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INTRODUCTION

A sedentary lifestyle is causing university students’ physical health to decline world-wide (Bull
etal., 2020). Based on a meta-analysis published by Castro et al university students spend 7.29
h per day sitting, based on self-reported data (Castro et al., 2020). Similarly, Lee E. et al. (Lee et al.,
2019) found that among Korean university students the mean sitting time was 7.96 h per day,
and it was also shown that their stress, anxiety and depression significantly worsened if sitting
hours increased. According to a study by Nikitara et al (Nikitara et al., 2021) based on
Eurobarometer 2017 data, approximately one- third (36.2%) of adults under 65 were
physically inactive in 28 countries in Europe. Subjects with increased sedentary behaviour
had higher risks for obesity, cardiovascular dis- ease, diabetes, cancer, hypertension,
osteoporosis and osteoarthritis, compared to those who sit less. The World Health
Organization’s (WHO) recommendation (2020) for healthy adults between 18—64 years of age
is at least 2.5-5 h of moderate-intensity aerobic type physical activity or at least 75 min to 2.5
h of vigorous-intensity aerobic type physical activity weekly to prevent the consequences of
sedentary behaviour (Bull et al., 2020).

According to the studies sedentary lifestyle and irregular physical activity are common
in the general population of developed countries and even more so among young adults.
Young adults with low cardiovascular fitness due to irregular physical activity and/or
sedentary lifestyle are at a higher risk for cardiorespiratory diseases (Siddiqui et al., 2010; Morrell
et al., 2013; Subramanian et al., 2013; Racette, 2014). The low cardiovascular fitness and functional
imbalance between muscles in agonist-antagonist relation, the decreased range of motion, the
decreased chest expansion can be experienced among them. Some of the consequences of
sedentary behaviour are postural disturbances. Functional imbalance in muscles chains,
limited chest expansion and joint range of motioncan be experienced due to long-term sitting
periods and a sedentary lifestyle. The unequal loading of joint surfaces and muscle imbalance
can be higher risks for functional musculoskeletal complaints, pain and indirectly lower

cardiorespiratory exercise tolerance among young adults (Huang et al., 2006; Czakwari et al., 2008;
Donald et al., 2010; Siminoski, 2011; Deok et al., 2015).
The risk of these disorders may be lowered by the improvement of endurance

performance (Powers et al., 2012; Lavie et al., 2019). The improvement of endurance is linked to
sport activities as part of primary prevention in everyday life. Endurance performance can be
influenced by the condition of the respiratory system. Respiratory muscle fatigue caused by

loading plays an important role in the limitation of endurance performance. Cardiorespiratory
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endurance is expected to be positively influenced by training the respiratory muscles (Powers et
al., 2012).
The treatment of the functional imbalance between muscles in agonist-antagonist

relation by aimed strengthening and stretching can lead to physiological mobility and stability
of joints. The improvement in chest expansion by targeted stretching and strengthening
exercises of the respiratory muscles may play a role in preventing respiratory problems and

achieving a higher level of cardiorespiratory loadability (Powers et al., 2012; Tomaszewska et al.,
2014; Kim et al., 2015).
Breathing exercises supervised by physiotherapists as an effective method of

respiratory physiotherapy have high priority in the rehabilitation of pulmonary diseases and in
the improvement of low loadability and limited mobility (Limongi et al., 2014; Westerdahl, 2015).
Nevertheless, there is not enough information available about the -effectiveness of
physiotherapeutic breathing techniques in the primary prevention of sedentary lifestyle-
induced musculoskeletal and associated complaints.

In order to avoid influencing the outcomes and have reliable results homogenous
female groups were assessed and compared to each other in our study because of the
difference between genders in strength and flexibility. The members of the examined groups
were selected from physiotherapist students because the primary emphasis in the activities of
physiotherapists is on the effectiveness of movement in the prevention and treatment of
musculoskeletal and cardiovascular diseases. In their case it is paramount importance that
they set a positive example for people through their lifestyle.

The primary aim of this study was to evaluate the effectiveness of physiotherapeutic
breathing exercises with regard to posture, range of motion of intervertebral joints and muscle
flexibility compared to the effects of the reliableand popular yoga, Pilates and aerobic interval
training as special motion programmes. The other aim of the present study was to evaluate the
effectiveness of breathing exercises on physical endurance performance in healthy young
female university physiotherapist students compared to the effects of Constant, Fartlek and

Interval type aerobic endurance fitness training programmes.



Hypotheses:

We assumed that

e there is a large ratio of sedentary lifestyle and physical inactivity among
physiotherapist students. Risk factors of cardiopulmonary and musculoskeletal
disorders, such as low aerobic endurance level and decreased muscle flexibility can be

experienced among them,

e the ratio of sedentary lifestyle among university students in physiotherapy is less than

among university students around the world in general,

e the BE can deliver similar improvements in terms of aerobic endurance as the assessed

Constant, Fartlek and aerobic Interval Training programmes,

e the BE can deliver similar improvements in terms of postural deviations, spinal and
chest mobility and muscle flexibility as the assessed Yoga, Pilates and aerobic

Interval Training programmes,

e regular but not well-structured training programmes are not sufficient for correction,
so we supposed that the quality of the training plays as important a role as quantity in

the correction and/or maintenance of mobility and musclebalance.



Objectives:

e | wanted to investigate whether the ratio of sedentary behaviour in physiotherapy

students is similar to relevantliterature data.

e To examine the endurance level and spinal mobility among physiotherapy students in

comparison with the standard reference data of the clinical tests.

e To evaluate the effectiveness of breathing exercises on physical endurance
performance in healthy female college students compared to the effects of Constant,

Fartlek and Interval type aerobic endurance fitness training programmes.

e | wanted to investigate the effectiveness of physiotherapeutic breathing exercises with
regard to posture, range of motion of intervertebral joints and chest and muscle
flexibility in female university students compared to the effects of the reliable and

popular Yoga, Pilates and aerobic interval training as special motion programmes.

e To compare whether dynamic aerobic exercises can compensate as effectively for
sedentary behaviour induced muscle imbalance and decreased flexibility as assessed

Yoga, Pilates and Breathing exercise slow motion programmes.



MATERIALS AND METHODS

In the present study, we examined full-time undergraduate female students at the Department
of Physiotherapy, Faculty of Public Health, University of Debrecen (UD). Students
voluntarily participated after an online invitation and were randomly assigned to one of the
short-term training programmes.

Inclusion criteria was that participants can be only full-time undergraduate female
students of UD. The students had to be willing, available and able to perform the assessments
and tests at the specified time. Failure to participate in follow-up (participant did not complete
a sufficient number of intervention training sessions or did not return for post-intervention
testing) and lack of signature on informed consent resulted in exclusion from the study.
Exclusion criteria was that students could not perform any other type of training during
assessed period in order to exclude the influence of other training methods.

More than one absence form chosen training program. Participants could not
participate in any of the training programmes known to and/or practised by them previously.
Students with knowledge of breathing physiotherapeutic techniques could not participate in
the targeted BE programme.

The participating students could not have any diagnosed spinal or other
musculoskeletal problems, internal organ or cardio-respiratory diseases. These exclusion
criteria were assessed based on self-reporting before the intervention. Further exclusion
criteria were any symptoms that might have influenced the results of the study, such as body
mass index over 29.9 kg/m? was considered, abnormal fat mass around the area of thoracic
and lumbar spine, pain or inflammation of joints and unstable standing capability due to pain.

According to the randomized selection altogether 61 healthy females (aged 20-22)
volunteered to participate in the spinal and chest mobilization programme and 69 healthy
females (aged 20-22) volunteered to participate in the endurance programme. Altogether six
motion programmes were provided for 100 participants.

Students voluntarily participated to endurance training programme (n=69) mean age
21.2+1.18 year) could be randomly assigned to Breathing exercise programme (BE) and three
other fitness training programmes (Constant (CT), Interval (IT) and Fartlek (FT)),

Students voluntarily participated to spinal and chest mobilization programme (n=61)
mean age 20.5+1.20 year) could be randomly assigned to Breathing exercise programme (BE)
and Yoga, Pilates and Interval training programmes. Students of BE and IT groups were

assessed in both programmes.



The four programmes were conducted simultaneously but on different days of the week. All
assessments were carried out at the same time of day, before and after the training period. All
tests were measured by the same experienced physiotherapist (author), assisted by two further

physiotherapists in controlling the measurements in order to avoid measurement errors.

Outcome Measures by Standardized Clinical Tests

Anthropometric data

The anthropometric data of students (age, height, weight, BMI index, body fat %) were
assessed in order to compare the groups with each other only before the intervention.

The weight was measured by digital scale and the height was measured by cm tape. Body fat
and BMI were calculated only before the intervention using the OMRON Body Fat Monitor
BF306 type handle device. Sport activity and physical health and smoking habits were
assessed by questionnaire. The number of sitting hours was calculated based on self-reporting
only before the intervention. The self-reported data collection was used by oral questioning in

our study.

Methods for measuring the effects of endurance training programmes
The Cooper Fitness Test

The Cooper test is known as a reliable field test used for measuring endurance performance. It
is based on the close correlation between the maximal oxygen consumption and a 12- minute-
run performance. Six categories of cardio-respiratory fitness level (poor, fair, average, good,
excellent, superior) are determined according to distance, gender and age. The participants
were instructed to cover as much distance as they could in 12 minutes according to their
individual physical condition. The test was performed before and after the training period on a

400 m outdoor jogging track. Increased distance represents improvement of this parameter
(Weisgerber et al,, 2009; Crystal, 2014; Bandyopadhyay et al,, 2015).

Voluntary breath-holding Time Test

The voluntary breath-holding time is determined by the ability of breath-holding as long as
possible in seconds. The breakpoint of voluntary breath-holding occurs when the individual is
not able to hold his/her breath any more. Subjects were asked to sit comfortably and were

required to make maximal expiration followed by maximal inspiration and to hold their breath



as long as possible by using nose clips. This procedure was repeated three times and the best
value was used. The rest period between the three breath-holding time tests was 5 minutes.
The parameter was measured before and after the training period. This parameter reflects the
endurance power of the respiratory system as well as the functional condition and load

tolerance. Increased rate represents improvement of this parameter (Barnai et al., 2005; Woorons et
al., 2008; Inoue, 2009).

Pulse Control

Individual endurance performance can be determined by maximal oxygen intake. The change
of heart rate due to loading may correlate with the rate of oxygen consumption (Powers és mtrsa,
2012). The HRmax was determined by (220-age) equation according to Karvonen. Load
intensity can be determined by using the values of resting pulse, the Karvonen formula and
pulse control during training. Adequate ,,own-zone” loading (a safe individual exercise zone)
and planned target heart rate training zone may be applied to the abovementioned methods.
The rate of general thresholds can change individually. Pulse control was carried out during
the fitness trainings when the participants were instructed to measure their radial artery pulse

for 15 seconds and multiply the result by 4. (Angyan, 2005; Sérgio et al., 2008; Powers et al., 2012).

Methods for measuring the effects of spinal and chest mobilization programmes

Assessment of Chest Expansion

The participants were asked to be in standing position with their arms along their body. The
participants being examined were asked to stand in a stable position while the circumference
of their chest was measured at the level of the axilla as lower chest expansion shows a higher
measurement error than the upper (Debouche et al., 2016). The tape was slowly encircled around
the chest and the position was continuously under control during measuring to avoid
measurement error. The participant was asked to inhale slowly through the nose and to
expand the lungs as much as they could. In the second phase, they were asked to exhale the
air completely through the mouth. The participant had to stay in apnoea for 2 - 3 s to allow for
measurements by the examiner. The measurement was taken at the maximum point of
exhalation and inhalation. The difference between the two rates was calculated. The

assessment was repeated one more time and the better rate was used. The greater the mobility
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of the chest, the greater the difference. The average value of chest expansion for a healthy

adult is over 3 cm jelzi (Magee, 2013; Clarkson, 2000).
Schober’s Test

This test provides information about the range of motion of flexion of the lumbar spine. The
participants were asked to stand in an upright position. After the palpation of posterior
superior iliac spine on both sides, the level of spinous process of the S2 vertebra was marked
and with a measuring tape a 10 cm distance upward was measured and also marked. In order
to avoid measurement error, the participants were asked to bend forward slowly as far as they
could with straight lower limbs without tilting their pelvis. The distance between the two
marked points was measured again. We can obtain an estimate of lumbar spine flexion by
calculating the difference between the rates of the two measurements. Normally the distance
is 15-17 cm so lumbar flexion is 5-7 cm. If the rate is lower than normal, this can be a
consequence of the decreased flexibility of the paravertebral muscles and limited range of
motion of the intervertebral joints in the lumbar region (Clarkson, 2000; Norkin, 2009).

Occiput-to-Wall Distance Test (OWD)

This test provides information about the posture of the participants by measuring the position

of the head and neck to the trunk, a simple tool for screening and monitoring to determine the
presence of thoracic hyperkyphosis. The results are influenced by the rate of spinal curvatures
in sagittal plane; thus, OWD is also affected by the rate of thoracic kyphosis and lumbar
lordosis. In an optimal situation the occiput touches the wall while the participants stand with
their head in a neutral position. If it does not touch the wall, the distance between the wall and
the occiput is measured. In order to avoid measurement error, the participants were under
strict control while standing with their back against a vertical surface (wall), their heels and
buttocks touching the wall in their normal standing position. The participants were standing
with their head facing forward and their knees extended as much as possible. The distance
between the occiput and the wall was measured by a tape. The measurement was repeated
three times with a period of necessary resting. The best of the three measurements was used
for the data analysis. A distance below 4-5 cm between the occiput and the wall is normal.
Pre-positioned posture is defined as an OWD > 5.0 cm. If the distance is larger than normal, it
can be a consequence of increased thoracic kyphosis or a head thrust forward which is due to

increased lumbar lordosis. Decreased distance represents improvement of this parameter
(Heuft-Dorenbosch et al., 2004; Wiyanad A et al., 2018).



Fingertip-to-Floor Test

This test can be used to measure flexibility of the hamstring muscle group and mobility of the
thoracic and lumbar spine. Participants were asked to bend forward as far as they could with
their stretched and closed knees, and to try to touch the floor slowly under strict control to
avoid measurement error. Optimally the participants were able to touch the floor with their
middle fingers. If they could not, the distance between the tip of the middle finger and the

floor was assessed. Decreased distance means improvement of this parameter (Clarkson, 2000;
Norkin, 2009).

Trunk Side Bending (Lateral-Flexion) Test

The rate of trunk side bending, the harmony of motion and symmetry between both sides are
measured using this test. For the assessment of trunk lateral flexion, the participants were
asked to stand with their backs against a vertical surface (wall), heels and buttocks touching
the wall. They were asked to slide down their hands along their thighs during bending to the
left and then to the right side. In order to avoid measurement error, they were under strict
control during measurement when they were asked to perform large trunk lateral flexion
slowly but as much as they could to the right and then to the other side without rotating their
trunk forward and elevating their heels from the floor on the opposite side during trunk lateral
flexion and they had to keep their shoulders against the wall. The distance between the tip of
the middle finger and the floor was measured in lateral flexed position. There is no normal
value. Decreased distance means improvement of this parameter. The test was taken on both
sides. The difference between the rate of right and left side lateral flexion was also analysed.
If it is larger than 2 cm, it may be due to functional deviations (e.g., quadratus lumborum
muscle imbalance) or structural deformities (e.g., scoliosis) in the background. Decreased
distance means improvement of this parameter (Clarkson, 2000; Norkin, 2009).

Applied Training Programmes
To compare their effectiveness, we used a breathing exercise programme and 5 different
exercise programs. Exercise programs have small numbers of participants in order to achieve

the optimal training effects.

Breathing Exercise (BE) Programme (n=15)

A breathing exercise programme is a physiotherapeutic motion therapy in which respiratory

muscle training, relaxation techniques, breathing techniques, e.g., deep breathing, hand
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controlled abdominal/diaphragmatic breathing, aimed stretching and strengthening exercises
are combined with each other (Limongi et al., 2014; Westerdahl, 2015).

Deep breathing, controlled diaphragmatic breathing, slow relaxed exhalation with
pursed lips technique, direct apnoea exercises for 2 or 3 s and segmental breathing techniques
with hand control on chest and/or abdomen were used. Segmental breathing technique was
used for the ventilation of the basic part of lung tissue with hand control. Active cyclic
breathing technique was applied as a combination of the learned techniques: all phases of
respiration were guided (deep inhalation, keeping the air in for 2 or 3 s, slow exhalation with
pursed lips and having a deep sough at the end). The aims of breathing exercises were to
ventilate all parts of the lung and consequently improve gas exchange by abdominal breathing
techniques. The primary aim of using breathing exercises against resistance was to strengthen
the respiratory muscles. The stretching exercises were used to maintain and improve the
flexibility of the diaphragm. Relaxation was applied during the warm-up and cool-down
exercises in order to reduce stress. Exercises were performed in different positions on the
floor: lying-, crawling-, and sitting positions. Quiet music for relaxation were played during
the exercises. The programme aimed at optimized oxygen consumption and achieving a more
effective breathing technique fejlesztése (Birkel, 2000; Grieco, 2014; Limongi et al., 2014; Westerdahl,

2015). The breathing exercise programme was supervised by physiotherapist (author).

Endurance training programmes

Constant Training (CT) Programme (n=22)

Aerobic, low-impact, and cardiovascular trainings were provided in which the intensity was
between the 65-70% of HRmax during the work-out phase. The exercises were carried out on
a special sport equipment, a step training workout stepper (step bench) at low or moderate
intensity. The height-adjustable platforms make it possible to perform the basic moves of
aerobics involving stepping up and down. We endeavoured to keep the intensity achieved at
the end of the warm-up exercises. (Roberta, 2001; Fatma, 2011; Powers et al.,2012). The programme

was supervised by fitness aerobic instructor (author).

Interval Training (IT) Programme (n=17)

Interval training is a special aerobic training in which low and high intensity periods vary in
the ratio of 3:1 (6:2 minutes). The intensity was 65-70% of HRmax during the active resting

period and 75-80% of HRmax during the high intensity period. In the active resting period
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low-impact low intensity exercises were performed to improve the cardiovascular system and
low-impact high intensity exercises were carried out to improve strength-endurance in the
high intensity period. The resting period was performed together in one group while the high-
intensity exercises were performed in small groups on stages. Similar kinds of aimed
strengthening exercises were performed for the muscles of the anterior, posterior, lateral and
spiral muscle chains of the shoulder girdle, trunk and pelvis girdle in the same lying and
crawling positions as the ones used during the BE programme, but especially dynamically in
the high-intensity periods. (Daussin et al., 2008; Powers et al.,2012). The programme was supervised

by fitness aerobic instructor (author).

Fartlek Training (FT) Programme (n=15)

Fartlek or ,,speed-play” is a special high intensity aerobic training in which low and high
intensity periods vary in different ratio. The intensity was 65-70% of HRmax during the
active resting period and 75-85% of HRmax during the high intensity period. In the active
resting period moderated intensity exercises were performed to improve the cardiovascular
system and high-impact high intensity exercises were carried out to improve strength-
endurance in the high intensity period. The exercises of the resting and high intensity periods
were performed together in one group. (Mercer, 2003; Powers et al.,2012). The programme was
supervised by fitness aerobic instructor (author).

The training programmes were conducted simultaneously but on different days of the
week. in the gym of Department of Physiotherapy. The training programmes were performed
twice a week for one hour per occasion for 7 weeks. There was not any other program
provided for them that used breath control in order to exclude theirs influence. The
participants could perform that training which was used by them in advance only during the
assessed period. The rhythm of the music was between 133-136 bpm during the fitness

training programmes.
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Spinal and chest mobilization motion programmes

Yoga (YY) Programme (n=16)

Yoga is not solely a physical activity; it is a special philosophy of life containing traditional
elements of Hinduism such as moral and ethical precepts. It is a combination of physical,
mental, and spiritual practices or disciplines from ancient India. Yoga involves special
positions (poses) to strengthen the muscles and to maintain well-being, it is also a spiritual
philosophy, with the guidance of the master, repetitions of mantras, the regulation of
respiration, and meditation by relaxation making it a self-analysing way of life focused on
perfecting one’s self physically, mentally and spiritually (Meier et al., 2021). The participants
were instructed to concentrate on their respiration in their own rhythm while keeping the
achieved poses. The different type of respiration such as diaphragmatic breathing, breathing
to intermediate segments and upper segments of lung tissue are separated during yoga
exercises. The yoga training contained predominantly exercises for the mobilisation of the
trunk and pelvis muscles in order to improve chest mobility, muscle strength and flexibility
(Birkel et al., 2000; Pavlik, 2011; Noggle et al., 2012; Kuppusamy M et al., 2017). The yoga programme

was supervised by an experienced yoga instructor.

Pilates (P) Programme (n=15)

Pilates is a complex motion which contains the anatomical knowledge of “West” and the
movement culture of “East”. The Pilates method, designed by Joseph H. Pilates, has 6
principles: strengthening and stabilising the centre of the human body, improving the
breathing techniques, concentration, mind control, flowing the exercises into each other, and a
slow and correct exercise performance. The training part focused on aimed strengthening and
stretching of trunk and hip muscles due to predominantly trunk flexion and extension and
rotation in order to improve the mobility of the spine. During the performance of the exercises
the basic principles of the Pilates method were in the focus. Concentrating on inhalation and
exhalation was combined with relaxation and targeted strengthening or stretching exercises
but special breathing techniques such as active cyclic breathing technique or sniff breathing
and pursed lips exhalation techniques, etc. were not applied. The participants had to perform
the movements in conjunction with breathing (Geremia et al.,2015; Valenza, 2017; Eliks et al., 2019).

The Pilates programme was supervised by an experienced Pilates instructor.
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Interval Training (IT) Programme (n=15)

The previously presented Interval training is a dynamic special aerobic endurance training in
which low and high intensity periods vary in a previously determined ratio. The participants
were assessed by tests for measuring endurance level and spinal and chest mobility also but
during assessment of mobility 15 participants were possible measured. The strengthening
exercises were performed for the same muscles of the shoulder girdle, trunk and pelvis girdle
in the same lying and crawling positions as the ones used during the BE programme, but
especially dynamically in the high-intensity periods.

The four training programmes were performed twice a week, one hour per occasion, for 7
weeks. The organization and implementation of the surveys and programs began in the fall of
2013 and ended in the spring of 2017.

Statistical Analysis

The baseline measurements’ data are presented as mean + SD. The standardized clinical tests’
data are presented as medians and interquartile ranges (IQR). The Shapiro—Wilk test was used
to check the normality of the continuous variables. Since most of the data did not follow
normal distributions, non-parametric Wilcoxon signed-rank test was used to compare
medians. The Spearman’s correlation analysis was used in order to investigate the correlation
between the variables related to the physical examination. The degree of difference between
the four groups’ baseline condition was determined by Kruskal-Wallis ANOVA. Dunn’s post
hoc test was carried out for pairwise comparison of baseline and final pairwise differences.
The results were considered as significant if the p-value was below 0.05. The data were
processed using Microsoft Excel and the statistical analysis of the data and calculation were
made using the Intercooled Stata v13 programme (Stata Corp., 2013)

Sample Size Calculation

A priori sample size calculation was performed with a power level of 80% and an a level of
0.05 based on relevant studies (Perret et al., 2001; Fabrice et al., 2003; Calders et al., 2008; Wiyanad et al.,
2018). An online invitation was launched among all physiotherapist students in order to recruit
the appropriate number of participants. Refusals, exclusions and group size (to ensure proper

attention) were also taken into consideration.
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RESULTS

Anthropometric data of the participants of endurance training programmes

The four groups had similar mean value of anthropometric data. All of them could be
categorized into the ,,Normal” category (18.5-24.9kg/m?) based on the mean value of body
mass index (BMI), and three groups were categorized into the “Healthy” (21-32.9%) but the
IT group was categorized into the “Overfat” category (33-38.9%) based on the mean body fat
content (Gallagher, 2000). According to statistical analysis the IT group differed from the other
groups in body mass index (BMI) (ANOVA test (p=0.025), based on difference between CT
and FT (p=0.043), between CT and IT (p=0.026) and between IT and BE (p=0.015).

Results of the questionnaire about smoking habits and ratio of physical activity

Our findings showed that physical inactivity was widespread in our assessed group. The
48.5% of assessed students did not have any physical activity and 51.52% (n=34) of subjects
made sport activity. The 36.2% (n=24) of assessed participants have regular and the 15% have
irregular physical activity among them. The long lasting school time per day, the lack of
leisure time and partner were dominantly indicated as the most frequent reasons. The most
frequent physical activity was “jogging” (60%). According to our results 86% of assessed
students did not smoke (smokers were 9 participants). There wasn’t any significant difference

between the 4 groups in above mentioned parameters.

Results of the Cooper test

Statistically significant improvement was observed in all training programmes. The average
rate of improvement was 8.28% due to IT (p=0.002). The average rate of improvement was
7.75% due to FT (p=0.009). The average rate of improvement was 6.01% due to CT
(p=0.001). The average rate of improvement was 5.73% due to BE (p=0.027). The endurance
performance improved by 16 participants (94%) in the IT group, 13 participants (87%) in the
FT group; 17 participants (77%) in the CT group and 9 participants (60%) in the BE group.
Stagnation could be observed only by 2 participants (9%) in the CT group.

Fourteen people (82.4%) improved their categorization in the IT group, 11 people
(73.3%) in the FT group; 11 people (50%) in the CT group and 6 people (40%) in the BE
group. The 58% of the assessed students (n=69) classified into the ,,average” or above the
“average” category before the intervention (41% were ,,average” and 17% were categorized in

above ,,average” category). These data improved successfully due to the training programmes.
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The number of the students in below ,,average” category was decreased form 29 (42%) to 12
persons (17%), number of students in ,,average” category was not changed considerably
(39%), and number of students in above the “average” category was elevated form 12 to 30

(44%) participants.

Results of the degree of difference between the four groups’ baseline condition

There was no significant difference between the four groups in the baseline condition of
Cooper test before the training programmes (Kruskal-Wallis ANOVA (p=0.105) and it
remained unchanged as a result of programmes (Kruskal-Wallis ANOVA (p=0.462) after the
training period.

Results of the Breath-holding (Apnoea) Time Test

Statistically significant improvement was achieved in three groups and not significant
development was seen in the CT group. The rate of improvement of the mean voluntary
breath-holding time was 15.2% in the FT group (p=0.007), it was 9.94% in the IT group
(p=0.025), and 8.45% (p=0.235) in the CT group. The 9.23% improvement was achieved due
to the BE program (p=0,021).

Twelve people (80%) improved their results due to the FT training, 14 people (82%)
due to the IT training, 13 people (59%) due to the CT training and 12 people (80%) due to the
BE program. In the CT group 2 people (9%) showed stagnation while in the FT group 2
people (13%). Relapse was observed in the FT group in 1 person, in the IT group in 3 people,
in the CT group in 7 people and in the BE group in 3 subjects.

The mean rates were below 1 minute in the all groups before the interventions, the rate

above 1 minute was not achieved due to training programmes.

Results of the degree of difference between the four groups’ baseline condition

There was a significant difference between the four groups in the baseline condition of apnoea
test before training program (Kruskal-Wallis ANOVA (p=0.041), but this was the result of the
significant difference between CT and FT programmes (Dunn post hoc test (p=0.030) and
between CT and BE (Dunn post hoc test (p=0.047). The difference was not significant
between the four groups after the training period (Kruskal-Wallis ANOVA (p=0.269).
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Results of the degree of difference between the four groups’ first and final conditions
Significant differences were observed between the before and after values related to the
motion programs according to calculation by Wilcoxon signed-rank test (Cooper test
(<0.001); Apnoea test (<0.001).

Result of correlation Analysis

The results of Spearman’s rank-order correlation showed a small, positive but significant
relation between the results of voluntary apnoea test and Cooper test. The result before the
intervention (rho=0.3301; p=0.006) strengthened minimally due to the training programmes
(rho=0.3457; p=0.004).

Results of spinal and chest mobilization programmes

The BE, Y, and P groups had similar anthropometric mean values, and there were no
significant differences between them. The IT group differed from the other groups in body
mass index BMI (Kruskal-Wallis ANOVA test (p=0.002), which was the result of the
significant difference according to Dunn post hoc test: IT vs Y (p=0.015), IT vs BE (p=0.006)
IT vs P (p=0.004)) and in body fat percentage (Kruskal-Wallis ANOVA test (p=0.045), which
was the result of the significant difference according to Dunn post hoc test: IT vs P). All
groups fell into the “Normal” category (18.5 -24.9 kg/m?) based on the mean value of BMI,
and three groups were categorized into the “Healthy” (21-32.9%) but the IT group was

categorized into the “Overfat” category (33-38.9%) based on the mean body fat content
(Gallagher, 2000).

Results of the ratio of physical activity and sedentary lifestyle

The physically inactive students accounted for 48.9% of the assessed 61 students. The other
51.1% had different regularity of physical activity, 36.2% of them reported regular weekly
sport activity and 14.9% reported only casual physical activity.

The number of sitting hours can be presented based on self-reporting (n=61).
According to the answers, the total of sedentary hours was 2 or 3 hours per day in the case of
14.7% of students, 4-6 hours per day in the case of 36.1% of students, and 7 hours or more in
the case of 49.2%.
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Chest Expansion Results
With respect to chest expansion, statistically significant improvements were observed in all
training programmes. The rate of improvement was 52% in the BE group (p<0.001). It was
37% in the Y group (p=0.003), it was 23% in the P group (p=0.002). The 17% improvement
was achieved due to the IT program (p=0.021).

Chest expansion improved in 14 participants (93%) in the BE group, in 14 participants
(88%) in the Y group, in 12 participants (80%) in the P group and in 9 participants (60%) in
the IT group. Stagnation could be observed only in 8 participants (BE: 1 participant; Y: 2
participants; P: 3 participants; IT: 2 participants). Relapse was observed in 6 persons (Y: 1

participant; P: 1 participant; IT: 4 participants).

Schober’s Test Results
Statistically significant improvements were achieved in three groups, but no significant
development was seen in the IT group. The rate of improvement was 6.3% in the BE group
(p=0.05), it was 27.8% in the Y group (p=0.002) and 25.9% due to P programme (p=0.003).
The improvement was 4.9% but not significant due the IT programme (p=0.271).

The baseline condition of Schober’s test achieved the physiological lower limit only in
the BE and IT groups (5 cm) but the rate of improvement was greater due to Y and P
programmes. The results achieved the physiological lower limit in all groups after the

intervention. The greatest mean result was measured due to P programme.

Occiput-to-Wall Distance (OWD) Test Results

Decreased rate represents an improvement in OWD test. Statistically significant
improvements were observed in three groups, but no significant development was seen in the
IT group. The rate of improvement was 54.7% in BE group (p<0.001), it was 73.5% in Y
group (p=0.003) and it was 77.1 due to P programme (p=0.003). The improvement was 2.4%
but not significant due the IT programme (p=0,917).

Fingertip-to-Floor Test Results

Decreased rate represents an improvement in this test. Statistically significant improvements
were observed in two groups (Y, P) and the rates were similar in BE group (p = 0.056) but did
not change significantly. The mean rates were the greatest before the intervention but relapse

was observed in the IT group due to the programme.
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The rate of improvement was 65.8% but not significant in the BE group (p=0.056). The rate
of improvement was 63.9% due to Y programme (p=0.027) and it was 66.7% in the P
programme (p<0.01). Elevated results as relapse was observed in IT programme.

Trunk Side Bending (Lateral Flexion) Test Results
Results of Trunk Side Bending (Lateral Flexion) to the right side

When lateral flexion towards the right side was assessed, statistically significant changes were
found in two groups (BE and IT). The rate of improvement was not significant in the Y and P
groups. The rate of improvement was 8.86% in the BE group (p<0.001) and it was 5.27% due
to IT programme (p=0.014). The improvement was 3.5% but not significant due the Y
programme (p=0.254) and it was 3% but not significant in P group (p=0.136).

The side bending to the right improved in 12 participants (80%) in the IT group, in 9
participants (56%) in the Y group, in 9 participants (60%) in the P group and in all
participants in the BE group. Stagnation could be observed in 1 participant in IT; in 1
participant in Y and in 3 participants in P group. Relapse was observed in 11 persons (IT: 2

participants, Y: 6 participants, P: 3 participants).

Results of Trunk Side Bending (Lateral Flexion) to the left side

With respect to lateral flexion to the left side, statistically significant improvements were
achieved in three groups (BE, IT and P). The rate of improvement was not significant in the Y
group. The rate of improvement was 8.32% in BE group (p=0.001) and it was 4.74% due to
IT programme (p=0.019). The rate of improvement was 4.69% in P group (p=0.031). The
improvement was 5.3% but not significant due the Y programme (p=0.156).

The side bending to the left improved in all participants due BE programme. The
results were improved in 10 participants (66%) in the IT group, in 10 participants (62.5%) in
the Y group and in 9 participants (60%) in the P group. Stagnation could be observed in 2
participants in IT and in 3 participants in P group. Relapse was observed in 12 persons (IT: 3

participants; Y: 6 participants; P: 3 participants).

Results of the degree of difference between the four groups’ baseline condition
There was a significant difference between the four groups only in the baseline condition of
OWD test before training program (Kruskal-Wallis ANOVA (p=0.009), but this was the

result of the significant difference between BE and IT programmes (Dunn post hoc test
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(p=0.004). The difference was significant too between the four groups (Kruskal-Wallis
ANOVA (p=0.001) after the training period.

Results of the degree of difference between the four groups’ first and final conditions
Significant differences were observed between the before and after values related to the four
motion programs according to calculation by Wilcoxon signed-rank test (Schober | test, OWD
test, Lateral flexion, Chest expansion p<0.001; Finger-tip-to floor test p=0.001).

Result of correlation Analysis

The Spearman’s correlation analysis was used in order to investigate the relation between the
variables related to the physical examination. Three significant relations were found:

The results of Spearman’s rank-order correlation showed a small, negative but significant
relation between the results of Schober’s test and the occiput-to-wall distance test (rho =
—0.2716; p=0.002).

The results of Spearman’s rank-order correlation showed a small, negative but
significant relation between the results of fingertip-to-floor test and the chest expansion (rho =
—0.1915; p=0.035).

The results of Spearman’s rank-order correlation showed a small, positive but
significant relation between the results of fingertip-to-floor test and the occiput-to-wall
distance test (rho = 0.3696; p < 0.001).
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DISCUSSION

According to previous studies the sedentary lifestyle and its negative physiological effects are
civilizational hazards in developed countries, and results of them are in harmony with our
results and these findings correspond to our results as well. According to previous research
the physical activity of college students is declined in the first transition period of adulthood,
especially in the first college year. This may result in college students being more susceptible
to chronic diseases (Birkel et al., 2000; Donath et al., 2014; Zheng et al., 2014).

Breathing exercises supervised by physiotherapists as an effective method of
respiratory physiotherapy have high priority in the rehabilitation of pulmonary diseases and in
the improvement of low loadability and limited mobility of patients. Nevertheless, there is not
enough information available about the effectiveness of physiotherapeutic breathing
techniques in the primary prevention of sedentary lifestyle-induced musculoskeletal and
associated complaints. The primary question of our study was that physiotherapeutic
breathing exercises can be similar effective alternative in primary prevention to improve
endurance performance, muscular flexibility, spinal and chest mobility in healthy young
adults as in rehabilitation of patients.

Significant changes were achieved by BE in most assessed parameters except in
Fingertip-to-floor test (p=0.056), while the results of the other programs were variable.

Analysis of results of the endurance training programmes

The results of the Cooper test showed significant improvement in all training groups. The
mean of the voluntary breath-holding time test showed statistically significant improvement in
three groups and not significant development was seen in the CT group.

Findings of the present study showed that the fitness level of the examined college
students (n=69) was low, 42% of the participants (29 participants) could not even reach the
,»average” fitness category and only 17% (12 students) had ,,good” or higher fitness level.

Barnai et al examined the apnea time in pulmonary patients (min 10 sec (VO. 7,3
ml/kg/min); max 58 sec (VO 28,7 ml/kg/min) and they suggested that longer apnoea time is
associated with elevated O, consumption and exercise tolerance (Barnai et al., 2005). Fabrice
Joulia et al said the application of apnoea time as a training method suggests that it is an
effective training method to improve hypoxia tolerance and the tolerance of high intensity
exercises sustained by anaerobic energy (Fabrice J, 2003; Woorons et al., 2008). Students as active

triathlon athletes were examined. A 104+14 second mean apnoea time was measured before a
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3 month long training programme, which result was improved to 155+15 seconds (p<0.01)
due to the training programme (Fabrice J, 2003).

Our apnoea results in comparison with the results of mentioned studies show low rates in our
students (n=69). These results are in harmony with ,,fair” or ,,average” categorized results of
Cooper test (Apor, 2014).

The FT seems to be more effective in the improvement of breath-holding time
compared to other applied programs in our opinion. The reason can be found in the difference
of loading intensity. The intensity of FT training (75-85% of HRmax) was the highest. The
subjective signs of oxygen deficit and higher heart rate were experienced during FT training.
Stricter control was necessary to maintain the targeted pulse rate and to keep the subjects in
their aerobic loading zone. The intensity of the CT training was lower and more constant
compared to the FT and IN programmes. Nevertheless the mean rate of the improvement (in
second and %) during CT training was similar to the results of the other two fitness trainings
but this group showed the most diverse individual results, therefore the rate of mean
improvement was not statistically significant.

The BE had unexpectedly excellent results. The cardiovascular intensity of BE is low
(50% of HRmax) therefore they are not considered as endurance performance trainings.
Although the breathing exercises had the lowest rate of average improvement in the Cooper
test, the results were significant. Significant improvement was achieved in the apnoea time
test. The improvement was similarly significant to the results of the most effective fitness
training. The structure of the training and the effects of direct and indirect effect-mechanisms
of special breathing techniques can be the reasons for the results.

The correlation analysis shows the relation between the tests’ results and can confirm
the effectiveness of a provided motion programme (Viitanen et al., 2000; Heuft et al., 2004). The
results of Spearman’s rank-order correlation showed if we improve the endurance
performance during Cooper test we can achieve a more optimal rate during voluntary apnoea
time.

The results of this study, similarly to some previous studies, suggest that special
structured BE therapy, supervised by a physiotherapist consisted of special, slow stretching
exercises to improve the flexibility of skeletal, especially respiratory muscles and chest
mobility and involved targeted strengthening combined with voluntary apnoea exercises,
deep, segmental and controlled abdominal (diaphragmatic) breathing techniques with hand
control and relaxation, through which directly and indirectly functional postural deformities

may be corrected more effectively along with the correction of muscular imbalance. It can
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improve the tissue oxygenation, muscle metabolism, and hypoxia tolerance (Zaletnyik-Szanto,
2010; Powers S et al., 2012; Zaletnyik — Lengyel, 2014).

Similarly to our study, Zheng et al examined the effectiveness of Tai Chi Chuan
(TCC) on the physical and psychological well-being of college students due to a TCC training
program for 12 weeks. The cardiopulmonary function was measured by step-test and
assessment of blood pressure and rest pulse. They suggested that the changes of parameters
due to intervention may strengthen evidence of TCC for the physical and psychological health
of college students (zZheng et al., 2014).

Birkel et al demonstrated the effects of Hatha yoga on vital capacity of college
students. Subjects were taught yoga poses, breathing techniques, and relaxation in two 50
minute class meetings for 15 weeks. The study showed a statistically significant (p<0.001)
improvement in vital capacity (Birkel et al., 2000).

The results of this study, in harmony with previous studies, suggest that a short time
training programme may be effective to improve cardiorespiratory endurance performance
due to targeted exercises (Fatma, 2011; Mahtab et al., 2011; Donath, 2014; Yamazaki, 2013).

According to our results the improvement of endurance performance among healthy
young adults is extremely important in order to prevent cardiorespiratory diseases and a well-
structured BE can deliver similar improvements in terms of aerobic endurance as the assessed
Constant, Fartlek and aerobic Interval Training programmes in healthy young university

students.

Analysis of the results of the spinal and chest mobilization programmes

Our present study also proved that the flexibility of the examined female university students
(n=61) measured by the special tests is low. The results of the Schober’s test were lower than
5 cm in 24 participants (39.3%) and in 25 participants (40.9%) had complex postural
abnormalities reflected by the occiput-to-wall distance greater than 3 cm. The rate of chest
expansion at axillar level was lower than 3 cm in 8 participants (13.1%). The difference
between the rate of right and left side bending (lateral flexion) in 14 participants (22.9%) was
larger than 2 cm. The results of finger-tip-to floor tests suggested that approximately 19
participants (31.1%) had limited range of flexion of the lumbar spine. These findings
correspond to our results as well. In our opinion, the improvement of flexibility and chest
mobility among healthy young adults is extremely important in order to prevent

musculoskeletal diseases.
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Czakwari et al. assessed spinal abnormalities among 100 students of the Medical University
of Silesia (54 female, aged 2028, and 46 male, aged 20-29). Postural faults were widespread
in the assessed group. The most common of these deformities were lumbar hypolordosis
(71.0% (48.1% female and 97.8% male) and thoracic hyperkyphosis (58.0% (53.7% female
and 63.0% male), and the prevalence of scoliosis was higher than 50%. However physical
activity in the assessed group was high (71%). These findings partially agree with our results
as well. Our findings showed that physical inactivity was widespread in our assessed group
too. The ratio of physically active students in our assessed group was lower (51.1%). Our
results suggest that specific targeted exercises are necessary to compensate for the effects of a
sedentary lifestyle. Regular but not well-structured training programmes are not sufficient for
correction, so we supposed that the quality of the training plays as important a role as quantity
in the correction and/or maintenance of mobility and muscle balance (Czakwari et al., 2008).

Other postural training interventions have also been assessed by Celenay et al.
University students were assessed (n=96) aged 18-25) by ,,spinal mouse” system and different
therapies were provided. Celenay examined the effects of different methods on spinal posture
and mobility such as electrical stimulation, exercises, biofeedback posture trainer and postural
education. Larger lumbar lordosis and decreased thoracal mobility were found among the
students which were improved by all applied programs significantly (p<0.05) but the active
exercises were the most effective in contrast with the other programs in the improvement of
thoracal mobility (Celenay et al., 2015).

The BE had unexpectedly excellent results. The BE program was the most effective in
improvement of chest expansion and trunk side bending tests (Chest expansion: BE
(p<0.001); Y (p<0.01); P (p<0.01) IT (p<0.05), Lateral flexion to the right: BE (p<0.001); IT
(p<0.01), Lateral flexion to the left: BE (p<0.001); IT (p<0.05), P (p<0.05). There was no
significant improvement in lateral flexion due to Y programme. The BE was significantly
effective in improvement of the results of Schober (p<0.05) and OWD tests (p<0.001)
similarly to P and Y programmes, and resulted effective but not significant (p=0.056)
improvement in fingertip-to-floor test (Y (p<0.05); P (p<0.01). There were no significant
improvement in Schober’s and OWD tests and relapse was seen in fingertip-to-floor test
results due to IT program.

These results may be explained by the structure of the training and the effects of direct
and indirect mechanisms of the special breathing techniques. The improvement of trunk and
chest mobility were in the focus especially by forced trunk lateral flexion and rotation. Trunk

flexion and extension were in the focus dominantly during Y and P programmes in contrast
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with BE and IT programmes. Static stretching and relaxation techniques played important role
in all programmes except in IT. The results of IT could be influenced by the dynamism of the
exercises. Our results suggest that exercises to improve postural problems, and correct muscle
imbalance should be performed slowly under strict control by an instructor. Effective postural
control and improvement in muscle flexibility cannot be achieved by exercises performed
dynamically.

According to our results the improvement of spinal and chest mobility among healthy
young adults is extremely important in order to prevent musculoskeletal complaints and
diseases. According to our results a well-structured BE program directly and indirectly can
deliver similar improvements in terms of imbalance between muscles in agonist-antagonist
relation, the chest expansion and spinal mobility as the assessed popular Y and P programmes

in young adults (Birkel, 2000; Powers et al., 2012; Grieco, 2014; Limongi et al., 2014; Westerdahl, 2015).
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The most important results of the study

The endurance level and spinal mobility among physiotherapy students were
examined in comparison with the standard reference data of the clinical tests. Our
results seem to confirm our hypothesis because our findings showed that physical
inactivity was widespread in our assessed group too. These results are in harmony
with the ratio of sedentary hours and physical activity among assessed physiotherapist
students. The larger ratio of muscular postural problems and limited joint mobility is a
consequence of the larger ratio of sedentary hours and the physical inactivity.
According to the results our third hypothesis was not confirmed because the ratio of a
sedentary lifestyle was similar in the assessed students of physiotherapy to the

university students around the world in general.

Our present study also proved that the spinal and chest mobility and endurance level
of the examined female university students measured by the special tests are low. Risk
factors of cardiopulmonary and musculoskeletal disorders, such as low aerobic

endurance level and decreased muscle flexibility can be experienced among them.

The effectiveness of breathing exercises on physical endurance performance is similar
in healthy female college students as the effects of Constant, Fartlek and Interval type

aerobic endurance fitness training programmes due to indirect effect mechanisms.

The effectiveness of physiotherapeutic breathing exercises with regard to posture,
range of motion of intervertebral joints and muscle flexibility is similar in female
university students as the effects of the reliable and popular Yoga, Pilates as special

motion programmes.
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e The structure of a motion program, the harmony between the aspects of the loading
play important role in the improvement of endurance performance, and muscular
flexibility too. Regular but not well-structured training programmes are not sufficient
for correction. Our results suggest that exercises to improve postural problems, and
correct muscle imbalance should be performed slowly under strict control by an
instructor. Effective postural control and improvement in muscle flexibility cannot be

achieved by exercises performed dynamically.

e According to the results it may be suggested that combined training programs are the
most effective in which the endurance exercises are supplemented with breathing
exercises. Vertical dynamic endurance exercise program combined with targeted
motion therapy and breathing exercises in lying and crawling positions may cause

more benefits.
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SUMMARY

Worldwide, university students’ physical health and posture are declining due to sedentary
lifestyle, the rate of physical activity decreases to a large extent among them. As a result,
without changing their lifestyle, students can be at higher risk of musculoskeletal and
cardiorespiratory diseases.

According to previous studies breathing exercises can give us the possibility of
mobilization of patients with reduced aerobic capacity. While various fitness training
programs or Pilates and yoga are essentially preventive movement programs that assume
physiological body structure, the breathing exercises don’t assume this (musculoskeletal
system, cardiovascular and respiratory system).

According to our research, we have shown that the breathing exercises improves the
condition of musculoskeletal system and joint and chest mobility in healthy young adults. It
supports the posture correction, which can reduce the risk of developing musculoskeletal
problems. According to present study it can improve, both directly and indirectly, effectively
the fitness level in healthy young adults too by improving the tolerance of fatigue of
respiratory muscles.

Our study suggests that a breathing exercise programme can be safely used as an
adjunct exercise programme not only for patients as it may have primary preventive positive
effects on the posture, flexibility and strength of healthy adults too. Physiotherapeutic
breathing techniques combined with aimed stretching and strengthening exercises can be used
by everyone not only in rehabilitation also in primary prevention as part of cross-training.

However, based on our results, the breathing exercise program is a targeted
physiotherapist-specific motion therapy which can be used both in the secunder and tertier
prevention of patients but in primary prevention and in case of athletes (e.g. in order to
improve breathing techniques of swimmers). Targeted breathing exercise program can support
the recovery of patients but it can also provide further development for healthy people.
Breathing exercises can improve effectively endurance power and range of motion of joint in
case of untrained persons and elderly people or in patients in convalescent phase as well as an
optimal complementary program for enhancing performance of athletes by direct and indirect

mechanisms.
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