healthy person. Therefore, the autonomic nervous
system response in people who experience symptoms with
changes in body position is a subject that is widely evaluated.
Nowadays, it is recommended to perform sports regularly
starting from childhood for the cardiovascular system to
function healthily. In addition, various ideas have been put
forward about which sport is more beneficial due to the
type of sport and which muscle groups work in which way
in the exercises. The most important problem in position
changes is orthostatic intolerance, which develops because
of the displacement of blood in the body®. Although various
methods are used to detect orthostatic intolerance, the head-
up tilt test is currently the most used for this purposet-®,

Because the contraction patterns of various muscle groups
in our body differ during our movements, their effects on the
cardiovascular system are also different®. Isometric muscle
contraction is a type of contraction in which the muscle tone
increases while its length remains constant. Thisis also called
static muscle contraction. In isotonic muscle contraction, the
muscle length shortens (concentric) or lengthens (eccentric).
Also called dynamic muscle contraction. In both types of
contractions, the heart rate increases. This increase in heart
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rate is largely dependent on decreased vagal tone, although
increased cardiac sympathetic nerve discharge also plays
a role. During isometric muscle contraction, systolic and
diastolic blood pressures rise sharply. Stroke volume changes
relatively less, and blood flow to the constantly contracting
muscles decreases because of their pressure on the blood
vessels. Unlike isotonic contraction, there was a significant
increase in stroke volume in this table. In addition, there was
a clear decrease peripheral resistance due to vasodilation in
the exercising muscles. As a result, systolic blood pressure
increased moderately, whereas diastolic blood pressure
generally remained unchanged or decreased. Mean arterial
pressure increases because cardiac output increases
because of the decrease in total peripheral pressure®®. The
exercises that people perform in their daily lives also include
a combination of dynamic and static exercises.

In this study, we aimed to examine the responses of the
autonomic nervous system to position changes in children
who play sports regularly and with different characteristics
and to determine which of the results is the desired response
to position changes.

Materials and Methods

The study included 15 male athletes who have been actively
working for at least 3 years in the sport of wrestling, where
isometric muscle contraction is used more intensely, and in
the sport of basketball, where isotonic muscle contraction
is used more frequently (training for at least 2 h for 4 days
a week and participating in domestic and international
competitions). The control group was selected from
individuals of similar age and gender who were not actively
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involved in any sports. Ethical approval for the study was
obtained (Manisa Celal Bayar University Faculty of Medicine,
2005/0001).

Tilt Table Test Protocol

All subjects tested had fasted the night before or had eaten at
least 2-3 hours before monitoring, if the test was performed
early in the morning. After the subjects were informed about
follow-up, a written consent form was signed. The subjects
were monitored after being connected to the tilt table. All
subjects were allowed to rest in the supine position for
approximately 15 min before the start of the test to stabilize
their heart rate and blood pressure. Then, the tilt table was
tilted to 70° and the subjects were allowed to stand for 50
min, which was the test period. Cardiac rhythm, heart rate,
and blood pressure were monitored with at least 3-lead ECG
recording with a continuous monitor at 3-min intervals.
Pharmacological provocation was not used. The test was
performed under the supervision of a pediatrician to avoid
potential complications. The test results were evaluated by
making double comparisons within each group, between
groups, and triple comparisons between three groups. In
addition, the test duration was compared in three different
periods for each group.

1-First 15 min: To obtain basal values in the supine position,

2-Between the 15" and 45" minutes: To obtain the response
in the early period of standing,

3-Between the 45" and 65" minutes: To obtain the response
in the late period of standing.

Statistical Analysis

The data obtained were provided using SPSS for Windows
11.0. Kruskal-Wallis and Mann-Whitney U tests were used
for comparisons between the groups. A p-value 0.05 was
considered significant.

Results

Fifteen basketball players, 15 wrestler children, and 15
healthy children of similar age and gender who do not play
sports regularly were included in the study. The children
were all boys. The average age of those involved in wrestling
sports was 15.40+0.73, the average age of those involved in
basketball sports was 12.26+0.79, and the average age of
the control group was 13.26+1.43. None of the participating
children had a history of syncope in themselves or in their
families. When all three groups were compared separately

as the basal rest period in the first 15 min, the early period of
standing between the 15" and 40" min, and the late period of
standing between the 40™ and 65" min, cardiac pulse values
throughout the entire test period were lowest in wrestlers
and slightly higher in basketball players. It was found to be
higher and statistically significantly higher in the control
group than in the other two athlete groups. No significant
difference was detected in terms of systolic and diastolic
blood pressure (Table 1).

When the control, basketball player, and wrestler groups
were compared separately in the first 15 min, between 15 and
40 min, and between 40 and 65 min, the cardiac pulse values
during the basal rest period were significantly lower than the
values in the early and late periods of the standing period.
Additionally, there was no significant difference between
cardiac pulse values in the standing position.

When the control, basketball player, and wrestler groups
are compared in terms of systolic blood pressure values
during the basal rest period and the early and late periods
of the standing period, the difference between them is not
significant.

There was no difference in the control group in terms of
diastolic blood pressure values during the basal rest period
and the early and late periods of the standing period.

When the basketball player and wrestler groups were
compared in terms of the parts of the test, the diastolic blood
pressure values measured during the basal rest period were
found to be significantly lower than those measured during
both the 2" and 3™ parts of the test. However, the difference
between the second and third parts of the test was not
statistically significant.

When the control group and the basketball player group were
compared separately in terms of cardiac pulse values during
the basal rest period, the early period of standing, and the
late period of standing, there was no statistically significant
difference in the basal rest period and the early period of
standing. However, during the late period of standing, pulse
values in the control group were significantly higher than
those playing basketball (p=0.01).

When the control group and the basketball player group
were compared separately in terms of systolic and diastolic
blood pressure values during the basal rest period, the early
period of standing, and the late period of standing, it was
observed that there was no significant difference between
them.
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Table 1. Comparison of the groups in all three test sections

n=15 (each group) Median + SD p
Control 86.4+6.7
Cardiac pulse values Basketball players 84.0+9.3 0.015*
Wrestlers 76.7+10.4
Control 108.2+6.5
0-15"" minute Systolic BP Basketball players 110.7+6.7 0.07
Wrestlers 114.0+2.0
Control 66.5+4.6
Diastolic BP Basketball players 64.8+4.5 0.07
Wrestlers 62.0£5.7
Control 93.1+2.0
Cardiac pulse values Basketball players 90.0£5.5 0,005
Wrestlers 83.8+10.2
Control 109.8+6.2
15-40™" minute Systolic BP Basketball players 110.945.3 0.45
Wrestlers 113.0+2.6
Control 67.1+3.6
Diastolic BP Basketball players 68.1+3.6 0.18
Wrestlers 66.6+5.8
Control 93.4+2.4
Cardiac pulse values Basketball players 88.8+7.2 0.00*
Wrestlers 84.8+7.7
A0-60 minute . Control 110.0+5.7
Systolic BP Basketball players 111.5+4.0 0.06
Wrestlers 113.6+2.3
Control 66.9+1.9
Diastolic BP Basketball players 68.1+2.8 0.12
Wrestlers 66.3+3.4
SD: itandard deviation, BP: Blood pressure; *Kruskal-Wallis and Mann-Whitney U tests were used to compare all three groups. A p-value 0.05 was considered
significant

When the control group and the wrestler group were
compared separately in terms of cardiac pulse values during
the basal rest period, the early period of standing, and the
late period of standing, the cardiac pulse values of the
wrestlers were found to be significantly lower than those
of the control group during the entire test period (p=0.002,
0.0005, 0.00 respectively).

When the control group and the wrestler group were
compared separately in the first 15 minutes, 15""-40"" minutes
and 40"-65" minutes, the systolic blood pressure values of
the wrestlers were found to be significantly higher than the
control group during the basal rest period and in the late
period of standing (p=0.01, 0.018 respectively). However,
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there was no significant difference between the 15" and 40t
minutes between the two groups.

When the control and wrestler groups were compared
separately during the three periods of the test, the diastolic
blood pressure values of the wrestlers were found to be
significantly lower than those of the control group during the
basal rest period (p=0.03). However, there was no significant
difference in the standing period.

When the basketball player group and the wrestler group
were compared in terms of cardiac pulse throughout the
entire test period, the wrestlers' cardiac pulse was found
to be significantly lower than that of the basketball player
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group throughout the entire test (p=0.02, 0.02 and 0.04,
respectively).

When the basketball player and wrestler groups were
compared, there was no significant difference between the
groups in terms of systolic and diastolic blood pressure
values during the three periods of the test.

Discussion

The head-up tilt test was used to compare the responses
of children performing isometric and isotonic sports to
orthostatic position change. During the entire test, the
wrestlers' pulse rates were lower. Simultaneously, during the
basal rest period at the beginning of the test, the wrestlers'
systolic blood pressure values were found to be high and
their diastolic blood pressure values were low, and at the
end of the test, systolic blood pressure remained high.

The tilt table test is used as a very effective test in the
evaluation of patients with vasovagal syncope triggered
by orthostatic change®. It is an effective technique for
direct diagnosis in the sensitive evaluation of vasovagal
syncopet™. The most important problem in position changes
is orthostatic intolerance, which develops because of the
autonomic characteristics of bipedal creatures when they
become upright. Orthostatic intolerance refers to the
development of symptoms (temporary Loss of consciousness
and/or postural tone) when moving from a lying position to a
standing position®%1Y When we stand up, the veins below the
heart level fill with blood, the return to the heart decreases,
and cerebral perfusion decreases because of the hydrostatic
pressure in the blood™. When we stand up, the rapid decrease
in the amount of blood flowing to the brain due to the
pooling of blood in the large veins due to the position of the
brain above the cardiac point and the gravity below it causes
cerebral ischemia and loss of consciousness®. In response
to blood pooling in the lower extremities, the muscles act as
pumps and return the blood to the heart. During orthostatic
changes, reflex compensatory mechanisms cause changes
in heart rate and vasoconstriction®. In later stages, defense
against cerebral hypoperfusion can be established through
the release of renin-angiotensin-aldosterone, the release
of epinephrine and norepinephrine, and the initiation of the
central effect.

The exercises that people perform in their daily lives include
a combination of dynamic and static exercises. The systemic
cardiovascular response depends on whether muscle
contractionsare primarily isometricorisotonic. The heart rate

increases with isometric muscle contraction. This increase
in heart rate is largely dependent on decreased vagal tone,
although increased cardiac sympathetic nerve discharge also
plays a role. During isometric muscle contraction, systolic
and diastolic blood pressures rise sharply. Stroke volume
changes relatively less, and blood flow to the constantly
contracting muscles decreases because of their pressure on
the blood vessels. The response to exercise involving isotonic
muscle contraction is similar to the situation described above
in that there is a sudden increase in heart rate, but unlike
these, there is also a significant increase in stroke volume.
In addition, there was a clear decrease peripheral resistance
due to vasodilation in the exercising muscles. As a result,
systolic blood pressure increased moderately, whereas
diastolic blood pressure generally remained unchanged or
decreased. Mean arterial pressure increases because cardiac
output increases because of the decrease in total peripheral
pressure®.

In the head-up tilt test, the response to normal heart rate and
blood pressure is an increase in heart rate by 10-20 beats per
minute. The increase in systolic blood pressure was not very
significant. Diastolic pressure and mean arterial pressure
increase to some extent, thus reducing the pulse pressure.
These changes occur because of the rapid displacement of
blood to the lower extremities and are a normal response.
Most studies recommended that the angle be 60-70 degrees
and found the specificity to be 90% and the sensitivity to be
67-83% in the absence of pharmacological agents®™!. In
studies conducted by Fitzpatrick et al."®, it was suggested
that the tilt duration should be 45 min. They found the
average time for syncope to occur to be 24 min. They point
out that the 40-min tilt duration is more useful in detecting
syncopal attacks than the 30-min tilt test, but extending
the test further and continuing up to 60 min increases the
sensitivity only slightly®™. In our study, following the 15-
min basal period, the tilt table was turned to 70° and the
test duration was determined as 65 min. Pharmacological
provocation was not applied because of its negative effect on
test specificity.

Because of the study, when the three groups were compared,
it was observed that the cardiac pulse values of the wrestlers
were lower than those of the basketball players, and the
cardiac pulse values of the basketball players were lower
than those of the control group throughout the entire test.
These basal values can be explained by the fact that the
heart rate in athletes is lower than that in those who do not
participate in sports. In addition, the fact that the heart rate
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in wrestlers, that is, people who do dominantly isometric
exercise, is lower than that in both basketball players and
the control group can be attributed to the increase in total
peripheral resistance in isometric exercise and the lower
amount of blood returning to the heart due to the effect
of the muscles contracting on the blood vessels.When the
control group, basketball player group, and wrestler group
were compared among themselves, a statistically significant
increase was observed in the cardiac pulse values in the first
15 min after removing the tilt table. This increase was 7.75%
in the control group, 7.1% in the basketball player group, and
9.2% in the wrestler group. This is the normal response of
the head-up tilt test. This is an expected response that occurs
due to the change in the amount of blood pooled in the lower
extremities returning to the heart upon standing up.

In a study by Mallat et al."®, it was pointed out that this early
increase in heart rate in the tilt test is an important harbinger
of the test being positive, whereas Newby et al.®® stated that
their own observations were not in this direction. Another
study on the subject supports the predictive importance of
the early increase in heart rate on the positivity of the test.
In other words, while the test results in vasovagal syncope
in people who have an increase in heart rate in the early
stages of standing up, there are also researchers who found
the opposite of this view in their studies!®29,

In our study, the heart rate increased upon standing in all
groups. This situation, which has been evaluated in favor of
a positive test in various studies, was also encountered in
our study, but the test did not result in a positive result in
the control, basketball player, and wrestler groups included
in the study. When the control and basketball player groups
were compared, a significant decrease in pulse values was
observed in the basketball player group toward the end of
the test period. However, when the basketball player group
was compared among themselves, pulse values were found
to be low only in the first 15 min. Therefore, it would be
wrong to talk about a decrease in the heart rate of basketball
players toward the end of the test period.

In pairwise comparisons between the groups, while there
was no significant difference between the basketball player
group and the control and wrestler groups, when the control
group and the wrestlers were compared, it was determined
that the systolic blood pressure values in the wrestler group
were significantly higher than those in the control group,
both during the basal rest period and during the remaining
test period. This was a response consistent with high systolic
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blood pressure during predominantly isometric exercise. In
the head-up tilt test, an increase in systolic blood pressure
upon standing up was expected. However, such an increase
or decrease was not observed in any group in our study.

When a comparison was made between the groups in terms
of diastolic blood pressure values, diastolic blood pressure
values were found to be significantly lower in the basketball
player and wrestler groups during the first 15 min compared
with the subsequent test period. However, there was no
significant difference between the diastolic blood pressure
values of the control, basketball, and wrestler groups when
compared separately and together. While the basal diastolic
blood pressure increased by 5.0% upon standing in the
basketball player group, this value was 7.4% in the wrestler
group. This increase is compatible with the response to the
displacement of blood in the body upon standing up.

There are important differences between dynamic and
static muscle contractions. One of the most important
of these relates to blood supply to the muscles. In static
muscle contractions, blood vessels work under great
pressure because of the continuous contraction effect in the
muscles. This causes less and less blood to be sent to the
muscles. In dynamic contraction, there is a positive effect
on blood circulation as muscle movement contract and
relax rhythmically. During contraction, blood reaches the
ends of the capillaries that feed the muscle fibers, allowing
10-20 times more blood to reach these places. Therefore,
during dynamic muscle contraction, the muscle receives
plenty of glucose and oxygen, and wastes can be eliminated
immediately. During strong static muscle contraction,
neither glucose nor oxygen reaches the muscle. In addition,
waste accumulates and is not eliminated from the muscle.
Therefore, it is very difficult to withstand long-term static
muscle contraction. Because the feeling of pain occurs
because of these wastes. If a suitable rhythm is provided
for dynamic muscle contraction, it can be continued for a
long-time without any wear and tear (for example, heart
muscles). During static muscle contraction, blood transport
decreases inversely proportional to contraction. When the
applied muscle force reaches 60% of the maximum muscle
force, blood flow is completely cut-off. In lower muscle force
applications, because there is less pressure on the blood
vessels, some blood circulation can be achieved. During a
muscle contraction of 15-20% compared with maximum
loading, blood flow to the muscle is normal. While a muscle
contraction of 20% can be sustained for a long time, a
muscle contraction of 50% or more can be sustained for at
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most 1 min. Therefore, activities that result in continuous
static muscle contraction are not desirable.In a study
conducted by Croci et al.?, who investigated the effect of
isometric hand gripping movement in preventing vasovagal
syncope during daily life, based on the fact that isometric
hand grasping movement increases blood pressure in the
initial phase of vasovagal syncope, patients were made
to perform hand gripping or arm stretching movements
when they experienced the symptoms in the initial phase of
syncope. This effect is caused by mechanical compression
of the venous vascular bed in the abdomen and legs and
by increased vascular resistance and sympathetic discharge
during maneuvers. Therefore, it is recommended as the first
treatment option in the initial stages®".

Isotonic exercise (treadmill and bicycle) is often used to
determine tolerance to exercise. However, static exercise
occurs more during daily activities, and therefore, it is
necessary to compare the two. In a study conducted for
this purpose to determine the cardiovascular responses to
static and dynamic exercise in patients with non-valvular
atrial fibrillation, the exercise tolerance of the patients was
investigated. The patients were given treadmill exercise as
a dynamic (isotonic) exercise and hand grasping exercise
as a static (isometric) exercise. When the heart rate values
at the first, second, and third minutes of the exercise were
compared, it was found to be significantly higher on the
treadmill than in manual gripping. When the systolic and
diastolic blood pressures at the 1t minute were compared,
higher values were obtained on the treadmill. As a result, it
was observed that the heart rate response of the patients to
static exercise was lower and the patients tolerated the static
exercise better®?,

In some people, orthostatic intolerance to body position
changes is a major problem. Because of our study, there was
a greater increase in diastolic blood pressure upon standing
up in those who performed isometric-based wrestling
compared with those who performed isotonic-based sports.
This suggests that isometric weighted movements should
be performed more frequently to prevent orthostatic
intolerance, which is the most common cause of vasovagal
syncope.

Study Limitations

The strength of our study is that it will contribute to the
Llimited literature by evaluating the responses of young male
athletes who perform isometric and isotonic sports to the
tilt table test. Its limitations are that it was performed only

on male athletes, no pharmacological provocation was used,
and the number of participants was relatively small.

Conclusion

As a result, although the effects of dynamic exercise on the
cardiovascular system are more positive, studies have shown
that isometric muscle movements are beneficial, especially
in the initial stage of vasovagal syncope. However, the effect
of isometric and isotonic contraction on the cardiovascular
system and orthostatic position changes in people is worth
investigating.
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