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function, pain level, and body compeosition in chronic
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The beneficial effects of a strength exercise program and a combined
exercise program of strength training plus walking were examined in
overweight with chronic back pain patients. The participants were ran-
domly placed in the strength exercise group (SEG, n=15), combined ex-
ercise group (CEG, n=15), and control group (CG, n=6). All subjects
performed exercise twice per week, 50 min per session with a profes-
sional instructors for 12 weeks. In order to evaluate exercise interven-
tion effects, lumbar function was measured by back strength and flexi-
bility. Roland-Morris disability questionnaire (RMDQ) and visual ana-
logue scale (VAS) were used to evaluate pain level. Fat and muscle
mass were measured to compare body composition changes. All mea-
surements were performed before and after 12 weeks of exercise pro-
gram. Lumbar function: Back strength was significantly different over
time, and significant time x group differences were found between SEG

INTRODUCTION

Back pain is defined as overall pain from the second lumbar
vertebra to the sacroiliac joints, and is a common lifetime health
disorder (Hanney et al., 2016). In general, up to 84% of the gen-
eral population report at least one episode of low back pain in
their lifetime (Hoy et al., 2012), and it will resolve within 2 to 4
weeks. However, recurrent episode have been reported as 25%
(Smith et al., 2013). Therefore, chronic back pain patients partici-
pate in very limited physical activity with limited usage of mus-
cles, resulting in reduction and atrophy. Back pain is classified as
(a) acute pain i.e. pain lasting less than 6 weeks; (b) subacute pain
i.e., pain that lasts for 6-12 weeks;, and (c) chronic pain i.e., pain

and CG and, CEG and CG. Pain disorder degree: VAS showed a signifi-
cant group difference, and significant time x group differences were
shown between SEG and CG, and CEG and CG. Also, RMDG showed a
significant difference between CEG and CG. Body composition: Fat
mass was significantly different over time x group between SEG and
CG. In conclusion, participating in strength and walking exercises were
beneficial to improve lumbar function. Also, the combined exercise pro-
gram was more effective for reducing pain levels than the strength ex-
ercise. Finally, fat mass was reduced in this study and this may play a
possible role in the improvement of lumbar function and reduction in
low back pain.
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that persists for more than 12 weeks (Wheeler, 1995). Most
chronic back pain patients experience fear of pain, and hence tend
to avoid physical activity, which results in tissue and structural
changes. Ultimately, continuous back pain persists during their
lifetime (Parkkola et al., 1993), and consequently, this causes sec-
ondary damage or recurrence of back pain (Deyo et al., 1990).
Surgical treatment, medication, physical therapy, and exercise
have been proposed as treatments for low back pain. Pain causes
jerky movements thus destabilizing the segmental spinal struc-
ture. This causes repetitive damage and degenerative changes in
the muscles, discs, and posterior joints due to spinal flexion, ex-
tension, lateral flexion, rotation, and repetitive behaviors (Cailliet,
1998). Therefore, in the past conservative physical therapies such
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as hyperthermia, electrical, and traction therapies were applied
but, exercises that involve the use of the lumbar muscles have
been strongly recommended for a better solution. The effects of
lumbar muscle exercise are various depending on exercise time,
frequency, and types (Kofotolis and Sambanis, 2005). However,
comparison studies of different types of exercise are limited, and
effectiveness is hard to evaluate. The previous studies applied spe-
cific exercises with inscruments such as slings, Medx, reformers or
performed in swimming pools as aquatic exercises. These exercise
methods aimed to enhance muscular strength and reduce low
back pain, but these limit patients in terms of spontaneous and
independent practice, without instructors, after the end of the
study participation. In this regard, mat and gym ball for strength
training, and step box were utilized for exercise programs in order
to establish an independent exercise habit after this intervention
study. Walking is known to be convenient, easy, and safe to access
as a primary exercise to reduce low back pain as it does not in-
clude twisting or vigorous forward flexion (National Institute of
Arthritis and Musculoskeletal and Skin Disease, 2014). Me-
ta-analysis study (O’Connor et al., 2015) concluded that walking
could be recommended as an effective form of exercise or activity.
Additionally, walking was more effective than specific strength
exercises or supervised exercise classes, and overground walking
was superior to treadmill walking in adults with chronic low back
pain (Lawford et al., 2016). In the meantime, the degree of obesi-
ty was found to be associated with low back pain (Bayramoglu et
al., 2001; Melissa et al., 2003).

Table 1. Characteristics of subjects

Characteristic SEG CEG CG
Age (yr) 4274134 46.7+8.1 433+99
Height (cm) 169.0+8.3 168.1£9.3 169.3+9.2
Weight (kg) 68.8+11.8 67.6+10.2 80.1+19.9

Body mass index (kg/m?) 243+3.1 241+26 279+44

Values are presented as mean + standard.
SEG, strength exercise group; CEG, combined exercise group; CG, control group.

Table 2. Strength exercise program

Group Order Contents Set RPE
SEG Warm-up (10 min) Stretching - -
Strength training (30 min)  Bridge 35 11-16
Plank
Squat
Push-ups
Back extension
Cool-down (10 min) Stretching - -

Thus, the aim of this study was to verifying the effects of
strength and combined (walking plus strength) exercise programs
on lumbar function, pain level, and body composition in over-
weight adults with chronic lower back pain.

MATERIALS AND METHODS

Participants

The subjects of this study were recruited among overweight pa-
tients (body mass index>23 kg/m?) with chronic back pain at a
Teun-Teun Hospital in Seoul through online and offline promo-
tional materials. Inclusion in this study was limited to people who
had not participated in regular exercise over the previous 6
months. In addition, subjects were selected if it was determined
that they were able to exercise within a limited range of joint mo-
tion. In order to evaluate chronic lower back pain and neurologi-
cal problems, a medical doctor diagnosed lower back pain patients
with X-ray and magnetic resonance imaging results. Subjects
were randomly placed in the strength exercise group (SEG,
n=15), combined exercise group (CEG, n=15), and control
group (CG, n=06). All subjects signed participation agreements
and their physical characteristics are shown in Table 1.

Exercise program

The strength exercise program for SEG comprises resistance
training, which is performed on a mat or with a gymball. The
combined exercise program for CEG comprise strength exercises
plus walking exercises with a step box. All subjects from the exer-
cise groups performed exercise twice per week, 50 min per session
with a professional instructor, for 12 weeks. The instructor edu-
cated the subject to maintain moderate to somewhat hard intensi-
ty (rate of perceived exertion, 11-16) during the entire exercise
session. The detailed programs for strength and combined exercis-
es are shown in Tables 2, 3.

Table 3. Combined exercise program

Group Order Contents Set RPE

CEG  Warm-up (10 min) Stretching step exercise
Strength training (30 min)  Bridge 35 11-16

Plank
Step exercise
Squat
Push-ups
Step exercise
Back extension

Cool-down (10 min) Stretching step exercise

SEG, strength exercise group; RPE, rate of perceived exertion.
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CEG, combined exercise group; RPE, rate of perceived exertion.
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Measuring methods
Lumbar function

Back strength: Back strength measurement instruments (TKK
5402, Takei Scientific Instruments Co., Nigata, Japan) were used
to evaluate back strength. In order to avoid injury all subjects per-
formed a warm-up, and then the subject stood on a foot plate with
both legs apart about 15 ¢m, and grasped the handle with straight
knees and back. When the subjects were ready, they stretched the
handle backwards using back muscles as much as they could. Tests
were performed twice, and the higher score was recorded.

Flexibiliry: A sit and reach method was used to evaluate back
flexibility. In order to avoid injury all subjects performed a warm-
up. They sat on the ground on bended knees, without shoes with
both arms stretched as much as they could without reactionary
movement. When they did not move for longer than 2 sec, their
score was recorded. They performed this twice and the better score
was recorded.

Pain disorder degree

Disability from lower back pain: The Roland-Morris disability
questionnaire (RMDQ) was used to evaluate the pain disorder de-
gree. This aims to evaluate the disability degree due to lower back
pain in daily life. This questionnaire is composed of 24 questions.
Subjects were asked to choose ‘Yes” or ‘No’ and a score of 1 is as-
signed to ‘Yes'. A higher score denotes a worse degree of pain.

Visual pain scale by visual analogue scale: A visual analogue scale
(VAS) was used to evaluate the degree of lower back pain. Num-
bers from 0 to 100 were recorded on the horizon, and a higher
number denotes stronger pain. The subjects evaluated their degree
of lower back pain subjectively and marked their numbers.

Body composition
Bio electrical impedance analysis (Inbody 370, Inbody, Seoul,
Korea) was used to estimate the amount of fat and muscle. The

Table 4. Changes of lumbar function

subjects were asked not to move or speak during measurements.

Data analysis

The average and standard deviation of all variable data was cal-
culated using IBM SPSS ver. 18.0 IBM Co., Armonk, NY, USA).
Two-way repeated measures analysis of covariance was performed
to evaluate the effects of the 12 weeks period among the three
groups. Age was used as a covariate to eliminate age effects on the
results, and LSD was used as post doc. Statistical significance level
was set at P <0.05.

RESULTS

Lumbar function

The results of lumbar function (back strength and flexibility)
after 12 weeks of exercises between the three groups are shown in
Table 4. Back strength showed a significant different over time
(P <0.040), but group differences were not significant. In addi-
tion, time X group showed a significant difference (P <0.014). Post
doc analysis showed significant differences between SEG and CG,
CEG and CG. These results indicate that 12 weeks of an exercise
program can produce back strength improvement, but differences
between exercise types could not be determined.

Flexibility did not show significant time and group differences.
However, time X group difference was significant (P <0.038). Post
hoc analysis showed significant differences between SEG and CG,
and CEG and CG. These results indicate that 12 weeks of an exer-
cise program can improve flexibility but which exercise types are
better could not be differentiated.

Pain disorder degree

Degree of pain disorder (RMDQ and VAS) after 12 weeks of
exercises between the three groups are shown in Table 5.

VAS showed no significant time differences, but group differ-

Variable Group Pre Post F P-value LSD
Back muscle strength (kg) SEG 52.3+253 81.8+27.0 Time 4.607 0.040%

CEG 46.8+18.2 78.0+26.3 Group 1.157 0.328

CG 80.8+31.6 84.3+334 Timex group 4973 0.014* CG< SEG, CEG
Sit-and-reach (cm) SEG 43+103 102+109 Time 3.307 0.079

CEG 20+£108 7.7+83 Group 0.361 0.700

CG 6.7+5.2 6.0+4.8 Time x group 3.685 0.038* CG<SEG, CEG

Values are presented as mean + standard.

SEG, strength exercise group; CEG, combined exercise group; CG, control group; LSD, Fisher least significant difference.

*P<0.05, statistically significant.
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Table 5. Changes of pain disorder level

Variable Group Pre Post F P-value LSD
VAS SEG 3234149 220113 Time 0417 0.524

CEG 453+148 33.1+£200 Group 34% 0.044*

CG 242+92 358+17.2 Time x group 4471 0.020* CG<SEG, CEG
RMDQ SEG 3837 1.1£09 Time 0.102 0.751

CEG 6.3+48 1821 Group 2.668 0.086

CG 08+12 1716 Time x group 3463 0.045* CG<CEG

Values are presented as mean + standard.

VAS, visual analogue scale; RMDQ, Roland-Morris disability questionnaire; SEG, strength exercise group; CEG, combined exercise group; CG, control group; LSD, Fisher least

significant difference.
*P<0.05, statistically significant.

Table 6. Changes of body composition

Variable Group Pre Post F P-value LSD
Muscle (kg) SEG 46.4+9.1 487+92 Time 0.313 0.580

CEG 46.6+10.3 48.0+10.3 Group 0.068 0.935

CG 50.8+133 51.8+132 Time x group 3.149 0.058
Body fat (kg) SEG 196+5.6 17.2+4.8 Time 0.067 0.797

CEG 18.2+6.7 17.0+6.6 Group 3.345 0.049*

CG 26.0+8.1 257+74 Timexgroup 3464 0.045* CG<SEG

Values are presented as mean + standard.

SEG, strength exercise group; CEG, combined exercise group; CG, control group; LSD, Fisher least significant difference.

*P<0.05, statistically significant.

ences were significant (P <0.044). Timex group difference on
VAS was significant (P <0.020). Posz hoc analysis showed signifi-
cant differences between SEG and CG, and CEG and CG. These
results indicate that performing 12 weeks of exercise programs are
effective in reducing subjective pain scores; however, there was no
difference between the exercise programs.

Time x group difference on RMDQ was significant (P < 0.045).
Post hoc analysis showed significant differences between CEG and
CG. These results indicate that 12 weeks of combined exercise
program can produce subjective pain relief.

Body composition

The changes in body composition (fat and muscle mass) after
12 weeks of exercises between the three groups are in shown Table
6. Muscle mass (kg) showed no time and group differences, nor
was there a time x group difference. These results indicate that 2
types of exercise were not able to produce muscle mass difference.

Fat mass (kg) showed no significant time difference, but group
difference was significant (P <0.049). In addition, time x group
difference showed significant differences (P < 0.045) between SEG
and CG. These results indicate that strength exercise programs are
able to produce a positive effect on fat mass reduction.
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DISCUSSION

Lumbar function

Recurrence of chronic back pain is known to be due to imbal-
anced and weak muscles compared to people without pain. In ad-
dition, a lowered proprioceptive function leads to lower position
sense, resulting in lumbar balance problems and lower back pain
(O'Sullivan et al., 2003). In this regard, this study was designed to
reduce lower back pain with two different exercise types. Both
SEG and CEG showed significant improvement in lumbar func-
tion (back strength and flexibility), but the types of exercise did
not result in significant differences. A previous meta-analysis re-
ported that overground walking was supetior to treadmill walking
in improving disability status, function, and quality of life in
adults with chronic back pain (Lawford et al., 2016). In our study,
exercise programs were performed in an indoor classroom and a
step box was utilized in the walking exercise. Our results support
the evidence implying that combined walking exercise is superior
to walking alone (Lawford et al., 2016). Also, our positive results
with walking are related with the previous results that aerobic ex-
ercise may increase the blood flow and nutrients to the soft tissues
in the back and improved the healing process and reducing stift-
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ness (Ullrich, 2016). Thus, our results suggest that indoor walking
is also effective in the improvement of back pain related health
problems. Various studies have shown that core exercise, muscle
strength, lumbar stability, flexibility and low back pain are interre-
lated. Core strength is associated with lumbar instability (Willson
et al., 2005) and lumbar instability reduces the flexibility of the
lumbar spine (Cho et al., 2014). Also, the deep abdominal muscles
including the superficial muscles, transversus abdominis muscle,
and multifidus are important to reduce back pain (Amit et al.,
2013). Stability exercise also has been shown to be effective in non-
specific chronic low back pain patients, and lumbar stabilization
programs enhances the stability of the spine (Hicks et al., 2005).

However, muscular strength improvement was not always ac-
companied by relief of lumbar pain (Koumantakis et al., 2005;
MacDonald et al., 2006). This indicates that exercises for strength
and flexibility together with some other strategy are required for
pain relief. In order to maximize strength and flexibility enhance-
ment in this study the exercise programs were recomposed every
4 weeks. Each stage was programmed as core stability, strength,
and power-balance training, and the instructor emphasized of the
subject’s proper exercise intensity and gradually improved it every
4 weeks. This strategy may be able to maximize muscle stimula-
tion, contraction, and strength. Although a subjective intensity
scale from the instructor was used, and this may contribute im-
proved muscular strength. Importantly, the reprograming method
may help to maintain a subject’s motivation, which is a crucial
factor in engagement with and completion of exercise interven-
tion programs (Sevil et al., 2015; Viljoen and Christie, 2015).

Pain disorder degree

In lower back pain, muscles around the spine are contracted or
have atrophied and this reduces the function of active supporting
structures. Also, due to the repeated transfer of external forces,
such as a pedestrian on their spine, ongoing stress accumulates.
This deepens the instability of the spine and leads to chronic back
pain (McConnell, 2002). In order to prevent recurtence of the
back pain, flexibility of the waist and strengthening of the ab-
dominal muscles has been suggested (Hwangbo et al., 2015).
Acute pain relief also has been shown after manual and pharmaco-
logical therapies in chronic back pain patients. However, a long-
term effect is more beneficial for patients, and this may be accom-
panied by muscle and ligament training. For this reason, exercise
training such as Williams exercises, McKenzie exercises, extension
exercises, aerobic and aquatic exercises and yoga have been devel-
oped and applied. These aimed to improve flexibility and muscle

https://doi.org/10.12965/jer.1632650.325

strength, but they also apply excessive mechanical stress on the
lumbar area. This causes little or relatively lower improvement in
pain (Henchoz and Kai-Lik, 2008; Lee et al., 2015). Therefore, in
our study various muscle-strengthening programs were designed
and applied periodically so that different external stresses stimu-
late the lumbar muscle. In our study, both exercise groups showed
a positive interaction effect of time by group by VAS and RMDQ
tests. These results indicate that performing exercise has to be
considered to relieve low back pain. Positive exercise effects have
been shown with cycle ergometry exercise (Hoffman et al., 2005),
individualized tailored aerobic exercise (Chan et al., 2011), run-
ning exercise (Chatzitheodorou et al., 2008), and stabilization ex-
ercise (Inani and Selkar, 2013; Sarabon et al., 2011).

In our study, walking exercise was included in CEG, and this
group showed both VAS and RMDQ score improvements. In
CEG, two sessions of step box walking for 5 min included be-
tween muscle exercises during the 30 min exercise programs. Be-
cause, continuous walking for 10 min produces loss of interest
and motivation, and distraction of patients’ concentration, we as-
sumed the workout effects would be reduced. In addition, walk-
ing with a step box requires more muscle power in the lower ex-
tremities and spine area due to climbing and down motion move-
ments compared with simple walking. This contributed to mobi-
lization and developed muscle strength resulting in reduced pain
levels. Also, walking exercise was performed as an aerobic exercise
and it increases the production of endorphins, which bind to the
opiate receptors in the pain control system in the brain and spinal
cord to decrease the perception of pain (Kenny et al., 2012).

Our results emphasize not only performing exercise, but also
that exercise program configuration to maximize muscle strength
and power, and mode of walking exercise are important factors in
reducing low back pain.

Body composition
Chronic low back pain is caused by anatomical configuration
changes in the muscles around the spine. Additionally, it is in-
duced by a decrease in the muscle cross sectional area, and fat ac-
cumulation in the muscle (Silfies et al., 2005). Therefore, in order
to improve muscle contraction ability and prevent atrophy, mus-
cle training on trunk and abdominal muscles, extension and ex-
ternal muscles of the hip are recommended (Adams et al., 2002).
The association between body composition, low back pain, and
disability has been examined that low back pain was shown to be
associated with significant improvement of body composition
such as weight, body mass index, body fat percentage, and skele-
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tal muscle mass (Baena-Beato et al., 2014). These results imply
that positive changes to manage one’s body composition compo-
nents may reduce the risk of back pain. In our study, muscle mass
did not show significant interaction effect of time by group. Exer-
cise intensity, time, sequence, and types in our study were de-
signed for overweight back pain patients and these probably were
not enough to produce significant improvements after 12 weeks.
However, body fat mass showed significant differences by group,
and interaction effect of time by group. These results imply that
walking with a strength exercise program may be suitable for pre-
vention of lower back pain. Recent meta-analysis (Shiri et al.,
2010), cross-sectional and prospective studies (Heuch et al., 2013;
Nilsen et al., 2011) support the above relationships. A cohort
study (Heuch et al., 2015) also reported that increased body
weight was associated with back pain. This report suggests that
proper body weight management with exercise is recommended
for lower back pain prevention.

A heavy mechanical load, i.e., body weight, may apply greater
compressive forces on the structures of the lumbar spine (Shiti et
al., 2010), and this can be a possible mechanism for the relation-
ship between body composition components and low back pain.
Structural modifications involving disc degeneration (Liuke et al.,
2009) is associated with increasing load. In addition, limited spi-
nal mobility in overweight individuals affects blood supply to the
lumbar region, and adiposity (Kauppila et al., 1997). Fat tissue is
generally known to be associated with elevated cytokines (Tilg
and Moschen, 2006), and activated pro-inflammation. This mech-
anism is a final cause of low back pain. In the meantime, although
the data and results are not provided in this paper, a researcher
conducted personal interviews after completion of the exercise ses-
sions. We found and concluded that emotional and psychological
factors with participation of exercise programs also contribute to
relief of back pain.

In summary, performing exercise rather than exercise type is a
major contributing factor to improving lumbar function. Com-
bined exercise programs, e.g., walking with a step box and
strength exercises, are more effective for reducing pain levels than
strength exercise alone. Lastly, fat mass was reduced in this study
and this may play a possible role in the improvement of lumbar
function and reduction in low back pain.
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