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ABSTRACT

Objectives: The respiratory function is often overlooked in people with Low Back Pain (LBP),
while it is one of the factors for the continuation and recurrence of lumbar spine injury. Aim
of this study was survay the immediate effect of Respiratory Muscle Sprint-Interval Training
(RMSIT) on the plantar pressure variables of athletes with LBP.
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Available Online: 01 Sep 2019 . Methods: This randomized controlled trial was conducted on two groups with LBP, one
experimental group (24 patients) and one control group (23 patients). The plantar pressure
variables were recorded using a plantar pressure measurement device. The experimental
group performed the RMSIT protocol. The RMSIT was fulfilled as six sets of 30-second
deep breathing exercises (with two minutes of rest between sets) with constant tidal volume,
maximum breathing rate, and added resistance. The paired t-test and one-way covariance tests
were used to analyze the data.

Results: The results of (95%) confidence ellipse showed that RMSIT caused a significant
decrease in the amount area of sway, but the exercise did not make a significant difference
in the length of minor axis and length of the major axis. The results of the Center of Presure
(COP) factors showed that the training program significantly reduced the amount of path
length, the standard deviation in the Y axis, but the results did not show a significant difference
Keywords: in the velocity and standard deviation in the X axis in the experimental group. The results
demonstrated no significant difference between the experimental and control group in the

Respiratory muscle, Sprint- o
plantar pressure symmetry indices.

interval training, Plantar
pressure, Low back pain, . Discussion: It can be concluded that, these exercises can be used to reduce some postural
Athlete ¢ oscillation indices in athletes with LBP.
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Highlights
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e Immediate respiratory training changed some the plantar pressure variables.

e Immediate respiratory training reduced the center of pressure sway.

® Respiratory training not affects on plantar pressure symmetry indices.

e Immediate respiratory training improves postural control.

Plain Language Summary

The people with Low back pain are suffering from impaired coordination between the trunk and the lower extremity,
as well as balance defects. In this study, respiratory muscle training was used to reduce postural sway. The results of
this study showed that respiratory training can reduce balance defects. Therefore this training method can be used for
the rehabilitation of people with LBP and can be used for the balance improvement.

1. Introduction

ow Back Pain (LBP) is one of the most
common diseases caused by exercise [1,
2]. The people with LBP are suffering
from impaired coordination between the
trunk and the lower extremity [2]. as well
as postural control changes [3]. Among the symptoms of
chronic LBP disability, abnormal respiratory patterns and
its various methods are of the most common symptoms
that are often underestimated [4]. In general, movements
of the chest and ribs are interconnected with spine[4].
Imbalance in the muscles that attached to spinal leads to
spinal malalignment and these changes in most people
cause pain in the cervical, thoracic and lumbar region
[4]. The Chest Wall Expansion (CWE) is due to the co-
contraction or bracing of erector spinae and abdominal
muscles. The respiratory function is often overlooked in
people with LBP, while it is one of the factors for the
continuation and recurrence of lumbar spine injury [4].

Respiratory exercises have the advantage for posture
because, facilitating the uplift and rotation of the ribs
and this develops favorable conditions for the CWE and
is related to the length of the muscles, hereby provid-
ing a mechanical advantage for postural alignment [5].
Activating respiratory muscles causes an increase in in-
tra-abdominal pressure caused by transverse abdominis
muscles contraction and thus reduces LBP [6].

Squat is an important component of strengthening
training in athletes. In addition, the squat as a movement
pattern is necessary in many movements, such as sitting,
lifting and many exercises. The National Academy of

Sports Medicine (NASM) has proposed overhead squat
as a useful indicator for the quality of movement [7].

Given the theoretical foundations, it can be conclud-
ed that probably activating respiratory muscles through
effecting local stabilizers, especially Transverse Ab-
dominis (TVA) and diaphragm as important respiratory
muscles, and changing posture have different effects on
plantar pressure and postural control. Investigations in this
problem are limited, and no study was found on the effect
of these exercises on plantar pressure. Therefore, the pres-
ent study was conducted to evaluate the immediate effect
of Respiratory Muscle Sprint-Interval Training (RMSIT)
on plantar pressure variables of athletes with chronic LBP
when implementing overhead squat. The study examined
the impact of immediate respiratory training to be able to
introduce a protocol that reduces the likelihood of injury
in each training session or competition.

2. Methods

This randomized controlled trial was conducted on two
groups, one experimental group and one control group.
The statistical population of this study was strength ath-
letes in Hamadan, Iran, with an age range of 18 to 25 years
old. This study was conducted in March 2018. Those who
had more than three months of LBP with an undetectable
etiology were selected as the subjects with chronic non-
specific LBP [8]. According to the G*power software, 47
people were selected as the statistical sample available in
accordance with the inclusion criteria [9].Of these 47, ran-
domly simple, 24 patients were selected as experimental
group and 23 patients as control group (Figure 1).
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Male= 399
Female= 392

Assessed for Eligibility (n=791)

Excluded (n=744)
Not Meeting inclusion criteria (n=302)

| Randomized |

Declined to participate (n=370)
Other reasons (n=72)

y
Traning Grpup
n=24
Male=11
Female=13

Figure 1. Sample selection diagram

It should be noted that the subjects were selected af-
ter taking the necessary examinations to participate in
this study. The athletes in this study were selected from
individuals who had at least three years of continuous
and regular attendance in resistance and weight training
exercises, and had at least three training sessions each
week with duration of each session more than an hour.
Participants had no history of surgery, fracture, burn,
neuromuscular problems and injury in spine and lower
extremity, and had no malalignments in the lumbar or
pelvic region and the lower limbs.

The plantar pressure variables were recorded using a
plantar pressure measurement device (model Foot press-
ing FDM-S, Zebris Co. Germany) [10]. For respiratory
muscles strengthening was used of Power breathe Spi-
rometer (Figure 2).

}

Control Grpup
n=23

Male=11
Female=12

Before the test, the participants performed warming up
for 6 minutes, including 3 minutes of warming up with
an ergometer at a constant speed and resistance, and 3
minutes of full-body stretching movement.

To perform the test, the subjects stood as the feet shoul-
der width apart and straight to the front. The ankle and
foot were in a neutral position. The participant was asked
to hold the hands up and extend the elbows completely,
placing the arms symmetrically beside of head. The per-
son was in the overhead squat position (the knee angle
was 90 degrees), the feet were forward and the knees
were aligned with the feet (second and third toes). The
tibia and arms were aligned with the trunk. The heels
were in contact with the ground, the feet were also at
10° Foot Progression Angle (FPA) (the angle between
the heel center and the second toe) [7]. The duration of
the test was 30 seconds.
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Major axis

Figure 3. 95% Confidence ellipse

After recording the pre-test data, the participants of the
experimental group performed the RMSIT protocol, fol-
lowed by post-test after two minutes. The RMSIT was
fulfilled as six sets of 30-second deep breathing exercise
(with two minutes rest between sets) with constant tidal
volume, maximum breathing rate and added resistance
[11]. In the control group, they had no activity for 15
minutes after pre-test (similar to the protocol performed
by the experimental group) and then the post-test was
completed. The plantar pressure variables were analyzed
using the Win FDM-S stance (version 01.02.09) soft-
ware. The symmetry index between two feet was calcu-
lated by the equation of , and symmetry index between
forward and backward of foot calculated by [10].

right force
right force + left force

- forward force
forward force + backward force

Table 1. Demographic information

Iranian [Ziehabilitation Blournal

Minor axis

Area of sway

Shapiro-Wilk test was used to determine the normal dis-
tribution of data. Paired t-test and one-way covariance
tests were used to analyze the effect of RMSIT on plantar
pressure variables. Data were analyzed by SPSS V. 20
software and the significance level was 0=0.05.

3. Results

The Shapiro-Wilk test results in each group showed
that the distribution of data in the research variables in
that group was normal (p>0.05). Demographic informa-
tion including: age, Height, Mass, BMI, Lumbar Arch
Index and Pain index are listed in Table 1.

The paired t-test results (Table 2) showed that the
RMSIT among the (95%) confidence ellipse (Figure 3)
parameters only caused a significant decrease in area of
sway from the pre-test to post-test in the experimental
group. The paired t-test results showed no significant dif-
ferences in length of minor axis and length of major axis
between pre-test and post-test in the experimental group.
The paired t-test results between the pre-test and post-

MeantSD
Group Gender n -
Age,y Height (cm)  Mass (kg) BMI LAI (deg) Pain Index
Male 11 20.14+1.34 175.57+9.84 70.01+10.66 22.57+2.30 31.02¢5.12  4.84%1.22
Training
Female 13 22.44+2.18 162.59+6.78  57.95#9.29  21.86#3.37 31.22+4.76  --42¥1.30
Male 11 22.50+1.29 175.25+3.30  67.1246.17  22.1242.65 28.01+4.54  4.70+1.28
Control
Female 12 22.20+1.64 160.36:4.97 54.54+7.83 21.18+2.82 30.20:634  4.88%1.22

LAI Lumbar Arch Index
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Table 2. Paired t-test and One-Way Covariance Analysis in results of (95%) confidence ellipse

MeanxSD Partial Et
Variable Group Sig (t-Paired) F Sig artial tta
BT AT Squared
Length of mi Training 22.331£15.32 16.25+£12.25 0.153
e”agxis ?m:‘q')”m 2.16 0.155 0.090
Control 19.11+12.17 23.20+14.91 0.321
Lenath of mai Training 51.38+24.07 45.68+29.45 0.702
e”agxis fm“r;")’”or 0.00 0.990 0.00
Control 46.28+27.01 49.94+30.37 0.467
Training 928.73+240.06 303.63+129.35 0.011*
Area (mm*”2) 7.03 0.015* 0.242
Control 839.12+207.59 967.83+288.08 0.270

*Indicates significant difference (P<0.05); BT: Before Training; AT: After Training

test scores in the (95%) confidence ellipse parameters
in the control group found no significant difference. The
one-way covariance test results revealed a significant dif-
ference in the area of way index between the control
and the experimental group. However, the one-way co-
variance test results exhibited no significant difference
in the length of major axis and length of minor axis be-
tween the control and experimental group.

The paired t-test results (Table 3) reported that the RM-
SIT significantly reduced some of the center of pressure
oscillation factors including path length and standard
deviation in Y axis in the experimental group from pre-
test to post-test, but the paired t-test results underlined no
significant difference in the velocity and standard devia-
tion in X axis between pre-test and post-test in the experi-
mental group. The paired t-test showed no significant dif-
ference in the scores of the center of pressure oscillation
factors between pre-test and post-test in the control group.
Moreover, one-way covariance test results showed sig-
nificant differences in path length and standard deviation
in'Y axis between control group and experimental group,

but one-way covariance test results found no significant
difference in scores of velocity and standard deviation in
X axis between the control and the experimental groups.

According to the paired t-test results (Table 4) in the
experimental and control groups, there was no signifi-
cant difference in the plantar pressure symmetry be-
tween pre-test and post-test. Based on one-way covari-
ance test results, there was no significant difference in
plantar pressure symmetry between experimental and
the control groups.

4. Discussion

The results of this study showed that respiratory mus-
cle training changed some the plantar pressure variables
in athletes with LBP. The present study is consistent
with some of the previous studies in terms of the effect
of respiratory training and activation of these muscles,
which are mainly local muscles of core region [12, 13].
The postural control and respiration are mechanically
and neuromuscularly dependent on each other, both

Table 3. Paired t-test and one-way covariance analysis in results of (COP) sway

MeantSD Partial Eta
Variable GROUP Sig (t-Paired) F Sig
BT AT Squared

Training 906.45+253.48  484.08+218.78 0.011*

Path Length (mm) 10.84  0.003* 0.330
Control 767.81+252.89  795.45+110.34 0.301
Training 34.20+17.61 33.35+18.18 0.929

Velocity (mm/ sec) 0.75 0.396 0.033
Control 32.90+11.14 42.30+£19.80 0.252
Training 55.18+26.06 37.10+23.99 0.719

Standard Diviation X (mm) 0.29 0.596 0.013
Control 45.48+15.21 52.87+18.65 0.109
Training 55.18+26.06 37.10+23.99 0.013*

Standard Diviation Y (mm) 4.71 0.041* 0.176
Control 51.95+26.40 56.17+28.31 0.263

*Indicates significant difference (P<0.05); BT: Before Training; AT: After Training
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Table 4. Paired t-test and one-way covariance analysis in results of symmetry of plantar pressure

MeaniSD Partial Eta
Variable GROUP Sig (t-Paired) F Sig(F)
BT AT Squared
Training 0.487+0.102 0.481+0.07 0.833
S of Left & Right 3.22 0.086 0.128
Control 0.519+0.09 0.569+0.10 0.214
Training 0.570+0.28 0.457+0.264 0.145
S of F & B (Right) 0.86  0.363 0.038
Control 0.478+0.29 0.485+0.302 0.668
Training 0.668+0.28 0.614+0.22 0.194
S of F & B (Left) 0.87 0.36 0.038
Control 0.499+0.29 0.573+0.26 0.372

*Indicates significant difference (P<0.05); BT: Before Training; AT: After Training; S: Symmetry; F&B. Fore & Back of foot

systems involve diaphragm, TVA, intercostal muscles,
internal oblique muscles and pelvic floor muscle [14].
These muscles play a special role in voluntary breathing,
which means that the TVA along with multifidus is ac-
tive in stabilizing the lumbar region [12, 15].

As well as Vostatek, et al. (2013) stated that the dia-
phragm has both respiratory and postural functions [16].
Focus of the respiratory training in the present study was
the deep and local muscles of the core region. Hodges
and Gandevia (2000) also argued that inspiratory mus-
cles, especially the diaphragm, play a key role in con-
trolling the spine, which are vital during postural control
[14]. Janssens et al. (2015) also found that inspiratory
muscle training improved postural control in people with
LBP and decreased LBP severity significantly [13].

Our results demonstrated no significant difference be-
tween the experimental and control group in the plantar
pressure symmetry indices. No found study that survey
the effect of respiratory training on plantar pressure
variables. But according to the results of studies, entire
movement system covers many body parts, and that a
proper alignment to the line of gravity ensures good
posture; any irregularity in this alignment can cause
changes in the adjacent segments and other components
or even changes in the activity of body systems and or-
gans[17, 18]. Studies have shown that deep muscles ac-
tivity improves body alignment, but the exercises used in
the above studies were long-term and effective on spinal
alignment [19].

Also, the alteration in the alignment of the body affects
the plantar pressure [20]. Anukoolkarn et al. (2015) stat-
ed that the pressures on the plantar surface were unequal-
ly distributed in subjects with chronic non-specific low
back pain [21]. In the present study, the RMSIT had no
effect on right-left plantar pressure symmetry and also
fore and back plantar pressure symmetry, probably due

to short duration of exercise that did not have an impact
on body alignment. It is likely that long-term training of
these muscles will improve plantar pressure symmetry
by improving posture.

One of the limitations of the research was that every-
one had 10° Foot Progression Angle (FPA), whereas
people may put feet at different angles while training at
the gyms. Therefore, the same FPA and squat angle were
considered for all athletes in the present study to homog-
enize the conditions in all subjects in both pre-test and
post-test. Another limitation of this study was to investi-
gate the immediate effect of this training, whereas long-
term exercises may provide better effects. Therefore, it is
suggested to evaluate the long-term effects of these ex-
ercises in order to accurately introduce these exercises in
the postural control and improving the plantar pressure
symmetry. To introduce a protocol that reduces the like-
lihood of injury in each training session or competition
this study survay the effect of immediate training instead
of a long-term training protocol.

5. Conclusion

RMSIT protocol in the athletes with chronic LBP could
have positive effects on the some of the center of pres-
sure oscillation factors, but had no impacts on other cen-
ter of pressure oscillation factors and plantar pressure
symmetry parameters. As a result, these exercises can
be used to reduce some postural oscillation indices in
athletes. However, given the insignificant effect of these
exercises on many study factors, as well as limited report
in this problem, further studies are needed to examine
the effect of these exercises (as both long-term and im-
mediate) on plantar pressure variables.
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