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1. Background

Low back pain (LBP) is a high burden disease’, which affects many people from
children to the elderly.? Based on the etiology chronic low back pain cases can be divided
into two subcategories: specific and nonspecific low back pain. In specific LBP the origin
of the pain is identifiable and the detected patology explains the symptoms. When the
specific reason is not known nonspecific LBP is the applicable designation. More than
90% of the lumbago cases are mechanical issues, nonmechanical spinal conditions and
visceral diseases are relatively rare. The term ‘mechanical cause’ usually used to describe
an anatomical or functional abnormality without an underlying malignant, neoplastic, or
inflammatory disease. Approximately 2% of cases of mechanical LBP are caused by
spondylolysis, diskogenic origin, and presumed instability.® In most cases, nonspecific
LBP challenges the clinicians because imaging studies are basically not able to visualize
the specific cause, which leads to both diagnostic and management dilemmas.* Therefore,
clinicians are under the necessity of treating the °‘signs and symptoms’ without
considering the underlying cause or mechanism of the pain.* Nonspecific chronic LBP is
a real cause of concern and requires new and innovative management strategies, which
take under consideration that the number of nonspecific LBP cases has been increasing
dramatically.®> The mechanism of the developing alterations in the musculoskeletal and
motor systems in lumbar pain has not been fully clarified yet; however, the postulated

reason for nonspecific LBP is the segmental instability of the lumbar spine.®

Mechanical LBP (97%) Nonmechanical LBP (1%) Visceral disease (2%)

lumbar strain -nonspecific (70%) | neoplasia (0.7%) disease of pelvic

organs

degenerative process (10%) infection (0.01%) renal disease
herniated disk (4%) inflammatory arthritis (0.3%) aortic aneuryzm

) . Scheuermann’s disease gastrointestinal

0,
spinal stenosis (3%) (<0.01%) disease
. Paget’s disease of bone
0,

osteoporotic fracture (4%) (<0.01%)

spondylolisthesis (2%)

traumatic fracture, congenital
disease, etc. (<1%)

Table 1: Etiology-based subdivision of the most common LBP cases.®



1.1 Stabilization of the lumbar spine

The concept of segmental instability has not yet been proven in vivo, experiments
were performed in vitro on cadaveric lumbar spines.® Several researchers have tried to
define segmental spinal instability but there is no accurate definition for the subtle forms
of instability which are present when nonspecific low back pain occurs. This subtle
instability may not be detected by radiological techniques or physical examination.
According to Panjabi’s ‘neutral zone concept’, the stability of the lumbar spine is
maintained by the synergism of three subsystems: the neural, passive and active
subsystem. Based on their theoretical findings, the total range of motion (ROM) of a
spinal motion segment may be divided into two zones: a neutral and an elastic one. The
neutral zone is the initial part of the total ROM and spinal motion is produced against
minimal internal resistance in this zone. The elastic zone is the portion nearer to the end-
range of movement that is produced against significant internal resistance. Increased
segmental laxity occurs when the size of the neutral zone increases. The expansion of the
neutral zone may occur as a result of a decrease in the capacity of the stabilizing system
of the spine. Therefore, the increased size of the neutral zone is a better indicator of
lumbar instability than the increased total ROM of the lumbar segment. Based on this
theory, segmental instability may be defined as a decrease in the capacity of the stabilizing
system of the spine to maintain the spinal neutral zones within physiological limits.® The
passive subsystem contains the spine and parts of the spinal joints; the neural subsystem
receives information from the structures of the passive and active subsystems and it
stabilizes the lumbar spine by controlling the function of the active subsystem namely the
muscles.” The neural and active subsystems are primarily responsible for spinal stability
in the neutral zone.® The members of the active subsystem can be divided into two groups:
global and local stabilizer muscles. The global stabilizer muscles play an important role
in performing the movements of the trunk and the hips, while the unique function of the
local stabilizer muscles is the stabilization of the segments in relation to each other.®
Generally local stabilizers include all the deep layer muscles such as lumbar multifidus,
transversus abdominis, pelvic floor muscles and diaphragm.® The stabilizing function of
these deep muscles can be realized in a variety of ways. Lumbar multifidus has an
important role in the segmental control mainly during lifting and rotational movements.®
Transversus abdominis muscle attaches to the thoracolumbar fascia, therefore it is capable

of increasing the stiffness of the lumbar spine indirectly.*® The pelvic floor muscles and



diaphragm are in synergism with transversus abdominis and they are responsible for
maintaining and increasing intra-abdominal pressure during several postural tasks.!!
Hodges and co-workers presumed in a previous study that a possible explanation for the
mechanism of the stabilizing function of the diaphragm and pelvic floor muscles is the
following: the activation of transversus abdominis prior to the initiation of an upper limb
movement results in the displacement of the abdominal contents, hence the consequential
contraction of the diaphragm and pelvic floor muscles is necessary to restrain the shift of
these abdominal structures. In their research they assessed the activation of the diaphragm
and transversus abdominis muscle during repetitive arm flexions in standing position.
Contrary to their hypothesis they found that the activation of diaphragm occurs prior to
an arm movement and happens simultaneously with the activation of transversus
abdominis.!> The exact role of diaphragm in trunk stabilization has been under
investigation for more than 50 years but the accurate mechanism still remains poorly
understood.’® There have been several types of research which investigated the
functioning of trunk stabilizer muscles during upper limb movement in standing
position.141>1817 However, there have been few research considering the sitting

position. 1’12

1.2 The role of the diaphragm in stabilization

The diaphragm muscle is located inside the trunk as a membrane between the
abdomen and the chest, and it is an essential muscle in breathing. Diaphragm is a
respiratory muscle with postural function, and the deep abdominal muscles are postural
muscles with respiratory function.’® The synergistic functioning of the abdominal
muscles and the diaphragm is needed to perform normal postural stability and proper
intraabdominal pressure, as in normal breathing.'® During normal breathing, the
abdominal muscles are contracted, and the centrum tendinous of the diaphragm, which is
supported from below, and the counter pressure of the abdominal muscles actually lift the
lower ribs thus widening the thorax. Hence, if a subject relaxes the abdominal muscles,
the abdomen moves during breathing and the chest remains immobile. In a vertical
position, when the postural stability is challenged more, widening of the thorax should be
more dominant than the abdominal breathing because of the necessarily enhanced intra-
abdominal pressure, which is needed for maintaining the stability of the lumbar spine®®,

The intraabdominal pressure can be increased during a postural task by breath control,



which controls the amount of the inspired volume. The increased abdominal pressure is
correlated with increased lumbar stability.X® Therefore, if the respiratory or stabilizer
function of the diaphragm or the other stabilizer muscles is deteriorated and the
coordination between the function of the respiratory and postural muscular systems is
inaccurate, segmental instability of the lumbar spine may occur.'® Therefore, there is a
significant correlation between some respiratory disorders and low back pain; moreover,
these respiratory diseases predispose the patient to the development of pain in the lumbar
area.?® Hagins and Lamberg have shown in a study that people with chronic low back
pain have different natural breath control from healthy individuals. Individuals with low
back pain perform a weight lifting task with higher inspiratory vital capacity than pain-
free individuals, independently of height, weight, gender, and resting tidal volume. The
breath control depends on the phase of the lifting procedure; individuals with lumbar pain
inhale higher volume before the concrete lifting but exhale it faster than healthy
individuals. However, their results also show that there is no difference in inspiratory vital
capacity between people with low back pain people and healthy subjects at age 22.%°
People with chronic low back pain have a higher diaphragm position, a smaller diaphragm
excursion?!, and their diaphragm muscle is characterized by greater fatigability.?? Their
respiratory output is deteriorated compared to healthy subjects.? Former studies have
shown that if a patient bends down to lift a weight, forces are generated at the lumbosacral
area.'® During a postural task, the intraabdominal pressure needs to be increased to
provide the needed stabilization of the lumbar spine. If someone bends down to lift a
weight, the diaphragm is contracted as well as the muscles in the abdominal wall.'® Based
on the aforementioned studies, the influence of the function of the diaphragm and the
abdominal muscles on lumbar stability is evident. It is also proved that patients with low

back pain have deteriorated functioning and structure of the stabilizer muscles.?*

1.3 Issues of proprioception in low back pain

Based on previous studies, the pain of the lumbar area seems to affect
proprioception negatively.?>? Chronic LBP causes an increased presynaptic inhibition of
muscle input, and it may be associated with diminishing proprioception in muscle
spindles causing prolonged latency by the decrease in muscle spindle feedback and trunk
muscle strength.?” Therefore, postural control is different in the healthy and low back pain

populations.?32%3027 Chronic LBP subjects have a greater postural sway in anterior-



posterior and medial-lateral directions during quiet standing than healthy people.?”?°
During prolonged standing, however, when the subjects were allowed to make voluntary
movements, patients with chronic LBP swayed less than healthy subjects in both the
anterior-posterior and medial-lateral directions.®! This kind of strategy may be related to
the lack of mobility, and it may indicate decreased proprioception and may lead to a
stiffened posture.3! According to a study, low back pain individuals prefer using the ankle
strategy to maintain the vertical position of the body.?® In this research, low back pain
individuals were involved in an inspiratory muscle training to improve their postural
function. As an effect of the inspiratory muscle training, the postural control turned to a
normal, multisegmental postural strategy in subjects with low back pain.?® The above-
mentioned studies assessed the postural strategy during standing, whereas several body
parts (ankles, knees, hips, and trunk) contribute to the values of the measurements in
standing position.3? Reach tests are frequently used tools to assess dynamic balance and
indirectly measure the limits of stability (LOS) in the anterior-posterior and medial-lateral
directions in standing.®® Since most of the studies have focused on the standing position
in chronic LBP subjects to assess the stability limit, there is no study available assessing
LOS in sitting position. However, there is a seated version of the reach tests, which is a
viable screening tool of seated postural control®*3>3% with avoiding the ankle strategy.
Sitting/modified functional (MFRT) and lateral reach tests (MLRT) are reliable
measurements to quantify sitting balance and LOS.% These sitting reach tests challenge

balance beyond static sitting and simulate functional movements.3®

1.4  Evidences which support the efficiency of inspiratory muscle training

Ki and co-workers measured the effect of forced breathing exercises on lumbar
stability. They proved that forced breathing exercises may improve lumbar stability in
case of low back pain® but the role of breathing exercises in the background of the
mechanism of improved lumbar stability was not clarified by this study. As it was
mentioned before, LBP affects the lumbar proprioception which results in an altered
postural control and poorer balance. In a recently published study the researchers proved
that diaphragm and deep abdominal muscle exercise improves the walking ability and
balance in stroke patients. Their training was conducted for 6 weeks and 5 days per week.
In case of the intervention group, PowerBreathe inspiratory muscle trainer was used to

improve the mobility, power, and endurance of diaphragm and bracing exercises were



used to activate the local stabilizer muscles of the trunk. Significantly more improvement
was found in the intervention group in walking and balance ability.®® Inspiratory training
is effective in a wide spectrum of ages. Inspiratory muscle training is effective not only
in young individuals but in older adults as well. In a recently published placebo controlled
randomized study older adults were conducted in an unsupervised, home-based
inspiratory muscle training program. Balance, physical performance and respiratory
outcomes were assessed. Participants of the intervention group achieved significantly
better values than the placebo control group. Interestingly, the anterior and posterior trunk
muscles’ endurance developed as well with the inspiratory exercises. Based on the results
it can be stated, that a home-based inspiratory muscle strengthening training is an
applicable method for improving balance, physical performance and respiratory
functions. According to the authors, balancing ability improved owing to the strengthened
diaphragm muscle, by that its phasic contractions assist in maintaining postural stability
in unstable situations.® Janssens and co-workers proved that the postural stability of the
trunk can be improved by strengthening the diaphragm muscle and suggest that lumbar
pain intensity may be decreased by diaphragm training. They strengthened the diaphragm
with a POWERDreathe device which provides resistance to inhalation. Their training
program lasted for 8 weeks and the displacement of the center of the pressure was
assessed by using a force plate. Pain intensity was measured with the Oswestry Disability
Index. They found that the 8-week-long intensive diaphragm training increased
respiratory muscle strength, proprioceptive use changed in a positive way and the
participants reported a decrease in low back pain severity.?® They presumed that their
training program had an effect on the muscles other than diaphragm as well and may have
improved the stabilization of the trunk.?® However, the changes which may have occurred
as a result of the diaphragm strengthening training in the musculature and the mechanisms
which provided the improvement of lumbar stabilization were not identified in their
research.

Based on the aforementioned studies, we can see that there are evidences which
prove that diaphragm training has additional benefits in the rehabilitation of LBP people.
This type of training is a viable way to improve postural control, balance, physical
outcomes and to decrease the intensity of lumbar pain. Indirectly, diaphragm training is
effective in enhancing the lumbar stability, via improving the effectiveness of modulating
the intraabdominal pressure.3®® Interestingly, this mechanism works vice-versa, thus

stabilization exercises also have an effect on the diaphragm muscle. Diilger and co-
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workers compared the effects of stabilization exercises including motor control training
(intervention group) with general exercises (strengthening the back-, abdominal-, and hip
muscles) (control group). The patients participated in the treatment 3 days in a week for
10 weeks. Ultrasonography was used to measure the thickness of diaphragm muscle and
lumbopelvic stability test (stabilizer Pressure Biofeedback Unit) was used to assess
lumbar stability. As a result, it can be stated that stabilization exercises are significantly
more effective on increasing diaphragm muscle thickness and lumbopelvic stability than
general exercises.*® Their results conclude that stabilization exercises alone have an
influence on the function of diaphragm and it is presumable that on the other stabilizer

muscles’ as well.



2. Aims of the thesis

The importance of using non-pharmacological treatments, such as physical
exercises, to reduce the intensity and possible negative consequences of low back pain is
well-known.*! However, to date there has been no unitary exercise training program or
any well-established complex solution to the problem and there is a huge gap between
evidence and practice.** Helping to improve functional capacity and decrease the severity
of pain for those who are not able to perform the conventional exercises is also a critical
issue in accordance of managing LBP patients. Previous studies specified the impact of
several types of training on chronic LBP, but a diaphragm strengthening training has not
been tested yet as a solution to it. By reviewing the literature, we can see that diaphragm
training could have several benefits in the rehabilitation of chronic LBP, although there
are certainly several other effects as well, which have not been proven yet. Moreover, the
accurate reason of the effectivity of diaphragm strengthening in LBP cases and its role in

this complex phenomenon is not understand to date.

2.1 Thesis I.

In our study we sought to investigate the effect of an 8-week conventional training
program (strengthening of abdominal, back and hip muscles, and balance exercises) in
patients with chronic nonspecific LBP on the thickness of lumbar multifidus muscle.
Additionally, we intended to monitor the changes of postural stability in the different

stages of pain.

22 Thesis I1.

We intended to assess the effects of an 8-week diaphragm strengthening training on
the severity of LBP and on thickness not only of the diaphragm but on that of other

stabilizer muscles like transversus abdominis and lumbar multifidus muscle.

2.3 Thesis I11.

We aimed to evaluate the effect of the diaphragm strengthening training on the
parameters of the inhalation (chest excursion, maximal inspiratory pressure (MIP), peak
inspiratory flow (PIF), and average amount of inhaled air (VOLUME)), and to assess
whether the diaphragm training would improve the stability limits of the trunk in patients

with nonspecific chronic LBP.



3. Materials and methods

Altogether 72 participants were involved in the study. Twenty people (10 healthy
and 10 LBP patients) of that was participated in the evaluation of the effects of a
conventional training program and fifty-two LBP patients were involved in the evaluation
of the effects of a diaphragm strengthening training program. All participants gave their
written informed consent. The study is in compliance with the principles of the
Declaration of Helsinki. The training sessions and the measurements were conducted in
a gym which belongs to the Department of Physiotherapy, Faculty of Health Scienses,
University of Szeged.

3.1 Evaluation the effects of a conventional training program

3.1.1 Participants

To evaluate the effects of a conventional training program (strengthening of
abdominal, back and hip muscles, and balance exercises) altogether 20 subjects were
recruited: 10 for group LBP and also 10 for control (C) group. The average age was 20.70
years (SD 1.49) in group LBP (n=10) and 22.30 years (SD 1.06) in group C (n=10). The
inclusion criteria in the case of group LBP were chronic low back pain, the participants
were required not to have any other treatment during the investigation, and they had to be
able to get to the location of the training. The inclusion criterion in case of group C was
no history of chronic low back pain. Exclusion criteria in case of both groups were
balance problems of neurological cause, a malignant tumor, serious organ disease, a
previous surgical intervention which affected the trunk or if the person was unable to

cooperate.

3.1.2 Study design

Young adult participants were recruited from our university and they were divided
into two groups: group C for asymptomatic individuals and group LBP for individuals
with a history of chronic low back pain (at least 3 months duration of pain?). By the reason
of the measuring process, only physiotherapy students were included in the study who
have a more developed perception of movement and body awareness based on the
characteristics of physiotherapy education. The members of group LBP participated in an



8-week conventional training program. Contrary to group LBP, members of group C did
not take part in any training during the 8-week period.

3.1.3 The conventional training

There were 2 training sessions per week (1 hour each). At the beginning of a
session there was a warm-up section and at the end there was a cool-down section, both
in a 10 minutes duration. The main part of the training contained mostly strengthening,
stretching and mobilizing exercises on the muscles of the trunk and the hip. Static and
dynamic exercises were applied with aid of tools (e.g. elastic bounds, dumbbells and
heavy balls) and without tools. The training program was completed with balance
exercises. Unstable training tools were used to improve their balance throughout static
and dynamic exercises. Three physiotherapists ensured the correct implementation of the

exercises.

3.1.4 Measurements

The measurements were conducted before and after the intervention period. The
intensity of the pain was assessed by a Visual Analogue Scale (VAS) in cm.*> VAS is a
unidimensional measure of pain intensity, which has been widely used in diverse adult
populations.®® It is a continuous scale comprised of a horizontal line 10 cm in length. The
scale is anchored by ‘no pain’ (score of 0) and ‘worst imaginable pain’ (score of 10). A
higher score indicates greater pain intensity.*> Test—retest reliability is good (r=0.94,
P<0.001).** VAS scores are shown to correlate highly with other pain measure scores
(r=0.62-0.91); and they are sensitive to measuring changes in pain associated with
treatment or time.** For comparison of the pain intensity averages were calculated by
group (mean £SD). The thickness of lumbar multifidus muscle’s belly was measured by
B-mode ultrasonography on both sides of the trunk, using a Zonare Z.One Ultrasound
System (Mountain View, CA, USA, 2013) in two different positions (prone and kneeling
positions) and in two different states (relaxed and contracted states). The thickness of the
muscle was measured by placing electronic calipers just inside the hyperechoic
connective tissue layers. In the prone position (lying on the chest with the face down),
during the measurements the curved transducer was used (frequency range between 6-2
MHz) longitudinally along the spine with the mid-point over the L4 spinous process. It

was moved laterally and angled slightly medially until the L4/5 zygapophyseal joint could
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be identified, and the muscle was assessed in a relaxed (calm lying) position and in a
contracted state.** For the contracted state, the students were asked to contract the muscles
of the lumbar area without extra movement of the trunk. To reach a more efficient muscle
contraction, tactile stimulation was implemented above the hypothesized area of the
muscle (Figure 1).* To examine the postural activity of lumbar multifidus muscle the
thickness of the muscle’s belly was measured in a kneeling position as well. In the
kneeling position, the postural function of lumbar multifidus muscle is enhanced due to
the vertical position. The participants were instructed to keep an erect posture. When the
subjects held a quiet kneeling position it was defined as a relatively relaxed state and
when we asked them for muscle contraction it was defined as a relatively contracted state.
The same triggering design was applied in kneeling position as well to enhance the
contraction besides the postural activity of the lumbar multifidus muscle. To ensure the
same setting for ultrasonography, the skin surface was constantly marked, and the
measurement was carried out by the same person with experience in ultrasonography.
Test-retest reliability was tested by calculation of intra-class correlation and the
reliability coefficient. Both the high interclass correlations (0.991-1) and the small
repeatability coefficients (0.008-0.095) showed good reliability.

For testing the improvement of the lumbar stabilizer system, a modified standing
heel-raise test was applied. The standing heel-raise test is commonly used to assess the
function of plantar flexors, essential muscles for locomotion and postural tasks.*® The
modified standing heel-raise test was performed on an unstable surface (dynair) to
challenge more the postural function of the stabilizer muscles. The participants had to
stand in the middle of the disc and raise their heels continuously within 30s and the
number of the raises was counted. The testing procedure was performed before and after

the 8-week period.

3.1.5 Data collection and analysis

The data analysis and the calculations were executed with a Microsoft Office
Excel, and a STATISTICA 13 software. The Shapiro-Wilk test was used as normality
test. The level of significance was set at p<0.05. To compare the changes which occurred
within one group after the 8 weeks Wilcoxon Matched Pairs Test was used. Whereas, to

compare the two groups, Mann-Whitney U test was used.
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3.2  Evaluation the effects of a diaphragm strengthening training program

3.2.1 Participants

A total of 52 people participated voluntarily in our study with a history of chronic
nonspecific low back pain while two of them withdrew their participation. The inclusion
criterion was low back pain lasting for at least 3 months. Participants were asked not to
have any other treatment during the time of the training and they were required to be able
to learn the usage of the diaphragm trainer and to be able to get to the location of the
training. Exclusion criteria were the following: diagnosed specific causes of low back
pain, balance problems of neurological origin, malignant tumors, serious organ diseases,
respiratory diseases, previous surgical interventions affecting the trunk or the limbs and
the subjects being uncooperative. The participants were asked to indicate immediately if
an acute inflammatory disease occurred. Based on these exclusion criteria 3 subjects were
excluded. All participants gave their written informed consent. The study is in compliance
with the principles of the Declaration of Helsinki and was approved by the National
Medical Research Council (identification number: 21416-2/2017/EKU). The trial is

registered on www.clinicaltrials.gov (identification number: NCT03600207).

3.2.2 Study design

The study was a randomized controlled trial which took place from September to
December 2017. The participants were divided (researcrandomzer.org) into two groups
randomly: diaphragm training group (DT, n=26) and control group (C, n=21). The
members of group C took part only in a conventional training, while the members of
group DT performed the conventional training enhanced by diaphragm training.
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Figure 2: Flowchart of the study design.
(Abbreviations: C: control group, DT: diaphragm training group, VAS: Visual Analogue Scale,

US: ultrasonography, LOS: limits of stability)

/-3 subjects (exclusion criteria)

There were no significant differences between the groups regarding age, BMI

(Body Mass Index) and the duration of low back pain. The comparison of the main

characteristics of the groups are summarized in Table 2.

C group DT group Mann-Whitney U Test
Characteristics Mean SD Mean SD P-value Z value
Age (year) 21.33 4.73 22.31 5.15 0.974395 -0.032097
BMI (kg/m?) 22.14 3.67 24.88 6.02 0.06181 1.850929
Length of having low back pain (categories)
>3 months 4,76 % 11.54 %
>6 months 4,76 % 7.69 %
>1 year 61.90 % 50.00 % 0.772678 -0.288873
>2 years 28.57 % 30.77 %

Table 2: The main characteristics of the groups.

(Abbreviations: C: control, DT: diaphragm training group)
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3.2.3 The conventional and the diaphragm strengthening training protocol

Both groups had an 8-week-long conventional training, which was done twice per
week, with 60 minutes’ duration (the details of the conventional training are included in
the Appendix). The members of group C and DT participated in the same exercise
program during the conventional training. Besides this, group DT used a POWERDbreathe
Medic Plus (POWERDbreathe LTD) device (Figure 3) twice a day at home, 30 inhalations
per occasion and with the speed of 15 inhalations/min in addition to the conventional
training. The device was also used when trunk muscle strengthening exercises were
performed during trainings. Using this device, members of group DT inhaled against
resistance. The subjects were educated about the proper use of the POWERbreathe Medic
Plus device during the first session. Before the training a baseline assessment was
conducted in group DT: maximal inhalation pressure (MIP) was measured with a
POWERbreathe KH2 (POWERDbreathe LTD) device to determine the magnitude of
resistance during training. The resistance was set individually to the value of 60% of the
MIPZ,

3.2.4 Measurements

The measurements were conducted before and after the 8-week training period.

Pain intensity was assessed with the VAS.#2

The thickness of the stabilizer muscles’ belly was measured with B-mode
ultrasonography. Using a Zonare Z.0One Ultrasound System (ZONARE Medical Systems,
Inc. Mountain View, CA, USA; 2013) the thickness of transversus abdominis, lumbar
multifidus and diaphragm muscles were recorded in two different positions: in lying and
in sitting positions (Figure 4). The positions of the transducers can be further seen in
Figure 5. All the muscles were measured in two different states: in a relaxed and in a
contracted state. When a clear image of the measured muscles was seen, it was frozen on
the screen and saved. The thickness of the muscles’ belly was measured on the saved
pictures. 3 pictures were taken of one muscle in one position and state. A total of 48
pictures were taken of each participant before the training and also 48 pictures after the
training program. To ensure the same setting for ultrasonography, the skin surface was
constantly marked, and the measurement was carried out by the same person with

experience in ultrasonography. Test-retest reliability was tested by calculation of intra-
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class correlation and the reliability coefficient. Both the high interclass correlations
(0.991-1) and the small repeatability coefficients (0.008-0.095) showed good reliability.

In case of transversus abdominis and diaphragm muscle, the subject was in a
supine position with hips and knees flexed during the assessment (Figure 4a). Whereas in
the case of the lumbar multifidus muscle the subject was in a prone position with flexed
knees and the lumbar spine was positioned into flexion by a small pillow placed under
the abdomen. Also, the knees were supported by a small pillow, providing approximately
30° flexion (Figure 4b). All muscles were assessed in a sitting position as well: during
holding the sitting posture (Figure 4c) and during a weightlifting task (Figure 4d). The
subjects were sitting on a chair without back support with hips and knees flexed in 90°
and their feet were on the floor. The neutral position of the trunk was set, and the
participants were asked to hold this position during the examination. The subjects were
sitting calmly but the stabilizer muscles were active to maintain the vertical position, so
the so-called relaxed state was just a relatively relaxed state (Figure 4c). To achieve a
more contracted state of the stabilizer muscles in the sitting position a weightlifting
activity was applied while holding the neutral position of the trunk. One dumbbell was
used for the lifting procedure and it was held with both hands (Figure 4d). The participants
had to lift the weight forward to the height of the shoulders with extended elbows and
maintain this position until the ultrasonography was performed (about 2 s) and repeat this
maneuver as many times as was needed to assess the muscles. The patients were asked
not to change the height of the lifting to ensure the same conditions.* The weight to be
lifted was chosen based on the subjective, perceived difficulty of the task: the subjects
had to be able to lift it 13 times with short rests (about 5 s) between them. 13 repetitions
were determined because the first lifting was a testing procedure when we could correct
the height of the lifting and the posture of the trunk if that was necessary. Then 3 pictures
were taken of the assessed muscles (3 of transversus abdominis, 3 of the left- and 3 of the
right-sided lumbar multifidus and 3 of diaphragm muscle). When a neutral trunk posture
was held in sitting position it was defined as a relatively relaxed state whereas their lifting
the weight in neutral trunk posture caused a relatively contracted state. Transversus
abdominis muscle was assessed during tidal inhalation while diaphragm muscle during
tidal exhalation to minimize the respiratory function of these muscles. The methodology

of the ultrasound assessments is summarized in Table 3.
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Table 3: Measurement procedures of the ultrasound assessment.
(Abbreviations: r: relatively)

The chest excursion was measured with an inelastic tape at the height of the

nipples. The difference in the data measured at the end of the inspiration and at the end

of the expiration was recorded as chest excursion in cm.°

The inspiratory functions were assessed with the measuring protocols of the
POWERDreathe KH2 device (POWERDbreathe Ltd, Warwickshire, UK.). During testing

the maximal inspiratory pressure (MIP) (cmH20), the patient had to inhale maximally

against a closed airway from residual volume. Basically, the values of the MIP test

provide information on the strength of the inspiratory muscles.>*? The peak inspiratory

flow (PIF) reflects the ability of the inspiratory muscles to contract rapidly and to

overcome the inherent resistance and elastance of the respiration.>? Functioning of the

diaphragm muscle correlates with MIP and PIF values.®> VOLUME is the average

amount of air inhaled per breath.>® The applied tests were performed in an upright

standing position, and verbal encouragement was given to help the subjects perform
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maximally. For each patient, the inhalation of the highest value, out of three repeat
inhalations, was selected for analysis.>*>°

The stability limit of the trunk was measured with the modified Functional Reach
Test (MFRT) and the modified Lateral Reach Test (MLRT). The participant was sitting
on a table, the hips and knees were flexed in 90°, and the feet were placed in a hip-distance
apart. The initial reach was measured with the arms flexed to 90°. In case of the mFRT,
the participants were sitting next to a wall (on which a tape measure was fixed), and they
were asked to reach as far forward as they could. In the mLRTs, the measurement protocol
was similar, but the participants were sitting with their back against the wall, and they
were asked to reach as far on the left and on the right sides as they could. It was not
allowed for the participants to take a step forward or to either side, or to raise the buttocks
from the table. The amount of the reaching was assessed in cm by the distance between

the start and end points. In the mLRT, both the left and the right sides were assessed.*®

3.2.6 Data collection and analysis

The data analysis and the calculations were executed with a Microsoft Office
Excel, STATISTICA 13 and IBM SPSS Statistics 24 software. The Shapiro-Wilk test

was used as normality test. The level of significance was set at p<0.05.

Ultrasound data analysis
Test-retest reliability of the ultrasound imaging was checked by intra-class
coefficients. To compare the change between the before and after data a two-way repeated
measures ANOVA mixed model was performed where the three repetitions were also
taken into account. Results are given as estimated marginal means with their standard
errors. To avoid significant changes by occasion, individual P-values were corrected by

the step-down Bonferroni.

Data analysis for inspiratory functions and stability limit test

A two-way repeated measurement ANOVA was performed by using the general
linear model (GLM) method. There was one within-subject effect (the change before and
after the training) and one between-subject effect (control and diaphragm training
groups). The main effects and their interaction were tested. A significant ‘group*training’
interaction expresses that the change of the means before and after the training is different
in the two groups. For the mean difference of the change, a 95% confidence interval was
also calculated. Pairwise comparisons were performed by estimated marginal means on

the interaction level.
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4. Results

4.1 Results supporting thesis I.

4.1.1 Severity of pain

The severity of the pain decreased from 5.76 (SD 0.69) to 2.73 (cm) (SD 1.73)
after the training in case of group LBP (p=0.007).

4.1.2 The thickness of lumbar multifidus muscle

For group LBP comparing the before and after data we found that the thickness of
lumbar multifidus muscle increased in prone position in the contracted states, and a
significant difference occurred in the left lumbar multifidus muscle (p=0.017). On the
other hand, in the kneeling position also in group LBP some decrease of the thicknesses
was found in every condition and it was significant in the left-sided lumbar multifidus

muscle in the relatively relaxed state (P=0.009).
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Figure 6. The thickness of lumbar multifidus muscle’s belly in case of group LBP.
*
p<0.05
(Abbreviations: LR: left-sided, relaxed; LC: left-sided, contracted; RR: right-sided,
relaxed; RC: right-sided, contracted; r: relatively)

In case of group C, the thickness of lumbar multifidus muscle decreased in all
conditions after the 8 weeks. Interestingly, reduction is more marked in the relaxed states
of the muscle, than in the contracted states. Significant changes were found in the
relatively relaxed states of the muscle in the kneeling position. The extent of the
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significant decreases in the left-sided (p=0.020), and in the right-sided lumbar multifidus
(p=0.028) were approximately the same.
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Figure 7: Thickness of lumbar multifidus muscle’s belly in group C. *p<0.05
(Abbreviations: LR: left-sided, relaxed; LC: left-sided, contracted; RR: right-sided, relaxed;
RC: right-sided, contracted; r: relatively)

4.1.3 Modified standing heel-raise test

Before the 8-week training program, members of group LBP performed 25.80 (SD
2.94) heel-raises on average and the members of group C implemented 30.70 (SD 4.32)
heel-raises within 30s. There was significant difference between group C and LBP
(p=0.021), group C performed the test better than group LBP. After the 8 weeks, output
of group LBP increased significantly (p=0.008). The members of the group implemented
33.20 (SD 4.64) heel-raises, yet the members of group C did not improve their
performance significantly (p=0.918). Before the 8-week period, a significant difference
was found between the two groups (p=0.021) but this substantial difference vanished by
the time of the post-tests (p=0.496).
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Figure 8: Number of heel-raises before and after the eight weeks. *p<0.05.
4.2  Results supporting thesis |1

4.2.1 Severity of pain

Both groups showed significant improvement (p<0.01) concerning the pain after
the training. In group C, the average intensity of pain was 5.75 (£1.68) initially and after
the training it changed to 2.14 (£1.9) (P=0.000219), which means a 62% decrease. In
group DT, the average intensity of pain was 5.70 (£1.74) before the treatment whereas
after the 8-week-long training it was only 2.62 (£1.89) (P=0.000017), so the decrease is
54%.

4.2.2 The thickness of the stabilizer muscles

The results of the statistical comparison are summarized in Table 4. The estimated
means and standard errors of the ultrasound assessment data are shown in Figure 9-14.

The results of the ultrasound assessment for the transversus abdominis muscle
showed no significant differences in group C in supine position during relaxed and
contracted state. In case of group DT significant increase in thickness was found in the
relaxed state (p<0.05) but there were no significant changes in the contracted state in

supine position.
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Figure 9: Changes in the thickness of transversus abdominis muscle in supine position,
in the relaxed and in the contracted states (mean £SE). *p<0.05
(Abbreviations: C: control group, DT: diaphragm training group)

In sitting position there were no differences between the before and after data in
group C. Contrary to this, in case of group DT the thickness of transversus abdominis
muscle increased significantly in the relatively relaxed state (p<0.01). However, there

were no significant changes in the relatively contracted state.
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Figure 10: Changes in the thickness of transversus abdominis muscle in a functional,
sitting position in the relatively relaxed and in the relatively contracted state (mean +SE).
*
p<0.05
(Abbreviations: C: control group, DT: diaphragm training group)

As far as the diaphragm muscle’s thickness is concerned, in supine position, there

were no notable changes in case of group C in either state. On the other hand, for group
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DT significant increase was found in the thickness of the muscle belly both in the relaxed
(p<0.05) and in the contracted states (p<0.01) after the training.

030 [
025 F

0.20 k 0.16 0.17

T 013 013 0.13
015 F

0.10 F

Thickness of the muscle belly (cm)

0.05 F

0.00 ©
C relaxed C contracted DT relaxed DT contracted

W Before After

Figure 11: Changes in the thickness of diaphragm muscle in supine position in the
relaxed and in the contracted state (mean +SE). *p<0.05; (Abbreviations: C: control group,
DT: diaphragm training group)

For the functional sitting position there were no notable changes in the relatively
relaxed and the relatively contracted state in group C, concerning the thickness of
diaphragm. In contrast, group DT showed a significant increase in the relatively
contracted state (p<0.01) but not in the relatively relaxed state.
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Figure 12: Changes in the thickness of diaphragm muscle in the functional, sitting
position in the relatively relaxed and in the relatively contracted state (mean +SE). *p<0.05
(Abbreviations: C: control group, DT: diaphragm training group)
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In case of the relaxed and contracted states of the left- and right-sided lumbar
multifidus there were no substantial changes found in group C in prone position. For
group DT, significant increase was only found in the left-sided muscle in the relaxed state
(p<0.01). There were no notable changes either in the relaxed and or the contracted states
of the right-sided multifidus or in the contracted state of the left-sided lumbar multifidus

muscle.
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Figure 13: Lumbar multifidus muscle thickness in the prone position (mean +SE).
*
p<0.05
(Abbreviations: C: control group, DT: diaphragm training group)

In the sitting position there were no significant differences between the before and
after data in group C in any states of lumbar multifidus muscle. For group DT significant
increases were found in the relatively contracted states (p<0.05) in bilateral lumbar
multifidus muscles as well as in the left-sided multifidus in the relatively relaxed state
(p<0.05). Concerning the right-sided multifidus muscle in the relatively relaxed state,
there were no notable changes in the thickness of the muscle in the sitting position with

regard to group DT.
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Figure 14: Lumbar multifidus muscle thickness during sitting (mean +SE). *p<0.05
(Abbreviations: C: control group, DT: diaphragm training group)

4.3  Results supporting thesis 111

4.3.1 Chest Excursion

Group*training interaction was not significant showing that the trainings
(conventional exercises completed with diaphragm strengthening training (group DT) vs
conventional exercises alone (group C)) did not have a different effect. The mean
difference of the change was 0.96 (95% confidence interval: -0.33 to 2.25). The chest
excursion increased by 42.09% in group DT as a result of the 8-week intervention. In
group C, the excursion of the chest increased by 20.16%, after the training program (data
are not shown). There was no difference between the groups before and after the

intervention.

4.3.2 Maximal Inspiratory Pressure (MIP)

The two-way ANOVA resulted in a significant group*training interaction
(p<0.0001) showing that the trainings resulted in different effects in group C and group
DT. The mean difference of the change was 26.84 (95% confidence interval: 15.48 to
38.20). The level of MIP was increased in both the intervention groups, by 53.44% in
group DT, and by 8.99%, in group C, after the intervention. No difference was found
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comparing the results of MIP on pretesting. After the 8-week training, significant

difference was found between the groups (p=0.002).
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Figure 15: The values of MIP before and after the intervention (mean +SE). *p<0.05
Abbreviations: C: control group; DT: diaphragm training group; MIP: maximal
inspiratory pressure; SE: standard error

4.3.3 Peak Inspiratory Flow (PIF)

Regarding the PIF results, group*training interaction was significant (p=0.025).
The mean difference between the mean changes was 0.50 (95% confidence interval: 0.07
to 0.94). In group DT, some improvement was recorded; the values of PIF was increased
by 22.95%. In group C, PIF was increased by 12.00%. No difference was detected
between groups DT and C before the intervention. After the 8-week intervention, there

was no significant difference between the groups.
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Figure 16: The values of PIF before and after the intervention (mean £SE). *P<0.05
Abbreviations: C: control group; DT: diaphragm training group; PIF: peak inspiratory
flow; SE: standard error
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4.3.4 VOLUME

Group*training interaction was not significant; thus, the difference between the
effect of trainings was not detectable. The mean difference between the mean change was
0.04 (95% confidence interval: -0.28 to 0.35). Comparing the before and after data in
group DT, we found that VOLUME was increased by 8.19%. Concerning group C,
VOLUME was increased by 7.25%. In the results of the pretests, no difference was found
between the groups in the values of VOLUME. After the 8-week diaphragm
strengthening training, no significant difference was detected between groups C and DT
in VOLUME data.
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Figure 17: The VOLUME values (average amount of air inhaled per breath) before and
after the intervention (mean +SE).
Abbreviations: C: control group; DT: diaphragm training group; SE: standard error

4.3.5 Stability Limits of the Trunk

In the modified Functional Reach Test (mFRT), group*training interaction was
significant (p=0.017). The mean difference in the change was 5.12 (95% confidence
interval: 0.96 to 9.27). As an effect of the trainings, group DT improved by 15.84% and
group C, improved by 0.00%. There was no significant difference between the groups
before the intervention. After the training programs, there was a significant difference
between groups C and DT (P=0.01); significantly higher values were recorded in group
DT in the mFRT.

Regarding the left-sided modified Lateral Reach Test (mLRT), the p value of the

group*training interaction was 0.054. The mean difference between the mean change was
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2.34 (95% confidence interval: -0.004 to 4.72). As a result of the training program, a
14.57% increase was met in group DT. In group C, the average output was increased by
3.20%. No significant differences were obtained in group comparison before the training
and after the intervention.

In the right-sided mLRT, group*training interaction was significant (p=0.013).
The mean difference of the change was 2.92 (95% confidence interval: 0.66 to 5.18).
After the training, group DT improved by 15.57%, whereas group C improved by 1.97%.
No significant difference was present when the groups were compared before the
intervention. After the training, the results showed a significant difference between the
groups; group DT achieved a better improvement in the right-sided mLRT (p=0.03).
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Figure 18: The results of the trunk stability tests before and after the intervention (mean
+SE). *p<0.05
Abbreviations: C: control group; DT: diaphragm training group; mFRT: modified
functional reach test; mLRT-left: left-sided modified lateral reach test; mLRT-right: right-sided
modified lateral reach test; SE: standard error
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5. Discussion

Main findings of our study are that an 8-week training program based on
conventional exercises is a viable way to improve the thickness of lumbar multifidus
muscle, postural control and decrease the pain intensity. However, an extra diaphragm
strengthening exercise program improves the whole active stabilizer system of the trunk,
the inspiratory functions and stability limits of the trunk as well besides the effects of the
conventional training (pain intensity decreases, postural control improves). Therefore, we
can say that conventional exercises completed with diaphragm training offers more
benefits and results in a better improvement in functional capacity in patients with LBP.

5.1 Effects of the conventional exercises alone

In prone position the thickness of lumbar multifidus muscle increased after the
training, when it was in contraction. When the ultrasonography was performed in the
prone position, both in relaxed and contracted states of lumbar multifidus muscle were in
the neutral states of the muscle’s belly, as in this position the muscle is not influenced by
the enhanced postural function seen in vertical positions.®® The thicker belly of lumbar
multifidus in the contracted state of the prone position indicates the improved contractile
ability of the muscle.>” Regarding the fact that multifidus muscle is smaller in patients
with chronic LBP®® and the muscle shows a reduced ability to voluntarily contraction than
in healthy people®, our results indicate a positive change in the condition of lumbar
multifidus muscle.

Pain can be reinforced by increased co-contraction which may results in increased
stiffness in the lumbar area and altered biomechanical loading.*® Pain solely can cause an
increased muscle thickness.®® The pain-spasm-pain cycle is a motor control pattern
causing pain. It has the effect of perpetuating the painful disorder, but it also protects the
system by maintaining stability on a higher level 8. Our results show significant reduction
on pain level in group LBP. In the LBP patients there is a decrease tendency of muscle
thickness in relaxed state, prone position. However, when the voluntary contraction
occurred in prone position the thickness of muscle belly increased. Besides this, in
kneeling position the thickness of multifidus lumborum muscle decreased even though
this posture challenge multifidus muscle more than the applied passive, prone position.*

The pain relief may have reduced the strain of lumbar multifidus muscle which resulted
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in the decrease of its thickness. We suppose that this kind of changes show that the
increased co-contraction (observed in chronic LBP) turned in a more normal functioning,
exerted by our training program. With the lumbar pain being relieved by the intervention,
the pain-spasm-pain cycle might have been broken.®? Breaking the pain-spasm-pain cycle
may be an explanation for the significant decrease in the thickness of lumbar multifidus
muscle during kneeling in case of group LBP.

To date conflicting evidences can be found regarding the stabilizer muscles’ role
and the advantages of their strengthening in case of LBP. Only one muscle should not be
highlighted during the management of LBP, considering that LBP is a largely complex
condition.®® Therefore, our intervention contained strengthening exercises in a holistic
way activating not only lumbar multifidus muscle but all members of the active stabilizer
system of the trunk. If the function of even one muscle of the active stabilizer system
deteriorates, it eventuates an increased demand on the other subsystems to maintain
stability®, thus the members of the stabilizer systems have an influence on each other. As
it was mentioned previously, the thickness of multifidus muscle decreased in the kneeling
position under all conditions after the intervention. Besides broken pain-spasm-pain
cycle, further possible explanation for the decrease in multifidus’ thickness is, that during
kneeling all stabilizer muscles need to be more active to maintain the vertical position of
the body than in the passive, prone position.>® Based on this observation we assume that
the activation of lumbar multifidus was reduced by the neural system as a result of
improved function of the whole stabilizer system exerted by the applied exercise therapy.
Therefore, the increased tension of lumbar multifidus muscle was not needed any more.

In addition, the observed decrease in the muscle’s thickness in the kneeling
position in group LBP can be attributed to the change of the posture after our intervention.
Former studies proved that individuals with low back pain prefer the ankle strategy to
maintain stability?®%* and consequently they lean and position their centre of pressure
forward.® As a result of our intervention, a decreased thickness of lumbar multifidus
muscle’s belly was assessed in group LBP in the vertical, kneeling position. Thicker
lumbar multifidus muscle, measured before the intervention, may be a sign of the forward
leaning position® which is preferred by people with low back pain.®® With the reduced
pain intensity due to the training program and the improved stabilizer muscles’ function,
the postural alignment of the trunk might change into a more natural condition.?® The
change of the posture from a forward leaning position to a normal posture influences the

functioning of the stabilizer muscles of the trunk.®® The activity of the muscles in the low
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back area is lower in a normal posture than in a forward leaning position®, developed by
LBP. After the 8-week training program decreases in the thickness of multifidus was
observed by ultrasound examination in group LBP. Therefore, observed changes in
lumbar multifidus muscle might be an indicator of the recovery of the normal posture.

We think that the increase in the thickness of lumbar multifidus muscle during
contraction in the prone position and decrease during relaxation in prone and vertical,
kneeling position was a result of a positive change in group LBP which occurred primarily
due to the training program.

Surprisingly, a decrease occurred in the thickness of lumbar multifidus muscle
under all conditions regarding group C. During the 8-week period, the members of group
C continued their daily routine. Because of the decrease in the thickness of lumbar
multifidus muscle which have been seen in group C, the members of the group were asked
if there had been any changes in their daily activities and if they had experienced any pain
or stiffness linked to the low back area during the study. All members of group C claimed
that during the autumn semester, when our study was conducted, they had spent much
more time in sitting position than during the summer vacation before our research began.
The students reduced the amount of their physical activity in order to be able to fulfil the
requirements of their school. Interestingly, 50% of group C developed low back pain in
the last few weeks of the research. Because of the reduced physical activity and the poor
posture generally applied during sitting, the atrophy of lumbar multifidus is presumable.
Former studies showed that an altered function and atrophy of lumbar multifidus muscle
can be a cause of chronic LBP®, Our findings suggest that the decrease in the thickness
of lumbar multifidus muscle may alerts us to the change in the functioning of multifidus.
Therefore, it may be a kind of early sign of developing low back pain.

The results of the modified heel-raise test, which challenged more the postural
function of the stabilizer muscles by using the unstable dynair, support our hypothesis
that the vicious cycle was broken. People with chronic LBP have a reduced postural
stability and they react worse to disturbing circumstances.®” The members of group LBP
showed significant improvement after the intervention, although they had no chance to
practice the modified standing heel-raise test and there were no exercises for
strengthening the triceps surae muscle during the training period. Strengthening of the
trunk and hip muscles was highlighted, thus presumably the stability of the proximal area
(trunk) was improved facilitating better distal function (heel-raising).®® Because of the

intervention, severity of the pain was reduced and the stabilizer muscles became stronger
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which resulted in significant increase on postural stability of the chronic LBP patients. In
contrast with group LBP, there was no development in group C.

5.1.1 Limitations

One of the limitations of the study is the low number of participants but the
recruitment of prospective participants for an extended study is already in progress. The
mechanism of the changes in the thickness of lumbar multifidus muscle due to the training
program has not been clarified in our study. The posture and the position of the center of
pressure (COP) should be measured before and after the intervention, but the applied
kneeling position is not suitable for detecting these changes with the device available that
we have (NeuroCom Basic Balance Master). The standing position would be more
appropriate to assess the forward leaning position seen in chronic LBP patients. It would
be beneficial if we could compare lumbar multifidus muscle’s thickness of the LBP

patients to that of the healthy subjects, but the normalizing procedure is not clarified yet.®

5.2  Effects of the conventional exercises completed with diaphragm

training

Based our results we can say that conventional training completed with diaphragm
strengthening training increased the thickness not only of the diaphragm but also of the
other stabilizer muscles such as transversus abdominis and multifidus muscle. The
significant increase in diaphragm muscle thickness in supine position indicates the
effectiveness of diaphragm training® in a position where the other stabilizers are relaxed.
Both of the applied training methods resulted in significant improvement in pain.
Although it was more significant in case of group C whose members participated only in
the conventional training. Concerning the thickness of the lumbar stabilizer muscles in
group C there were no significant changes in any of the muscles resulting from the 8-
week-long intervention, which suggests diaphragm strengthening training can provide
extra benefits. In addition to this, significant improvement was found in inspiratory
functions and in the stability limits of the trunk, resulted by the applied diaphragm
strengthening training. Therefore, it can be stated that diaphragm strengthening protocol
improves successfully the functional capacity.

Concerning the intensity of pain both training methods resulted in significant
improvement although it was more significant in group C. The members of the groups
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took part in the same conventional training with the same exercises. However, the
members of group DT faced a more difficult situation: they had to do the strengthening
exercises parallel with the diaphragm strengthening training. Pain perception is highly
subjective which is influenced by several psychological and emotional factors.’"
Intensive strengthening exercises taken for a short period of time are not always very
effective in reducing pain intensity.”® There are many factors (fear, structural abnormality,
pain, posture reduction etc.) which maintain the vicious cycle in chronic low back pain,
if intervention is capable of reducing one of the maintaining factors, the vicious cycle
may be broken.%2’ Both of our trainings decreased pain significantly and the
conventional training completed with diaphragm training increased the thickness of
stabilizer muscles generating change in the condition of transversus abdominis,
diaphragm and lumbar multifidus muscles. Based on our results, it can be stated that pain
perception seems to has been influenced positively by the interventions, so it can be a
possible way to influence the vicious cycle underlying chronic LBP.

The exercises of our conventional training program were the same in the two study
groups. The training consisted of static and dynamic strengthening exercises for the trunk
and hip muscles as well as proprioceptive training. All strengthening exercises were
performed using external resistance (dumbbells, resistance bands, medicine ball) or body
weight. A double-blind, randomized controlled trial proved earlier that both motor control
and general exercises increase the thickness of lumbar multifidus and transversus
abdominis muscle significantly in the case of low back pain patients as a result of an 8-
week-long training program.” A previous study also showed that the thickness of
diaphragm muscle increases as a consequence of a 4-week-long diaphragm training.”
Based on the abovementioned findings and considering our results we can conclude that
our conventional training completed with a diaphragm strengthening training is a possible
way to increase the thickness of transversus abdominis, diaphragm and lumbar multifidus
muscles.

In case of group DT, the thickness of transversus abdominis muscle increased
significantly in the relaxed state (calm lying) but not in the contracted state when the
subjects were asked to contract their abdominal muscles in supine position. We found
similar muscle changes in the sitting position where the thickness of transversus
abdominis muscle increased significantly in the relatively relaxed state when the sitting
position was held but there were no notable changes during the weightlifting task in the

relatively contracted state. The increase of the thicknesses in relaxed and relatively
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relaxed states may have occurred due to the effect of our intervention.” The unchanged
thickness parameter of the contracted state in the supine position maybe due to the
limitation of our measurement procedure: the participants were asked to contract their
abdominal muscles voluntarily without lifting their head or shoulders from the bed. This
kind of contraction seems to be more dependent on the compliance of the participants.’’’
Moreover, this movement was not practiced during our program therefore the quality of
the performance may have been diverse’’ and may not have been sufficient enough to
show the effectiveness of the training. In addition to this, transversus abdominis muscle
Is a local stabilizer whose main function is more that of stabilization and not the
implementation of movements®% and in supine position the demand for stabilization is
minimal.”®" There was no significant change in the thickness of transversus abdominis
in the relatively contracted state either when the weightlifting was performed. It is well
known that lifting tasks activate mainly the extensor group.88! Our results provide
further evidence that lumbar multifidus has a more enhanced role in performing a
weightlifting task, than transversus abdominis muscle. Therefore, the applied
weightlifting task is may not be the most appropriate postural task to show the enhanced
stabilizer function of transversus abdominis muscle.

The increased thickness of diaphragm muscle in relaxed and in contracted states
in the supine position may show the effectiveness of the diaphragm strengthening
training.’® The results show that the only condition where we could not find any increase
in the thickness of diaphragm after the training was the relatively relaxed state in sitting
position. This finding may be explained by the neutral vertical position of the trunk which
was held only against gravity in this case. This posture does not require more enhanced
stabilization from diaphragm muscle.®2!! Significant increase occurred in the thickness
of diaphragm muscle when the weightlifting was performed, in the relatively contracted
state. Movements of the upper limb challenge the diaphragm muscle as a stabilizer muscle
more contrary to the simple tasks to maintain vertical position.!! In a previous study
Hodges and co-workers assessed the functioning of diaphragm during a rapid movement
of the arm. Their findings proved that increased activity of diaphragm occurs during this
motion.’* The diaphragm of low back pain patients has an altered postural function
compared to healthy subjects when isometric flexion against resistance of the upper- or
lower limb was applied.?! In our training program several resistance exercises were
performed by the upper limb when the vertical posture of the trunk needed to be held and

the participants used the POWERDreathe device parallel with upper limb exercises. Our
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results show that there is an increased thickness of diaphragm during the lifting task after
training which may suggest that the role of diaphragm muscle has improved in
maintaining trunk stability during upper limb activities as a result of the applied 8-week-
long training. Our findings are in line with a previous study of Diilger et al.83 They found
that as a result of a stabilization exercise program the thickness of diaphragm increased
as well as the stability of the lumbar spine.

Considering lumbar multifidus muscle in prone position, significant increase was
only found in case of the left-sided one in the relaxed state. There were no significant
changes in case of contracted states of the left-sided muscle or in both states of the right-
sided multifidus. Like in case of transversus abdominis, the main function of lumbar
multifidus is not implementation of movements but the segmental stabilization of the
lumbar spine as it produces compression with minimal movement torque.®* This may be
the reason for the unchanged thickness in the contracted state, when the patients were
asked to lift their head and shoulders from the bed. The role of lumbar multifidus muscle
in stabilization is highlighted in rotational movements and therefore in movements of the
contralateral limb.2* Every participant was right-handed in our study which might have
influenced the training effects: our results revealed that in prone position the left-sided
(contralateral to the dominant arm) muscle’s thickness improved significantly in the
relaxed state. The resistance exercises were probably more effectively performed with the
dominant (right-sided) arm.® In sitting position the thickness of both the left- and right
sided multifidus muscle increased in the relatively contracted state (during weightlifting)
and the left-sided lumbar multifidus muscle’s thickness also increased in the relatively
relaxed state as well (during holding the vertical position of the trunk). Contrary to the
prone position when sitting, the postural demand is enhanced and lumbar multifidus
muscle can act directly on the lumbar vertebral column producing the anti-flexion
(extension) moment.?* During weightlifting (relatively contracted state) this anti-flexion
moment of bilateral multifidus muscle is more important.8! The increased thickness
possibly occurred as a result of our training method. The only unchanged thickness in
sitting position was found in the right-sided (ipsilateral to the dominant arm) lumbar
multifidus muscle in relatively relaxed state. The unchanged thickness may be explained
by the influence of right-handedness on the training and/or on the testing procedure. In
case of our testing procedure one dumbbell was lifted with both hands therefore it is
possible that the dominant arm had a bigger contribution in the exercise.®> Further

investigations are needed using two dumbbells to support this hypothesis.
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The differences between group DT and C in the change of the thickness of the
stabilizer muscles indicate that diaphragm training has an extra advantage compared to a
conventional training program. Further investigations are warranted to explore the
mechanism behind the changes, but some possible assumptions can be made:

The effect of deep abdominal muscle exercises on respiratory function was
assessed in a previous study.® Deep abdominal muscles and diaphragm play an important
role in maintaining and increasing the intra-abdominal pressure by their co-
contraction.®”# The finding of this research shows that enhanced diaphragmatic function
achieved via deep abdominal muscle strengthening exercises did not only increase
respiratory volume but also enhanced the stability of the lumbar spine through the co-
contraction of transversus abdominis.®® Contrary to their above-mentioned training
method, we have placed emphasis on the diaphragm muscle strengthening in our training
program but as a consequence, transversus abdominis muscle may be strengthened in this
alternative, indirect way.

People with chronic LBP have a higher diaphragm position, a smaller diaphragm
excursion and greater diaphragm fatigability?>2! which is compensated by increased lung
volume to provide adequate increase in intra-abdominal pressure.?? Diaphragm
strengthening training is a viable method to enhance the excursion of the diaphragm and
increasing the mobility of the muscle.?®%° We assumed that a higher excursion of the
diaphragm occurred due to the our diaphragm strengthening training which further
influenced the function of the diaphragm muscle during breathing and postural
stabilization.?® Significant increases were found in the diaphragm thickness when the
weightlifting task was performed in sitting position. The increased thickness during
weightlifting suggests that the role of diaphragm muscle in maintaining trunk stability
may have been improved.

Previous studies suggested that increase in the respiratory output causes an
increased excursion of the body in space.?*2 Another previous study reported that normal
inhalation is linked to the extension of the lumbar spine in standing posture.*® Significant
changes in posture and significant enhance occurs in the activation of erector spinae
muscle when the inspiration effort increases.®® The fact that our training combined
exercises in vertical positions with forced inhalation exercises can explain the training
effects especially the increase in the thickness of lumbar multifidus muscle in sitting

posture.
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Considering the inspiratory functions and stability limits of the trunk, there was a
significant difference between the groups after the 8-week intervention period in mFRT
and right sided mLRT; group DT reached a greater improvement than group C. In the left
sided mLRT, the value of the group*training interaction was 0.054, which is very close
to the nominal significance level. It may suggest that there is a difference in the effects of
the training between the groups. Regarding the limits of stability (LOS) (MFRT, mLRT)
results, the conventional exercises completed with the diaphragm strengthening protocol
(group DT) seem to lead to better results than the conventional exercises alone (group C).
Concerning the inspiratory tests, a significant group*training interaction was found in the
measurements of MIP and PIF, showing that there was a difference between the training
types in improving the inspiratory function. In case of MIP a significant between-group
difference was found after the interventions. Group DT reached higher values in the
inspiratory tests, which may indicate the extra advantages of the diaphragm training.
However, in values of chest excursion and VOLUME, the group*training interaction was
not significant; therefore, the difference between the effects of the applied training
methods (conventional exercises vs conventional exercises completed with the diaphragm
strengthening protocol) could not be detected. An increase in the output of group C can
be seen, but the improvement in group DT was more meaningful, although significant
between-group differences were not found after the trainings. The applied conventional
exercise program consists of different types of exercises, which probably affect the
respiratory muscles.®*

The diaphragm is an essential breathing muscle; however, it also has a remarkable
role in preserving the segmental stability of the lumbar spine by maintaining and
increasing the intra-abdominal pressure during postural tasks.'® Individuals with low back
pain have a disturbed proprioceptive input from the low back area; therefore, they achieve
worse results in the stability limit tests (like functional and lateral reach tests) than healthy
individuals.®® The function of the diaphragm muscle deteriorates if nonspecific low back
pain occurs.?? In these cases, the diaphragm has a higher position, decreased mobility,
and greater fatigability.?? Our results suggest that as an effect of the diaphragm
strengthening training, both functions of diaphragm muscle have improved, both the
breathing and the postural functions. With exercising the diaphragm, all these
aforementioned dysfunctions may be decreased; a stronger, more mobile muscle®® may
be more effective in increasing the intra-abdominal pressure, and therefore maintaining

the lumbar stability.
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Considering the evidence that pain deteriorates proprioception®, our results may
indicate that the positive change in the severity of pain together with the increased LOS
values might be a sign of an improved proprioception from the lumbar area represented
by better mobility. The deteriorated proprioceptive input might cause postural changes in
vertical positions in people with low back pain; individuals tend to lean more forward if
low back pain develops® and they prefer ankle strategy to the normal multisegmental
strategy in postural control.?®%4 The increased stability limits of the trunk might be the
indicator of a more complex postural strategy applied by group DT. These results are in
line with the findings of a former study describing that improved postural function with
the significantly decreased severity of pain may contribute to the normal, multisegmental
strategy in patients with nonspecific chronic low back pain.?®

The mobility of the lumbar spine and having strong, well-functioning extensor
muscles are essential to perform the mFRT and mLRT.% The synergistic function of the
global stabilizers (superficial extensors) and local stabilizer muscles (lumbar multifidus,
transversus abdominis, pelvic floor muscles, and the diaphragm) has a major role during
performing a postural task®’, for example, during the stability limit tests in our study. It
has already been demonstrated that deterioration in the function of even one muscle of
the active stabilizer system eventuates an increased demand on the other subsystems to
maintain stability®; thus, the members of the stabilizer systems have an influence on each
other. Our results concerning the inspiratory tests show that the inspiratory function of
the diaphragm improved after the 8-week diaphragm strengthening training. It is also
described, that the diaphragm strengthening training might have a significant effect on
the other stabilizer muscles than the diaphragm, that is, the increased thickness of muscle
belly of the transversus abdominis and lumbar multifidus muscles. The significant
improvement in functional capacity of the local stabilizer muscles (increased thickness
and improved inspiratory function) may result in the increased stability limits of the trunk.
This finding implies that in case of nonspecific chronic low back pain, an 8-week
diaphragm training complemented with conventional exercises may be superior to the

conventional exercises alone in improving the functional capacity of the trunk.

5.2.1 Limitations

A limitation of this study is that by using ultrasonography we could not
discriminate between the increase of muscles’ thickness as result of the changes of the

tone and activation pattern as and muscle hypertrophy which occurred as a result of the
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strengthening training. Another limitation of this study is the presumption that the
compliance of the subjects was on the same level but it could not be controlled by
objective methods. To assess transversus abdominis muscle in contraction in supine
position the patients were asked to contract their abdominal muscles voluntarily. This
exercise needs a more developed understanding of the movement therefore we could not
be sure that everyone performed the contraction on the same level.””’® This procedure
would have been better if we had allowed the flexion of the trunk to a specified extent. In
case of sitting positions, the subjects were asked to hold the neutral position of the trunk
which was controlled by a physiotherapist but not with objective methods. Therefore,
some inclination of the trunk may have happened during the ultrasound measurement
procedure. For further studies the vertical position should be controlled in a more
objective manner. An additional limitation of this study is that the applied inspiratory
maneuver during the MIP test is a highly effort-dependent test.>* However, it is proved
that a co-operative subject can activate the diaphragm maximally during voluntary
inspiratory efforts.*® The activity of the diaphragm was not measured directly in our study,
therefore the accurate amount of the contraction of diaphragm is not known when
performing the MIP test, although verbal encouragement was given to help the subjects

performing maximally.
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6. Conclusion and new results

A part of the significant results of this study are that changes occurred in the
thickness of lumbar multifidus muscle, the postural stability improved, and the low back
pain was relieved as a result of the applied conventional training program. Despite the
low sample size, significant changes and clear tendencies were found. The decreased
thickness of multifidus muscle’s belly and the simultaneously appearing low back pain in
case of healthy individuals draws attention to the importance of lifestyle in the occurrence
of low back pain. Moreover, the decrease in muscle’s thickness poses the possibility that
this change may be a kind of early sign of developing low back pain. However, the role
of multifidus muscle in chronic LBP is contradictory yet.*® In conclusion, we can say that
the applied conventional exercise therapy is a viable way to improve the functions in
patients with chronic LBP. Additionally, the observed changes in muscle function may
help to understand better the altered muscular activation pattern in low back pain.

To evaluate thesis 11 and 111, the training effects of a conventional training program
and a conventional training completed with diaphragm strengthening were examined. The
diaphragm strengthening training has never been tested before as a solution for LBP. Our
recent results clearly show that conventional exercises completed with diaphragm training
adds more benefits for LBP people than conventional exercises alone.

Based on our results we suggest that the applied diaphragm strengthening training
is an effective and viable way to increase the thickness of the stabilizer muscles of the
lumbar spine such as transversus abdominis, diaphragm and lumbar multifidus muscle.
We can say that this training method is effective in reducing the severity of lumbar pain.
However conventional training alone was more efficient taking into consideration the
results of VAS. The significantly increased thickness of lumbar stabilizer muscles may
lead to a better postural stability of the trunk and eventuate a better function in people
with LBP. Our findings clearly show that our intervention can have an influence on the
diaphragm’s postural function during upper limb lifting tasks. Moreover, with the applied
diaphragm strengthening exercises the inspiratory functions also improved, which can be
considered as additional benefits of the training. The importance of applying non-
pharmacological treatments, such as physical exercises, is well-known in the reduction of
the intensity of low back pain.*! The results suggest that our conventional training
enhanced with diaphragm strengthening may be a viable therapeutic approach in the

complex treatment of chronic nonspecific low back pain. Nevertheless, there are several
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low back pain patients who are not capable to perform the conventional exercises because
of the intensity of the pain or as a result of other medical conditions. Since stability limit

and appropriate postural control are the bases of functional capacity*®

we suggest that
the diaphragm training would be an appropriate option for these patients to improve their
functional level. We suggest a further consideration focusing on whether diaphragm
training alone would be a new therapeutic approach for those who are not capable of
performing conventional exercises. Moreover, the diaphragm strengthening training
would be a favorable additional method for everyone who suffers from the consequences
of lumbar pain, and it may also be beneficial in the prevention of nonspecific chronic low

back pain.
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8.  Appendix

8.1  Supplementary materials of measurements and training sections

Figure 1: The applied triggering design to enhance the contraction of multifidus muscle

Figure 3: POWERDbreathe Medic Plus device

Forras:
https://www.google.com/search?g=powerbreathe+medic+plus&safe=o0ff&rlz=1C1AVNE_enHU679HUE79&sxsrf=ACYBGNRsK
YNYogtkwEayE7iZ2ugPaZpzzw:1568123063180&source=Inms&tbm=isch&sa=X&ved=0ahUKEwjc_ZPRscbkAhVmxIsKHVKQ

AEAQ_AUIEigB&biw=1366&bih=614#imgrc=50qEQSK3qc_q0M:

50



Figure 4: The applied postures during the ultrasonography: a, supine position; b, prone
position; ¢, quiet sitting; d, weightlifting

Figure 5: The positions of the transducers: a, transversus abdominis muscle; b,
diaphragm muscle; ¢, lumbar multifidus muscle (right-sided).
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The details of the conventional training program

The conventional training can be divided into 3 parts: a warm-up, a main part

and a cool down section.

1. Warm-up: the training started with a 10 min warm-up section. The warm-up

contained breathing exercises and dynamic exercises for all joints and muscles in

standing position.

2. The main part: the training method was a circuit training with five sections and

with 3 min of exercising in one section, altogether in 40 min duration. There were 1

min breaks between the sections while the participants took their places at the next

section.

1%, section: Strengthening exercises of the hip muscles:
Combined static and dynamic strengthening of the hip muscles

2"d. section: Balancing exercise:
Static balance exercises (holding a position) on an unstable training tool in vertical

posture (standing, kneeling)

3" section: Strengthening exercises of the extensor muscles of the trunk:
Combined static and dynamic strengthening of extensors using limb activities with

dynamic resistance

4™ section: Strengthening exercise of the abdominal muscles:
Combined static and dynamic strengthening of abdominal muscles using limb

activities with dynamic resistance

5t section: Balancing exercise:

Dynamic reactive balance exercises: walking on unstable surfaces.

3. Cool down: the training ended with a cool-down section in 10 min duration.

This part of the training contained light aerobic, stretching and breathing exercises.

8.2  Supplementary materials of the results section

Table 4: The results of the statistical comparison. *P<0.05; **P<0.01 (Abbreviations:

C: control, DT: diaphragm training)
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Variable

before
after

before

group C (n=21)

P after

group DT (n=26)

P after
Bonferroni-Holm

0,041*

mean SE P (ANOVA) Bonferroni-Holm | mean SE P (ANOVA)
0,280 0,017 0,307 0,018
0,018* 0,320 0,002**
0,311 0,019 0,343 0,018
0,607 0,031 0,633 0,037
0,012* 0,243 0,004**
0,707 0,054 0,737 0,047

after

0,092

before
after

before
after

before

0,003**

0,712

0,016*

0,381 0,022 0,419 0,040

0,538 1 0,000**
0,408 0,048 0,514 0,049
0,466 0,031 0,488 0,051

0,174 1 0,042*
0,565 0,082 0,555 0,057
0,127 0,010 0,131 0,008

0,414 1 0,001**
0,131 0,009 0,155 0,010

after

before 0,162 0,012 0,141 0,009

0,550 1 0,000%**
After 0,170 0,017 0,225 0,016
before 0,192 0,013 0,178 0,009

0,012* 0,243 0,728
after 0,173 0,014 0,181 0,010

before
after

0,206
0,205

0,017

0,970
0,018

0,176
0,223

0,011

0,000**
0,013

0,001**

before
after

before
after

before
after

before

after

before
after

before

0,717

0,004**

0,228

0,099

0,046*

2,456 0,089 2,509 0,107

0,635 1 0,045*
2,524 0,178 2,601 0,107
3,349 0,100 3,185 0,132

0,466 1 0,313
3,458 0,187 3,253 0,129
2,363 0,079 2,352 0,090

0,595 1 0,000**
2,447 0,190 2,554 0,109
3,337 0,092 3,155 0,116

0,468 1 0,011*
3,449 0,191 3318 0,131
2,494 0,071 2,339 0,086

0,326 1 0,005**
2,627 0,157 2,470 0,082
3,069 0,098 2,670 0,115

0,723 1 0,002**
3,118 0,210 2,873 0,110

after

before
after

2,544
2,684

0,077

0,347
0,177

2,316
2,474

0,102

0,002**
0,094

0,044*

before
after

3,142
3,168

0,143

0,673
0,146

2,624
2,833

0,126

0,001**
0,106

0,039*
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Table 5: Results of the statistical comparison.
Abbreviations: DT: diaphragm training; C: control; MIP: maximal inspiratory

pressure; PIF: peak inspiratory flow; mFRT: modified Functional Reach Test; mLRT: modified
Lateral Reach Test; SE: standard error

Group before after P-value Difference
mean SE mean  SE | (before vs. after) mean SE
DT 5.25 0.40 7.46 0.52 <0.0001 2.21 0.37
chest 620 057 | 745 0.53 0.01 1.25 0.55
excursion

P-value (DT vs. C) P=0.17 P=0.99 P=0.141

DT 59.96 5.05 92.00 5.74 <0.0001 32.04 4.28

MIP C 57.80 5.75 63.00 6.54 0.23 5.20 3.19
P-value (DT vs. C) P=0.779 P=0.002 P<0.0001

DT 4.40 0.26 5.41 0.29 <0.0001 1.01 0.14

PIF C 4.25 0.29 4.76 0.33 0.003 0.51 0.16
P-value (DT vs. C) P=0.695 P=0.148 P=0.025

DT 2.32 0.17 2.51 0.18 0.07 0.19 0.11

VOLUME C 2.07 0.20 2.22 0.21 0.19 0.16 0.11
P-value (DT vs. C) P=0.349 P=0.306 P=0.811

DT 32.27 1.27 37.38 1.27 <0.0001 5.12 0.99

mFRT C 31.25 2.08 31.25 1.69 1.00 0.00 1.97
P-value (DT vs. C) P=0.67 P=0.01 P=0.017

DT 20.86 0.78 23.90 0.75 <0.0001 3.04 0.75

mLRT 21.85  1.02 | 2255 084 0.43 070 0.93

(left-sided)

P-value (DT vs. C) P=0.45 P=0.25 P=0.054

mLRT DT 2152 092 | 2487 1.05 <0.0001 3.35 0.77

(right- C 21.33 0.90 21.75 0.74 0.62 0.43 0.79
sided) P-value (DT vs. C) P=0.88 P=0.03 P=0.013
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A diaphragma miikodésében bekdvetkezo valtozasok
és a derékfajdalom dsszefiiggései, fizioterdpias kezelési lehetdségek

Finta Regina, Dr. Bender Tamds
Bevezetés

A derékfajdalom (low back pain, LBP), vagy mas széval lumbagé a bordavonal és a glute-
alis tdjék kozott érzett fajdalom, vagy diszkomfort érzet, mely a combokba sugarozhat
(1). A kronikus derékfajdalmak nagy szamban érintik minden korosztaly tagjait, rendkiviil
gyakori panasz, az eurépai népesség 23%-a tapasztalja meg az élete soran (2). A hosszan
fennallé fajdalom megneheziti a hétkbznapi feladatok elvégzését, a munkat, illetve ne-
gativ hatdssal lehet a rekredcios tevékenységekre, mindezzel befolydsolhatja a szocidlis
kapcsolatokat is. A LBP lehetséges oka a nem megfeleld izomreakcioé és izomegyensuly,
melynek alapja a rossz propriocepcio (3) és tobbek kozott okozhatja a lumbalis gerinc
szegmentdlis instabilitasa (4). A LPB fenndlldsakor az izmok mikddése eltérést mutathat,
egy Ugynevezett izom diszbalansz johet létre, mely hosszd tavon tovabbi karosodasok
kialakuldsat segitheti eld, A torzs stabilitasa lényegesen meghatérozza a mozgésok soran
fellépo erdket, melyek a megfeleld kompenzéaciés mechanizmusok hianyaban karosithat-
jak az izlileteket. A karosita erok csokkentésének, azaz a stabilitds megteremtésének érde-
kében stabilizator izmok bekapcsolodasa sziikséges, melyek hosszan tarté talterhelésre
fokozott fesziiléssel reagdlhatnak. Amennyiben ezek az izmok nem tudjak a kell stabili-
tast megteremteni, Ugy az izliletek egyéb alkotdira harul a feladat (5).

Lumbélis stabilitas

A gerinc stabilitdsa harom pilléren nyugszik, melyek maga a gering, a gerinc koriil elhe-
lyezkedd izmok és az ezeket vezérld idegrendszeri szabalyozas (4). A gerinc mozgasainak
létrehozasa mellett az izmoknak tehat fontos szerepiik van a szegmentek stabilizdldsa-
ban is. Alapvetéen megkilonboztetiink szegmentalis stabilizator izmokat, illetve globa-
lis, tobb iziletet athidalé izmokat, melyek egyittes mikodéslikkel jatszanak alapvetd
szerepet a lumbalis gerinc stabilitdsanak megdrzésében (6). A m. transversus abdominis
jelentdsége régdta ismert az irodalomban, Tobb kutatds is beszamolt arrél, hogy a kilon-
boz6 végtagi mozgasok eldtt a m. transversus abdominis kontrakcidba kell, hogy keriljon
egészséges mozgasszabalyozas esetén (6,7). Jol ismert, hogy a m. multifidus részvétele
szintén alapvetd a lumbadlis szegmentek stabilizalasaban. Ezen izmok kapcsolatban van-
nak a thoraco-lumbalis fascidval, melyre ténusuk ndvelésével hatnak, ami altal a két olda-
li spina iliaca posterior superior kozotti fascia feszessége fokozédik. Ez a medidlis irdnya
erd a sacroiliacalis izlleten keresztll stabilizélja @ medencét. Egy korabbi tanulmanybol
kideril, hogy a globalis izmok, mint a m. gluteus maximus és a m. latissimus dorsi, a tho-
raco-lumbalis fascidval valé kapcsolatuk miatt képesek segiteni a stabilitast és egyben az
alsé- és felsdvégtagok kozotti kapcsolatot megteremteni. Ezen izmok kontrakcidjukkal
megfeszitik a thoraco-lumbalis fascidt, melynek feszessége egy rendkiviil fontos tényezd

13

55



a lumbilis gerinc stabilitdsdnak tekintetében (6). Ezen funkcionalis anatémiai tanulmany
is alatdmasztja azt a nézetet, mely szerint az agyéki gerinc stabilitdsaért nem egy izom,
vagy izomcesoport felelds kizarélagosan (8,9).

lzomdiszbalansz derékfajdalom soran

LBP hatasara szamos valtozas bekovetkezik az izomzat allapotaban, valamint a moto-
ros szabélyozasban, mely érinti a szegmentalis és globalis stabilizétorokat is. Alapveto-
en megvaltozik a derékfdjdalommal kiizdé egyéneknél az adott mozgas kivitelezéséhez
sziikséges motoros stratégia (11). Ezen valtozasok az izmok funkciit tekintve vizsgalha-
tok tobbek kozott EMG-vel, MRI-vel és diagnosztikus ultrahang segitségével is.

Ismert tény, hogy a kronikus fajdalom képes befolyasolni a mozgasunkat, tartasunkat és
képes elviltozasokat létrehozni az izmok szintjén, azonban egy tanulmanyban kimutat-
tak, hogy mar akut fajdalom is valtozasokat idéz el6 a motoros szabalyozasban. A kuta-
tok a jobb oldall longissimus dorsi izomzatba injekcidztak hiperténias, illetve izotdnias
oldatot. A fajdalom intenzitasanak megitéléséhez Vizual Analog Skalat hasznaitak. EMG
segitségével a longissimus, a multifidus, rectus abdominis és obliquus externus abdomi-
nis izmokat vizsgaltak torzs extenzié végrehajtasakor. Hipertonids oldat injektalasa utan a
fajdalom szignifikdnsan magasabb volt az alanyoknal és a fajdalom hatasdra a rectus ab-
dominis izomnak csokkent az aktivitdsa. Nagyon érdekes, hogy a mozgéds szempontjabol
antagonista izom mikodésében kovetkezett be valtozas (12). Egy masik kutatas hasonlo
eredményekre jutott, melynek soran 10 perces elérehajlas hatasat vizsgaltak. A kutatdk a
lumbdlis szakasz flexidjaval a gerinc relativ instabil helyzetét kivantak kivaltani, az exten-
sor izomzat relaxacioja és a szalagok megnyujtasa révén. Az alanyoknak a 10 perces flexié
végrehajtasa elott és utén kilonbozo gyakorlatokat kellett kivitelezniiik, kézben felileti
EMG-vel folyamatosan mérték a m. rectus abdominis, a m. obliquus externus abdominis
(flexorok) és a m. erector spinae (extenzor) aktivitasat. A vizsgalok arra a kovetkeztetésre
jutottak, hogy a lumbalis szakasz instabilitasa elsdsorban az antagonista izmok mikodé-
sést befolyasolta. Az antagonista co-contractio sériilt a fokozott iziileti instabilitas miatt,
ami megvaltoztatta a motoros szabalyozast (13).

A m. transversus abdominis bekapcsolddasa késve indul meg LBP esetén. Allés soran vizs-
géltdk a m. transversus abdominis mkodését, mikdzben a derékfajdalommal kiizdd és
egészséges alanyoknak gyors vélliziileti flexiot kellett végrehajtaniuk. A kutatas igazolta,
hogy LBP esetén a m, transversus abdominis nem elséként Iép be -megeldzve a kar el-
mozdulasat-, késve kezdi el a mikddését az egészséges alanyok eredményeivel 6sszeha-
sonlitva. A kutatok arra a kdvetkeztetésre jutottak, hogy a m. transversus abdominis mg-
kodésének valtozasa a mozgasszabalyozasban bekovetkezd elvaltozasok kbvetkezménye,
mely hatasara az izom stabilizalé funkcidja sérdl, igy a derékfajdalmat lumbalis instabilitas
is Kiséri (8).

Az egyensuly megtartasanak képessége minden mozgasunk soran elengedhetetlen,
azonban ez derékfajdalom hatdsdra kdrosodhat. LBP fennélldsakor a poszturdlis kont-
roll is érintetté valik, mely komoly stabilitasi problémdkat okozhat (14). Térdelé pozicié-
bél féltérdeld helyzetbe keriilés sordn létrejovd izommikddést vizsgalta egy tanulmany.
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A vizsgalatba kozépkori ndket vélasztottak be és dllapotuk alapjan beosztottak 6ket LBP
és kontroll csoportba. A m. obliquus internus, a m. erector spinae és a m. gluteus medius
izomhasara helyezték fel a felileti EMG elektrodait. A sulyathelyezéssel és sulyviseléssel
jaré funkcionalis feladatot a derékfajdalommal kiizdé alanyok a m. erector spinae fokozott
aktivitasdval és bekapcsoldsaval oldotték meg, mig a kontroll csoport tagjai alapvetéen a
has és csip6 kordlli izmaikat hasznaltdk a mozqas kivitelezéséhez (11).

Abboud és munkatarsai 64 elvezetéses EMG-vel vizsgaltak a m. erector spinae mikodését
derékfajdalommal kiizdok és egészségesek korében. Az izom faradasat vizsgaltak, torzse-
melés végzése kdzben. A vizsgalatbol kideriilt, hogy a derékfajdalommal kiizdok korében
az izom faradasa hamarabb kovetkezett be (15).

A diaphragma szerepe a lumbalis stabilitasban

A korabbiakban lathattuk tehat, hogy mind a globdlis, mint a szegmentélis térzsstabi-
lizdtorok mikodésében valtozasok kovetkeznek be LBP hatdsara. Azonban nem csak a
fentebb részletezett izmok felelosek a lumbalis stabilitds fenntartasaért, a diaphragma
szerepe is igen jelentds, osszehlzodasaval képes fokozni a haslri nyomast (15,16,17).
A diaphragma elsodleges légzési szerepét tamasztja ala Hodges és munkatarsainak
vizsgalata, mely sordn arra jutottak, hogy amennyiben az idegrendszer a légzést fokoz-
ni kényszeriil, csokkenti a rekesz részvételét a poszturdlis feladatokban (19). Egy korabbi
vizsgalatuk azonban igazolja, hogy a diaphragma szerepe nem csak a légzésben alapvetd,
hanem a lumbdlis gerinc stabilitdsanak megteremtésében is. A vizsgalat soran arra talal-
tak bizonyitékot a kutatok, hogy a diaphragma kontrakciéba kerlil bizonyos mozgasok
elinditasanak pillanata el6tt. Ezen kutatas soran egészséges alanyoknak gyors kar emelést
kellett végrehajtaniuk, mikozben a diaphragma és a m. transversus abdominis mikodését
vizsgaltak EMG-vel. A mozgas kivitelezése kdzben a transz-diaphragmalis, oesophagialis
és a gastricus nyomast is mérték, a diaphragma mozgasat diagnosztikus ultrahanggal
kovették. A vizsgalat soran a kutatok azt taldltak, hogy a diaphragma a vallizileti flexio
elinditasa elott aktivalodott, a légzés allapotatdl figgetlendl. A m. transversus abdomi-
nis is hamarabb aktivalodott, majdnem egyszerre a diaphragmaval. A kutatas arra enged
kovetkeztetni, hogy a diaphragma szerepe a hasdri-nyomas fokozasaban jelentds a nagy
felsévégtagi mozgasok kivitelezése soran, a torzs stabilitdsanak biztositasa érdekében.
Emellett a rekeszizom segit abban, hogy a hasuri szervek a hasizmok kontrakcidjanak
hatdsdra ne nyomédjanak a mellkas iranydba, igy azok az izmok képessé vélnak a tho-
raco-lumbalis fascia megfeszitésére és ezzel a lumbdlis gerinc stabilitasanak fokozasara
(18). Poszturalis funkcidjat tekintve, szerepe tehat megegyezik a medencefenék izomzat
és a m. transversus abdominis mikodésével, melyek killonbdz6 mozgasok soran a hasdri
nyomds fokozdsdban szintén részt vesznek, hogy tdmaszt biztositsanak a csigolyaknak a
gerinc stabilitasanak érdekében (19,20). A rekeszizom -elhelyezkedését tekintve- kdzvet-
len kapcsolatban van az dgyéki csigolyakkal és a m, transversus abdominisszel szinergiz-
musban mikodik (22). A diaphragma, a m. transversus abdominis és a medencefenék
izmok egyideju, dsszehangolt kontrakcidja a legfontosabb és alapvetd eleme a lumbalis
gerinc stabilitasanak (23).
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Kronikus derékfajdalom esetén, azonban ezen izmok aktivaciés mintdzata egyiittesen
megvaltozik (24).

A rekeszizom eltéré mozgdsi mintazatét igazolja LBP esetén Kolaf és munkatarsainak ku-
tatdsa. Kronikus derékfajdalommal kiizd6 és egészséges alanyok bevonasaval végeztek
dinamikus MRI-t és spirometrids vizsgalatot, mely sordn az egyéneknek izometrias valli-
ziileti flexiot és kétoldali, izometrids csip6izileti flexiot kellett végrehajtaniuk, haton fek-
vo helyzetben. A rekeszizom eliilsé és kozépso része csokkent mozgast mutatott az LBP
csoport esetében, mig a hatulséd részének mozgasa megegyezett a kontroll csoportéval,
az egészséges alanyok rekeszizmanak minden része szimmetrikusan mozgott. A kutatok
azt gondoljdk, hogy a diaphragma abnormalis poszturalis aktivaciéja lehet a felelds a LBP
kialakulasaért (25). Erdekes, hogy nehéz targy foldrél torténd felemelését masképp kivi-
telezik a derékfajdalommal érintett egyének. Egy vizsgalat sordn a belégzési térfogatot
mérték az egészséges és derékfdjos alanyokndl, kilonbozo sulyd targyak emelése kozben,
A fajdalommal kiizd6 egyének tobb levegét lélegeztek be, Gsszehasonlitva a panaszmen-
tes résztvevokkel. A kor eldrehaladtaval a derékfajos alanyok novelték a belélegzett leve-
g6 mennyiségét, mig az egészségesek csokkentették azt, a feladat kivitelezéséhez (26).

A rekeszizom megvaltozott mikddése a poszturdlis kontroll eltéréseiben is megmutat-
kozik. A 1égzés fiziologids miikodése soran a mozgd mellkas a testtomegkozéppont hely-
zetének kitérését idézi eld, melyet az egészséges alanyok jobban képesek kompenzilni,
mint a derékfajdalommal kiizdok, emellett a derékfajés egyének a csipd stratégiat is ke-
vésbé hasznaljak az egyensuly megtartasara (27). A rekeszizom faradékonyabba is valik
LBP esetén. A derékfajdalommal kiizdok 80%-andl mérhetdk a faradas jelei ellendllassal
szembeni belégzést kévetden, mig a panaszmentes alanyoknal ez az ardny csupéan 40%-ra
tehetd (28). Egy masik kutatdsban egészséges és derékfajos egyéneket vizsgaltak ellen-
allassal szemben végzett belégzési munka elbtt és utdn. A kutatok azt taldltak, hogy az
egészséges alanyok a diaphragma faradasa utan atvaltanak egy rigid proprioceptiv posz-
turdlis stratégidra, mellyel inkdbb a bokaiziiletbdl szdrmazé proprioceptiv informéciokra
hagyatkoznak, elhagyva a normal multiszegmentalis stratégiat az egyenstlyuk megtar-
tasdhoz. A derékfijdalommal kiizdé alanyok, azonban ugyanezt a rigid stratégiat hasz-
néljak a rekeszizom faradasa elott és azt kovetden is, A kutaték Ggy gondoljak, hogy ez
a stratégia a poszturalis instabilitas kovetkezményeként alakul ki és lehetséges, hogy az
izomfaradas az egyik kivaltd oka a derékfajdalom gyakori kiGjulasanak (29).

Eltérd légzési mintazat és a derékfajdalom

Fontos kiemelni, hogy a LBP és a légzési problémadk dsszefliggéseit mar tobb tanulmany
is igyekezett feltarni és eredmeényeik alapjan elmondhaté, hogy bizonyos légzési betegsé-
gek gyakran jarnak egyitt a deréktaji fajdalmakkal (30). A rekeszizom megvaltozott ma-
kodése alapjaul szolgalhat kilonb6zo légzési betegségek kialakulasanak, mely hatasara
a derékfajdalommal kiizdok esetében hiperventillacio és kévetkezményes hypocapnia is
kialakulhat, befolyasolva ezzel az izomaktivitast (24). Bar a fizikai aktivitas hianya és az
obezitas gyakran egyutt jar a derékfdjdalommal (28), egy kérdbives felmérés soran, mely-
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ben 14 060 fiatal, 13 004 kozépkoru és 10 986 idds né vett részt, fény deriilt arra, hogy a
légzési elvaltozasok és az Inkontinencia inkébb korrelél az 4gyéki gerinc panaszaival, mint
az elhizas, vagy a rendszeres mozgas hidnya (31).

A diaphragma és a tobbi torzsstabilizator érintettsége megfigyelhetd olyan egyéneknél,
akiknél legaldbb harom hénapja sacroiliacalis iziileti fajdalom all fenn. Ezen alanyoknal
csokkent diaphragma mozgast, a medencefenék izomzat fokozott leereszkedését figyel-
ték meg ultrahang segitségével, spirometrids vizsgalattal pedig igazoltdk a megvaltozott
légzési mintazatot. A fajdalommal érintett személyeknél a percventillicié novekedését
és emelkedett lIégzési hanyadost tapasztaltak (32). Ezeket az eredményeket aldtamasztja
Vostatek és munkatarsainak kutatasa, melyben a rekeszizom mikédését MRI-vel vizsgal-
tak, egészséges és derékfajdalommal kiizdé alanyok diaphragma mozgésat 6sszehason-
litva, killdnbbz6 feladatok elvégzése soran. A lumbagés egyéneknél magasabb légzési
frekvenciat taldltak és a diaphragma kisebb mérték mozgdsat (33).

Tobb szerzd is egyetért abban, hogy a normal légzési minta helyreéllitasa elengedhetet-
len derékfajdalom esetén (33,34,35) és 1égz6 gyakorlatokon keresztiil a komplex térzssta-
bilizalé rendszerre kdzvetlenul hatni lehet (23).

Kezelési lehetdségek

Egy 2016-0s tanulmanyban azt vizsgalték, hogy milyen hatassal lehet a hati gerinc mo-
bilizacié a derékfdjdalommal kiizdé egyének légzésére, életmindségére. 62 derékfajda-
lommal kiizd6 egyént kezeltek 2 hétig, minden nap. A vizsgalati alanyokat két csoportra
osztottdk, az egyik csoport egyéni, dltaldnos kezelést kapott a fajdalom csokkentésére és
otthon is torndzott, mig a masik csoport esetében az egyéb kezelések és otthoni torna
mellett thoracalis gerincmobilizaciot is végeztek kiegészitésként. Mindkét csoport esetén
szignifikans javuldst tapasztaltak, mind a légzési paraméterek, mellkaskitérés, mind a de-
rékfajdalom tekintetében, azonban ez a javulds a gerincmobilizécidban részesiilé egyé-
neknél lényegesen nagyobb volt (37).

Janssens és munkatarsai arra voltak kivancsiak, hogy a belégzéizmok erdsitése hogyan
hat a proprioceptiv diszfunkciora és a fajdalom mértékére LBP esetén. Alanyaikat 8 héten
at tréningezték magas és alacsony intenzitassal, belégzbizom erdsitd eszkoz segitségé-
vel. A poszturdlis kontroll hatékonysagat egy erdplatén vizsgaltak, amely a testtémeg-
kozéppont kitéréseit detektalta. Az egyensily fenntartasiban komolyan szerepet véllalé
izomcsoportokat (triceps surae, erector spinae lumbdlis tagjai) vibracionak tették ki, ezzel
vizsgalva, hogy mely izmok aktivaciéjat preferdlja jobban a derékfajdalommal kiizd6 be-
teg. Alapvetéen a derékfajdalommal kiizdé alanyok inkabb a bokastratégiat hasznalték az
egyensuly fenntartasdhoz, azonban a kutaték azt tapasztaltak, hogy a belégzizom tré-
ning utdn ez a mintazat megvaltozott, instabil felszinen elvégezve a feladatot. A 8 hetes
intenziv tréning utdn a pacienseknek nem csak a torzsstabilizacidjuk javult és er6sodtek a
belégzbizmaik, hanem hatdsara a derékfajdalom mértéke is szignifikansan csokkent (38).
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Megbeszélés

Az eddigi kutatasok mind aldtamasztjak a diaphragma alapvetd szerepét a lumbalis gerinc
stabilitdsaban. Derékfajdalom hataséra, illetve annak fennallasakor a diaphragma mdko-
désében valtozasok lépnek fel, melyek a gerinc szegmentalis instabilitdsat, a légzésben
bekévetkezd valtozasokat és a poszturdlis kontroll romiasat is eldidézhetik (28,23,26).
A légzési minta és ezzel a diaphragma makodésének helyredllitdsara tehat szilkségszerl
figyelmet forditani a derékfajdalom fizioterapids kezelése soran (33,34,35). Erre két kuta-
tasban lathattunk példat, melyek sordn egyrészt a hati gerinc mobilizalasaval, masrészt
a diaphragma erdsitésével jelentésen csdkkent a LBP mértéke a vizsgalati alanyoknal.

A témaban végzett kutatdsok alapjan felmerdl a kérdés, hogy vajon a rekeszizmot erdsito,
funkcidjat helyredllito kezelés, befolyasolna-e hosszu tavon is a derékfajdalommal kiizd6
egyének fajdaimanak mértékét és életmindségét? A diaphragma tréningezésével képesek
vagyunk-e hatni a tobbi térzsstabilizétor izom mikodésére? A derékfajdalom kialakula-
sanak és a kronikussa valds mechanizmusanak részletes megismerése alapjaul szolgaina
egy fizioterdpids protokoll létrehozasanak, mellyel a lumbéagé komplexen és hatékonyan
kezelhetvé valna és alkalmazasa mérsékelné a derékfajdalommal jard egészségligyi ki-
adasokat. Ahhoz, hogy a felmertilé kérdéseket megvalaszolhassuk, sziikség van tovabbi
kutatasokra.
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Effects of exercise therapy on postural stability, multifidus thickness,
and pain intensity in patients with chronic low-back pain
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Purpose: We exsmined tha elfect of exercie therapy on postural dabhity, mulilidus thicknes, snd pam miensity in
petients with lwhack puin Maoeriok and methods Subjeck wem divided mio & chronic low-heck pam (CLEP;
n= 10} group 2l a healhy control (T o = 10) gowp. Growp CLBP ook par in an B-week beimng programme,
whereas groag © dxl nol. The thicknes of the multlidus in both groups wes sssessed uang urssanagraphy belore
] afler B weeks, in prone and kneelmg posions, in relaxad and contracied stsles. A sanding heelraisng led was
wied o e podual sehaliy. Resclre Afler the inferveniiom m goup CLEP, the thidkmes of the contraciad
multfidus increased in the prone position, whersas the thidmess of both the contracied and nelaxed mulilidus
decreased m the kneeling posibon. In goup O aller B weeks, mullilidus thickness deoressed m both positons, while
both nelaxed and contracied. Growp C performed ithe sanding heelrsmy e sigmlicanily betler them groap CLEP
belone the Bweek penod. Aller the trmmmng, group CLBP mmproved signilicantl y, bulno changes were found m group
. Divaurdan and conclwrions Changss m thicknes of the mulifidus o laie with iy lp | slainlity and
decreased pam inbensily. Deceasing thickness i healihy individuals may be an early sign ol develoging CLEP.

Keywaords: § | sthility, u amaphy, low-back pein, atrophy

INTRODUCTION

Chrende low-back pain ({CLBF) affect people in their active
ages, and a3 more and more young poople are affected
nowadays, it decreases the productivity of working-age gen-
erations [1]. CLBP cases can be divided indo two growps:
those with specific and those with non-specific ow-back pain.
Specific cawses are madical conditions, whereas non-specific
CLBP iz lumbar pain without a known medical reason or
Tumnbar pain that is wot attibuted to a specific patwlogy [2].

Facrs abour lumbar (nstebdlin

Mon-gpecific CLBP may be cawsed by segmental instability
of the lumbar spine [3]. There are many hy potheses, which
wry to explain what segmental spinal nstability is. Accond-
ing to the “nevtral zone concept™ by Panjabi, a newtral zone
and an elastic zone can be differentiated in the total range of
mavement (ROM). The neutral zone is the initial part of the
segments] movement, where intemal resistanee is minimal,
wheneas the elastic zone follows afier the neutral zone, and
the movements occur against intemal resigance in the end
range of the ROM. When segmental instability emerges,
the extent of the newtral z2one is increased. Lumbar segmen-
tal insmbility occurs when the capacity of the stabilizer
sysiem has decreased, and a nommal newtral zone cannot be
maintained [4].

Srabileer subsysiems of the limbar spine

There are three subsystems responsible for maintaining
lumbar swbility, namely: the passive, neural, and active
subsystems. The passive subsysiem is ganted, and it iz
difficult to affect it functioning by non-invasive tochnigues.
Ligaments, endons, wvertehrae, and discs belong to this
subsystem. The passive subsystem has the most important
mole in swhilizing the elastic zone of the ROM. The rawal
control subgpstem has a unigue role in the timing of muscle
activation comesponding o the given movement [5]. People
with low-back pain have redwced postural stability in
standing and in ziting positions, and they react worse to
disturbing cicumstnces [6]. Healty people mely on a
multisegmental strategy of postural control to maintain a
standing position. They use propricceptive  information
from all of their body pants, including the low-back area.
When CLBP develops, the neural sysiem reorganizes fe
sources of the propricceptive information because of e
lack of information from the low-back area. Thercfore,
people with CLBP mostly wse information from the joints
of the ankle and apply the ankle grategy mone o maintain
their postural stahility [7]. As a consequence, lumbar pain
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mifuences the body's melinstion in the stmdng poat

People with lowhack pam lean more forwand than ihe
healthy people [7). Brumzgne e al. [8] conducted a sudy
om young pecple with 2 short hstory of low-heck pein and
oompaned them io healthy people. They found =gmibcant
diffemnoes hetween the low-hack pun group and the
healthy group. When viuw] mput was not avanbshle, mem-
hers o the low-hack pon growup leaned and poabtoned the
cemre of pressure (OOF) Brward sigmfcanly.

The third subsystem is the actae subswiem. The active
and newal subsysiems are proman by repuonable for spmal
stahility m the neutral mone [5]). The muscles” mole is promi-
ment in defendmg fhe pme fom detenorstve mmpecis
Mults egmerial, more superhcial muscles are respomahle for
prelucing the movements of the tmk. Unsepmental deep
msdes himcton prmamly & hwce tramsducas, fsien the
veriehra io exch other, and provide Eedbsck on spmal
postion and mew b the ] comira] subsysiem.
The henbar multtxdus msclke 15 one of the mos mmportmi

des m sew ] coniwm] and has a sigmbcant mle in
sahiltring the lumber spine [5). Changes of the mascle’s
maphalogy, alterabiom of 1 hmdwon, and thestrophy of dos
mede may cause CLEP. The conmverse can ks owur [9).

CLAF and change in suscle fnction

Chronic pam cases changes m mecukoskdets] functions
N4} Pmiective adaplsiinon may be the reason finr these
changes in motor performance, ® the pan influmces the
sepmenta] miEmeurms. As 2 msult, an increse m muscle
feme emenes 1n people with CLEP. The boost m muscle ione
# due {0 the exaldon of dreich reflex activity cased by
moreased. parmotoneunmn ducharge [11]. A pem-spesm-penn
made]l may chaackeree the neuamuscular alapiabon to
hembar pain [10]. The patents” activities ane dimimshed due
o pin and Sithes, which et m msck spean and sran
amd everntually this siustion aggravates prm m avicios cycle
12). R aluced proprioceptive mpui may cause neurormus oulsr
dehicenaes. Such cmaant malhmctomng of neurormus oulsr
comtral and fewed repulstion of dynamic movements may
lead i mapproprizte mesau e sctivity (Le., overutiltotion or
umdendilizaion), which may cmse futher deterioraions of
the musculer sydem. These sanpioms worsen dhoush
semsiitaton of the perpheral and central nervows sysiems
(kwermg pan threshokl)] wihch pomoles dystinctxmal
muvement patiemns [12). Tramng of the aftecksd msdes
o reduce the pan, mprove the dahiltrer masde fmction,
and provide nomal prognoceptive feedback [13). CLBP
affects mecle functon in fhe honbar area md cases
dysfimction in the lunbar mulifdus muscle [14]

Theam of i sSwly was i mvest gee the eltect of an
Beweek imimng progoumme on the ihcknes of the hombar
multitidus muscle in patients with CLBP. We monttored the
change in thickness m the vanow dapes of pon

MATERIALS AND METHODS

Farficipanis

Youngadul participants were recruited from our univeraty,
amd they weere divided mio two groups: group C {oontnol ) for

16 | Develypments in Mealth Scimoes 20}, pp. 15-20 (201 %

sy mabividualks and group CLEP for mdividual
with a hdary of CLEP fat least 3 months durshon ol pam
11501 Alxgether, 20 subjects were recruiied: 10 fir group
CLEBP and 10 for group C. The avemge age was 20.70 years
(S=14) m gowp CLBP (o= 10§ and 2230 ypears
(50=1.06) m group  {n= 10 The mchusm aera for
group CLAP were CLEP, not umdemzomy amy other treat-
ment duning the 1mvesgaton, and bemg able to @t fo the
lacatiom af the tamng. The inclusion arterion fr group ©
was mo hstory of CLBP. Excluson ariferia for bath groups
were halmoe prohlems with a2 newologmcal cause, & malig-
nard tumeur, @ serious organ disesse, 3 previous surgical
imbervention that affecied the tunk, or an mahddy o
oooperaie. Bacmee ol the ted Ny | =, amly
phyaotherspy duwlens were mchded in the study, smoe
they have a mare develmpead pexepbon of mao amel
hady awarenes heoed n the cheracerstion of ply s otheragny
education. All perticpemis took pat vwhmtanly in the study
amd gave their wontban informed consent The swdy was m
cormpliance with the prmciples ofihe Declration of Helsmia

Training

The members of group CLEP perticpated in an B-week
complex trmmng programme. There were two ramng
semions per week {1 hr each) At the begimmng of each
semion, there was a warm-up periad and ot the end there was
a oooklown penod, each of 10 mm durabon. The manm gert
of the tmining mwolved meslly strengihenmyg, dreiching,
and moki hzng exercies forthe musdes of the trunk and the
hip. Steiic and dynarmic exercises weme pertormead with the
help af ok g, ebstic bounds, dunbbells, and heavy
balls) and without toolk. The programme was completed
withhalmeoe exencries. Trmmng ook were wied Lo mpmove
membens’ halance throughout dahc and dymamc exencres
Three physiotherapists emsured comect mmplementation of
the exexnises. Contrary to group CLBP, members of groap O
did mod take pan in any temmg during the Bweek period

M, i

We maxsured the thndkness of the lumbar mu ihidus muscle's
helly and the miemstty of e pan The pon wes assewed m
am, wing 2 Visal Anakg Scale [16]. The thickness was
mezsured by B-mexke ultrssonography on both sides of the
trunk, wmg a Fomre L0ne Uhnsound Sydem EOMARE
Mechical Sysems, Mounizm View, CA, USA, 2013 ) in two
difterant postons (prone and kneehng posmons) and m two
ditterant dades {mlaxad and comtmcied saies ). The thcdmes
wz mezared by placing the electromc calipers just made the
hypemchoic comective tisue layers.

Dhuring measuremenits in the prone position {Iying on the
ched with the face down), the curved tamsducer (with a
Irequency range hety 6 oamd 2 MHr) was usal longitu-
dmally along the spne, with the mudpomi owver the L4
spimens proces. | was moved bderally and angled slighily
medally umal the LAS yzapophyseal jom could be 1den-
tilbed, and the muscle was anesad in a relaxed jcalm lying)
pesiiion and in a coniracied state [17]. The students were
wked 1o comiract the muscles of the lumbar area without
exta movemen of the inmk. To reach a more ethaent
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musck conracton, tactile sSmmulsion was implemenmed
ahove the hypothestoed area of the mucle [18].

To exumine the poswal activity of the muscle, the
thickness af 1t belly was measured 1n 2 knaehng pesttion
s well In the Imeeling postion, e postural function of
Tumber muthds 15 enhenced due o the vertical poston.
The shulemts were instrucied o keep an erect posture, When
they held a quiet kneelmg postion, it was defmed 25 a
relstively relaced stae, and when we asked them tor mscle
omtraction, i was defined 2 a relatively contracied stale.
Tor emhance the coniraston amsed by the postum] activity of
the lumbar mulithdus musde, tachile stmulabon was
applied in the meeling posiiion as well (Figure 1)

Tar enzure the s=me setimy ke utrasanagraphy, the slan
surtface wa condantly merked, and the mezmuremen was
camed out by the smme penon with expenence m ultraso-
meximaphy. Ted-reted rehain by was tested by calculation of
mirachess oomelation and the relabi ity coefficient. Baoth the
hgh mieclas comelations (1991-L00) and the small
repexiahibiy coefhiciems (LOOE-0095) showed good
rehshiliy [19].

Fear ftestimg the improvement of the lunbar stabaloeer
sysem, a moddified dandmyg heel-rammy test was applied.
The test 15 commonly used o assess the funchion of planter
Hexors, exentnl muscles for boamoton, and postum] tadks
[20]. In this study, # was performed on an unsahle surface
{Dymanr) to challenge the postwral function of the stahdl trer
meclks. The participants had {0 stand in the middle of the
dhae and rase fher heels contmuously withm 30 < and the
mumiher ofthe raises was countad The tedmg procedure was
performed hefore and afier the Bweek perod.

Dot anafpsic

The dats amlyas and the cakulabon were exeaquted with
Micromaolt CHfsce Excel and STATETICA 13 software | St
Satt, Inc, Tulse, OK). The Shamm—Wilk test was used as a
mommely et To compere the changes thet gacurmad within
e group afer § weels, the Wiloonn Maiched Pon Test

(=)

wits wied. To oompane the two groups, the Marmm—Whitney L7
et was used. The level of agmilicance was sel st p< (5.

RESLILTS
Fain

Afier the trmimng, the severty of the pam decressed from
5. 7610 23 {om) in gowp CLBP (p= 007).

The thicknes of hmbar subifidus susle

Compenng the betore and after dat tor group CLEP, we
foumd that fhe thickness of umbar multhdus muscle
increased m the prime postion m the omime ted state, with
a significant difference in the el muscle (p=017. Wit
group CLEP in the kneeling postion, some decrease in the
thcmeses was found in every conditon, md 1t was
sigmi ficamd m the lel muscle in the relatively relaced state
{p=.00%, Figure I).

In group C, the thickness of mber multfxde muscle
decressed in all condibions abier § weels. Inferedmgly,
reduction was mor marked in the relaxed state than m the
comracked dae Sigmfican changes were foumd m the
relatively relaxed stdes of the musclke m the Imeeling
peerxaL The extent of the sipmbcant decresses in the kR
muscle (p=020) and the nghi (p=_02K) were approx-
mately the same (Figure 3\

Modiied danding heelraise fes

Before the B-week iraining programme, members of mowup
CLBP pedommed, on average, 25 R0 50= 2 94) heelraises
within 3 5, and members of group O perfomad 300700
(SD=432). This was a signilicani &itfernce (p=1021)
Adier B weels, the performance of group CLEP mereased
siymficamtly (p=J008) == they performed 33.20
(5= 4.64) heelrases. The meambers of gowp C did not

Figere I. {a) The ohmsonography procedom. The shickness of lombar multifidos moscle was meavsaed fimt m 2 prome position.
The quet lying was the raloed stte and the contmcied shite was performed with the help of naile stmuolsion on the
lowhack ama. {b) Lombar muokifidos was measmred in a imeeling position. During #his vertical position, the postoral fometion
of the moscle was anhanced in the relatively relixed s as wel The mhtively conmaaed state of the mmscle was performed
the mame way 25 in the ase of the prome position

Developman in Health Sciences 2T} pp. [5-27 (2006 | 17

66



Fimin & al

™

M—ld'dllb*'_|
4.-\.......-\....:«....-\..-.«.1

Lk LiC

Peere paiikim Kacdisg peslian

1k ReC
Efriere @A

Figaare 2. The: dhickmess of lomibar ol tifidos moscle's belly incase
of gwap CLEP. In the prone p ositio n, nceased thicimesses ofthe
mmascle’ belly were found in dhe contmaied stmes and the thidmess
of the musclk's belly decmased in every sime in the imeding
position. LR: beft-sided, rdlaxed; LC: lofi-sided, comtracted;
RR: right-sided, mhoaed; RE dghtesided, contracied; - mlatively.
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Figaare 5. Thickmess of hombar mul tfidos mumscle’s hally in groop

C. Decmases wee fumd in the thickness of the muoscle under all

comditions . The danges ware signifimnt n ;se of the mlhively

mlaxed sies im the inmealing position. LR - kefawided, relaxed; LC:

leftesided, comtracied; RR: right-sided, relaxed; RC: right-sided,
comtracied; r: relatively. *p < 05

mprove  their  performance  sgmificanty  (p= 918}
The sgmificant difference found between the two goups
(p=1021) before B weeks vanished by the time of the
st (p= 404, Figure ).

DISCUSSION

Oy main fmechings were that durmg 8 weeks of tmimng fir
goap CLEP, the intemsity of puin decressed, postural
stabi bty improved, and changes oooumed in fhe thickness
of the tumter muhifdus

Changes in the thickness of bmbar muldfidur mascle af
roup CLEP

When i was m oomracton in the prome poatom, the
thickness of the umbar mulihdus meclke increased afier
fthe trammg. When ulrssomogaphy was perfonmed, both in
relxed and omtacied stdes m dhe prone posibon, ihe
maeck’s belly was in the neutral date, 2 in ths poatamn,
the e was nod infl d hy the enhanced pestural

18 | Development in Fealrh Scimoes 2715, po. 1521 (2001 %
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Figwrw 4. Number of heelrgises befom and after & weels.
Signifimm diffarence was found between the groups during the
peesting prcedoe. The ampat of groap CLAF impewved
wigni ficandy as a remk of the maining. There was no dange @
groap C afier & weelks, *p < 05

function seen in vertical pasitions [21]. The thicker belly m
the comiracied date m the prome postion mechoated the
impraved] comtradile shiliy of the muscle [22 ). Consdering
the facts that fhe multifidus muscle & amaller m petent:
with CLBP [23], and thei these patienis have a meduced
ahilay t wol ly the | than healhy paople
[18L our results indicate that exexcize therapy results in a
pesitive changs m the conditaom of the homber s
muscle m CLEP patems

Pam can e reinfiroed by incressed co-contracthon, winch
ey resul mimcressed st fness in the humiber aras and albarsd
biwmechamcal lomdmg [24). Pam alme can cmse an
increzed musclke thidoness [25]). The pan—gaan-pam cpxcle
1% @ mator contral pattem that ha fhe effect of pepetusting
the pamful diorder, but it zlso prodects the sydem by
marm tnimmng stehihity on a higher level [26, 27)

O resulis showed significant reduction m pam level m
group CLBP. For thess patiens, there was a decressed
muscle thickness in the relaned staie m the prone peasibion
Humwever, when woluntery contraction ocourmed m the prone
pesition, the thickness of the lumber mulihdus musle belly
increased In the kneelmg postion, the thickness decreasad,
even though this posture challenged the muihdus mussle
mare than the pasive prome positon [21). The pan relief
may have reduced fhe doin of the musle, which nesulied m
the decresse n s thickness.

W suppeose that the changes ohsarved in this sudy show
that the incresed] co-omtacton (m gowup CLEP) devel-
oped by our traimng programme reslis n 2 mone nommel
functioming. With the lumber pam bhemg relieved by the
imervention, the prn—spasm-—prin cyclke might have heen
hroken | 28] Brakmg the pam—gaan—pen cycle may be an
explanation for the sigmficant decmase in the thickness of
Tumibar mudtifidus mecle m the kneelmg positon.

Tar dhater, comfhicing evidence can be found regardmg the
stehiltoer musdes” male and the sdvanteges of strenghening
them in CLEP petients, but comsklermg dhat CLBF is a
oomplex comdition [29], it 15 clear fhat only one muscle
should not he the focus of stention during CLBP monage-
ment Therefire, our inter comtams hohse dnength-
enmg exencizes that activete not only the humbsr o Hifdus
mucle, but akia all members of the active stabiltoer sydem
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ot the trunk. The members of the sabi ixer sysiems have an
mifuence on sach ofher. Thus, if the fimction of even ane
meck of the sctive stahilteer system delenonies, it even-
twades an moeased demamnd on the ofher subsydems to
mamitnn stshality | 5).

Besides the treakmg of the pam-spsm-pam cycle, a
hurther possihle explmation for the decresse in the mul-
s’ thickness in the kmeshng poston 13 thet m the
Imeeling positon all dahilizer musclkes need o be mone
active to mamam the vertial position of the body #ham in
the passive prone poston |21 ). Based on this observation,
we amume that the activation of the lumbar multfidus was
reduced by the meural sysem a5 a resmli of mnproved
hmctan of the whole dalnhzer gydem afier the exercise
theragy. The increased tension of Tumbar mulidus mecle
was o longer necessary.

In addhbon, the observed decrease in the muacle’s
thickness i the kneelmg posibion m group CLBEP an be
atinhuled W a change m posture alier our intervention.
Formeer studhes proved that mcivicualks with low-heck pin
efer the ankle srtery o mamizm sshiliy [12, 30], and
omsequenily, they kean and postion their COF forwand [B].
As a resuli of our misrveniom, a decrexsed fhicknes of the
lumbar multifidus muesclke™s belly wes asessed m group
CLBPF m the vertical, kneelmg position. The thicker umbar
ol f fdus mscle measured hetore the interventan may be
a sign of the Brward-lemning position [31] prefemad by
people with low-hack pmn [H]. With the reduced pan
mienaty due to the rmimng programme and the onproved
sabilizer muscles” fimction, the postural alignmend of the
trunk mmight have changed mio a more miwal condition
0], TI':-:hmge | [HI'I.I.IE Frovm & forward-lesmng passiiom
na the funcbonmg of the stahi-
'h.aﬂ'n'lu:c'l:lirftcturl: 31 ). The achwity af the musclesin
the krw-hack arex 13 linwer 1n 2 marma] posdure than in the
forward-l exmng poation [31 ] developed by CLEP. AHer the
Beweek traimng programme, decrexies m the thickness aff
multifks were olserved by ulrsoumd exammation in
woup CLEP. Therefire, the olserved changes m lumber
ol titdus muscle mght be an mdicator of the recovery at’
mvmmez] parsture,

We tlink that the incresse m the thickness of humbar
multifxhus meck dunng comracton m the prone pasition
aml the decresse durmg relaadion m dhe prone poston, =
well a5 m hoth contaction dates of the vertical, kneeling
postion wene the result of a poatwve change m group CLAP,
which ocoured primarly due o the tamng programme.

Changes in the shickness af the bombar puliifidus suocle in
wroup O

Suprsingly, a decresse ocoumed in the thickness of umber
ml tifidus muscle under all conditions m growp C. During
the H-week penl, members of group C ombmued her
danly mutme, Becmme of the decrexse, members of the
goup wene asked iF thewe had heen any changes m dher
daily actvities and it fhey had expaienced any pain or
diffness hinked i the low-tack area during the sudy. All
members of growp O cluimed that during the autimm
smesier, when this sudy was comducted, they hasl spent
much mare tme in e atmy poaton than durmg the

summer vacation before owr research began. The students
reduced the amaoant of thenr physxal sttty m order to be
ahle to fulhill the mgurements of ther school. Ineredmgly,
S5iFe of group O developed low-hack pam in the las few
weeks of the research. Bamuse of the reduced physical
activity and the poor posure, genemally applied during
sitting, atopghy of the lunbar multifidus % presumable.
Studies have shown that an aliered hmcton and atmphy

of the lunbar mulifdus mescke can be a2 came of

CLEP [5 9). Our tmdmgs sugges that a decrease m the
thicdmes of the umbar multhds muscle may mdicaie a

change m s hmction It therelore may be an early sign of

developmg low-hack pain

Checomes of e modified heeloraie e

The resulis of the moditied heelrxise st which wed the
umstshle Dhynar to challnge the postural funchon of the
stabiltrer muscles, suppont our hypothess that the vicows
cyck wa boken Paplk with CLBEP have a reduced
pastural stebility, and they react worse o didwhmg crs
ourmdances [6]. The members of goup CLBP showed
sigm ficant improvernent afier the iMervention, even though
they had no chance i practios the tesd, and there were no
exacnes for stremgthemng the oo ;urse musclke dunng
the trmming pendal. Strengthemng of the tnmk and hp

muscles was emphasined; fis, presumably, the gahility of

ithe promimal area fimmk ) was imgroved,, therehy facl tating
the distal fimction of heelrmisng [32]. Because of the
inbervention, the severiy of prin was reduced, and the
stahiltrer mecles hacame stromger, which together resulted
ina sigmbcant increase m the postural sty of the CLEP
patienis. In comtrast with group CLAP, there was no devel-
opment in growp .

EimigngSons

This study had several mitstions. Omne was the low mumber
of perticapanits, butthe recnoiment of pospedive part cen ts
fomr an. extencded suwdy 1 alresdy m progres Another wes thet
the mechanian of the changes m the ithicmess of honbor
mulifius msclke due o fhe tramng programme was not
clarfixl. The padure 2l the poation of the OOF shaukl be
mezsured hetire and afier the imerveniam, but the applied
kneeling postion wis not sutshle i delecimg these chnges
usmg MNewrol om Beac Balance Madar device (Parzgon Care
CGmagp Pty Lid, Clayion, Australia). The stncimg position
wioukl be more ppropnae to ssess the forwasl-leamng
peEtaom seen m CLEP petiemtz I wonld bhe heneticrl 1t we
oouk] compare the thicknes of the umbar muliiids mede
in CLEBP mtents i that of the healthy subjects, b the
narmaliang proeesduw is not clenfed vet [33].

CONCLUSIONRNS

The = gnificant results of this study wene that, a5 a resul of

the applied exerciie therapy for goup CLBP, clanges
ooomred in e thcknes of ter umbser multbdus mescke,
their pastura] stehility moprovesd, and ther bw-back pam
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was melieved Degpie the low sample sxe, sigmibicant
changes and clear endencies were found. However, further
mesearch 15 necesary to invesigate the exact reason for these
changes. The decreased thickness of mulibidus muscle’s
helly and the sarulianeowsly appearmyg low-hack pam in the
healthy mdividuals draws jom o the my af’
hiestyle in the acourmence of low-hack prin. Mareover, the
decresse m muscle'’s thickness rases the posibility that ilos
change may be an early sign of developing low-back pam.
However, the precise mole of the multi fidus muscle in CLBF
% s5tll unclear [#M]. O mvestigrtion mannly focused on
Tumibar multifidus mscle, but m general CLBF develops as
aresul of mamy factors, inclwlmg social and pychologcal
faciom [24]. This sudy helps toneveal only a few spects af
this complex phenomenon In conclusion, we can say that
the exercise therapy we developed is a viahle way to
mmprove msck imction m patents with CLBP. Addion-
ally, the ohserved changes in muscle fimcton may help in
the etfort 0 betier understand the alered musoular activa-
tion petiemn in patiens with lowback prin
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ABBREVIATIONS

CLBP : chemi low-heck pam
BRI : ramge of movement
0P : centre of presmune

S : damdard devistion
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Purpose: The aim of this study was io assess the effects of diapbragm tramimg on low back
pain ard thickness of stabilizer muscles of the lambar spine.

Fatients and methods: Fifty-two individmls were recrusied with a history of chronic low
back pain in owr medomized controlled trial. The participants were dividsd randomly mto two
groups. One of the groups took part in a complex trmining program and completed with dia-
phragm training (DT group, 5=26). The control {C) group took part only in the complex training
[n=21}. The thickness of tmasversus abdominis, disphmgm, and lumbar maltifidus muscle was
measured with ultrasonography in two positions: kving and sitting. All muscles were assessed
in relaxed and in contracted siate in the lying position and i a relatively rebaced (calm sitting)
and relatively contracted state (during weightlifting) in the sitting position.

Resulis: After the tainieg, severity of the pam was sigmificantly reduced in both the groups.
Reganding the thickness of the muscles, there were no changes in group C. The thickness of
tmnsversas abdominis increased sigmificantty in relaxed and in relatively relaxed sinte, but there
were i changes in contracted and relatively contracted siate in growp DT, As for the diaphragm
muscle, there were significant increase in the state of supine position and in relatively contracted
state, but there was no notable change in relatively relaxed siate. With regand to the thickness
of lumbar multifidus, a sigificant increase was oaly found in the lefi-sided muscle in relaxed,
relatively relaxed, and relatively contracted state and in case of the right-sided oo in relatively
contracted state in group DT

Condusion: Our results sugpest that dispbmagm tmining has an effect also on the thickness
of other active stabilizers of the hambar spine, such as transversas abdominis and lumbar mul-
tifidus muscles.

Keyweords: chromic low bhack pain, ultmsound assessment, lumbar stabilization, postural fanction

Introduction

Chronic low back pain (CLEP) is a very common problem in developed countries and
affects the entire population from children to the eldarly.! Chronic pain has a negative
effect on the individuals’ lives as well as on the whole society. This is the main causa
of inactivity and job absenteeism.' Low back pain is among the top ten high burdan
diseases and injuries, with the average number of disability-adjusted lifie years, higher
than that of HIV, road injuries, tuberculosis, lung cancer, COPD, and preterm birth
complications.! Low back pain has been ranked as the preatest contributor to global
disahility* Based on the etiology, CLBF can be divided into two types: nonspecific
and specific low back pain. If the pathological reason is kmown, it is called specific
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low back pain, but if the reason for the pain is not known, it
is classified as nonspecific CLBE! The majority of low back
‘pain cases are nonspecific CLBPs, which makes the treatment
more complicated.

Omne of the postulated reasons for nonspecific low back
pain is the segmental instability of the lumbar spine.* The
concept of segpmental instability has not yet been proven
in vivo; experiments were performed in vitro on cadaveric
lumbar spines.® Several researchers have tried to define seg-
menial spinal instability, but there is no accurate definition
for the subtle forms of instability which are present when
nonspecific low back pain occurs. This subtle instability may
not be detected by mdiological techmiques or physical exami-
nation. Ome of the possible explanations for this instability
is the “neutral mone concept” proposed by Panjabi ® Based
«om the theoretical findings, the total range of motion (ROM)
of a spinal motion segment may be divided into two zones:
a meutral and an elastic one. The neutral zone is the initial
part of the total ROM and spinal motion is produced against
minimal internal resistamce in this zone. The elastic zone
is the portion nearer to the end-range of movement that is
produced against significant internal resistance.® Increased
sepmental laxity occurs when the size of the neutral zone
increases * The expansion of the neutral zone may occur asa
result of a decrease in the capacity of the stabilizing system of
the spine. * Therefore, the increased size of the neutral zone is
a better indicator of lumbar instability than the increased total
ROM of the lumbar sepment. Based on this theory, segmental
instability may be defined as a decrease in the capacity of the
stabilizing system of the spine to maintain the spinal neutral
zones within physiological limits.*

Three subsystems are responsible for maintaining stabil-
ity, mamely passive, neural, and active subsystems. The pas-
sive subsystem consists of the spine and pants of the spinal
joints; the neural subsystem receives information from the
structures of the passive and active subsystems, and it sta-
bilizes the lumbar spine by controlling the function of the
active subsystem, namely the muscles * The neural and active
subsystems. are primarily responsible for spimal stability in
the neutral zone.® The members of the active subsystem
«can be divided into two groups: global and local stabilizer
muscles. The global stabilizer muscles play an important
role in performing the movements of the trunk and the hips,
while the unigue function of the local stabilizer muscles is
the stabilization of the segments in relation to each other.”
CGenerally local stabilizers include all the deep layer muscles
such as lumbar multifidus, transversus abdominis, pelvic
floor muscles, and diaphragm® The stabilizing function of

these deep muscles can be realized in a vanety of ways.
Lumbar multifidus has an important role in the segmental
control mainly during lifting and rotational movements.*
Transversus abdominis muscle attaches to the thorcolumbar
fascia; therefore, it is capable of increasing the stiffness of
the lumbar spine indirectly.® The pelvic fioor muscles and
diaphragm are in synergism with transversus abdominis, and
they are responsible for maintaining and increasing intra-
abdominal pressure during several postural tasks."™ Hodges
and Gandevia'' presumed in a previous study that a possible
explanation for the mechanism of the stabilizing function
of the diaphragm and pelvic floor muscles is the following:
the activation of transversus abdominis prior to the initiation
of an upper limb movement results in the displacement of
the abdominal contents; hence, the consequential contrac-
tion of the diaphragm and pelvic floor muscles is necessary
to restrain the shift of these abdominal structures. In their
research, they assessed the activation of the diaphragm and
transversus abdominis muscle during repetitive arm flex-
ions in standing position. Contrary to their hypothesis, they
found that the activation of diaphragm occurs prior to an arm
movement and happens simultaneously with the activation of
tramsversus abdominis." The exact role of diaphragm in tnmk
stabilization has been under investigation for »50 years, but
the accurate mechanism still remains peorly understood. ™
There have been several types of research which investigated
the functioning of trunk stabilizer muscles during upper limb
movement in standing position.™ * However, there have been
few research considering the sitting position "'

The importance of using non-phammacological treatments,
such as physical exercises, to reduce the intensity of low
back pain is well known.”™ However, to date, there has been
nio unitary exercise training program or any well-established
complex solution to the problem, and there is a huge gap
between evidence and practice. ' There is no consensus even
in the national puidelines.™ Previous studies specified the
impact of several types of training on CLEP, but a diaphragm
strengthening training has not been tested yet as a solution to
it. Ki et al" measured the effect of forced breathing exercises
on lumbar stability. They proved that forced breathing exer-
cises may improve lumbar stability in case of low back pain.'®
bust the role of breathing exercises in the background of the
mechanism of improved lumbar stability was not clanfied by
this study. Janssens et al' proved that the postural stability of
the trunk can be improved by strengthening the diaphragm
muscle and sugpest that pain intensity may be decreased
by diaphragm training. They strengthened the diaphmgm
with a POWERbDbreathe device that provides resistance o
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inhalation. Their training program lasted for 8 weeks, and
the displacement of the cemter of the pressure was assessed
by using a force plate. Pain intensity was measured with the
Oswestry Disability Index. They found that the B-week-long
intensive diaphragm training increased respiratory muscle
strength, that proprioceptive use changed in a positive way,
and that the participants reported a decrease in low back pain
severity.™ They presumed that their training program had an
effect on the muscles other than diaphragm as well and may
have improved the stabilization of the trunk " However, the
changes that may have occurred as a result of the dizphragm
strengthening training in the musculature and the mechanisms
that provided the improvement of lumbar stabilization were
not identified in their research.

The aim of this study was to assess the effects of an
8-week-long diaphragm training on low back pain and not
only on thickness of the diaphmgm but also on that of other
stabilizer muscles like transversus abdominis and lumbar
multifidus muscle.

Materials and methods

Subjects

Actotal of 52 people participated voluntarily in our stady with
a history of chronic nonspecific low back pain while two of
them withdrew their participation. The inclusion criterion was
low back pain lasting for at least 3 months. Participants were
asked not to have any other treatment during the time of the
traiming, and they were required to be able to leamn the usape
of the diaphragm trainer and to be able to get to the location
of the training. Exclusion criteria were the following: diag-
nosed specific canses of low back pain, balance problems of
neurological origin, malignant tamos, serious ongan diseases,
respiratory diseases, previous surgical interventions affecting,
the trunk or the limbs and the subjects being uncooperative.
The participants were asked to indicate immediately if an
acute inflammatory disease ocourred. Based on these exclu-
sion criteria, three subjects were excluded. All participants
gave their written informed consent. The study is in compli-
ance with the principles of the Declaration of Helsinki and
was approved by the Mational Medical Research Council
(identification number: 21416-2201 7VEKLT). The trial was
registered on www.clinicalirials. gov (identification numbser:
NCTIRA0020T).

Study design

Grouping

This study was a mndomized controlled trial which took place
from September to December 2017. The participants werne

divided {www mndomizer org) into two groops randomby:
diaphragm training group (DT, n=2&) and control group (C,
n=21). The members of group C took part only in a complex
training. while the members of group DT performed the com-
plex training enhanced by diaphrapm training. A fiowchart
of the study design can be seen in Figure 1. There were no
significant differences between the proups regarding age.
body mass index, and the dumtion of low back pain. The
comparizon of the main characteristics of the groups are
summarized in Table 1.

The training method

Both the groups had an 8-week-long complex training, which
was done twice per week, with 60 minutes duration (the details
of the complex training are included in the Supplementary
material). The members of groups C and DT participated
in the same exercise program during the complex training.
Besides this, group DT used a POWERbreathe Medic Plus
{POWERbmzathe Ltd, Warwickshire, LK) device twice a day
st home, 30 inhalations per occasion, and with the speed of 15
inhalations'min in addition to the complex training. The device
was also usad when trunk muscle strengthening exercises were
performed during trainings. Using this device, members of
eroup DT inhaled apgainst resistance. The subjects were edu-
cated about the proper use of the POWERbreathe Madic Plus
device during the first session. Before the trmining. a baseline
mssessment was conducted in group DT: maximal inhalation
pressure (MIP) was measured with a POWERbreathe KH2
{POWERbmeathe Ltd) device to determine the magnitude of
resistance during training. The resistance was set individually
io the valse of 60% of the MIP

Measurements

Pain intensity was assessed with the visual analog scale
(VAR VAS is a unidimensional measure of pain intensity,
which has been widely used in diverse adult populations.™ It
is & continuous scale compnsed of a horizontal line 10 cm
in lemgth. The scale is anchored by “no pain™ (score of 0)
=nd “worst imaginable pain™ (score of 100 A higher score
indicates greater pain intensity.™ Test-retest reliability is
pood (r=0.94, P=0.001).* VAS scores are shown to comelate
highly with other pain measure scores (r=0.62-0.91), and
they are sensitive 0 measuring changes in pain associated
with treatment or time.*

The thickness of the stabilizer muscles” belly was mea-
sured with B-mode ultrasonography. By using a Zonare
L0me Ulmasound System (ZONARE Madical Systems, Inc.,
Mountain View, CA, USA; 2013), the thickness of transversus
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abdominis, lumbar multifidus, and dizphragm muscles were
recorded in two different positions: in lying and in sitting
positions (Figure 2). The positions of the transducers can be
further seen in Figure 3. All the muscles were measured in
two different states: in a relaxed and in & contracted state.
When a clear image of the measured muscles was seen, it was
frozen on the screen and saved. The thickness of the musches™
belly was measured on the saved pictures. Three pictures of
ome muscle in one position and state were taken. A total of

48 pictures of each participant were taken before the training
and also 48 pictures after the training program. To ensure the
same setting for ultrasonography, the skin surface was con-
stantly marked and the measurement was carmied out by the
same person with experience in ultrasonography. Test-—retest
reliability was tested by calculation of intra-class correlation
and the reliability coefficient. Both the high interclass cor-
relations (0.%91-1) and the small repeatability coefficients
(0.008-0.095) showed good reliability.
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In case of transversus abdominis and diaphragm muscle,
the subject was in a supine position with hips and knees flexed
during the assessment (Figure 2A ). Whereas in the case of the
lumbar multifidus muscle. the subject was in a prone posi-
tion with flexed knees and the lumbar spine was positioned
into flexion by a small pillow placed under the abdomen
(Figure 2B). Also, the knees were supported by a small pil-
low, providing -30° flexion. All muscles were assessed in a
sitting position as well: during holding the sitting posture
(Figure 2C) and during a weightlifting task (Figure 2D). The
subjects were sitting on a chair without back support with
hips and knees flexed in 90° and their feet were on the floor.
The neutral position of the trunk was set. and the participants
were asked to hold this position during the examination.
The subjects were sitting calmly but the stabilizer muscles
were active to maintain the vertical position, so the so-called
relaxed state was just a relatively relaxed state (Figure 2C).

muscle; (B) dashraem muacle (C) lumbar multfidua muscle (riche-sided.

To achieve a more contracted state of the stabilizer muscles
in the sitting position, a weightlifting activity was applied
while holding the neutral position of the trunk. One dumbbell
was used for the lifting procedure. and it was held with both
hands (Figure 2D). The participants had to lift the weight
forward to the height of the shoulders with extended elbows
and maintain this position until the ultrasonography was per-
formed (about 2 seconds ) and repeat this maneuver as many
times as was needed to assess the muscles. The patients were
asked not to change the height of the lifting to ensure the same
conditions.™ The weight to be lified was chosen based on the
subjective, perceived difficulty of the task: the subjects had
to be able to lift it 13 times with short rests (about 5 seconds)
between them. Thirteen repetitions were determined because
the first lifting was a testing procedure when we could correct
the height of the lifting and the posture of the trunk if that
was necessary. Then three pictures of the assessed muscles
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were taken (three of transversus abdominis, three of the left-
and three of the right-sided lumbar multifidus, and three of
diaphragm muscle). When a neutral trunk posture was held
in sitting position, it was defined as a relatively relaxed state,
whereas lifting the weight in neutral trunk posture causad a
relatively contracted state. Transversus abdominis muscle was
assessed during tidal inhalation while diaphragm muscle was
assessed during tidal exhalation to minimize the respimtory
fimction of these muscles. The methodology of the ultrasound
assessments is summarized in Table 2.

Data collection and analysis

When using the VAS, the participants had to mark the average
saverity of lumbar pain on a 10-cm-long line.® The scale is
anchored by “no pain™ (scone of 0) and “worst imaginable pain”
Iscore of 10). The distance of their mark from the zero point
in cm-5 was defined as the severity of the pain® For the com-
parison of the pain intensity, average values were calculated
by group (mean + SI). To compare the change between the
before and after data, Wilcoxon matched pairs test was used.

Table 2 Measurement procedurss of the ultrazound assessment

Ultrasound data analysis

Statistical calculations were performed with STATISTICA
13.1 {TIBCO Software Inc., Falo Allo, CA, USA) and IBM
SPSS Statistics 24 software (1BM Corporation, Armonk,
MY, USA). Test-retest reliability of the ultrasound imaging
was checked by intra-class coefficients. The Shapiro-Wilk
test was used as mormality test. To compare the change
between the before and after data, a two-way repeated mea-
sures ANOVA mixed model was performed where the three
repetitions were also taken into account. Results are given
a5 estimated marginal means with their standard errors. To
avoid significant changes by occasion, individual P-values
were cormected by the step-down Bonferroni.

Results

Severity of pain

Baoth the groups showed significant improvement {P<0.01)
with regard to pain after the training. In group C, the aver-
age intensity of pain was 5.75 (£1.68) initially and after the
training it changed to 2. 14 (£1.9)( P=0.000219), which shows
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Posttion Supina, fying Supina, contraction of tha ‘Walght resting  [oaight fiing
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Transducer bandwidsh | 10-5 MHz
Calipar pladng Inzida tha hyperecholc connective tissus yers
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a £2% decrease. In the group DT, the average intensity of  |ltrasound assessment

pain was 5.70 (+1.74) before the treatment. whereasafterthe  The results of the statistical comparison are summarized
B-week-long training it was only 2.62 (£1.8%) {P=0.000017),  in Table 3. The estimated means and standard errors of the
s0 the decreasa is 54%. ultrasoumnd assessment data are shown in Figures 4-9.

Tahle 3 The results of the sm@tisticl comparison
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The results of the ultrasound assessment for the transversus
abdominis muscle showed no significant differences in group
C in supme position during relaxed and contractad state. In
case of group DT, significant increase in thickness was found
in the relaxed state (P<0.05), but there were no significant
changes in the contracted state in supine position (Figure 4).

In sitting position, there were no differences between the
before and afier data in group C. On the contrary, in case of
group DT, the thickness of transversus abdominis muscle
increasad significantly in the relatively relaxed state (P<0.01).
However, there were no significant changes in the relatively
contracted state (Figure 5).

With regard to the diaphragm muscle’s thickness, in
supine position. there were no notable changes in case of
group C in either state. On the other hand for group DT,
significant increase was found in the thickness of the muscle
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Figure 4 Charsez n the thick of d
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belly both in the relaxed (P<0.05) and in the contracted states
(P<0.01) after the training (Figure 6).

For the functional sitting position. there were no notable
changes in the relatively relaxed and the relatively contracted
state in group C, with regard to the thickness of diaphragm.
In contrast. group DT showed a significant increase in the
relatively contracted state (P<0.01) but not m the relatively
relaxed state (Figure 7).

In case of the relaxed and contracted states of the lefi-
and nght-sided lumbar multifidus, there were no substantial
changes found in group C in prone position. For group DT,
significant increase was only found in the left-sided muscle
in the relaxed state (P<0.01). There were no notable changes
either in the relaxed and or the contracted states of the night-
sided multifidus or in the contracted state of the left-sided
lumbar multifidus muscle (Figure 8).
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In the sitting position, there were no significant differ-
ences between the before and after data in group C in any
states of lumbar multifidus muscle. For group DT. signifi-
cant increases were found in the relatively contracted states
(P<0.05) in bilateral lumbar multifidus muscles as well as
in the left-sided multifidus in the relatively relaxed state
(P<0).05). Regarding the nght-sided maltifidus muscle in the
relatively relaxed state, there were no notable changes in the
thickness of the muscle in the sitting position with regard to
group DT (Figure 9).

400
350 306 312

Thiciness of o muscle bally (cm)

Discussion

The main finding of the study is that complex training com-
pleted with diaphragm training increased the thickness not
only of the diaphragm but also of the other stabilizer muscles
such as transversus abdominis and multifidus muscle. The
significant increase in diaphragm muscle thickness in supine
position indicates the effectiveness of diaphragm training® in
a position where the other stabilizers are relaxed. Both of the
applied training methods resulted in significant improvement
in pain. However. it was more significant in case of group C
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whose members participated only in the complex training.
With regard to the thickness of the lumbar stabilizer muscles
in group C. there were no significant changes in any of the
muscles resulting from the 8-week-Jong intervention. which
suggests that disphragm strengthening training can provide
extra benefits.

Regarding the intensity of pain. both the tmining methods
resulted in significant improvement although it was more
significant in group C. The members of the groups took part in
the same complex training with the same exercises. However,
the members of group DT faced a more difficult situation:
they had to do the strengthening exercises parallel with the
diaphragm strengthening training. Pain perception is highly
subjective. which is influenced by several psychological
and emotional factors.*** Intensive strengthening exercises
taken for a shont period of time are not always very effective
in reducing pain intensity.™ Many factors (fear, structural
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abpormality. pain, posture reduction, etc) maintain the vicious
cycle in CLBP; if intervention is capable of reducing one of
the maintaining factors, the vicious cycle may be broken 7
Both the trainings decreased pain significantly and the com-
plex training completed with diaphragm training increased
the thickness of stabilizer muscles generating change in the
condition of transversus abdominis, diaphragm, and lumbar
multifidus muscles. Based on our results, it can be stated that
pain perception seems to have been influenced positively by
the interventions, so it can be a possible way to influence the
vicious cycle underlying CLBP.

The exercises of our complex training program were the
same in the two study groups. The training consisted of static
and dynamic strengthening exercises for the trunk and hip
muscles as well as proprioceptive training. All strengthening
exercises were performed using external resistance (dumb-
bells. resistance bands, and medicine ball) or body weight. A
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double-blind. randomized controlled trial proved earlier that
bath motor control and general exercises increase the thick-
niss of lnmbar multifidus and transversus abdominis muscle
significantly in the case of low back pain patients as a result
of an B-week-long training program.™ A previous study also
showed that the thickness of diaphragm muscle increases
as a consequence of a 4-week-long diaphragm training =
Based on the abovementioned findings and considering our
results, we can conclude that our complex training completed
with a diaphragm strengthening training is a possible way to
imcreasa the thickness of transversus abdominis, diaphragm,
and lumbar multifidus muscles.

In case of group DT, the thickness of tansversus abdomi-
nis muscle increased significantly in the relaxed state {calm
bying) but not in the contracted state when the subjects were
asked to contract their abdominal muscles in supine position
Wi found similar muscle changes in the sitting position whene
the thickness of transversus abdominis muscle increased
significantly in the relatively relaxed state when the sitting
position was held but there were no notable changes during
the weightlifting task in the relatively contracted state. The
increase of the thicknesses in relaxed and relatively relaxed
states may have occurred due to the effect of our interven-
tion ™ The unchanged thickness parameter of the contracted
state in the supine position maybe due to the limitation of
our measurement procedure: the participants wene asked to
contract their abdominal muscles voluntanly without lifting
their head or shoulders from the bed. This kind of contrac-
tion seems to be more dependant on the compliance of the
participants.®* Moreover, this movement was not practiced
during our program; therefore, the quality of the performance
may have been diverse™ and may not have been sufficient
enough to show the effectiveness of the trmining. In addition,
transversus abdominis muscle is a local stabilizer whose
main function is more of stabilization and not implermenta-
tion of movements,** and in supine position, the demand for
stabilization is minimal. "'~ There was no significant change
in the thickness of transversus abdominis in the relatively
contracted state either when the weightlifting was performed.
It iz well known that lifting tasks activate mainly the extensor
groap.'s** Our results provide further evidence that himbar
multifidus has a more enhanced role in performing a weight-
lifting task, than transversus abdominis muscle. Therefore,
the applied weightlifting task may not be the most appropri-
ate postural task to show the enhanced stabilizer function of
transversus abdominis muscle.

The increased thickness of diaphrapm muscle in relaxed
and in contracted states in the supine position may show the

effectiveness of the diaphragm strengthening training.= The
results show that the anly condition where we could not find
any increase in the thickness of diaphmgm after the training
was the relatively relaxed state in sitting position. This find-
ing may be explained by the neutral vertical position of the
trunk which was held only against gravity in this case. This
posture does not require more enhanced stabilization from
diaphragm muscle.™* Significant increase occwrmed in the
thickness of diaphragm muscle when the weightlifting was
performed, in the relatively contracted state. Movements of
the upper limb challenge the diaphragm muscle as a stabilizer
muscle more contrary to the simple tasks to maintain vertical
pasition.™ In a previous study, Hodges et al assessed the fime-
tioning of diaphragm during a mpid movement of the arm.
Their findings proved that increased activity of diaphragm
occurs durning this motion.™ The diaphragm of low back pain
patients has an altered postural function compared to healthy
subjects when isometnic flexion against resistance of the
upper or lower limb was applied.™ In our training program,
several Tesistance exercises were performed by the upper limb
when the vertical posture of the trunk needed to be held, and
the participants used the POWERbreathe device in parallel
with upper limb exercises. Our results show that there is
=n increasad thickness of diaphragm during the lifting task
after training which may suggest that the role of diaphragm
muscle has improved in maintaining trunk stability during
upper limb activities as a result of the applied 8-week-long
training. Our findings are in line with a previous study of
Ditlger et al** They found that as a result of a stabilization
exercise program, the thickness of diaphragm increased as
well as the stability of the lumbar spine.®

Considering lumbar multifidus muscle in prone position,
significant increase was found only in case of the lefi-sided
one in the relaxed state. There were no significant changes in
case of contracted states of the left-sided muscle or in both
stabes of the right-sidied multifidus. Like in case of transversus
shdominis, the main finction of lumbar multifidus is not
implementation of movements but the segmental stabilization
of the lumbar spine as it produces compression with minimal
movement torque. ™ This may be the reason for the unchanged
thickness in the contracted state, when the patients were
asked to lift their head and shoulders from the bed. The mle
of lumbar multifidus muscle in stabilization is highlighted
in rofational movements and therefore in movements of the
contralateral imb.™ Every participant was right-handed in
our study which might have influenced the trmining effects:
our results revealed that in prone position, the beft-sided {con-
tralateral to the dominant arm) muscle thickness improved
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significantly in the relaxed siate. The resistance exercises
were probably mome effectively performed with the domi-
nant (right-sided) arm.™ In sitting position, the thickness of
both the lefi- and right-sided multifidus muscle increased in
the: relatively contracted state |during weightlifting) and the
left-sided lumbar multifidus muscle thickness also increased
in the relatively relaxed state as well (while holding the ver-
tical position of the trunk). Contrary to the prone position
when sitting, the postural demand is enhanced and lumbar
multifidus muscle can act directly on the lumbar vertebral
column producing the anti-flexion (extension) moment.™
During weightlifting (relatively contracted state), this
anti-flexion moment of bilateral multifidus moscle is more
important.™ The increased thickness possibly occurred as a
result of our training method. The only unchanged thickness
in sitting position was found in the right-sided (ipsilateral
Lo the dominant arm) lumbar multifidus muscle in relatively
relaxed s@te. The unchanged thickness may be explained
by the influence of right-handedness on the training and’or
on the testing procedure. In case of our testing procedure,
come dumbbell was lifted with both the hands; therefore, it is
possible that the dominant arm had a bigger contribution in
thet exercise.™ Further investigations using two dumbballs
are needed to support this hypothesis.

The differences between groups DT and C in the change
of the thickness of the stabilizer muscles indicate that dia-
phragm training has an extra advantage compared to a con-
ventional complex trmining program. Further investigations
are warranted to explore the mechanism behind the changes,
but zome possible assumptions can be made.

The effect of deep abdominal muscle exercises on respi-
ratory function was assessed in a previous study.® Deep
abdominal muscles and diaphragm play an important role
in maintaining and increasing the intra-abdominal pressure
by their co-contraction.®* The finding of this research
shows that enhanced diaphragmatic function achieved via
deep abdominal muscle strengthening exercises did mot only
incTease respiratory volume but also enhanced the stability
of the lumbar spine through the co-contraction of transversus
abdominis.™ Contrary to their above-mentioned training
method, we have placed emphasis on the diaphragm muscle
strengthening in our training program, but as a consequenca,
transversus abdominis muscle may be strengthened in this
altermative, indirect way.

People with CLEP have a higher diaphragm position, a
smaller diaphragm excursion, and greater diaphragm fatiga-
bility,™** which is compensated by increased lung volume
e provide an adequate increase in intra-abdominal pres-
sure.** Diaphragm stremgthening training is a viable method

to enhance the excursion of the diaphragm and increase
the mobility of the muscle.®* We assumed that a higher
excursion of the diaphrapm occurred due to the diaphragm
strengthening training which further influenced the function
ofthe dizphragm muscle during breathing and postural stabi-
lization." Significant increases were found in the diaphmgm
thickness when the weightlifting task was performed in sit-
ting position. The increased thickness during weightlifting
supgests that the role of diaphrapm muscle in maintaining
trunk stability may have been improved.

Previows studies sugpested that increase in the respira-
tory output causes an increased excursion of the body in
space.®* Another previous study reported that normal
inhalation is linked to the extension of the lumbar spine in
standing posture © Significant changes in posture and signifi-
cant enhancement occurs in the activation of erector spinag
muscle when the inspiration effort increases * The fact that
our training combined exercises in vertical positions with
forced inhalation exercises can explain the training affects
especially the increase in the thickness of lumbar multifidus
muscle in sitting posture.

Limitations

A limitation of this study is that by wsing ultmscnography
we could not discriminate between the increase of muscle
thickness as result of the changes of the tone and activation
patiern and muscle hypertrophy which ocourred as a result of
the strengthening training. Ancther limitation of this study
is the presumption that the compliance of the subjects was
on the same level but it could not be controlled by objective
methods. To assess transversus abdominis muscle in contrac-
tion in supine position, the patients were asked to contract
their abdominal muscles woluntarily. This exercise needs a
more developed undarstanding of the movernent; therefore, we
«could not be sure that everyone performed the contraction on
the same bevel. ®* This procedure would have baen better if we
had allowed the flexion ofithe trunk to a specified extent. In case
of sitting positions, the subjects were asked to hold the newtral
position of the trunk which was controlled by a physiotherapist
but mot with objective methods. Therefore, some inclination
of the trunk may have happened during the ultasound mea-
surement procedure. For further shodies, the vertical position
should be controlled in a more objective manner.

Conclusion

In our randomized controlled study, the training effects of
a complex training and a complex traiming completed with
diaphragm training were examined. Based on our results, we
suppest that the applied complex training completed with
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diaphragm strengthening traiming is an effective and viable
way to increase the thickness of the stabilizer muscles of
the lumbar spine such as transversus abdominis, diaphragm,
and lumbar multifidus muscles. We can say that this training
method is effective in reducing the sevenity of lumbar pain.
However, complex training alone was more efficient taking
the results of VAS into consideration. The results suggest that
our complex training enhanced with diaphragm strengthen-
ing may be a viable therapeutic approach in the complex
treatment of chronic nonspecific low back pain. Our findings
clearly show that our intervention can have an influence on
the diaphragm’s postural function during upper limb lifting
tasks. The mechanisms behind the effects of diaphmagm train-
ing need to be understood more cleary; therefore, additional
imvestipations are necessary. We sugpest a further consider-
ation focusing on whether diaphragm training alone would
be a new therapeutic approach for those who are not capable
of performing conventional exercises.
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Supplementary material

Deetails of the complex training program
The complex training can be divided into three parts: warm-
up, main part, and cool-down sections.

1. Warm-up: The raining started with a 10 mimtes warm-up
section. The warm-up consisted of breathing exercises and
dynamic exarcises for all joints and muscles in standing
position

2. Main part: The traiming method was a circuit training
with five sections and with 3 minutes of exercising in one
section, altogether in 40 minutes duration. There were |
minute breaks between the sections while the participants
took their places at the next section.

i. Swrengthening exercises of the hip muscles: combined
static and dynamic strengthening of the hip muscles
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ii. Balancing exercise: static balance exercises (holding
A position) on an unstable training tool in vertical
posture (standing, kneeling)

iii. Strengthening exercises of the extensor muscles of
the trunk- combined static and dynamic strengthen-
ing of extensors using limb activities with dynamic
resistance

v Strengthening exercise of the abdominal muscles:
combined static and dynamic stremgthening of
abdominal muscles using limb activities with dynamic
resistance

v. Balancing exercise: dynamic reactive balance exer-
cises: walking on unstable surfaces.

. ool down: The training ended with a cool-down section

of 10 minutes duration. This part of the training consisted
of light aerobic, stretching, and breathing exercises.
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