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ABSTRACT

Background: Diminished muscular performance & greater functional impairment leads to restricted quality of
life in chronic low back pain (CLBP) patients. The transverses abdominis (TrA) has been implicated as part of the
cause of LBP. The purpose of the study was to compare the effects of treadmill walking and stationary cycling in
subjects with non-specific CLBP.

Methodology: A quasi-experimental study was conducted with 30 subjects divided into 2 groups. Group A
consisted of treadmill walking & group B of cycling. Subjects aged 18 to 45 years with chronic LBP without
radiating pain with absence of any cardiac & pulmonary conditions were included. Moderate intensity aerobic
exercise for 10-20 minutes, 5 days/week based on FITT principle was given. Outcome measures were pain, TrA
endurance, disability & quality of life.

Results: Statistically significant difference (p<0.001) was noted for all outcome measures in both groups A & B
with non-significant difference (p>0.05) between groups. For Group A, NRS (Numerical Rating Scale) at rest (95%
Cl 2.182 to 3.685), NRS on activity (95% Cl 3.056 to 4.410), TrA endurance (95% Cl -3.61 to -2.79), MODI (Modified
Oswestry Disability Index) (95% Cl 20.05 to 29.01), physical health (95% Cl -18.80 to -9.33) & overall QOL of
WHOQOL (95% Cl -2.06 to -1.26). For Group B, NRS at rest (95% Cl 2.034 to 3.699), NRS on activity (95% Cl 2.214
to 4.186) & TrA endurance (95% Cl -4.78 to -2.01), MODI (95% Cl 21.75 to 31.04), physical health (95% CI -23.36
to -10.77) & overall QOL of WHOQOL (95% Cl -2.32 to -1.27).

Conclusion: Treadmill walking & stationary cycling were equally effective in improving pain, TrA endurance,
disability & quality of life in subjects with non-specific CLBP.

Clinical Implication: Aerobic exercise such as walking & cycling at moderate intensity can be used to reduce pain
& disability & increase core muscle (transversus abdominis) endurance thereby improving quality of life in
patients with CLBP.
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INTRODUCTION

Low back pain (LBP) is a common symptom,
affecting more than 80% of the general popula-
tion in the industrialized world [1]. LBP is
defined as pain and discomfort localized below
the costal margin and above the inferior gluteal
folds, with or without leg pain [2]. Chronic low
back pain is defined as low back pain persisting
for 12 weeks or more [2]. It never leaves
completely, although the severity, duration, &
region of pain may vary.

Non-specific low-back pain is defined as
“tension, soreness and/or stiffnessin the lower
back region for which it is not possible to iden-
tify a specific cause of the pain [3,4]. Nearly,
90% of the patients have a non-specific cause
for low back pain as stated by world health
organization (WHO) in 2003 [5]. Its worldwide
prevalence is estimated to be about 13-44%,
which results in most individuals taking leave
for about a week from work [6]. Nearly 60 per
cent of the people in India have significant back
pain at some time or the other in their lives [7].

Back pain has multifactorial cause including
functional instability; deconditioning; abnormal
posture; poor muscle recruitment; emotional
stress; and associated with aging and injury
such as disk degeneration, arthritis, and
ligamentous hypertrophy [8,9]. Risk factors for
nonspecific low back pain include heavy
physical work; frequent bending, twisting, and
lifting; and prolonged static postures [10,11].

Panjabi reported evidences of lumbar instabil-
ity, low muscular strength and endurance among
subjects with LBP [12]. The TrA had insufficient
control and speed of muscle contraction delayed
in individuals with CLBP [13,14]. Subjects with
chronic LBP do not pre-activate TrA prior to rapid
upper and lower limb tasks [15]. Since TrA is the
chief abdominal stabilizer of the spine, preven-
tion and rehabilitation of LBP should target trans-
versus abdominis [16].

Chronic low back pain has a major impact on
health and health-related QOL, diminishing the
capacity for standing, walking and sitting
[17,18]. In CLBP, the reduction in quality of life
could be attributed to sleep disturbances,
fatigue, medication abuse [19], functional
disability [20] and stress. Among younger adults,
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chronic back pain is associated with disability,
unemployment and lost productivity [10,21,22].

Improved understanding of psychological factors
associated with pain has given rise to the belief
that any form of moderate-to-vigorous physical
activity may be sufficient for LBP rehabilitation
[23-26]. Physiotherapy management of long term
low back pain favors active treatment programs
involving improving aerobic fitness [27].

Aerobic exercise can play a critical role in
maintaining spine health and ensuring progress
in recovery from back pain.

Moderate-intensity aerobic exercise are not so
exploited in the current available literature for
the treatment of CLBP. No particular type of
aerobic activity has been found to be more
effective than another for gaining fitness or
decreasing pain & disability for patients with
back pain [9]. Therefore there was a need to
study & compare their effects. The research
question is:

1. Is treadmill walking and stationary cycling
effective in reducing pain & disability & improv-
ing TrA endurance & quality of life in subjects
with non-specific CLBP? Are both aerobic
exercises equally effective?

METHODOLOGY

Ethics approval: The study was reviewed &
approved by Ethics committee of Institutional
Review Board, S.B.B College of Physiotherapy,
Ahmedabad. Reference number is PTC/IEC/36/
2013-14. All participants gave written informed
consent before data collection began.

Design: A quasi experimental study using
convenience sampling design was conducted for
a period of 1 year.

30 subjects were selected from the Out-patient
department of S.B.B college of Physiotherapy,
V.S General Hospital, Ahmedabad. They were
divided into 2 groups, each having 15 subjects.
Group A consisted of Treadmill walking & Group
B of Stationary cycling. Males & females aged
18-45 years with diagnosis of non-specific low
back pain since 12 weeks or more without
radiating pain with absence of any cardiac &
pulmonary conditions were included. Subjects
with medical history of serious injury to back,
constant or persistent severe pain, previous
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spinal surgery, acute disc prolapse, current nerve
root entrapment accompanied by neurological
deficit, degenerative and structural changes in
spine, fracture, metabolic bone disease, inflam-
matory conditions, spinal infections, spinal
tumor’s, pregnancy were excluded. Subjects with
Slump test & Straight leg raise test positive were
excluded.

Procedure:

Subjects were selected according to inclusion
& exclusion criteria. Nature and purpose of the
study was explained. Baseline assessment of
outcome measures was done prior to giving
intervention. Training program was based on FITT
principle.

Frequency-5 days/week (once in a day)

Intensity-13-14 RPE (Rate of Perceived Exertion)
on 6-20 Borg Scale of Perceived Exertion

Time-20 minutes/day for 4 weeks

Type-Treadmill walking (Group A) or stationary
cycling (Group B)

Exercise program was scheduled as follows: 5
minutes of warm up exercise (consisted of gen-
eral free exercises of the arms, legs & trunk)
followed by 20 minutes of aerobic exercise
(treadmill walking or cycling) as mentioned in
Table-1 & finally 5 minutes of cool down exer-
cise (consisted of stretching of major muscles
of lower limbs & back). Progression of exercise
is shown in Table-1.

Subjects were also given isometric back and
abdominal exercise & hot-packs to back (for 10
minutes) in addition to aerobic exercise. They
were not restricted in any of their activities. All
subjects were given similar back care advice.

Outcome measures:

Outcome measures were pain measured using
numerical rating scale (NRS) & transversus
abdominis (TrA) endurance (i.e. holding or tonic
capacity of TrA) measured by the number of
10-second holds (up to 10) using pressure
bio-feedback in prone position [28]. A pressure
biofeedback unit is a reliable and valid clinical
instrument for assessing deep abdominal
muscle function, and has been used to develop
a method for the careful monitoring of lumbar
stabilization [29]. NRS has excellent test-retest
reliability (r=0.79-0.92) & internal consistency
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(Coefficient alpha = 0.89 —0.98) in cases of
chronic pain [30]. NRS has large effect size at 1
week and 4 weeks (ES = 0.95-1.2) in patients
receiving physical therapy for low back pain [31].

Disability was measured using modified
oswestry disability index (MODI) & quality of
life was measured using WHO quality of life
(QOL) - BREF. The MODI is a disease-specific
disability measure used to establish a level of
disability, stage a patient’s acuity status [32],
and monitor change over time. The measurement
characteristics of the MODI are good to excel-
lent. Test-retest ICCis 0.83 - 0.94 for (1-14 days)
[33] and 0.90 over 4 weeks in a group of
patients judged stable [34]. WHOQOL-BREF
provides a measure of an individual’s percep-
tion of quality of life for the four domains:
physical health, psychological health, social
relationships and environmental health.
WHOQOL-BREF is an abbreviated version of the
WHOQOL-100 quality of life assessment.
Internal consistency of WHOQOL-BREF ranged
from 0.66-0.87 (Cronbach’s alpha co-efficient).
It has good discriminant validity & test retest
reliability [35].

Data analysis: Power analysis was based on the
study by Murtezani A et al. [36] Sample size (N)
estimated with @ = 0.05 and 1- B = 0.95 was
found to be 30 (n = sample size required in each
group = 15.4~ 15). Data was analyzed using
Statistical Package for Social Sciences (SPSS)
version 20. Within group analysis of mean
difference pre and post intervention was
performed using one-Sample t-test. Between-
group comparison post intervention was
performed using Independent samples t-test.
Level of significance was considered as p<0.05
& 95% confidence interval (Cl).

RESULTS

Flow of participants through the study: 65
subjects having chronic low back pain were
screened. 38 fulfilled the inclusion criteria and
were recruited for the study. 6 subjects found
the department too far from their residence &
other 2 went out of town in the middle of treat-
ment. Thus 8 dropped out from the study &
remaining 30 completed the treatment protocol.
11 (37%) participants were men. 19 (63%) par-
ticipants were women. There was no significant
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difference between the groups (p= 0.75) with
respect to age. Baseline outcome measures
were checked for normal distribution. Indepen-
dent samples t-test was applied between the
groups & there was no statistically significant
difference in all baseline outcome measures
except TrA endurance & physical health domain
of WHOQOL-BREF as shown in Table-2.
One-sample t-test was used to compare means

Table 1: Exercise progression.

Weeks Frequency I Time
5 days/week
1* day 5 minutes
1* week
2" & 3" day 10 minutes
4™ & 5" day 15 minutes
2" _ 4™ week 5 days/week 20 minutes

Table 2: Baseline outcome measures in each group.

Group A Group B (Mean
Outcome measure p-value
(Mean + SD) +SD)
NRS AT REST 3.67+1.23 4.13+1.18 0.3
NRS ON ACTIVITY 6.73+0.96 7.07+1.28 0.42
TrA endurance 0 1.2+1.23 0.01
MODI 45.6+11.29 53.07+12.46 0.09
WHOQOI_'-BREF 61.07+11.13 50.27+11.04 0.01
(Domain 1) r =
WHOQOI_'-BREF 64.33+10.14 65.13+8.76 0.81
(Domain 2)
WHOQOI_'-BREF 82.93+10.46 80.80+15.25 0.65
(Domain 3) o h
WHOQO%'BREF 68.6+14.5 63.8+12.88 0.34
(Domain 4)
Overall QOL & 6.6+0.98 5.87+0.99 0.052
general health

pre & post treatment within the groups. Inde-
pendent samples t-test was used to compare
mean difference between the groups. Mean
difference between pre & post scores of
WHOQOL-Domain 3 in both the groups was 0,
so t-test could not be computed. Results are
shown in Table 3 & 4.

Statistical analysis: Statistically significant
difference (p<0.001) was noted for all outcome
measures pre & post treatment in within group
analysis as shown in Table-3. There was statis-
tically non-significant difference (p>0.05) for all
outcome measures in Between group analysis
as shown in Table-4. For Group A, NRS (Numeri-
cal Rating Scale) at rest (95% Cl 2.1 to 3.6), NRS
on activity (95% Cl 3.1 to 4.4), TrA endurance
(95% Cl -3.61 to -2.79), MODI (Modified
Oswestry Disability Index) (95% CI 20 to 29),
physical health (95% Cl -18.80 to -9.33),
psychological health (95% Cl -8.33 to -0.74),
environmental health (95% Cl-11.84 t0-3.75) &
overall QOL & general health domain (95%
Cl-2.06 to -1.26). For Group B, NRS at rest (95%
Cl2t03.7), NRS on activity (95% Cl 2.2t04.2) &
TrA endurance (95% Cl-4.78 to-2.01), MODI (95%
Cl 21 to 31), physical health (95% Cl -23.36
to -10.77), psychological health (95% Cl -7.28
to-1.11), environmental health (95% CI -6.95 to
-5.04) & overall QOL & general health domain
(95% Cl -2.32 to -1.27).

Table 3: Within group analysis Pre & Post treatment for all outcome measures.

Pre- Treatment Post- Treatment
Outcome Measure Group p-value 95% Cl
Mean SD Mean SD
A 3.67 1.23 0.73 0.7 0.001 2.182 to 3.685
NRS at rest
B 4.13 1.18 1.27 1.03 <0.0001 2.034 to 3.699
. A 6.73 0.96 3 0.84 <0.0001 3.056 to 4.410
NRS on activity
B 7.07 1.28 3.87 1.35 <0.0001 2.214 to0 4.186
A 0 0 3.2 0.77 <0.0001 -3.61t0 -2.79
TrA endurance
B 1.2 1.2 4.6 2.32 <0.0001 -4.78 to -2.01
MODI A 45.6 11.29 21.07 7.4 <0.0001 20.05 to 29.01
B 53.07 12.46 26.67 10.21 <0.0001 21.75 to 31.04
X A 61.07 11.13 75.13 7.06 0.001 -18.80t0 -9.33
QOL D1: Physical health
B 50.27 11.04 67.33 5.9 0.001 -23.36 to -10.77
. A 64.33 10.14 68.87 7.41 0.173 -8.33t0 -0.74
QOL D2: Psychological health
B 65.13 8.76 69.33 8.48 0.193 -7.28to -1.11
. . . A 82.93 10.46 82.93 10.46 1
QOL D3: Social relationships
B 80.8 15.25 80.8 15.25 1
. A 68.6 14.5 76.4 10.43 0.102 -11.84 to -3.75
QOL D4: Environmental health
B 63.8 12.88 69.8 12.64 0.209 -6.95 to -5.04
A 6.6 0.986 8.27 0.704 <0.0001 -2.06 to -1.26
Overall QOL & general health
B 5.87 0.99 7.67 0.617 0.001 -2.32to0 -1.27
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Table 4: Between
group analysis for all

outcome measures.

Outcome Measure Group A Group B | p-value 95% Cl
Mean 2.93 2.87
NRS at rest 0.83 -0.576 to 0.709
SD 0.884 0.834
. Mean 3.73 3.2
NRS on activity 0.1 -0.120 to 1.186
SD 0.884 0.862
Mean 3.2 3.43
TrA endurance 0.56 -1.03 to 0.57
SD 0.775 1.284
Mean 24.53 26.4
MODI 0.54 -8.03 to 4.29
SD 8.08 8.39
) Mean 14 17
QOL D1: Physical health 0.346 -10.54 to 4.54
SD 9.99 9.99
. Mean 15.17 15.83
QOL D2: Psychological health 0.818 -4.33 to0 5.00
SD 6.12 6.12
: Mean 15.13 15.87
QOL D4: Environmental health 0.809 -2.31t05.91
SD 5.29 5.29
Mean 15.17 15.83
Overall QOL & general health 0.822 -0.76 to 0.49
SD 0.82 0.82

DISCUSSION

The study showed that treadmill walking &
cycling were equally effective in improving pain,
TrA endurance, disability & quality of life in
subjects with non-specific chronic low back pain.

Effect of treadmill walking & stationary
bicycling on pain: For Group A, statistically
significant improvement in pain is in accordance
with the study by Mirovskya Y et al [37] & for
Group B, it is in accordance with the study by
Hoffman MD et al [38], Smeets RJ et al [39] &
Marshall PW et al [40]. Marshall et al concluded
that 8 weeks of stationary cycling produced
statistically significant improvements in pain
(p <0.05). Hoffman et al concluded that 25 min-
utes of cycling (single-session) significantly
decreased pain ratings (p < 0.05) both 2 and 32
minutes post exercise.

The study showed a significant decrease in pain
scores after 4 weeks in both the groups, which
is in accordance with the study done by Sculco
et al [41], Van der Velde et al [42] & Murtezani
A et al [36]. All the authors employed treadmill
walking or stationary bicycling as the main
intervention, which meant that participants may
have performed either as an intervention.
Murtezani A et al concluded that treadmill walk-
ing or stationary bicycling was more effective
than applied passive modalities in improving
pain intensity (p < 0.001).

According to Childs et al [31], a difference of 2.2
points on the NRS represents a clinically
meaningful change that exceeds the bounds of
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measurement error in subjects with CLBP at
4-weeks of therapy. The present study observed
> 2.2 points (i.e. 30%) reduction in pain [Group
A-2.94 points (i.e. 80%) at rest & 3.73 points
(i.e.55%) on activity & Group B-2.86 points (i.e.
70%) at rest & 3.2 points (i.e. 45%) on activity].
So there is also clinically meaningful improve-
ment (CMI) in addition to being statistically
significant.

A long-term pain-induced inhibition of physical
activity like that induced by CLBP leads to
deconditioning. This deconditioning can
perpetuate the sensation of pain and create a
vicious cycle from which the patient may never
escape [43]. Aerobic exercises such as walking
& cycling use continuous, rhythmic movement
of large muscle groups to strengthen the
cardiovascular system [44].

Pain reduction mechanism: Walking provides
a low compression cyclical load and results in
lower spine torques & muscle activity that may
enhance disc nutrition [45] and the ability to
adapt to spinal loading [46].

This increases the flow of blood and nutrients
to back structures & support healing which in
turn decreases the stiffness in the back and
joints that lead to back pain [47].

Some exercise-associated analgesia is a result
of direct activation of pain inhibiting brain
substrates by type lll and IV afferent nerves [48].
Increased secretion of B -endorphin by the
pituitary gland and by the leukocytes and mac-
rophages in injured tissues also contributes to
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exercise- induced analgesia [49].

Effect of treadmill walking & stationary bicy-
cling on trunk muscle endurance: In a study
by Shnayderman & Katz-Leurer (2012) [50], there
was significant improvement in the trunk flexor
& extensor endurance equally in both treadmill
walking & strengthening group. Mannion AF et
al [25] got significant improvement in muscle
performance in terms of erector spinae activa-
tion & paraspinal (erector spinae) muscle cross-
sectional area mainly due to changes in neural
activation of the lumbar muscles and psycho-
logical changes concerning such as motivation.
Individuals with greater levels of muscular
strength and endurance tend to have fewer
spinal problems [52]. Theoretically, better
recruitment of transversus abdominis can be a
precursor for long-term pain reduction in chronic
non-specific LBP [52].

Aerobic fitness increases the strength and
flexibility of the lumbar musculature, ensuring
lumbar stability [27]. It is easier to control weight
or lose weight, decreasing the stress placed on
the spine structures and joints [47].Large inter-
individual differences in abdominal muscle
activation [53] have been observed after super-
vised exercise for LBP. The amplitude of muscle
activity is greater on treadmill walking compared
to over-ground which indicates that more motor
units are recruited during the contraction. This
can be helpfulin prescribing the appropriate type
of exercise especially for patients with core
muscle weakness [54].

Effect of treadmill walking & stationary bicy-
cling on disability: Significant decrease in MODI
score pre & post intervention for Group A is in
accordance with the study by Shnayderman land
Katz-Leurer M & for Group B is in accordance
with the study by Smeets et al. [39] & for both
the groups is in accordance with the study done
by Van der Velde et al, Mannion et al &
Murtezani et al. They employed either treadmill
walking or stationary cycling. According to Fritz
& Irrgang [33], a difference of 6-13% point on
the modified Oswestry represents a clinically
meaningful change that exceeds the bounds of
measurement error in subjects with CLBP at
4-weeks of therapy. The present study observed
> 13 % points for reduction in disability (Group
A-55% points & Group B-50% points). So there
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is also clinically meaningful improvement (CMI)
in addition to being statistically significant.
According to Saltin et al cycling activates large
muscle groups that lead to a relatively steep rise
in muscle temperature that reaches a plateau
after 10-20 minutes [55]. Increased muscle tem-
perature may increase muscle extensibility [56].

Effect of treadmill walking & stationary bicy-
cling on quality of life: Quality of life depends
on a patient’s physical, psychological and
social responses to a disease and its treatment
[57]. Statistically significant difference
(p<0.001) was found for physical health &
overall QOL & general health domain for both
Groups A & B. The other 3 domains i.e.
psychological health, social relationships &
environment showed statistically insignificant
difference (p>0.05) within the groups as well as
between the groups. Studies on QOL in chronic
diseases including CLBP points to factors such
as chronicity, seriousness of the episode, stress
and depression that reduce the QOL [57].

Psychological factors such as anxiety & depres-
sion may have a larger impact on disability and
quality of life than pain itself [17,18].
Chatzitheodorou et al (2007) [58] & Murtezani
et al obtained statistically as well as clinically
significant improvement (p<0.001) in psychologi-
cal strain (anxiety & depression) which relates
to overall QOL & general health. Mannion et al
concluded that low-impact aerobic exercises
significantly reduced fear avoidance belief score
(p=0.009). Thus it can be postulated that
exercise modifies psychological stress reactiv-
ity & reduces negative affective states [59].

The physiological effects of aerobic exercise are
not only confined to musculoskeletal function.
Aerobic exercise, acts on most body systems;
therefore, being effective in changing clinical
symptoms [58].

The present study also included stretching of leg
& trunk muscles as part of cool down exercise.
Stretching, strengthening and cardiovascular
(aerobic) conditioning exercises are components
of any good exercise session in the management
of chronic pain. Patients report that introducing
regular stretching is extremely helpful. Thus
aerobic exercise and the promotion of an active
lifestyle proved to be beneficial [60].
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CONCLUSION

Treadmill walking & stationary cycling done at
moderate intensity (13-14 RPE) for 4 weeks are
equally effective in reducing pain & disability &
improving Transversus Abdominis endurance &
health-related quality of life in combination with
isometric back & abdominal exercise &
hot-packs in subjects with non-specific chronic
low back pain.

Limitations: The study lasted 4 weeks. Possi-
bly, a longer intervention could indicate signifi-
cant difference in the effects of the two groups.

Future recommendations: Treadmill walking &
stationary cycling offers a relatively cost-effec-
tive way to target back pain & decreased
muscular endurance of the trunk muscles. The
effects of treadmill walking & stationary cycling
observed in non-specific CLBP can be further
used to treat specific cases of LBP according to
flexion or extension bias experienced by the
subjects.

ABBREVIATIONS

CLBP - Chronic low back pain

TrA - Transversus Abdominis

FITT - Frequency, Intensity, Time, Type

NRS - Numerical Rating Scale

MODI - Modified Oswestry Disability Index
WHO-QOL - World Health Organization Quality
of Life

RPE - Rate of Perceived Exertion

ES - Effect size

CMI - Clinically Meaningful Improvement

ACKNOWLEDGEMENTS

We are heartily grateful to the staff & manage-
ment of S.B.B college of Physiotherapy,
Ahmedabad for their invaluable help & coopera-
tion during the study.

Conflicts of interest: None
REFERENCES

[1]. Lively MW. Sports medicine approach to low back
pain. South Med Journal. 2002; 95, 642—-646.

[2]. VanTulder M, Becker A, Bekkering T, Breen A, Del RM,
Hutchinson A, et al. Chapter 3. European guidelines
for the management of acute nonspecific low back
pain in primary care. European Spine Journal 2006;
15(Suppl 2):169-91.

[3]. Cailliet R. Understand your backache- A guide to
prevention, treatment & relief. F A Davis Co; 1984.

Int J Physiother Res 2018;6(5):2848-56.

ISSN 2321-1822

[4]. National Institute for Health and Clinical
Excellence (NICE). Low back pain: early management
of persistent non-specific low back pain (Clinical
guideline 88). 2009.

[5]. Woolf A.D, Flegar P. Burden of major musculoskel-
etal conditions; Bulletin of World Health Organiza-
tion; 2003; 81: 646-656.

[6]. Koes B. Diagnosis and treatment of low back pain.
BMJ. 2006; 332: 1430-1434.

[7]. Suryapani R. Backache, borne of modern lifestyle.
The Tribune. 1996; 6 Nov, P. 16.

[8]. Gilkey D, Keefe T, Peel J, Kassab O, Kennedy C. Risk
factors associated with back pain: A cross-sec-
tional study of 963 college students. Journal of
Manipulative and Physiological Therapeutics.
2010;33:88-95.

[9]. Braddom RL. Physical medicine & Rehabilitation.
Elsevier. 2007; 41: 900.

[10]. Andersson GB: Epidemiological features of chronic
low-back pain. Lancet 1999; 354(9178):581-585.

[11]. Bongers PM, de Winter CR, Kompier MA, et al. Psy-
chosocial factors at work and musculoskeletal dis-
ease. Scand J Work Environ Health. 1993; 19:297—-
312.

[12]. Panjabi, M.M. (1992): The stabilizing system of the
spine: Part 1 (pages 383-89) & Part Il (pages 390-
396). Journal of Spinal Disorders, 5; discussion 397.

[13]. Ferreira PH, Ferreira ML, Maher CG, Refshauge K,
Herbert R, Hodges PW. Changes in recruitment of
transversus abdominis correlate with disability in
people with chronic low back pain. BrJ Sports Med.
published online 26 May 2009;doi:10.1136/
bjsm.2009.061515.

[14]. Hodges PW, Richardson CA. Inefficient muscular
stabilization of the lumbar spine associated with
low back pain: A motor control evaluation of trans-
versus abdominis. Spine. 1996; 21:2640-50.
10.1097/00007632 199611150 00014

[15]. Barr KP, Griggs M, Cadby T: Lumbar stabilization:

Core concepts and current literature, part 1. Am J

Phys Med Rehabil. 2005; 84:473-480.

Hodges, PW. (1999): Is there a role for the abdominis

in lumbo-pelvic stability. Manual therapy, 4, 74-86.

[17]. Scholich SL et al. The relationship between pain,
disability, quality of life and cognitive-behavioural
factors in chronic back pain. Disability and Reha-
bilitation. 2012; November, Volume 34, Number 23,
1993-2000(8) d0i:10.3109/09638288.2012.667187

[18]. Gutke A, Ostgaard HC and Oberg B. Pelvic girdle
pain and lumbar pain in pregnancy: a cohort study
of the consequences in terms of health and func-
tioning. Spine (Phila Pa 1976) 2006; 31: E149-E155.

[19]. Moldofsky H, Lue FA. Disordered sleep, pain, fatigue

and gastrointestinal symptoms in fibromyalgia,

chronic fatigue and irritable bowel syndromes. New

York: Elsevier Science Publishers; 1993.

Williamas AC, Nicholas MK, Richardson PH, Pither

CE, Justins DM, Chamberlain JH, et al. Evaluation of

a cognitive behavioral program for rehabilitating

patients with chronic pain. Br J General Pract. 1993;

43:513-8.

[16].

[20].

2854



Shikha C Chulliyil, Megha S Sheth, Neeta J Vyas. EFFECT OF TREADMILL WALKING VERSUS STATIONARY CYCLING ON PAIN, TRANSVERSUS
ABDOMINIS ENDURANCE, DISABILITY & QUALITY OF LIFE IN NON-SPECIFIC CHRONIC LOW BACK PAIN: A QUASI EXPERIMENTAL STUDY.

[21].

[22].

Weiner DK, Haggerty CL, Kritchevsky SB, Harris T,
Simonsick EM, Nevitt M, Newman A. How does low
back pain impact physical function in independent,
well-functioning older adults? Evidence from the
Health ABC Cohort and implications for the future.
Pain Medicine 2003, 4(4):311-320.

Jacobs JM, Hammerman-Rozenberg R, Cohen A,
Stessman J. Chronic back pain among the elderly:
prevalence, associations, and predictors. Spine
2006, 31(7):E203-207.

[23]. Smeets RIEM, Wade D, Hidding A, et al. The associa-

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

tion of physical deconditioning and chronic low
back pain: a hypothesis oriented systematic review.
Disability Rehabil 2006; 28: 673 — 93.

Smeets RJEM, Vlaeyen JWS, Kester ADM, et al. Re-
duction of pain catastrophizing mediates the out-
come of both physical and cognitive-behavioral
treatment in chronic low back pain. J Pain 2006; 7:
261 -71.

Mannion AF, Muntener M, Taimela S, et al. A
randomised clinical trial of three active therapies
for chronic low back pain. Spine 1999; 24: 2435 48.
Leeuw M, Goossens MEJB, Linton SJ, et al. The fear-
avoidance model of musculoskeletal pain: current
state of scientifi c evidence. J Behav Med 2007; 30:
77 - 94.

Shiple BJ. Treating low-back pain. Exercise knowns
and unknowns. The Physician and Sports Medicine.
1997; 25.

Kisner & Colby. Therapeutic exercise: Foundations
& Techniques. 5" edition. Philadelphia: F.A. Davis
Company; 2007.

Cairns M, Harrison K, Wright C. Pressure biofeed-
back: a useful tool in the quantification of abdomi-
nal muscular dysfunction? Physiotherapy 2000;
86:127-38.

Jensen MP, McFarland CA. Increasing the reliability
and validity of pain intensity measurement in
chronic pain patients. Pain 1993; 55(2): 195-203.

Childs JD, Piva SR, Fritz JM. Responsiveness of the
numeric pain rating scale in patients with low back
pain. Spine (Phila Pa 1976). 2005 Jun 1;30(11):1331-
4

[32]. Delitto A, Erhard RE, Bowling RW. A treatment-based

[33].

[34].

classification approach to low back syndrome: iden-
tifying and staging patients for conservative man-
agement. Phys.Ther. 1995; 75:470-489.

Fritz JM, Irrgang JJ. A Comparison of a Modified
Oswestry Disability Questionnaire and the Quebec
Back Pain Disability Scale. Phys Ther 2001; 81:776-
788.

Kopec JA, Esdaile JM. Functional disability scales
for back pain. Spine 1995; 20:1943-1949.

[35]. The WHOQOL group. WHOQOL-BREF: Introduction,

Administration, Scoring and Generic Version of the
Assessment. Field Trial Version. Geneva: WHO;
1996.

[36]. Murtezani et al. A comparison of high intensity aero-

Int J Physiother Res 2018;6(5):2848-56.

bic exercise and passive modalities for the treat-
ment of workers with chronic low back pain: RCT.
Eur J Phys Rehabil Med 2011; 47: 359-66.

ISSN 2321-1822

[37].

Mirovsky Y et al. The effect of ambulatory lumbar
traction combined with treadmill on patients with
chronic low back pain. Journal of Back and Muscu-
loskeletal Rehabilitation. 2006; 73-78.

[38]. Hoffman MD et al. Experimentally induced pain per-

[39].

[40].

ception is acutely reduced by aerobic exercise in
people with chronic low back pain. J Rehabil Res
Dev. 2005 Mar-Apr; 42(2):183-90.

Smeets RJ et al. Active rehabilitation for chronic
low back pain: Cognitive-behavioral, physical, or
both? First direct post-treatment results from a
randomized controlled trial. BMC Musculoskeletal
Disorders. 2006; 7:5.

Marshall PW et al. Pilates Exercise or Stationary
Cycling for Chronic Nonspecific Low Back Pain: Does
it Matter? A Randomized Controlled Trial with 6-
Month Follow-up. Spine 2013; 38:E952—-E959.

[41]. Sculco AD, Paup DC, Fernhall B, et al. Effects of aero-

[42].

[43].

[44].

[45].

[46].

[47].

[48].

[49].

[50].

bic exercise on low back pain patients in treatment.
Spine J 2001 Mar-Apr; 1(2):25-101.
Van der Velde G, Mierau D. Effect of exercise on
percentile rank aerobic capacity, pain, and self-
rated disability in patients with chronic low-back
pain: a retrospective chart review. Arch Phys Med
Rehabil 2000; 81:1457-63.
Duque |, Jose’-Herna’'n Parra, Duvallet A. Maximal
aerobic power in patients with chronic low back
pain: a comparison with healthy subjects. Eur Spine
Journal. 2011. 20:87-93. DOI 10.1007/s00586-010-
1561-0.
American Academy of Orthopaedic Surgeons. Low
Back Pain Exercise Guide. [Internet] 2007 July.
Hendrick P, Wake AM, Tikkisetty AS, Wulff L, Yap C
and Milosavljevic S. The effectiveness of walking
as an intervention for low back pain: a systematic
review. Eur Spine J. 2010 October; 19(10): 1613-
1620.
McGill S. Normal and injury mechanics of the lum-
bar spine. In: Low back disorders: evidence-based
prevention and rehabilitation. Champaign: Human
Kinetics; 2002:87-136.
Ullrich PF. Low-impact Aerobic Exercise. Neuro Spine
Center of Wisconsin: Spine-Health; 2009 June 15.
Droste C. Transient hypoalgesia under physical
exercise: relation to silent ischaemia for cardiac
rehabilitation. Annals of Academic Medicine in
Singapore. 1992; 21:23-33.
Borer KT. Exercise Endocrinology. Champaign,
IIl: Human Kinetics; 2003:77-95.
Ilana Shnayderman and Michal Katz-Leurer. An aero-
bic walking programme versus muscle strengthen-
ing programme for chronic low back pain: a ran-
domized controlled trial back pain: a randomized
controlled trial. Clin Rehabil published online 31
July 2012 DOI: 10.1177/0269215512453353.

[51]. Cady, L.D, Bischoff, D.D.; O’Connell, E.R. Strength and

[52].

fitness and subsequent back injuries in firefighters.
1979.

Monica et al. Is Activation of Transversus Abdominis
and Obliquus Internus Abdominis Associated With
Long-term Changes in Chronic Low Back Pain? A

2855



Shikha C Chulliyil, Megha S Sheth, Neeta J Vyas. EFFECT OF TREADMILL WALKING VERSUS STATIONARY CYCLING ON PAIN, TRANSVERSUS
ABDOMINIS ENDURANCE, DISABILITY & QUALITY OF LIFE IN NON-SPECIFIC CHRONIC LOW BACK PAIN: A QUASI EXPERIMENTAL STUDY.

Prospective Study with 1-Year Follow-up. Br J Sports
Med. 2012; 46(10):729-734.

[53]. Vasseljen O, Fladmark AM. Abdominal muscle con-

[54].

[55].

[56].

traction thickness and function after specific and
general exercises: a randomized controlled trial in
chronic low back pain patients. Man Ther 2010; 1
5:482-9.

Mazaheri R, Sanjari MA, Radmehr G, Halabchi F,
Angoorani H. The Activation Pattern of Trunk and
Lower Limb Muscles in an Electromyographic As-
sessment; Comparison between Ground and Tread-
mill Walking. Asian Journal of Sports Medicine.
2016; 7(3):e35308. d0i:10.5812/asjsm.35308.
Saltin et al. Muscle temperature during submaximal
exercise in man. J Appl Physiol. 1968 Dec; 25(6):679-
88.

Noonan et al. Thermal effects on skeletal muscle
tensile behavior. Am J Sports Med. 1993 Jul-Aug;
21(4):517-22.

[57]. WHOQOL Group. Development of the World Health

Int J Physiother Res 2018;6(5):2848-56.

Organization WHOQOL-BREF quality of life assess-
ment. Psychological Medicine 1998; 28: 551-558.

[58].

[59].

[60].

Chatzitheodorou D, Kabitsis C, Malliou P, Mougios
V. A pilot study of the effects of high-intensity aero-
bic exercise versus passive interventions on pain,
disability, psychological strain, and serum corti-
sol concentrations in people with chronic low back
pain. Phys Ther. 2007; 87:304-312.

Natale V, Shephard R. Interrelationships between
acute and chronic exercise and the immune and
endocrine systems. In: Warren M, Constantini N,
eds. Sports Endocrinology. Totowa, NJ: Humana Press
Inc; 2000:281-301.

Faas A et al. Exercises: which ones are worth trying,
for which patients, and when? Spine. 1996; 21:
2874-2879.

(How to cite this article:

-

Shikha C Chulliyil, Megha S Sheth, Neeta J Vyas. EFFECT OF TREADMILL
WALKING VERSUS STATIONARY CYCLING ON PAIN, TRANSVERSUS
ABDOMINIS ENDURANCE, DISABILITY & QUALITY OF LIFE IN NON-SPECIFIC
CHRONIC LOW BACK PAIN: A QUASI EXPERIMENTAL STUDY. IntJ Physiother
Res 2018;6(5):2848-2856. DOI: 10.16965/ijpr.2018.159

~

_/

ISSN 2321-1822

2856



