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Abstract

Purpose The objective of this study was to evaluate the

effects of an exercise program focusing on muscle

stretching and endurance training on the 12-month inci-

dence of low back pain (LBP) in office workers.

Methods A 12-month prospective cluster-randomized

controlled trial was conducted in healthy office workers

with lower-than-normal trunk extension flexibility or trunk

muscle endurance. Healthy office workers (n = 563) were

randomly assigned at the cluster level into either inter-

vention (n = 282) or control (n = 281) groups. Partici-

pants in the intervention group received an exercise

program that included daily stretching exercise and twice-

a-week muscle endurance training. Those in the control

group received no intervention. The 12-month incidence of

LBP was the primary outcome. Secondary outcome were

pain intensity, disability level, and quality of life and health

status. Analyses were performed using the Cox propor-

tional hazard models.

Results Over the 12-month follow-up, 8.8 % of partici-

pants in the intervention group and 19.7 % in the control

group developed incidence of LBP. Hazard rate ratios

showed a protective effect of the exercise program for LBP

(HR = 0.37, 95 % CI 0.22–0.64) after adjusting for

biopsychosocial factors. There was no significant differ-

ence in pain intensity, disability, and quality of life and

health status between those who reported incidence of LBP

in the intervention and control groups.

Conclusion An exercise program consisting of muscle

stretching and endurance training is an effective interven-

tion to reduce incident LBP for office workers with lower-

than-normal trunk extension flexibility or trunk muscle

endurance.

Keywords Musculoskeletal diseases � Exercise therapy �
Disability � Sedentary lifestyle

Introduction

Evidence suggests that exercise therapy can prevent low

back pain (LBP) [1]. However, different occupations are

exposed to different working conditions and that the nature

of the work influences the health of workers [2]. Imple-

menting the same exercise regime for all those employed in

differing occupations to prevent musculoskeletal disorders

would be irrational. Office work is usually requires pro-

longed sitting posture. Lack of movement during sitting

may induce the shortening of soft tissues, which conse-

quently limits the available joint range of movement [3].

Limited joint movement may distort the normal body bio-

mechanics and contributes to musculoskeletal disorders [4].

One previous study showed that female adolescents with

LBP had lower lumbar mobility in all directions than nor-

mal subjects [5]. Stretching exercise can increase the range

of joint movement and encourage circulation and oxygen-

ation in joints, muscles, and muscle tendon units [3, 6].

Prolonged sitting requires the static contraction of pos-

tural muscles, which has been previously identified as a
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risk factor for musculoskeletal disorders [7]. Continuous

low-intensity muscle contraction results in Ca2? accumu-

lation and homeostatic disturbances in the active muscles

due to poor blood circulation and an impaired metabolic

waste removal mechanism [8]. These pathological changes

lead to microlesions, overuse injury, and pain due to

insufficient recovery time [9]. Previous studies demon-

strated that low back muscle endurance was an independent

predictor of LBP in a working population [10] and muscle

endurance training was effective for treating patients with

subacute LBP [11]. The objective of this study was to

evaluate the effect of an exercise program focusing on

muscle stretching and endurance training on the 12-month

incidence of LBP among office workers.

Methods

A prospective cluster-randomized controlled trial with

12-month follow-up was conducted. Subjects were inclu-

ded in the study if aged 18–55 years, working full-time,

and with at least 1 year of experience in the current posi-

tion. Subjects were excluded if they had reported spinal

symptoms in the previous 6 months, reported pregnancy or

had planned to become pregnant in the next 12 months, had

a history of trauma or accidents in the spinal region, or had

a history of spinal, intra-abdominal and femoral surgery in

the previous 12 months. Subjects who had performed

regular exercise or had been diagnosed with congenital

anomaly of the spine, rheumatoid arthritis, infection of the

spine and discs, ankylosing spondylitis, spondylolisthesis,

spondylosis, tumor, systemic lupus erythymatosus, or

osteoporosis were also excluded.

Office workers completed a self-administered question-

naire and receive a physical examination (Fig. 1). Only

those who had lower-than-normal trunk extension move-

ment or trunk muscle endurance were included in the

study. Lower-than-normal cut-off points were set as pre-

viously reported mean scores. Participants were randomly

assigned at the cluster level into either intervention or

control groups. The designation of intervention was per-

formed using computer-generated randomization and con-

cealed from the data collector. Clusters of participants were

located in the same workplaces to avoid contamination of

the intervention and to enhance the compliance within the

intervention group. A total of 12 clusters (6 clusters for the

intervention group and 6 clusters for the control group)

were identified and cluster size ranged from 8 to 79 par-

ticipants. The study was approved by the University

Human Ethics Committee and no change was made to

methods after trial commencement.

The self-administered questionnaire was used to gather

data on individual, work-related physical and psychosocial

factors. Individual factors included gender, age, marital

status, educational level, frequency of regular exercise or

sport, smoking habits, and number of driving hours a day.

Work-related physical factors included current job posi-

tion, number of working hours, and years of working

experience. Respondents were asked about the frequency

of using a computer, performing various activities during

work, and rest breaks. The questionnaire also asked

respondents to self-rate the ergonomics of their worksta-

tions (desk, chair, and position of monitor) and work

environment conditions (ambient temperature, noise level,

light intensity, and air circulation). Psychosocial factors

were measured by the Job Content Questionnaire [12].

Each participant underwent a physical examination

according to standardized protocol and the examiner was

blinded to the identity of group assignments.

1. Waist circumference.

2. Trunk extension flexibility was assessed by the mod-

ified–modified Schöber test. Mean normal range of

trunk extension flexibility is 13.2 cm [13]. A low score

of the test indicates high flexibility of trunk.

3. Erector spinae and Multifidus muscle endurance was

assessed by the Biering-Sörensen test. An ability to

sustain a position for 132 s was considered normal

muscle endurance [14].

4. Transversus abdominis muscle endurance was assessed

by the Transversus abdominis isolation test [15]. An

ability to repeatedly contract the muscles 10 times was

considered normal muscle endurance [15].

5. Quadratus lumborum muscle endurance was assessed

by the Side bridge test. An ability to sustain a position

for 51 (for males) or 35 (for females) seconds was

considered normal muscle endurance [16].

Intervention

Participants in the intervention group received an exercise

program, based on the theoretical effect of prolonged sit-

ting causing pelvic backward rotation and reduced lumbar

lordosis [9]. The exercise program consisted of muscle

stretching and endurance training (see electronic supple-

mentary material). The stretching exercise was designed to

stretch the shortened muscle (i.e. iliopsoas). Participants

hold the muscle in the stretched position for 30 s once and

perform twice each workday at 10 a.m. and 2 p.m. [3]. The

endurance training was designed to increase endurance of

the lengthened muscles (i.e. erector spinae, multifidus,

quadratus lumborum and transversus abdominis) [4]. Par-

ticipants repeatedly contracted each muscle 10 times and

rested 60 s between muscles. Participants performed the

exercise twice a week at home on Wednesday and Sunday.

Participants received a short message via mobile phone at
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10 a.m. daily on a workday during the first 3 months to

remind them to perform the exercise. Participants in the

control group did not participate in any exercise program.

The effectiveness of the exercise program on trunk

movement and trunk muscle endurance was assessed on 40

subjects, who were randomly selected from both the

intervention (n = 20) and control (n = 20) groups.

Assessments of trunk extension flexibility and trunk muscle

endurance were conducted at baseline, and 3-, 6-, 9- and

12-month follow-ups.

Outcome measures

The incidence of LBP was collected using a diary. The area

of the lower back was defined according to the standard-

ized Nordic questionnaire. Participants answered the yes/

Fig. 1 CONSORT flowchart of the study
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no question ‘‘Have you experienced any low back pain

lasting [ 24 h during the past month?’’ If they answered

‘‘Yes’’, follow-up questions about pain intensity measured

by a VAS, and the presence of weakness or numbness in

the lower limbs were asked. In this study, participants were

identified as cases if they answered ‘‘Yes’’ to the first

question, reported pain intensity greater than 30 mm on a

100-mm VAS, and had no weakness or numbness in the

lower limbs. The diaries were collected from participants

every month over a 12-month period. Those who reported

incidence of LBP were asked about their disability level

measured by the RMDQ [17] and quality of life and health

status measured by the Medical Outcome Study Short-

Form Survey version 2.0 (SF36v2) [18].

Statistical analysis

The analysis followed an intention-to-treat approach. The

study was designed to have 80 % power to show a 10 %

difference in the incidence rate of LBP at the one-sided

5 % level between those who received the exercise pro-

gram and those who did not. The incidence of LBP was

expected to be 23 %.

To determine whether trunk movement and trunk mus-

cle endurance varied over time, one-way analysis of vari-

ance (ANOVA) was performed on the intervention and

control groups separately. Tukey post hoc comparison was

employed to determine whether the two selected means

were significantly different from each other. Comparisons

of trunk movement and trunk muscle endurance between

the intervention and control groups at each time point were

conducted using the independent t test.

Kaplan–Meier survival curves and relative risks for the

intervention and control groups were calculated using

survival analysis methodology. Survival time was taken as

the time to incident symptoms. Those participants who left

the study without manifesting the outcome were censored

at the time they left. The two survival curves generated by

the Kaplan–Meier method were compared using the log

rank test.

The Cox proportional hazards model was used to cal-

culate hazard ratios for the intervention with respect to

incident cases for LBP. The covariates of age, gender and

psychological scores were forced into all models to reduce

confounding due to these factors. The other 45 possible

covariates were each examined in multivariate models. If a

tested covariate changed the hazard ratio of the interven-

tion variable by 0.05 or more, it was included in the final,

adjusted model. The clinical measure of numbers needed to

treat was also calculated.

Difference in health outcomes between those reporting

incidence of LBP in the intervention and control groups

were analyzed using independent t tests. All statistical

analyses were performed using SPSS statistical software,

version 17.0 (SPSS Inc, Chicago, IL, USA). Statistical

significance was set at the 5 % level.

Results

The trial started in February 2011 and concluded in March

2013. Figure 1 shows the flow of participants. After ran-

domization, 33 dropped out of the study and the reason

given for dropping out was job change (n = 15) and

insufficient time to exercise (n = 18). Table 1 shows the

baseline characteristics of the participants in both groups.

The mean (SD) of stretching exercise adherence was 149.8

(143.0) sessions, accounting for 31 % of full exercise

adherence. The mean (SD) of endurance training adherence

was between 53.1 (64.4) and 54.9 (64.9) sessions,

accounting for 55–57 % of full exercise adherence

(Table 2).

One-way ANOVA indicated a significant effect of time

on trunk extension flexibility in both intervention

(F4,95 = 2.983, p = 0.023) and control (F4,95 = 4.665,

p = 0.002) groups (Table 3). The post hoc Tukey test

revealed that trunk extension flexibility at baseline was

significantly different from the 6-month and the 9-month

follow-ups in the control group and 12-month follow-up in

the intervention group (p \ 0.05). Comparison of trunk

extension flexibility between the intervention and control

groups at baseline showed no significant difference

(p = 0.565). Trunk extension flexibility in the intervention

group was significantly different from the control group at

the 3-, 6-, 9-, and 12-month follow-ups (p \ 0.05).

One-way ANOVA indicated no significant effect of time

on trunk muscle endurance in both intervention (TrA.;

F4,95 = 2.343, p = 0.060, Rt. Quadatus lumborum;

F4,95 = 0.959, p = 0.434, Lt. Quadatus lumborum;

F4,95 = 2.003, p = 0.100, Erector spinae and multifidus;

F4,95 = 1.607, p = 0.179) and control (TrA.;F4,95 =

1.108, p = 0.357, Rt. Quadatus lumborum; F4,95 = 0.173,

p = 0.952, Lt. Quadatus lumborum; F4,95 = 0.081,

p = 0.988, Erector spinae and multifidus; F4,95 = 1.798,

p = 0.136) groups. Comparison of trunk muscle endurance

between the intervention and control groups at baseline, 3-,

6-, 9-, and 12-month follow ups showed no significant

difference (p [ 0.05).

Over the 12-month follow up, 8.8 % (23/261) of par-

ticipants in the intervention group and 19.7 % (53/269) of

participants in the control group reported the incidence of

LBP. No harm or unintended effect in both groups was

reported. The Kaplan–Meier survival curves for the low

back cohort showed that there was a significant difference

in time to LBP between the intervention and control

groups (log rank test probability = 0.001) (Fig. 2). Using
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Table 2 Mean number of training sessions and adherence percentage ratios among office workers in the intervention group

1–3 month 4–12 month 1–12 month

n Mean ± SD % n Mean ± SD % n Mean ± SD %

Stretching exercise 120 100 360 100 480 100

Iliopsoas 195 53.6 ± 43.6 44.7 175 129.1 ± 114.0 35.9 218 149.8 ± 143.0 31.2

Endurance exercise 24 100 72 100 96 100

Erector spinae and multifidus 157 18.6 ± 20.8 77.5 149 47.0 ± 52.3 65.3 187 53.1 ± 64.4 55.3

Transversus abdominis 161 18.8 ± 21.2 78.3 152 47.9 ± 52.3 66.5 188 54.9 ± 64.9 57.2

Quadratus lumborum 160 18.2 ± 20.6 75.5 150 47.5 ± 52.5 65.0 189 53.1 ± 64.6 55.3

Table 1 Baseline characteristics of participants

Characteristic Mean ± SD p value

Intervention group (n = 282) Control group (n = 281)

Demographic characteristic

Gender: female (%) 65.1 72.8 0.054

Age (years) 37.3 ± 10.1 36.9 ± 10.7 0.711

Weight (kg) 62.1 ± 14.3 60.3 ± 13.1 0.117

Height (cm) 160.9 ± 8.5 160.9 ± 7.4 0.989

Waist circumference (cm) 80.6 ± 13.1 77.7 ± 12.2 0.009*

Education (%) 0.424

Lower than Bachelor’s degree 11.7 9.1

Bachelor’s degree 69.0 72.0

Higher than Bachelor’s degree 19.3 18.9

Exercise frequency in the past 12 months (%) 0.080

Never 25.0 18.5

Occasionally 61.8 68.5

Regularly 12.5 10.5

Not sure 0.7 2.5

Occupational-related characteristic

Duration of employment (years) 12.1 ± 9.2 12.5 ± 10.5 0.636

Working hours per day (hours per day) 7.8 ± 2.2 8.0 ± 3.2 0.458

Working days per week (days per week) 5.0 ± 0.3 4.9 ± 0.6 0.007*

Psychosocial characteristic

Job control 35.5 ± 4.5 34.9 ± 4.7 0.122

Psychological job demand 31.9 ± 4.3 31.8 ± 4.4 0.777

Physical job demand 12.9 ± 2.5 13.2 ± 2.4 0.306

Job security 16.7 ± 1.3 16.6 ± 2.3 0.454

Social support 30.2 ± 4.6 31.2 ± 4.4 0.040*

Hazard at work 16.2 ± 3.7 16.3 ± 3.5 0.724

Physical characteristic

Trunk extension flexibility (cm) 13.1 ± 0.8 13.3 ± 0.8 0.003*

Erector spinae and multifidus endurance (s) 80.8 ± 39.1 79.4 ± 39.7 0.685

TrA endurance (times) 4.4 ± 4.1 4.6 ± 4.1 0.610

Rt. quadratus lumborum endurance (s) 46.2 ± 27.4 46.0 ± 1.9 0.932

Lt. quadratus lumborum endurance (s) 45.9 ± 27.3 44.2 ± 31.6 0.481

* p value \ 0.05
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the Cox proportional hazard model, a protective effect of

the exercise program was found for LBP, in which the

exercise program significantly reduced the risk of inci-

dence of LBP by 60 % (HR = 0.37, 95 % CI 0.22–0.64)

(Table 4). The number needed to treat was nine (95 % CI

6–20), i.e. for every nine participants who received the

exercise program to prevent incident LBP in one

participant.

There was no significant difference in the health out-

comes (i.e. pain intensity, disability, physical health and

mental health) reported by those having LBP in the inter-

vention and control groups (Table 5).

Discussion

Office work usually involves computer use and document

work for long hours, which requires prolonged sitting.

Deconditioning from prolonged sitting may lead to a

reduction in joint mobility and muscle endurance. Evi-

dence suggests that poor lumbar mobility and muscle

endurance are risk factors for LBP [5, 10]. A distinct group

of healthy participants was selected for the present study,

i.e. those with poor trunk extension flexibility or trunk

muscle endurance because they were office workers with

high risk of LBP and will theoretically benefit from the

exercise program. The results revealed that an exercise

program reduced incidence of LBP in healthy office

workers by 60 %. However, the exercise program provided

no benefit for reduction of pain intensity and disability or

maintenance of the quality of life and health status in those

performing the exercises and who, subsequently, experi-

enced LBP.

Previously, Moore et al. [19] found that an exercise

program focusing on balance control and low-back-con-

nected muscle strength training prevented LBP in seden-

tary healthy workers. Hamberg-van Reenen et al. [20]

reported that workers on an 8-week resistance training

program performed the lifting tasks for a longer time

before reporting considerable discomfort than those in the

control group. However, Andersen et al. [21] found that all-

round physical exercise did not provide a greater pre-

ventive effect on LBP than a reference intervention among

office workers.

The effectiveness of exercise for patients with chronic

LBP depends on their exercise adherence [22]. The results

showed that participants’ adherence to the exercise pro-

gram was quite low (31 % for stretching exercise and

55–57 % for endurance training). Other studies investi-

gating the effectiveness of exercise programs have had

similar issues with exercise adherence [23, 24]. Despite

low to moderate participant adherence to exercise program,

we found that it was sufficient to significantly increase

trunk extension flexibility compared to the control group

over the 12-month period. For endurance training, the

results also indicated improved muscle endurance in all

muscles over the 12-month period in the intervention

group. Although TrA, erector spinae, and multifidus mus-

cle endurance in the control group improved over time, the

magnitude of improvement seen in the intervention group

was greater than in the control group. The lack of statistical

significance may be the result of insufficient power to

detect the effect because of the large variability of scores.

Therefore, a reduction in incidence of LBP among office

workers in the intervention group can partly be attributed to

the exercise program.

Table 3 Trunk extension flexibility and trunk muscles endurance at

baseline, 3-, 6-, 9- and 12-month follow ups for the intervention and

control groups

Mean ± SD p value

Intervention group

(n = 20)

Control group

(n = 20)

Trunk extension flexibility (cm)

Baseline 12.9 ± 0.7 13.0 ± 0.8 0.565

3-month 12.4 ± 0.7 13.5 ± 0.6 \0.001*

6-month 12.7 ± 0.7 13.7 ± 0.5 \0.001*

9-month 12.5 ± 0.5 13.7 ± 0.5 \0.001*

12-month 12.3 ± 0.5 13.1 ± 0.9 0.002*

Erector spinae and multifidus endurance (s)

Baseline 57.6 ± 14.8 55.2 ± 20.2 0.670

3-month 66.9 ± 19.9 54.1 ± 24.6 0.080

6-month 72.6 ± 19.9 67.8 ± 30.5 0.558

9-month 70.7 ± 28.2 67.8 ± 30.0 0.757

12-month 75.0 ± 29.9 70.5 ± 23.2 0.618

Transversus abdominis endurance (times)

Baseline 5.8 ± 4.2 5.5 ± 4.5 0.800

3-month 6.8 ± 3.8 6.3 ± 3.8 0.651

6-month 7.6 ± 2.7 7.2 ± 3.1 0.627

9-month 8.0 ± 2.9 7.2 ± 3.2 0.372

12-month 8.7 ± 2.2 7.5 ± 3.2 0.180

Right Quadratus lumborum endurance (s)

Baseline 33.0 ± 13.3 42.5 ± 33.6 0.247

3-month 35.2 ± 16.5 37.6 ± 25.8 0.732

6-month 33.8 ± 15.9 36.6 ± 20.2 0.632

9-month 36.1 ± 15.3 37.1 ± 20.8 0.859

12-month 41.3 ± 13.8 39.4 ± 27.5 0.785

Left Quadratus lumborum endurance (s)

Baseline 35.1 ± 12.0 40.1 ± 28.4 0.477

3-month 34.5 ± 15.2 37.2 ± 24.1 0.677

6-month 32.9 ± 13.8 36.2 ± 18.2 0.532

9-month 38.1 ± 17.5 36.6 ± 19.5 0.800

12-month 44.3 ± 12.4 37.4 ± 26.0 0.287

* p value \ 0.05
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The results showed no significant difference in pain

intensity, disability as well as quality of life and health

status between the intervention and control groups. The

findings imply that effective intervention for prevention of

LBP in office workers may differ from those for reduction

of disability due to LBP. A recent review of international

clinical guidelines for the management of LBP indicated

that a supervised exercise program is not recommended for

acute LBP. However, exercise therapy is recommended for

subacute and chronic LBP but there is no evidence that one

form of exercise is superior to another [25]. Further

research should evaluate which type of exercise is most

appropriate to treat subacute and chronic LBP.

This study proposed an exercise program, which is easy to

implement and cost-effective, to prevent LBP in office worker

with lower-than-normal trunk extension flexibility or trunk

muscle endurance. The exercise program is simple, only

requiring a brochure describing the exercises with some

advice from a health care professional. It can be carried out

within a short space of time: 1–2 min per session twice a day

at the workplace for stretching exercise and 6–8 min per

session twice a week at home for endurance training. Addi-

tionally, the exercise program costs little money as it only

requires a brochure, brief training from a health care profes-

sional, and a daily short message reminder via mobile phone.

Three main methodological limitations should be taken into

consideration when interpreting the results of the present

study. First, the present study was conducted in healthy and

physically active office workers with lower-than-normal trunk

extension flexibility or trunk muscle endurance. Thus,

extrapolation of these results to other populations should be

Fig. 2 The Kaplan–Meier

survival curves for low back

cohort

Table 4 Unadjusted and adjusted hazard ratios evaluating the effects

of exercise program on incident low back pain (n = 530)

Hazard ratioa 95 % CI p value

Unadjusted model 0.44 0.27–0.72 0.001

Adjusted modelb 0.37 0.22–0.64 \0.001

a Cox proportional hazard ratio; the control group is the reference

group
b Variable; age, gender, job control, psychological job demand,

physical job demand, job security, social support and hazard at work

Table 5 Pain intensity, disability, and SF-36 physical and mental

component summaries

Variable Mean ± SD p value

Intervention

group

Control

group

Pain intensity measured by

VAS

4.7 ± 1.5 4.6 ± 1.4 0.762

Disability measured by RMDQ 3.6 ± 4.8 3.4 ± 3.1 0.849

SF-36 physical component

summary

36.1 ± 8.8 33.2 ± 9.6 0.262

SF-36 mental component

summary

22.7 ± 6.7 22.2 ± 6.7 0.788
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made with caution. Further research on the effects of an

exercise program focusing on muscle stretching and endur-

ance training on the incidence of LBP in other occupations is

suggested. Second, there was no blinding of all participants to

treatment allocation. Participant blinding ensures that the

apparent effect (or lack of effect) of treatment is not due to the

placebo effect or Hawthorne effect. However, it is not possible

to blind participants in an exercise-related trial. One strategy

that could be conducted to minimize the expectation bias of

participants is to set a trial in which at least two exercise

interventions are compared and ensure that the interventions

are equally credible and acceptable to participants and that

participants have limited experience or expectations of either

exercise intervention. Third, the nature of several biopsycho-

social factors and the diagnosis of LBP were subjective, which

may have led to data inaccuracy. The important drawback of

self-reported data is a risk of overestimation of exposure. Also,

some workers may be more sensitive to any somatic distur-

bance than others. As a result, there is a risk of under- or over-

reporting of the incidence. Future studies should consider

inclusion of objective information from a physical examina-

tion to increase data accuracy.
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