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CHAPTER |

General introduction

1.1 Outline of the thesis

The thesis consists of six chapters. The first chapter provides an overview of the
study consisting of backeround and rationale, objectives, scopes, and benefits of the
study. The second chapter is a systematic review of exercise intervention for office
workers with non-specific neck pain. In the midst of data collection (during the period
of July to December of 2011), there was severe floods in Bangkok and its surrounding
neighborhoods. As a result, we conducted an additional study to evaluate the impact
of flooding on the incidence of neck and low back symptoms. The third chapter
presents the findings of such study. The next two chapters of this thesis describe the
results of the RCT on effects of exercise program for prevention of musculoskeletal
disorders in the neck, upper back, and low back among office workers. Each chapter
was originally written as separate articles for publication in scientific journals.
Therefore, some overlaps between the chapters exist. The last chapter provides
general conclusion, which consists of summary of the results and limitations of the

study and suggestions for further study.

1.2 Background and rationale

Musculoskeletal disorders (MSDs) are common health problems among office
workers (1-4). In Thailand, a study in 2008 showed that annual prevalence of MSDs
among office workers was 63% and head/neck, upper back, and low back were the
most frequent MSDs in office workers (2). Musculoskeletal disorders in office workers
have substantial economic consequence. Musculoskeletal disorders lead to reduced
work effectiveness and causes sickness absence as well as chronic disabilities (5, 6).
In the Netherlands, the total cost of neck pain in 1996 was estimated at 686 million
US dollars (7). In the United States, Katz (8) proposed that the total cost of low back
pain (LBP) in 2006 were exceeds 100 billion US dollars. In Thailand, the total cost of
neck and LBP among office workers in 2006 was approximately 324 million US dollars
per year (6).


http://en.wikipedia.org/wiki/Bangkok

It is generally agreed that MSDs among office workers are multi-factorial origin
(9-11). The possible risk factors include individual [such as female, increased age and
low muscle endurance], physical [such as awkward posture and sitting for a long
time] and psychosocial [such as stress and mental tiredness] factors (9, 10, 12, 13). It
is most likely that an interaction of these factors contributes to the development
and persistence of MSDs.

Office work is sedentary work, mainly involving computer use, participation in
meetings, presentations, reading, and telephoning (14). Theoretically, prolonged
sustained posture and repetitive movement may lead to alteration in soft tissue
length, which consequently affects the available joint range of movement (15).
Limited joint movement may distort the normal body biomechanics, which
contribute to the risk of musculoskeletal disorders (16). Decreased range of motion is
another risk factor for neck pain and LBP. Previous studies found that patients with
neck pain and LBP had significantly decreased range of motion compared with
healthy subjects (17, 18). Stretching exercise has been shown to increase the range of
joint movement and to encourage circulation and oxygenation in joints, muscles, and
muscle tendon units (15, 19). Previous studies showed that stretching exercise was
effective in reducing stiffness and muscle ache (20, 21). A recent systematic review
demonstrated some beneficial effects of stretching in preventing work-related MSDs
in general workers (20). Thus, stretching exercise may prevent the adverse effect of
prolonged sustained posture and repetitive movement of upper limbs. However,
there is a lack of experimental study in examining the effect of stretching exercise
program on prevention of the onset of MSDs among healthy office workers.

Office work requires sitting for long hours behind a computer, leading to
continuous and static contraction of postural muscles. It has been hypothesized that
continuous low-intensity muscle contraction results in Ca”" accumulation and
homeostatic disturbances in the active muscles due to poor blood circulation and an
impaired metabolic waste removal mechanism (22). These pathological changes in the
active muscles may lead to micro-lesions, overuse injury, and pain due to insufficient
recovery time (23). Lack of muscle endurance is an important risk factor for neck and
LBP. Previous epidemiological studies found that patients with neck pain and LBP had
significantly decreased neck flexor and back extensor endurance, respectively,
compared with healthy subjects (10, 24, 25). Several experimental studies showed that
muscle endurance training was effective for treating patients with neck pain and LBP
(5, 26-29). In addition, evidence suggests that musculoskeletal pain may involve central

sensitization and exercise can induce central adaptations of pain perception (30).



However, there is a lack of experimental study investigating the effect of endurance

training program on prevention of the onset of MSDs among healthy office workers.

1.3 Objectives of the study

1.3.1  To systematically review the literature to gain insights into which types
of exercise are effective for the prevention and cure of non-specific
neck pain in office workers as well as assess the strength of evidence.

1.3.2  To examine whether the incidence of musculoskeletal symptoms in the
neck and low back were elevated during the floods and to explore
flood-related risk factors for neck and low back symptoms in a cohort
of office workers.

1.3.3  To evaluate the effect of an exercise program in preventing the 12-
month incidence of neck, upper back, and low back pain among

healthy office workers.

1.4 Scope of the study

A 12-month prospective cluster-randomized controlled trial was conducted in
healthy office workers with lower-than-normal joint range of movement or muscle
endurance. Participants were recruited from 12 large-scale enterprises in Bangkok.
Those who expressed interest and were eligible were invited to complete a self-
administered questionnaire and receive a physical examination. Healthy office
workers were randomly assigned at the cluster level into either intervention or
control groups. Participants 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 primary outcome measures
were the 12-month incidence of neck, upper back and low back pain and the
secondary outcome measures were pain intensity, disability level, and quality of life
and health status. The incidence of neck, upper back and low back pain were
collected by using a diary. Participants were followed until they became
symptomatic, withdrew from the study, or completed the 12-month follow up. The
researcher returned to collect the diaries from participants every month over a 12-
month period. Those who reported incidence of neck, upper back and low back pain

were asked about their disability level and quality of life and health status.



1.5 Benefits of the study

The results of the present study would provide information whether the
designed exercise program can prevent the new onset of MSDs in the neck, upper
back and lower back among office workers. The exercise program — which is easy to
implement and can be carried out within a short space of time — would be useful to
health care professionals to prevent MSDs in the neck, upper back and lower back in

office workers.
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ABSTRACT

Objective: To evaluate the effectiveness of various types of exercise for prevention
and cure of non-specific neck pain in office workers.

Methods: Publications were systematically searched from between 1980 and April
2010 in various databases. The following key words were used: neck pain, cervical
pain, exercise, strengthening, stretching, endurance, office workers, visual display unit,
visual display terminal and computer users. A hand search of relevant journals was
also carried out. Relevant randomized controlled trials were retrieved and assessed
for methodological quality by two independent reviewers. The strength of the
evidence was based on methodological quality and consistency of the results.
Results: Nine randomized controlled trials were included in this review, of which six
were rated as high quality studies. No exercise type was identified as being effective
in the prevention of non-specific neck pain in office workers. Strong evidence was
found for the effectiveness of muscle strengthening and endurance exercises in
treating neck pain. Moderate evidence supported the use of muscle endurance
exercise in reducing disability attributed to neck pain.

Conclusion: Literature investigating the efficacy of exercise in office workers with
non-specific neck pain was heterogeneous. Within the limitations, for treatment of
neck pain, either muscle strengthening or endurance exercise is recommended,
whereas for reduction of pain-related disability, muscle endurance exercise is
suggested. Further research is needed before any firm conclusions regarding most

effective exercise programs for office workers can be reached.

Key Indexing Terms: Review; Systematic; Exercise therapy; Neck pain; Computers



INTRODUCTION

Neck pain is very common among office workers. Approximately 43% to 69%
of office workers experienced neck pain in the preceding 12 months (4, 9, 10) and
the one-year incidence rate for neck pain is about 34% to 49% (11, 13, 31). Neck pain
causes considerable personal suffering due to pain, disability and impaired quality of
work and life in general, which can be a great socio-economic burden on both
patients and society (7, 32-34).

Non-specific neck pain is neck pain (with or without radiation) without any
specific systematic disease being detected as the underlying cause of the complaints
(35). Numerous structures in the neck and nearby regions may be the sources of non-
specific neck pain, such as muscles, joint structures, ligaments, intervertebral disks
and neural structures. Much attention has been paid to the evaluation of the
effectiveness of various interventions aiming to prevent or alleviate non-specific neck
pain (36, 37). Exercise therapy has been found to be beneficial for non-specific neck
pain (38-40). Sarig-Bahat (40) systematically reviewed 16 randomized controlled trials
(RCTs) and found strong evidence supporting the effectiveness of proprioceptive
exercises and dynamic-resisted strengthening exercises of the neck-shoulder muscles
for chronic or frequent neck disorders. Linton and van Tulder (38) systematically
reviewed 27 controlled trials and revealed sufficient evidence indicating that exercise
therapy effectively prevents neck pain in the general population.

Non-specific neck pain in different occupations is unlikely to originate from
identical causes because they are exposed to different risk factors. Therefore,
implementing the same exercise regime for everyone with neck pain would be
irrational. Office work usually involves working for longer hours on a computer.
Evidence suggests that computer and mouse use cause tension neck syndrome,
which is the most common diagnosis in the neck region among computer users (41).
To date, it remains unclear which type of exercise is appropriate for office workers.
Thus, the aim of this paper is to systematically review the literature to gain insights
into which types of exercise are effective for the prevention and cure of non-specific
neck pain in office workers as well as assess the strength of evidence. In this study,
prevention was interpreted as the prevention of non-specific neck pain among a
population which does not currently have neck pain and has been pain-free in the
previous months (42). Cure was interpreted as the treatment of and disability

reduction in people who have non-specific neck pain.



METHODS
Search Strategy

Publications between 1980 and April 2010 were retrieved by a computerized
search of the following databases: PubMed, CINAHL Plus with full text, The Cochrane
Library, Science Direct, PEDro, ProQuest, PsycNet and Scopus. The following key
words were used: neck pain, cervical pain, exercise, strengthening, stretching,
endurance, office workers, visual display unit, visual display terminal and computer
users. After the inclusion of the articles based on the selection criteria, references

were searched for additional articles.

Study selection
Two independent reviewers (RS and ES) selected relevant articles from the

articles retrieved using the search strategy. The selection criteria were:

1. The study design was a randomized controlled trial study that employed one or
more types of exercise as a primary intervention.

2. The article was a full report published in English. Letters, abstracts, books,
conference proceedings and posters were excluded.

3. Study samples were office workers, visual display unit/terminal operators or
computer users.

4. Non-specific neck pain was included in the study. Studies on neck pain due to
serious spinal pathology (e.g., tumor, fracture, dislocation or infection), systemic

disease or other specific causes were excluded.

Methodological Quality assessment

The articles were evaluated for methodological quality by two reviewers (RS
and ES) using the PEDro scale, which contains 11 yes/no items (43). A PEDro score
was calculated by adding up all the ‘yes’ answers from items 2-11. The first item was
not used to calculate the PEDro score as it evaluates the external validity of trial
results. A high quality study was defined as scoring positive on >50% (5/10) of items
and a low quality one was defined as scoring positive <50% of items. When a trial
had already been rated according to the PEDro scale and its score confirmed on the
Physiotherapy Evidence Database (www.pedro.org.au), this score was used in the
present study (44).


http://www.pedro.org.au/

Data Extraction

Two reviewers (RS and ES) independently extracted the data using a
standardized form, including characteristics of participants, intervention parameters,
outcomes and results. The consensus method was used to resolve disagreements
between the two reviewers. A third reviewer (PJ) was consulted to achieve a final

judgment if disagreements persisted.

Analysis

Clinical homogeneity was assessed by examining the study population, type
of exercise and follow-up periods in each trial. The results were pooled only if the
studies were considered homogeneous. If not, the results were drawn using a rating
system according to levels of evidence.

For each study, the effectiveness of exercise therapy was concluded based
on the reported outcomes: the incidence and prevalence of neck pain, discomfort,
pressure pain threshold, frequency, duration and severity of pain, productivity, work
ability index, sick leave, recovery and disability. Musculoskeletal discomfort was
included in the study because evidence suggested that musculoskeletal discomfort
together with insufficient recovery may lead to development of musculoskeletal pain
(45, 46). Any finding was classified as positive if an exercise program was
demonstrated to be statistically more effective than a control group in at least one
key outcome. Any finding was classified as negative if an exercise program was
demonstrated to be statistically less effective than a control group in at least one
key outcome. A neutral rating (no effect) was classified if the exercise program did
not statistically differ from a control group in any key outcomes (38).

The rating system based on the quality and outcome of the studies: (47)

® Strong evidence: consistent findings (at least 75% of the trials report statistically
significant results in the same direction) among multiple (two or more) high-
quality RCTs

® Moderate evidence: consistent findings (at least 75% of the trials report
statistically significant results in the same direction) among multiple (two or

more) low-quality RCTs and/or one high-quality RCT
® | imited evidence: one low-quality RCT
® (Conflicting evidence: inconsistent findings among multiple RCTs

® No evidence: no RCTs
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Subgroup Analysis

All relevant studies were stratified by their purposes (i.e. prevention,
treatment or disability reduction). Exercises were classified as muscle strengthening,
muscle endurance, stretching and non-specific exercises. Muscle strengthening
exercise was defined as exercise to strengthen neck muscles by repeated
movements with loads. Muscle endurance exercise was defined as exercise to
increase the endurance of neck muscles by repeated movements with loads.
Stretching exercise was defined as exercise to increase the flexibility or extensibility
of joint structures and neck muscles by stretching. Non-specific exercise was defined

as any form of exercise about which the authors did not clearly state the purpose.

Sensitivity analysis
The results of evidence level were analyzed again using only high quality

studies to find out if the quality level altered the synthesized results.

RESULTS
Search Strategy

A total of 14 articles on nine trials were judged to meet the selection criteria.
However, five articles were identified as double publications. The article with the
highest methodological quality in each case of double publication was included (48).
Thus, nine publications were assessed for methodological quality and data extraction

(Figure 1).
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Computerized search of databases
4,961 citations

4,926 abstracts do not meet the

Excluded selection criteria based on screening of

v

v abstracts and titles

35 full-text articles retrieved for

closer inspection by 21 articles do not meet the selection
two independent reviewers criteria based on full-text articles

® 24 articles studied in other workers

Excluded ® 7 articles were studied in specific

neck pain

\4

A

® 4 articles were no RCT

14 studies suitable for inclusion

Excluded
5 articles were duplicated

v

A 4

9 studies suitable for inclusion »| Reference checking and manual search

for additional articles

0 articles

Figure 1  Flow diagram of the data screening process

Quality Assessment

AWl papers had already had their methodological quality previously assessed
using the PEDro scale (Table 1). Six studies were rated as high quality studies with the
mean quality score of 6.8 (68%) (27, 36, 37, 49-51). Three studies were rated as low
quality studies with the mean quality score of 2.3 (23%) (52-54). Items in the PEDro
scale rated as negative in all studies were the blinding of all subjects (item 5) and
the blinding of all therapists who administered the therapy (item 6). The other item
rated as negative in six of the nine studies was the concealment of treatment
allocation (item 3) (36, 37, 49, 52-54).
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Table 1.  Methodological quality score of the 9 studies

Scores on PEDro scale Total  Quality
Authors

1 2 3 4 5 6 7 8 9 10 11 score of study
Henning et al (52) + - - - - - - - - + - 110 Low
van den Heuvel et al (54) + + - - - - - - - 4+ 4+ 3/10 Low
Viljanen et al (51) + 4+ - - + 4+ 8/10 High
Ylinen et al (27) + + + + - - + + + + + 7/10 High
Tsauo et al (53) + 4+ - - - - - - - 4+ + 310 Low
Sjogren et al (50) o+ A + + + 8/10 High
Kietrys et al (36) + + - - - - - 4+ + 4+ + 510 High
Blangsted et al (37) + o+ - - - -+ + o+ 6/10 High
Hamberg-van Reenenetal 49) + + - + - - + + + + + 7/10 High

3.

“+” : the criterion was clearly satisfied;“- 7 : the criterion was not clearly satisfied
Study Characteristics

Six of the nine trials studied subjects with non-specific neck pain (27, 36, 50,
51, 53, 54) (Table 2). One trial reported on healthy subjects (49) and one trial
reported on both healthy and non-specific neck pain subjects (37). The remaining
trial did not clearly specify whether healthy or neck pain subjects were evaluated
(52).

Of the seven trials studied in subjects with non-specific neck pain, two trials
examined those with chronic pain (27, 51). The remaining five trials did not state
clearly which types of neck pain patients were examined (36, 37, 50, 53, 54).

Of the nine included studies, five examined the effectiveness of specific types
of exercise (27, 36, 37, 49, 53). The remaining four investigated either two combined
exercise therapies or exercise therapy together with rest breaks or postural training
(50-52, 54).

Four of the nine studies compared the effectiveness of exercise therapy to no
intervention (49-52). Five studies compared exercise therapy to other interventions
(27, 37, 53).

Three of the nine studies measured outcomes at 12-month follow-ups (27,
37, 51). The remaining six studies had shorter follow-up periods, ranging from 3
weeks to 7.5 months (36, 49, 50, 52-54). In summary, due to the heterogeneity of
study characteristics, the findings were drawn using a rating system with levels of

evidence.
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Analysis
Evidence of the Effectiveness of Exercise Therapy for Prevention of Neck Pain

Two high quality RCTs investigated the effectiveness of muscle strengthening
exercise in preventing non-specific neck pain in asymptomatic subjects (37, 49) and
the results indicated conflicting evidence. Blangsted et al (37) found that healthy
workers at baseline had a significantly lower prevalence of neck-shoulder symptoms
at follow-up when allocated to a specific resistance training group than those placed
in a reference group. On the other hand, Hamberg-van Reenen et al (49) reported
that a resistance-training program on back and neck/shoulder muscles did not
significantly reduce muscular discomfort during a simulated assembly and lifting task
compared to no intervention.

No evidence existed for the effectiveness of non-specific exercise in
preventing non-specific neck pain. Blangsted et al (37) found no effect of non-specific
exercise on the difference between the baseline and follow-up sessions of the

prevalence of neck-shoulder symptoms compared to a reference group.

Evidence of the Effectiveness of Exercise Therapy for Treatment of Neck Pain

Five high quality RCTs (27, 36, 37, 50, 51) and two low quality RCTs (53, 54)
investicated the effectiveness of exercise therapy in treating office workers with non-
specific neck pain. However, one low quality RCT was not included because it did
not clearly specify whether healthy or neck pain subjects were evaluated (52).

Strong evidence supported the positive effect of muscle strengthening
exercise for treating neck pain. Three high quality RCTs indicated that muscle
strengthening exercise significantly reduced intensity, discomfort and/or duration of
neck pain compared to education or deep breathing plus ankle pumping (27, 36, 37).
One high quality RCTs study reported no significant difference in the intensity of neck
pain between neck pain workers who received muscle strengthening exercise
combined with stretching exercise and those who received no intervention at three-,
six-, and 12-month follow ups (51).

Strong evidence indicated the positive effect of muscle endurance exercise
for treating neck pain. Ylinen et al (27) found that at the 12-month follow-up
muscular endurance exercise significantly reduced the intensity of neck pain
compared to the advice to do aerobic and stretching exercises regularly three times
a week. Sjogren et al (50) reported that muscle endurance exercise combined with
general guidance on postural and movement control significantly reduced the

intensity of headache and neck symptoms compared to no intervention.
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There was conflicting evidence for the effectiveness of stretching exercise in
treating non-specific neck pain. Viljanen et al (51) found that stretching exercise
combined with strengthening exercise had no significant effect on the reduction of
pain intensity in neck pain workers. However, Kietrys et al (36) found that stretching
exercise significantly reduced discomfort in neck pain workers compared to those
who received deep breathing and ankle pumping. Tsauo et al (53) also found that
stretching exercise once or twice a day under the supervision of a physiotherapist
significantly increased improvement index compared to those who only received
education.

Conflicting evidence existed for the effectiveness of non-specific exercise in
treating non-specific neck pain. Blangsted et al (37) found non-specific exercise
significantly reduced the intensity and duration of neck pain compared to education.
Van den Heuvel et al (54) found that non-specific physical exercise combined with
rest breaks and workstation adjustment did not reduce the frequency and intensity
of neck pain compared to those who received rest breaks plus workstation

adjustment or workstation adjustment only.

Evidence of the Effectiveness of Exercise Therapy for Reduction of Disability due to
Neck Pain

Four high quality RCTs (27, 36, 37, 51) and one low quality RCT (54)
investigated the effectiveness of exercise therapy in disability reduction in subjects
with non-specific neck pain. A study by Henning et al (52) was not included in data
analysis because the authors did not clearly specify whether healthy or neck pain
subjects were evaluated.

No evidence was found for the effectiveness of muscle strengthening exercise
on disability reduction. Two high quality RCTs found that muscle strengthening
training did not significantly affect work ability index, sick leave and/or disability
compared to education or deep breathing plus ankle pumping (27, 36). Viljanen et
al(51) reported no significant difference in disability, work ability, sick leave or
recovery between neck pain workers who received muscle strengthening exercise
combined with stretching exercise and those who received no intervention. However,
the remaining study (37) reported decreased disability in neck pain workers who
received muscle strengthening exercise compared to those who only received
education.
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There was moderate evidence for the positive effect of muscle endurance
training in reducing disability. Ylinen et al (27) found that muscle endurance exercise
significantly reduced disability due to neck pain compared to education.

No evidence existed for the effectiveness of stretching exercise on disability
reduction. Kietrys et al (36) found that stretching exercise did not alter disability due
to neck pain compared to deep breathing plus ankle pumping. Viljanen et al (51)
reported no significant difference in disability, work ability, sick leave or recovery
between neck pain workers who received stretching exercise combined with muscle
strengthening exercise and those who received no intervention.

There was conflicting evidence on the effect of non-specific exercise on
disability reduction. Blangsted et al (37) found no significant difference in productivity
and sick leave between neck pain workers who received non-specific exercise and
those who received education. Van den Heuvel et al (54) found significantly higher
productivity and recovery in workers who received non-specific physical exercise
combined with rest breaks and workstation adjustment than those who received rest

breaks plus workstation adjustment or workstation adjustment only.

Sensitivity analysis

By excluding low quality studies, the results indicated that two conclusions
would alter. Firstly, the level of evidence for the effectiveness of non-specific
exercise on treating non-specific neck pain would change from conflicting to
moderate evidence for a positive effect. Secondly, the level of evidence for the
effectiveness of non-specific exercise on reducing disability in non-specific neck pain

workers would change from conflicting to no evidence for its effectiveness.

DISCUSSION

Exercise interventions reported in this review included muscle strengthening,
muscle endurance, stretching and non-specific exercises. Obviously, there are other
types of exercise, such as propioceptive re-education, coordination and stabilization
exercises, which may be beneficial for non-specific neck pain patients and are not

included in this review (40).
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Methodological Considerations

Of the nine included studies, no study fulfilled the blinding of all participants
and the blinding of all therapists who administered the therapy while six of the nine
studies failed to conceal treatment allocation. Participant blinding ensures that the
apparent effect (or lack of effect) of treatment is not due to the placebo effect or
Hawthorne effects. Therapist blinding is also important to warrant that the apparent
effect (or lack of effect) of treatment is not due to the therapist’s enthusiasm or lack
of enthusiasm for the intervention or control condition (55). Both participant and
therapist blinding are important for the internal validity of a study. However, it is very
difficult, perhaps impossible, to blind participants or therapists in exercise-related
trials (56, 57). One strategy that could be conducted to minimize the expectations
bias of participants is to set a trial in which 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 for either exercise
intervention (48, 58).

Concealed treatment allocation is also important in preventing systematic
bias. If treatment allocation is not concealed, the decision of whether or not to
include a person in the trial could be influenced by knowledge of whether the
subject is to receive treatment or not (55). Only three out of nine included studies
mentioned the concealment of treatment allocation in their studies. Future research
should consider the concealment of treatment allocation to reduce the bias and

ensure that it is stated in the reports.

Study Characteristics

We found heterogeneity among studies in terms of the population studied,
exercise regime, control treatment and follow-up period. Seventy-one percent of the
included studies did not specify neck pain characteristics. Thus, the extrapolation of
results from one group of subjects to another should be undertaken with caution.
The neck pains among office workers are unlikely to originate from identical causes.
Implementing the same exercise regime for everyone with neck pain would be
irrational. Further research should attempt to select more distinct groups of patients
who would theoretically benefit from specific exercise programs.

Different exercise regimes in terms of exercise type, intensity, duration and
frequency were evaluated among the included studies. Thus, the current state of the
literature limits comparability between trials. Conclusions can be drawn only on the

general characteristics of exercise regimes that have been found effective.
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The follow-up period for the effectiveness of exercise intervention varied
considerably, ranging from 3 weeks to 12 months. When a body is exposed to
exercise training, it initially reacts with physiological responses and then later adapts
(59). The time course for these adaptations to occur varies for different types of
exercise. For significant changes to occur in muscles, such as increased strength
(hypertrophy) or increased muscular endurance (vascularization), at least 6-12 weeks
of training is required (59). Exercise to improve ROM, such as stretching, requires at
least 4-6 weeks of training (15). Therefore, future studies should take into account
the time course required for tissue adaptations due to exercise when setting the

follow-up period in the study of the effectiveness of exercise therapy.

Evidence of the Effectiveness of Exercise Therapy for Prevention of Neck Pain

Our study showed no evidence for the effectiveness of any exercises in
preventing non-specific neck pain. However, previous studies found significantly
lower neck extensor muscle endurance in neck pain patients compared to healthy
subjects (25, 60). Office work usually involves computer use and document work
which continuously requires the static contraction of neck and shoulder muscles (3).
Sustained muscle activity has been previously identified as a risk factor for
developing musculoskeletal symptoms (61, 62). Continuous low-intensity contraction
of the neck and shoulder muscles has been shown to induce Ca2+ accumulation
and homeostatic disturbances in the active muscles due to poor blood circulation
and an impaired metabolic waste removal mechanism (22). These pathological
changes in the active muscles lead to micro-lesions, overuse injury and pain due to
the absence of oxygenation and nutrition (23, 63). Thus, enhanced neck and
shoulder muscle endurance may hypothetically prevent non-specific neck pain in
office workers.

Deconditioning from prolonged awkward positions, sustained posture and
repetitive movement may lead to a reduction in the length of soft tissues, which
consequently limits the ranges of available motion in joints (23, 63). Limited joint
motion will distort the normal body biomechanics and such distortions can
contribute to the risk of injury (63). Previous research showed that patients with
chronic neck pain had significantly lower ranges of neck movement than those
without neck pain (18, 64). Hush et al (11) found that university office workers who
had ranges of cervical flexion and extension > 120 degrees were 2.3 times less likely
to develop neck pain at the one-year follow-up than those with ranges <120

degrees. Stretching exercise essentially aims to promote the flexibility and
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extensibility of joints, muscles and muscle tendon units, therefore increasing the
range of joint motion. In addition, stretching exercise encourages circulation and
oxygenation in joints, muscles and muscle tendon units (36). Further research should
evaluate the effectiveness of muscle endurance and stretching exercises in the

prevention of non-specific neck pain in office workers.

Evidence of the Effectiveness of Exercise Therapy for Treatment of Neck Pain
Muscle strengthening and endurance exercises seem to effectively reduce
intensity, discomfort and/or duration of neck pain. An effective program should
include strengthening neck and shoulder muscles in the static mode and consist of
1-3 sets of 5-15 repetitions, once or twice a day 3-5 times/week over a period of 4
weeks to 12 months (27, 36, 37). Only dynamic training with light resistance 3
times/week for 12 months appears to be ineffective in treating neck pain (51).
Muscle endurance exercise in isolation or in combination with other
interventions, such as general guidance on postural and movement control, was
effective in treating neck pain. Effective exercise regime should include the training of
neck and shoulder muscles with light resistance, performing 3 sets of 20 repetitions,

5-8 times/week over a period of 15 weeks to 12 months (27, 50).

Evidence of the Effectiveness of Exercise Therapy for Reduction of Disability due to
Neck Pain

This review found moderate evidence for the positive effect of muscle
endurance exercise in disability reduction. An effective program should include neck
flexor endurance exercise performed in 3 sets of 20 repetitions, 5 times/week over
12 months (27).

Sensitivity Analysis

Two findings that would have been altered by the inclusion of only high
quality studies were related to non-specific exercise. One high and one low quality
studies about the effectiveness of non-specific exercise were included in this
systematic review. Thus, further study is required before a firm conclusion can be

drawn.
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Limitations of this Review

There are two main methodological limitations that are noteworthy. First, the
search strategy was limited only to full reports published in English. The possibility of
publication and selection bias cannot be ruled out, which may affect the results of
the review. Second, the researchers summarized the results from studies with
substantial heterogeneity in study characteristics. This may explain the observed
variation in the results among studies. Future research is required to indicate whether
differences in these aspects affect the effectiveness of exercise intervention before

direct comparisons among different programs can be conducted (48).

CONCLUSION

Nine RCTs investigating the effectiveness of exercise therapy for prevention
and cure of non-specific neck pain in office workers were reviewed and analyzed.
The findings revealed strong evidence supporting the effectiveness of muscle
strengthening and endurance exercises for treating neck pain. Moderate evidence
indicated that muscle endurance exercise was effective for reducing disability
attributed to neck pain. More high quality studies in this area are needed. The design
of future studies may be improved by addressing a number of methodological

limitations that are present in this review.
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ABSTRACT

Objective: To examine whether the incidence of neck and low back symptoms were
elevated during the floods and to explore flood-related risk factors for neck and low
back symptom:s.

Design: Prospective cohort design

Methods: Severe flooding occurred in Bangkok and surrounding neighborhoods
between October and December, 2011. After the flood had subsided (January 2012),
377 healthy office workers already in a study on musculoskeletal symptoms were
asked about their contact with floodwater. Data were drawn from subjects, who
reported no neck and low back symptoms at the end of September 2011 and were
affected by the flood. Two regression models for the outcomes of 3-month
incidence of neck and low back symptoms, respectively, were performed.

Result: Eighty-two percent of the subjects were affected by the flood. No flood-
related factor was found to significantly associate with either neck or low back
symptoms. However, neck symptoms may associate with frequently commuting
through flooded areas and low back symptoms may relate to the subjects’ homes or
workplaces being flooded.

Conclusion: The findings highlight a need to pay more attention to the problem of
musculoskeletal symptoms during the flood in an urban area and for preventive

measures.

Keywords: Floods; Neck pain; Low back pain; Office workers
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INTRODUCTION

Climate change is now widely recognized as a major environmental problem
facing the globe. As the temperature of the planet rises, there is an increased risk of
catastrophic flooding (65). The health effects of floods include an increased
incidence of injuries, communicable diseases, exposure to toxic pollutants,
malnutrition, and mental health disorders (65, 66). A recent survey of the health
impacts of the devastating flood in Hanoi, Vietnam revealed higher incidences of
dengue fever, pink eye, dermatitis, and psychological problems in communities
severely affected by flooding (67).

During the period of July to December of 2011, Thailand encountered severe
floods in vast areas of the country. The most affected areas were central Thailand,
including Bangkok and its surrounding neighborhoods. The flood started in northern
Thailand in July and gradually flowed south towards Bangkok, which were most
severely affected by inundation during October to December, 2011. According to the
Department of Disaster Prevention and Mitigation, the Ministry of Interior, 65 out of
77 provinces were affected by the floods, which have claimed the lives of 815
people and affected 2.9 million households (68). The World Bank reported that the
total economic damages and losses from the floods are estimated to be over 45.7
billion US dollars. This figure does not include the damage and loss suffered by the
police and military whose resources were mobilized for flood prevention
construction and humanitarian relief efforts (69).

People living in areas under threat of flooding or being flooded are at high
risk of musculoskeletal symptoms because they are exposed to high-intensity and
unfamiliar physical activities, which are identified as risk factors for developing
musculoskeletal disorders (61, 62). People build or repair flood walls using sandbags
or construction materials, relocate their belongings to high places, evacuate from
their residential areas, walk through flooded area for long distances, and use paddle
boats for commuting. In addition, these people encounter various psychosocial
problems, including stress, anxiety, depression, and interpersonal arguments. The
role of psychosocial factors in the development of musculoskeletal symptoms is
well recognized (45). To date, no study has reported on the incidence of
musculoskeletal symptoms in flood victims.

At the time of the flooding, a prospective cluster-randomized controlled trial
of the effect of an exercise program on preventing musculoskeletal symptoms in the
spine was being conducted in office workers from workplaces in Bangkok. As part of

this study, office workers completed diaries detailing the incidence of
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musculoskeletal symptoms in the neck and low back. This allowed us to evaluate
the impact of flooding on the incidence of neck and low back symptoms.

The aims of this investigation were to examine whether the incidence of
musculoskeletal symptoms in the neck and low back were elevated during the
floods and to explore flood-related risk factors for neck and low back symptoms in a
cohort of office workers. The information obtained would be useful for developing
suitable protective and intervention measures to prevent musculoskeletal symptoms

in the neck and low back regions among floods victims.

METHODS
Study population and procedures

In February 2011, a prospective cluster-randomized controlled trial was
conducted to evaluate the effect of an exercise program on musculoskeletal
symptoms in the spine among healthy office workers with a follow-up of 12 months.
The study was approved by the University Human Ethics Committee. Office workers
were defined as those working in an office environment with their main tasks
involving using a computer, participating in meetings, giving presentations, reading,
and phoning (9). Six large-scale enterprises in Bangkok were randomly assigned into
either control or intervention groups. In each participating workplace, subjects were
conveniently recruited. The enterprises were in public transportation, infrastructural,
and energy sections. Subjects were included if they were aged 18-55 years, worked
full-time, had at least 1 year of experience in the current position, and had lower-
than-normal neck flexor and back extensor endurance and lower-than-normal ranges
of neck flexion and back extension movement. Subjects were excluded if they had
reported musculoskeletal symptoms in the spine 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, lumbar
spondylolisthesis, lumbar spondylosis, tumor, systemic lupus erythymatosus, or
osteoporosis were also excluded from the study. Prior to participation in the study,
all subjects signed an informed consent.

An invitation letter and information about the study were sent to office

workers in six workplaces. Those who expressed their interest and were eligible were
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invited to participate in the study. At baseline, a self-administered questionnaire
(Appendix C) was distributed to each subject by hand and the researcher returned to
collect the completed questionnaire 15 min later. Subjects then underwent a
physical examination (Appendix B). Those who were eligible for the study were
assigned into either control or intervention groups. Subject in both groups received a
self-administrated diary (Appendix D) to record the incidence of musculoskeletal
symptoms in the neck and low back. The researcher returned to collect the diaries
and to check that the diaries were properly filled in every month over a 12-month
period. However, by the start of October 2011, the flood gradually affected most
areas in Bangkok and surrounding neighborhoods, making it impossible for the
researcher to go back to the workplaces to collect the diaries. Thus, the last report
on incidence of musculoskeletal symptoms received before flooding was for
September 2011. After the flood had subsided (January 2012), the researcher visited
the study population at their workplaces and asked them to fill a self-administered
questionnaire (Appendix F) designed to gather data about flood-related factors as
well as retrospectively completing a dairy for the period of October to December,
2011.

Questionnaire

The self-administered questionnaire at baseline comprised three sections
designed to gather data on individual, work-related physical, and psychosocial factors
(Appendix C). Individual factors included gender, age, marital status, educational
level, frequency of regular exercise or sport, smoking habit, and number of driving
hours a day. Work-related physical factors included current job position, 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
workstations and work environment conditions. Psychosocial factors were measured
by the Job Content Questionnaire Thai version (JCQ Thai version) (70).

Flood-related factors in the post-flooding questionnaire included how they
were affected by the flood (their home, workplace, surrounding neighborhood, or
whether none were flooded), living in the flooded area (yes or no), and commuting

through the flooded areas (yes or no).
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Diary

The diary was used to gather data on the incidence of musculoskeletal
symptoms in the spine during the past month (Appendix D). Subjects were asked to
answer the yes/no question “Have you experienced any neck or low back pain
lasting >24 hours during the past month?” If they answered “Yes”, follow-up
questions about pain intensity measured by a visual analogue scale (VAS), the
presence of weakness or numbness in the relevant limbs, and the cause of
symptoms were asked. In this study, subjects were identified as cases whenever from
baseline measurement they answered “Yes” to the above question, reported pain
greater than 30 millimeters (mm) on a 100-mm visual analog scale, and had no
weakness or numbness in the relevant limbs. Those identified as cases were not
followed up any further. The areas of neck and low back were defined according to
the standardized Nordic questionnaire (71).

The following information was also sought from those who reported the
incidence of musculoskeletal symptoms: disability levels measured by the Thai
version of the Neck Disability Index (NDI) (72) for neck symptoms and the Thai version
of the Roland-Morris Disability Questionnaire (RDQ) (73) for low back symptoms.

Statistical analyses

The flooding period in Bangkok and surrounding neighborhoods was defined
as the period between October and December, 2011 and the pre-flooding period
was defined as between February and September, 2011. Since the length of the
follow-up period during the pre-flooding period was not uniform for all participants,
the person-time incidence, defined as the number of new cases of impairment during
a period of time divided by the person-time-at-risk throughout the observation
period, of neck and low back symptoms were estimated to compare the incidences
between the pre-flooding and flooding periods.

Data of subjects from a prospective cluster-randomized controlled trial, who
reported no neck and low back symptoms at the end of September 2011 and were
affected by the flood, were drawn to perform two regression models for the
outcomes of 3-month incidence of neck and low back symptoms (i.e. the period
between October and December, 2011), respectively. Predictors included in both
models were: age, gender, control vs. exercise group, frequency of commuting
through flooded areas (<5 days/week vs. 25 days/week), and flooding of workplace
or residence. Enter selection procedures were used in the statistical modeling. Odds

ratios (OR) associated with particular factors were adjusted for the effect of all other
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factors in the models. Adjusted ORs and 95% confidential interval (Cl) for the final
models are presented. Statistical significance was set at the 5% level. All statistical
analyses were performed using SPSS statistical software, version 17.0 (SPSS Inc,
Chicago, IL, USA).

RESULTS

Among a total of 2,400 office workers who received an invitation letter 1,860
responded, accounting for a response rate of 78%. Of these, 563 were eligible and
435 agreed to participate at baseline measurement. Three hundred seventy-seven
(87%) office workers were contacted after the flood had subsided (January 2012)
while 58 (13%) office workers could not be contacted during the data collection
period, i.e. the first two weeks of January 2012. These subjects contributed a total of
216 person-years of observations for neck symptoms and 223 person-years of
observations for low back symptoms. Most of the participating subjects (310 from
377 or 82%) were reportedly affected by the flood.

Incidence of neck and low back symptoms

The person-year incidence of neck symptoms during the pre-flooding period
was 1.7-fold greater than that during the flooding period, whereas the person-year
incidence of low back symptoms during the pre-flooding and flooding periods were
similar (Table I). The severity of neck and low back symptoms between the pre-
flooding and flooding periods was similar (p=0.514 for neck symptoms and p=0.814
for low back symptoms). The difference of disability level due to neck and low back
symptoms failed to reach significant level (p=0.063 for neck symptoms and p=0.053

for low back symptoms).



31

Table I.  Person-year incidence of musculoskeletal symptoms in the neck and low
back during the pre-flooding and flooding periods with reported severity and
disability levels

Incidence VAS NDI/RDQ
Body regions (cases per 100 person-  Median (Interquartile  Median (Interquartile
year) range) range)
Neck symptoms
Pre-flooding period 36 4.4 (1.6) 5.0 (8.0)
Flooding period 21 4.1 (1.0) 7.5(8.8)
p-value 0.514 0.063
Low back symptoms
Pre-flooding period 21 4.4 (1.0) 2.0(1.8)
Flooding period 22 4.3 (2.1) 5.0 (4.0)
p-value 0.814 0.053

NDI: the Neck Disability Index; RDQ: the Roland-Morris Disability Questionnaire.

Association between 3-month incidence of neck symptoms and flood-related factors
When multivariable logistic regression was used, no factor was significantly

associated with the 3-month incidence of neck symptoms. However, the findings

showed that the frequency of commuting through flooded areas may correlate with

the incidence of neck symptoms (p=0.076). The frequency of commuting through
flooded areas was scaled into two groups (1 =<5 days a week, 2 = 25 days a week).

Subjects who commuted through flooded areas =5 days a week were at greater risk
of experiencing neck symptoms compared to those who commuted through flooded
areas <5 days a week (adjusted OR = 2.57, 95% Cl = 0.91-7.32) (Table II).

Association between 3-month incidence of low back symptoms and flood-related
factors

When multivariable logistic regression was used, no factor was significantly
associated with the 3-month incidence of low back symptoms. However, the findings
showed that the home or workplace being flooded may correlate with complaints of
low back symptoms (p=0.074). Workers who reported their home or workplace being
flooded were at greater risk of experiencing low back symptoms than those who
reported both their home and workplace not being flooded (adjusted OR = 3.32,
95% Cl = 0.89-12.38) (Table II).
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Table ll.  3-month incidence and adjusted odds ratio (OR,qj) with 95% confidence

intervals (95%Cl) of neck and low back symptoms with respect to flood-related

factors in the final modeling

Factors N 3-month incidence  ORadj 95%(Cl P
n (%)

Neck sym,otomsa
Age 215 1.00  0.96-1.05 0.892
Gender

Male 75 9(12) 1.00

Female 140 11 (8) 056 0.20-1.51  0.250
Group assignment

Control group 127 13 (10) 1.00

Exercise group 88 7(8) 0.941 0.32-2.719 0912
Frequency of commuting
through flooded areas

<5 days a week 163 10 (6) 1.00

>5days a week 52 8 (15) 257 091-7.32 0.076
Residence or workplace
being flooded

No 88 6 (7) 1.00

127 14 (11) 247  0.74-821 0.142

Yes
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Table .  (continued)

Factors N 3-month incidence ORadj 95%Cl P
n (%)

Low back symptomsa
Age 214 1.00  0.95-1.05  0.906
Gender

Male 74 8 (11) 1.00

Female 140 14 (10) 1.19  0.44-3.27  0.725
Group assignment

Control group 132 9(7) 1.00

Exercise group 82 13 (16) 237 084-6.71  0.105

Frequency of commuting

through flooded areas

<5 days a week 162 13 (8) 1.00

>5days a week 52 7(13) 227  0.79-6.57  0.130
Residence or workplace
being flooded

No 88 3 (74) 1.00

Yes 126 19 (15) 332 0.89-1238 0.074

*Factors included in the statistical modeling were age, gender, control vs. exercise
group, frequency of commuting through flooded areas, and flooding of workplace or

residence.

DISCUSSION

To the best of our knowledge, this study is the first to investigate the
incidence of neck and low back symptoms during severe flooding and the
relationships between the incidence and flood-related factors. The study population
was office workers and the epidemiological literature indicates that among office
workers the 1-year incidence of neck pain is between 34% to 49% (11, 13, 31) and
the 1-year incidence of low back pain is 23% (75). The 1-year incidence of neck and
low back pain reported in the present study during the pre-flooding period was in
line with previous studies (11, 13, 31, 75), indicating that the study sample was a

good representation of the office worker population.
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The 1-year incidence of neck and low back symptoms during the flooding
period was still higher than that of the general population in non-disaster
circumstances. This observation may be attributed to the effect of severe flooding.
Although the magnitude of difference was rather small (26%), the actual number of
individuals suffering from neck or low back symptoms due to flooding is likely to be
significant because severe flooding affects millions of people and there is an
increased risk of catastrophic flooding in the future as a result of climate change (65).
The economic consequences of treating those with flood-related neck and low back
symptoms can be substantial because evidence suggests that a significant portion of
patients with neck and low back pain has developed chronicity (76, 77).

Although the difference between the severity of neck and low back
symptoms during the pre-flooding and flooding periods was negligible, subjects were
likely to report greater disability level associated with such symptoms during the
flooding than the pre-flooding periods. It is well documented that psychosocial
factors have an influence on low back pain, disability, and persistent symptoms (78,
79). However, the association between disability level and psychosocial factors for
neck pain is not as strong (80). Feng et al (81) found that about 10% of individuals
who were affected by floods in Hunan, China, were diagnosed as having post-
traumatic stress disorder. Recently, Bich et al (67) has reported a higher incidence of
psychological problems in communities severely affected by floods compared to
that of the unaffected communes. Consequently, it is likely that the psychological
impact of a flood may lead to elevated disability level due to neck and low back
symptoms during the flood.

Although no flood-related factor were found to significantly associate with
neck symptoms, the results of this study suggest that commuting through flooded
are as >5 days a week increased the risk of experiencing neck symptoms when
compared to commuting through flooded areas <5 days a week. The item ‘frequency
of commuting through flooded areas’ can be interpreted in many different ways.
One possible interpretation of the frequency of commuting through flooded areas
may relate to an increase in performing upper extremity activities. Walking or driving
through flooded areas takes much longer than walking or driving on dry land. Long
walks mean the prolonged carrying of their belongings. Some individuals may need
to use a paddle boat for commuting. During the flood, a large proportion of people
commuted through flooded areas using military trucks, which are very-high-from-the-

ground vehicles. Getting on and off this type of vehicle requires a lot of upper
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extremity muscle strength. Thus, frequently performing these activities or performing
them for prolonged periods may lead to injuries to the neck and upper extremities.

We found no flood-related factor to significantly correlate to low back
symptoms. However, the findings suggest an increased risk of experiencing low back
symptoms in those who reported either their home or workplace as being flooded.
People living in areas under threat of flooding or being flooded are exposed to high-
intensity and unfamiliar physical activities, such as building flood walls using
sandbags and lifting heavy objects. The process of building flood walls usually
involves using a shovel to scoop sands on the floor into bags and carrying them from
one place to another. Each sandbag normally weights about 20-30 kilograms. These
activities are repeated for long periods because a lot of sandbags are required to
build the walls. Consequently, the process of building flood walls may lead to
excessive loads on structures in the lower back. Also, people living in flood-prone
areas usually relocate their belongings to high places or the second floor of their
house. Lifting heavy objects is well recognized as a common cause of low back pain
as the spine is exposed to high compression forces, high anterior shear forces,
especially on the lower lumbar segments, during lifting (82).

The findings highlight a need for stakeholders to pay more attention to the
problem of musculoskeletal symptoms during the flood in urban area to reduce the
incidence of neck and low back symptoms among flood victims. The prevention of
neck and low back symptoms among those who are likely to be affected by flood
should at least focus on advising the public how to perform several high-intensity
and unfamiliar physical activities during the flood safely, such as build or repair flood
walls using sandbags or construction materials, relocate belongings to high places,
evacuate from residential areas, walk through flooded area for long distances, and
use paddle boats for commuting.

There are a number of methodological limitations that are worth noting. First,
the findings of the present study should be taken as a preliminary result because the
sample size was relatively small, increasing the likelihood of a type Il error. Second,
the use of a sample of healthy office workers, who provided a reasonably
homogeneous population, restricts generalization of the results of this study to a
general population. A study in a general population is required to validate the
findings of this study. Third, in this study, subjects were identified as cases if they
reported pain greater than 30 millimeters (mm) on a 100-mm visual analog scale and
pain lasting more than 1 day. Different results may emerge with different definitions

of symptomatic cases. Forth, musculoskeletal symptoms were diagnosed based upon
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subjective information only, which may lead to inaccurate diagnosis. Future studies
should consider the inclusion of information from a physical examination in order to
increase the accuracy of diagnosis. Last, the association between flood-related
factors and musculoskeletal symptoms was based on cross-sectional data. Thus, it is
not possible to establish the causal relationship between exposure and outcome.
However, conducting a prospective study amid the disaster would be extremely
difficult.

In conclusion, the current study found an increased rate of musculoskeletal
symptoms in the neck and low back during severe flooding in Bangkok and its
surrounding vicinity in 2011. Disability level due to neck and low back symptoms
during the flood was greater than during non-disaster circumstances. Some activities
during the flood may lead to the development of neck and low back symptoms,
including building flood walls using sandbags, relocating belongings to higher places,
and frequently commuting through flooded areas. Musculoskeletal symptoms in
flood victims deserve consideration because they may lead to substantial economic
consequences. One effective preventive measure may be educating people living in
areas under threat of flooding how to perform high-intensity and unfamiliar physical

activities during the flood safely.
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What this paper adds

® Unlike treatment and rehabilitation, prevention of neck pain has received limited
attention.

® The effect of 12 months of an exercise program was evaluated among office
workers with lower-than-normal neck flexion movement or neck flexor
endurance. Participants stretched each of four muscles for 30 seconds once and
performed twice each workday. For neck flexor endurance training, participants
repeatedly contracted the muscle 10 times twice a week.

® The results showed that, over the 12-month follow up, 12.1% of participants in
the intervention group and 26.7% in the control group reported incident neck
pain. The exercise program reduced incident neck pain in office workers by 55%.

® The exercise program is suitable for office workers with lower-than-normal neck

flexion movement or neck flexor endurance to prevent neck pain.
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ABSTRACT

Objectives: This study aimed to evaluate the effects of an exercise program focusing
on muscle stretching and endurance training on the 12-month incidence of neck pain
in office workers.

Methods: A 12-month prospective cluster-randomized controlled trial was
conducted in healthy office workers with lower-than-normal neck flexion movement
or neck flexor endurance. Participants were recruited from 12 large-scale enterprises.
A total of 567 healthy office workers were randomly assigned at the cluster level into
either intervention (n=285) or control (n=282) groups. Participants 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 primary outcome measure was the 12-month incidence of neck
pain and the secondary outcome measures were pain intensity, disability level, and
quality of life and health status. Analyses were performed using the Cox proportional
hazard models.

Results: Over the 12-month follow up, 12.1% of participants in the intervention
group and 26.7% in the control group developed incident neck pain. Hazard rate
ratios showed a protective effect of the exercise program for neck pain (HR = 0.45,
95% Cl 0.28-0.71) after adjusting for biopsychosocial factors. There was no significant
difference in pain intensity, disability, and quality of life and health status between
those who reported incident neck pain in the intervention and control groups.
Conclusion: The exercise program reduced incident neck pain and to increase neck

flexion movement for office workers with lower-than-normal neck flexion movement.

Key word: floods; neck pain; low-back pain; office workers
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INTRODUCTION

Neck pain is a significant health problem among office workers. Between 42%
and 69% of office workers experienced neck pain in the preceding 12 months (2, 4, 9,
10) and about 349%-49% of office workers reported a new onset of neck pain during
the 1-year follow-up (11, 13, 31). Neck pain is viewed as an episodic occurrence over
a lifetime with variable recovery between episodes (83). Neck pain has been found
to increase the risk for future long-term sickness absence among white-collar workers
(84). Consequently, neck pain leads to a great socio-economic burden on both
patients and society (7, 85).

Several potential interventions to prevent neck pain have been proposed,
such as changing high-impact modifiable risk factors (86) or reducing perceived
muscular tension (87). High-intensity strength training has been shown to effectively
reduce neck and shoulder pain in industrial workers (88). Coté et al (85) proposed
that different occupations are exposed to different working conditions and that the
nature of the work influences the health of workers. Therefore, implementing the
same exercise regime for all those employed in differing occupations to prevent
musculoskeletal disorders would be irrational. A recent systematic review has shown
a lack of evidence for the effectiveness of exercise on preventing neck pain in office
workers due to very few high-quality randomized controlled trials (89). Thus, more
high-quality studies in this area are needed.

Office work is sedentary work, mainly involving computer use, participation in
meetings, presentations, reading, and telephoning (14). A recent systematic review
reported no clear association between computer use and neck pain (90). However,
prolonged sitting will cause continuous static load on the neck muscles, especially if
the design of the workplace is not suitable for the worker, which consequently
induce biomechanical strain, e.g. an increased in muscle tone (91). Previous research
showed that patients with chronic neck pain had significantly lower ranges of neck
movement than those without neck pain (18). Stretching exercise has been proposed
to increase muscle extensibility by modifying sensation (92). Thus, stretching exercise
may prevent the adverse effect of prolonged sustained posture and repetitive
movement of upper limbs.

Office work requires sitting for long hours behind a computer, leading to
continuous and static contraction of postural muscles. It has been hypothesized that
continuous low-intensity muscle contraction results in Ca2+ accumulation and
homeostatic disturbances in the active muscles due to poor blood circulation and an

impaired metabolic waste removal mechanism. These pathological changes in the
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active muscles may lead to muscle cell damage (22). Previous epidemiological
studies found low muscle endurance among office workers with neck pain (10). Some
studies showed that muscle endurance training was effective for treating patients
with neck pain (28, 29). In addition, evidence suggests that musculoskeletal pain may
involve central sensitization and exercise can induce central adaptations of pain
perception (93).

The objective of the present study was to evaluate the effect of an exercise
program focusing on neck muscle stretching and endurance training on the 12-month
incidence of neck pain among office workers with lower-than-normal neck flexion

movement or neck flexor endurance.

METHODS
Study population and procedures

A prospective cluster-randomized controlled trial with 12-month follow-up
was conducted in a convenience sample of office workers recruited from 12 large-
scale enterprises in Bangkok. The enterprises participating in this study were public
transportation, infrastructure, energy, health enterprises, and police. Subjects were
included in the study if aged 18-55 years, worked full-time, and had at least 1 year of
experience in the current position.

Subjects were excluded if they had reported musculoskeletal symptoms in
the spine 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 (N=1), rheumatoid arthritis (N=2), infection of
the spine and discs (N=0), ankylosing spondylitis (N=1), spondylolisthesis (N=0),
spondylosis (N=0), tumor (N=7), systemic lupus erythymatosus (N=2), or osteoporosis
(N=0) were also excluded from the study.

An invitation letter and a screening questionnaire were sent to office workers
in workplaces. Those who expressed interest and were eligible were invited to
complete a self-administered questionnaire and received a physical examination (see
details under Physical examination) (figure 1). Only those who had lower-than-normal
neck flexion movement or neck flexor endurance were included in the study. Lower-
than-normal cut-off points were set as previously reported mean scores in the

general population. The cut-off point for normal neck flexion range of motion was
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set at 54.1 degrees (94) and the cut-off point for neck flexor endurance was set at 39
seconds (95). Participants were randomly assigned at the cluster level into either
intervention or control groups. The designation of intervention was performed by
using a computer-generated randomization and concealed from the data collector.
Clusters of participants were located on the same workplace to avoid contamination
of the intervention and to enhance the compliance within the intervention group
(96). The study was approved by the Chulalongkorn University Human Ethics

Committee and no change was made to methods after trial commencement.

Questionnaire

The self-administered questionnaire comprised three sections designed to
gather data on individual, work-related physical, and psychosocial factors (Appendix
O). 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 position, number of working
hours, and years of working experience. Respondents were asked about the duration
of using a computer, performing various activities during work, and rest breaks. The
questionnaire also asked respondents to self-rate the ergonomics of their
workstations (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 Thai version (70).

Physical examination
Each participant underwent a physical examination according to standardized
protocol (Appendix B) and the examiner was blinded to the identity of group
assignments. Physical examinations included the following items and took a 20-
minute single session to complete.
1. Body weight and height were measured by electronic digital scale and a wall-
mounted standiometer, respectively.
2. Waist circumference was measured midway between the lower rib margin
and the superior border of the iliac crest using a tape measure (97).
3. Neck flexion range of motion was measured by using the cervical range of
motion device (98). Mean normal range of neck flexion is 54.1 degrees (94).
4. Neck flexor endurance was assessed according to the procedure described by
Harris et al (95). In brief, a subject in crook-lying position with their chin

maximally retracted and maintained isometrically. The subject then lifted the
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head and neck until the head was approximately 2.5 cm above the plinth.
The length of time the subject was able to hold this position without
deviation was recorded in seconds by the examiner. An ability to sustain a

position for 39 seconds was considered normal muscle endurance (95).

Before data collection, repeatability of data from the questionnaire and
physical examination was assessed in 20 office workers. Each subject was tested on
two occasions separated by an interim of 7 days between measurements for the

questionnaire and 10 minutes for the physical examination.

Description of intervention

Participants in the intervention group received an exercise program, which
was selected based on the theoretical effect of prolonged computer use on upper
body parts, including forward head posture and protracted shoulders (99). The
exercise program consisted of muscle stretching and endurance training (Appendix E).
Stretching exercise was designed to stretch the shortened muscles (i.e. upper
trapezius, levator scapulae, pectoralis, and rectus capitis posterior) (100). Participants
were asked to hold each muscle in the stretched position for 30 seconds once and
performed twice for each workday at 10 AM and 2 PM (101). Endurance training was
designed to increase endurance of the lengthened muscles (i.e. longus capitis, longus
colli, rectus capitis anterior and lateralis) (102). Participants repeatedly contracted the
muscles 10 times (103). Participants were asked to perform the exercise twice a week
at home on Wednesday and Sunday. Participants received a short message via
mobile phone at 10 AM daily on a workday during the first 3 months to remind them
to perform the exercise as instructed. Participants in the control group did not
participate in any exercise program. During the study, all participants were asked to
keep the level of their physical activity unchanged and to avoid any regular exercise.

Each participant received a diary to record exercise adherence.

Outcome measures

The incidence of neck pain was collected by using a diary (Appendix D). The
area of neck was defined according to the standardized Nordic questionnaire (71).
Participants answered the yes/no question “Have you experienced any neck pain
lasting >24 hours during the past month?” If they answered “Yes”, follow-up
questions about pain intensity measured by a visual analogue scale, and the

presence of weakness or numbness in the upper limbs were asked. In this study,
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participants were identified as cases if they answered “Yes” to the first question,
reported pain intensity greater than 30 millimeters (mm) on a 100-mm visual
analogue scale, and had no weakness or numbness in the upper limbs. Participants
were followed until they became symptomatic, withdrew from the study, or
completed the 12-month follow up. The researcher returned to collect the diaries
from participants every month over a 12-month period.

Those who reported incidence of neck pain were asked about their disability
level measured by the Neck Disability Index (NDI) (72) and quality of life and health
status measured by the Medical Outcome Study Short-Form Survey version 2.0
(SF36v2) (104).

Effectiveness of the exercise program on neck movement and muscle
endurance

The effectiveness of the exercise program used in the present study on neck
movement and muscle endurance was conducted on 40 subjects, who were
randomly selected from both intervention (n=20) and control (n=20) groups.
Assessment of neck flexion range of movement and neck flexor endurance was
conducted on each subject at baseline, 3-month, 6-month, 9-month and 12-month

follow up.

Statistical analysis

For the reliability study, the intraclass correlation coefficient (105) was
calculated for continuous data and Phi coefficient for nominal data. ICC (3,1) and
(2,1) were calculated for intra- and inter-rater reliability, respectively.

Baseline characteristics of participants between intervention and control
groups were compared using the independent t-test for continuous data and Chi-
square for nominal and ordinal data. The analysis followed an intention-to-treat
approach. The incidence rate of neck pain was calculated for each group. The study
was designed to have 80% power to show a 10% difference in the incidence rate of
neck pain at the one-sided 5% level between those who received the exercise
program and those who did not. The incidence of neck pain was expected to be 49%
(11).

Two-way analysis of variance (106) was employed to determine the effects of
group, time, and their interaction on neck movement and muscle endurance. Missing
data regarding neck flexion range of movement and neck flexor endurance during the

12-month follow up were handled by being replaced with the group mean at the
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same time point. When a significant difference was found in the ANOVA, Tukey post
hoc comparison was employed to determine whether the two selected means were
significantly different from each other. Comparisons of neck movement and 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 calculate hazard ratios for
the intervention with respect to incident cases for neck pain. 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 the tested covariates changed the hazard ratio of the
intervention variable by 0.05 or more it was included in the final, adjusted model.

Difference in health outcomes (i.e. pain intensity, disability, quality of life and
health status) between those reporting incident neck pain 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
Test-retest reliability

The test-retest reliability results demonstrated moderate (0.53) to good (1.00)
reliability for questionnaire outcomes. Intra- and inter-rater reliability for neck flexion
range of movement was excellent (ICC [3,1] = 0.93) and good (ICC [2,1] = 0.83),
respectively. Both intra- and inter-rater reliability for neck flexor endurance was
excellent (ICC [3,1] = 0.94 for intra-rater reliability and ICC [2,1] = 0.92 for inter-rater
reliability).
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Recruitment and randomization

The trial started in February 2011 and completed in March 2013. Figure 1
shows the flow of participants. After randomization, 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 the
intervention and control groups. The randomization was relatively successful in
creating the intervention and control groups with similar baseline characteristics
(table 1). The only exceptions were measures of waist circumference, working day

per week, social support, and neck flexor muscle endurance.

Exercise adherence

Exercise adherence was assessed using a self-reported diary, which was
collected from participants every month during the follow up. The mean (SD) of
stretching exercise adherence was 146.1 (136.7) to 163.9 (117.7) sessions, accounting
for 30%-34% of full exercise adherence. The mean (SD) of endurance training
adherence was 55.0 (64.9) sessions, accounting for 57% of full exercise adherence

(Supplemental Table 1).
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Mean (SD)

Characteristic Intervention group  Control group P Value
(n=285) (n=282)
Demographic characteristic
Gender: female (%) 47.6 52.4 0.055
Age (years) 37.2(10.1) 36.9 (10.7) 0.693
Weight (kg) 62.0 (14.3) 60.3 (13.0) 0.133
Height (cm) 160.8 (8.5) 160.9 (7.4) 0.902
Waist circumference (cm) 80.5 (13.1) 77.7(12.2) 0.009*
Education (%)
Lower than Bachelor’s degree 11.7 9.4 0.507
Bachelor’s degree 69.9 71.7
Higher than Bachelor’s degree 18.4 18.9
Exercise frequency in the past 12 months (%)
Never 254 185 0.066
Occasionally 61.5 68.1
Regularly 124 10.9
Not sure 0.7 25
Occupational-related characteristic
Duration of employment (years) 12.1 9.1) 12.4 (10.5) 0.684
Working hours per day (hours per day) 7.8(2.2) 79 (3.2) 0.434
Working days per week (days per week) 5.0 (0.6) 4.9 (0.4) 0.019*
Psychosocial characteristic
Job control 35.6 (4.5) 34.9 (4.7) 0.113
Psychological job demand 31.9 (4.3) 31.8 (4.4) 0.768
Physical job demand 13.0 (2.5) 13.2(2.3) 0.359
Job security 16.7 (1.3) 16.6 (2.3) 0.487
Social support 30.2 (4.6) 31.2 (4.4) 0.041*
Hazard at work 16.1 (3.7) 16.3 (3.5) 0.677
Physical characteristic
Neck flexion ROM (degrees) 39.4 (17.4) 41.3(11.4) 0.117
Neck flexor endurance (seconds) 11.3 (5.0 10.2 (5.1) 0.007*
Percentage of participants with lower-than- 0% 0% 1.000
normal neck flexion movement only
Percentage of participants with lower-than- 11.6% 11.3% 0.931
normal neck flexor endurance only
Percentage of participants with both 88.4% 88.7% 0.931

lower-than-normal neck flexion movement and

neck flexor endurance

ROM, range of movement

*p value < 0.05 (the independent t-test)
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Effectiveness of exercise program on neck movement and muscle endurance

The two-way ANOVA indicated a significant effects for group (Fy 190 = 32.792, p
= <0.001) and time (F4190 = 20.106, p = <0.001) on neck flexion ROM (table 2). No
significant interaction between group and time (F4 190 = 2.012, p = 0.094) was found.
Mean neck flexion ROM in the intervention group (33.8 degrees) was significantly
greater than that of the control group (28.1 degrees). The post hoc Tukey test
revealed that neck flexion ROM at the 6-month (33.3 degrees), 9-month (34.3
degrees) and 12-month (35.9 degrees) follow ups was significantly greater than at
baseline (26.7 degrees) and the 3-month (24.5 degrees) follow up (p < 0.05).

The two-way ANOVA indicated a significant effect for group (Fy 199 = 31.245, p
= <0.001) on neck flexor endurance (table 2). No significant effects of time (Fq 199 =
1.026, p = 0.395) and interaction between group and time (Fg 190 = 0.919, p = 0.454)
was found. Mean neck flexor endurance in the intervention group (14.4 seconds) was

significantly greater than that of the control group (11.3 seconds).

Table 2 Neck flexion range of movement and neck flexor endurance at baseline,
3-month, 6-month, 9-month and 12-month follow ups for the intervention and

control groups

Mean (SD)
Intervention group Control group p Value
(n=20) (n=20)
Neck flexion ROM (degrees)
Baseline 27.1(3.6) 26.3 (7.6) 0.652
3-month 29.1 (8.0) 21.1 (5.0 0.001*
6-month 36.2 (8.7) 30.4 (5.1) 0.013*
9-month 38.3(9.4) 30.4 (5.0) 0.002*
12-month 39.3(7.7) 33.4(8.3) 0.025*
Neck flexor endurance (seconds)
Baseline 12.9 (3.3) 11.3 (3.6) 0.161
3-month 13.5(3.5) 11.1 (3.7) 0.044*
6-month 14.1 (3.8) 11.1 (4.1) 0.019*
9-month 15.6 (4.4) 11.2 (4.1) 0.002*
12-month 15.6 (3.8) 11.9 (3.8) 0.004*

ROM, range of movement

*p value < 0.05.
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Incidence of neck pain

Over the 12-month follow up, 12.1% (32/264) of participants in the
intervention group and 26.7% (72/270) of participants in the control group reported
the incidence of neck pain. No harm or unintended effect in both groups was
reported.

The Kaplan-Meier survival curves for the neck cohort showed that there was a
significant difference in time to neck pain between the intervention and control
groups (log rank test probability <0.001) (figure 2). Participants in the control group

had greater risk of neck pain than those in the exercise group.
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Figure 2  The Kaplan-Meier survival curves for neck cohort

Using the Cox proportional hazard model, a protective effect of the exercise
program was found for neck pain, in which the exercise program significantly reduced
the risk of incident neck pain by approximately half (HR,q = 0.45, 95% C| 0.28-0.71)
(table 3).
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Table 3  Unadjusted and adjusted hazard ratios evaluating the effects of exercise

program on incident neck pain (n=534)

Hazard ratio* 95% Cl p Value
Neck pain
Unadjusted model 0.44 0.29-0.66 <0.001
Adjusted model# 0.45 0.28-0.71 0.001

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

#variable; age, gender, job control, psychological job demand, physical job demand, job security,
social support, hazard at work, neck flexor muscle endurance, job title, previous history of
working as office worker, number of working hours a day, frequency of reaching, lifting moderate
to heavy objects, neck extension and flexion, using a computer, sitting for >2 hours a day,

standing for >2 hours a day, self-rate the ergonomics of desk and monitor position.

Health outcomes

The results showed that the health outcomes (i.e. pain intensity, disability,
physical health and mental health) reported by those having incident neck pain in
the intervention and control groups was not significantly different (Supplemental
Table 2).

Supplemental Table 2 Pain intensity, disability, and SF-36 physical and mental

component summaries

Mean (SD)
Variable p Value
Intervention group Control group
Pain intensity measured by VAS 4.3(1.1) 4.4 (1.3) 0.76
Disability measured by NDI 7.7(5.7) 6.8 (4.7) 0.37
SF-36 physical component summary 37.8 (10.6) 35.9(9.9) 0.37
SF-36 mental component summary 24.6 (6.3) 23.2(7.3) 0.31

VAS, visual analogue scale; NDI, Neck disability index; SF-36, Medical Outcome Study Short-Form
Survey.
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DISCUSSION

In the present study, we investigated the effectiveness of a simple exercise
program focusing on neck muscle stretching and endurance training to prevent
nonspecific neck among office workers. Nonspecific neck pain is neck pain (with or
without radiation) without any specific systematic disease being detected as the
underlying cause of the complaints (35). The exercise program was designed based
on the fact that office work usually involves computer use and document work for
long hours. Deconditioning from prolonged sustained posture and repetitive
movement of upper limbs may lead to a reduction in muscle extensibility and
endurance. However, neck pain among office workers is unlikely to originate from
identical causes, thus implementing the same exercise regimen for everyone would
be irrational. A distinct group of healthy participants was selected for the present
study, i.e. those with lower-than-normal neck flexion movement or neck flexor
endurance, to ensure that participants will theoretically benefit from the exercise
program. This randomized controlled trial demonstrated that the exercise program
used in the present study can prevent incident neck pain among office workers with
lower-than-normal neck flexion movement or neck flexor endurance. The annual
incidence of neck pain was reduced by 55% by the intervention. However, the
exercise program did not reduce pain intensity and disability or retain the quality of
life and health status of those performing the exercises and who, subsequently,
experienced neck pain.

Previously, there were three randomized-controlled trials investigating the
effectiveness of exercise in preventing neck pain in asymptomatic subjects and the
results indicated conflicting evidence (37, 49). Blangsted et al (37) found that healthy
office workers had a significantly lower prevalence of neck-shoulder symptoms at
follow-up when allocated to a specific resistance training group than those placed in
a reference group. Zebis et al (88) found a negligible effect of 20-week, high-intensity
strength training for the neck and shoulder three times a week to prevent neck pain
in the working population with repetitive work exposure. Hamberg-van Reenen et al
(49) reported that a strengthening exercise program on the back and neck/shoulder
muscles in healthy workers did not significantly reduce muscular discomfort during a
simulated assembly and lifting task compared with no intervention.

Evidence suggests that the effectiveness of exercise for patients with neck
pain depends on their exercise adherence (107, 108). Several previous studies
investigating the effectiveness of exercise programs reported low to moderate

participant adherence to the exercise program (51, 109). Our results showed that
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stretching exercise adherence during the first 3 months was higher than during the
remaining 9 months. Thus, using a short message to increase exercise adherence
proved effective to a certain extent. However, endurance training adherence during
the first 3 months was lower than during the remaining 9 months. A short message
was sent at 10 AM daily on a workday, but participants were asked to perform the
endurance training twice a week at home on Wednesday and Sunday. The results
may imply that mobile phone text messaging is effective in promoting exercise
adherence only around the time of sending.

Overall, participants’ adherence to stretching exercise in this study was low
(30-349%), while their adherence to endurance training was moderate (57%). However,
with low to moderate exercise adherence, we found that it was sufficient to increase
neck flexion ROM and neck flexor endurance compared to the control group over
the 12-month period in a small group of participants. Therefore, the reduction in
incident neck pain among office workers in the intervention group is potentially
attributed to neck muscle stretching and endurance training used in this study.
Theoretically, these two types of exercise help prevent the adverse effect of
sustained posture and repetitive movement of upper limbs. Further research on
effective exercise protocol (i.e. exercise frequency and duration) to increase neck
flexion ROM and neck flexor endurance with minimal time requirement is
recommended.

In the present study, those who reported the incidence of neck pain in both
intervention and control groups were also asked to report their disability level as
well as quality of life and health status. 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. Several previous studies showed that risk factors for
onset differed from those for persistence of neck pain (12, 110). Our findings further
suggest that effective interventions for prevention of neck pain in office workers may
differ from those for reduction of disability due to neck pain. A recent systematic
review of randomized controlled trials indicated that muscle strengthening and
endurance exercises effectively alleviate pain intensity, discomfort, and/or duration
of neck pain whereas muscle endurance exercise seems to effectively reduce
disability attributed to neck pain (89).
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Strengths and limitations of the study

A major strength of this study is its prospective design and the inclusion of
broad psychosocial factors for their confounding effect on neck pain. In addition,
prescription of exercise was based on the individual physical examination results and
it took an individual’s problems into account. However, there are two main
methodological limitations that should be taken into consideration when interpreting
the results of the present study. First, there was no blinding of all participants to
treatment allocation. Participant blinding is important for the internal validity of a
study. Participant blinding ensures that the apparent effect (or lack of effect) of
treatment is not due to the placebo effect or Hawthorne effect. Expectations are an
important factor for placebo effects (111). In the present study, the control group
would have had no expectations, but the intervention group was prone to
expectations. Evidence also suggests that studies of physical interventions and
studies where the outcome is based on participant reporting and cooperation are
associated with large effects of placebo (112). Thus, the influence of placebo effects
on the outcomes of the present study cannot be excluded. However, our results
showed an increase in neck flexion ROM and neck flexor endurance compared to the
control group over the 12-month period, indicating that biological effects would also
partly influence the outcomes. It is not possible to blind participants in an exercise-
related trial (56, 57). However, one strategy that could be conducted to minimize the
expectation bias of participants is to set a trial in which at least 2 exercise
interventions are compared and ensure that the interventions are equally credible
and acceptable to participants and that participants have limited experience or
expectations for either exercise intervention (89). Second, the nature of several
biopsychosocial factors and the diagnosis of neck pain were subjective, which may
have led to data inaccuracy. The important drawback of self-reported data is a risk of
overestimation of exposure (113). Also, some workers may be more sensitive to any
somatic disturbance than others. As a result, there is a risk of under- or overreport of
the incidence. Future studies should consider inclusion of objective information from

a physical examination to increase data accuracy.
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CONCLUSION

A 12-month prospective cluster-randomized-controlled trial was conducted in
healthy office workers with lower-than-normal neck flexion movement or neck flexor
endurance. The results of this study suggest that the exercise program consisting of
neck muscle stretching (twice a day on workdays) and endurance training (twice a
week) can effectively reduce incident neck pain and increase neck flexion movement
for office workers with lower-than-normal neck flexion movement. The annual
incidence of neck pain was reduced by 55% by intervention. However, the exercise
program did not reduce pain intensity and disability as well as retain quality of life
and health status in those performing the exercises and who, subsequently,
experience neck pain. This study proposes an exercise program — which is easy to
implement and can be carried out within a short space of time - to prevent neck
pain in office workers with lower-than-normal neck flexion movement or neck flexor

endurance.
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ABSTRACT

Objective: To evaluate the effects of an exercise program focusing on muscle
stretching and endurance training on the 12-month incidence of upper and low back
pain in office workers.

Design: A 12-month prospective cluster-randomized controlled trial.

Participants: Healthy office workers (n = 563) aged between 18-55 years with either
poor back extension flexibility or trunk muscle endurance.

Intervention: Participants were randomly assigned at the cluster level into either
intervention (n=282) or control (n=281) groups. Participants 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.

Main Outcome Measures: The 12-month incidence of upper and low back pain was
the primary outcome. Secondary outcomes were pain intensity, disability level, and
quality of life and health status.

Results: Over the 12-month follow up, 5.7% and 8.8% of participants in the
intervention group developed incidence of upper and low back pain, respectively. In
the control group, 14.9% and 19.7% developed incidence of upper and low back
pain, respectively. Hazard rate ratios showed a protective effect of the exercise
program for upper back pain (HR = 0.31, 95% Cl 0.16-0.63) and low back pain (HR =
0.37, 95% Cl 0.22-0.64) after adjusting for biopsychosocial factors. There was no
significant difference in pain intensity, disability, and quality of life and health status
between those who reported incidence of upper and low back pain in the
intervention and control groups.

Conclusion: An exercise program consisting of muscle stretching and endurance
training is an effective intervention to prevent upper and low back pain among office

workers with either poor back extension flexibility or trunk muscle endurance.

Key words: Musculoskeletal diseases; Exercise therapy; Disability
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INTRODUCTION

Office worker is one occupation commonly suffering from musculoskeletal
symptoms with a high proportion experiencing symptoms in the back (2).
Approximately 4% to 51% of office workers experienced back pain in the previous
year (114). Back pain is viewed as being of episodic occurrence over a lifetime with
variable recovery between episodes (115). Apart from personal suffering and
impaired quality of life in general, back pain in office workers can lead to sickness
absence and reduced work effectiveness, which can be a great socio-economic
burden on patients and society (8, 116).

Bigos et al (117) found that only exercise was found effective for preventing
self-reported back pain in seven of eight trials among working-age adults. Henchoz
and Kai-Lai So (118) found in their systematic review that exercise therapy can
prevent low back pain in the general population. However, it remains unclear which
type of exercise is most effective in preventing back pain. Coté et al (85) proposed
that different occupations are exposed to different working conditions and that the
nature of the work influences the health of workers. Therefore, implementing the
same exercise regime for all those employed in differing occupations to prevent
musculoskeletal disorders would be irrational.

Office work is sedentary work, which mainly involves computer use,
participation in meetings, presentations, reading, and telephoning (14). These tasks
usually require prolonged sitting posture. Lack of movement during sitting may
induce the shortening of soft tissues, which consequently limits the available joint
range of movement (15). Limited joint movement may distort the normal body
biomechanics, which contribute to the risk of musculoskeletal disorders (16). One
previous study showed that female adolescents with low back pain had lower
lumbar mobility in all directions than normal subjects (119). Also, stretching exercise
has been shown to increase the range of joint movement and to encourage
circulation and oxygenation in joints, muscles, and muscle tendon units (15, 19).
Thus, stretching exercise may prevent the adverse effect of prolonged sitting on the
spine.

Prolonged continuous sitting requires the static contraction of postural
muscles. Sustained muscle activity has been previously identified as a risk factor for
developing musculoskeletal disorders (20). Continuous low-intensity muscle
contraction results in Ca’~ accumulation and homeostatic disturbances in the active
muscles due to poor blood circulation and an impaired metabolic waste removal

mechanism (22). These pathological changes in the active muscles lead to micro-
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lesions, overuse injury, and pain due to insufficient recovery time (23). A previous
epidemiological study demonstrated that low back muscle endurance was an
independent predictor of low back pain in a working population (120). An
experimental study showed that muscle endurance training was effective for treating
patients with subacute low back pain (28).

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

upper and low back pain among office workers.

METHODS
Study population and procedures

A prospective cluster-randomized controlled trial with 12-month follow-up
was conducted in a convenience sample of office workers recruited from 12 large-
scale enterprises in Bangkok. The enterprises participating in this study were those of
public transportation, infrastructure, energy, health, and police. Subjects were
included in the study if aged 18-55 years, working full-time, and with at least 1 year
of experience in the current position.

Subjects were excluded if they had reported musculoskeletal symptoms in
the spine 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 from the study.

An invitation letter and a screening questionnaire were sent to office workers
at their workplaces. Those who expressed interest and were eligible were invited to
complete a self-administered questionnaire and receive a physical examination
(Figure 1). Only those who had either lower-than-normal ranges of back extension
movement or trunk muscle endurance were included in the study. Lower-than-
normal cut-off points were set as previously reported mean scores (94, 95, 121-124).
Participants were randomly assigned at the cluster level into either intervention or
control groups. The designation of intervention was performed using computer-
generated randomization and concealed from the data collector. Clusters of

participants were located in the same workplaces to avoid contamination of the
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intervention and to enhance the compliance within the intervention group (96). The
study was approved by the University Human Ethics Committee and no change was

made to methods after trial commencement.

Questionnaire

The self-administered questionnaire comprised three sections designed to
gather data on individual, work-related physical, and psychosocial factors (Appendix
O). 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 position, 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
workstations (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 Thai version (70).
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Figure 1 ~ CONSORT flowchart of the study
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Physical examination

Each participant underwent a physical examination according to standardized
protocol (Appendix B) and the examiner was blinded to the identity of group
assisnments. Physical examinations included the following items and took a 30-
minute single session to complete.

1. Body weight and height were measured by electronic digital scale and a wall-
mounted standiometer, respectively.

2. Waist circumference was measured midway between the lower rib margin
and the superior border of the iliac crest using a tape measure (97).

3. Trunk extension flexibility was assessed by the modified-modified Schdber
test (125). Mean normal range of trunk extension flexibility is 13.2 cm (121). A
low score of the test indicates high flexibility of trunk.

4. Erector spinae and Multifidus muscle endurance was assessed by the Biering-
SOrensen test (126). An ability to sustain a position for 132 seconds was
considered normal muscle endurance (122).

5. Transversus abdominis muscle endurance was assessed by the TrA isolation
test (123). An ability to repeatedly contract the muscles 10 times was
considered normal muscle endurance (123).

6. Quadratus lumborum muscle endurance was assessed by the Side bridge test
(127). An ability to sustain a position for 51 (for males) or 35 (for females)

seconds was considered normal muscle endurance (124).

Before data collection, repeatability of data from the questionnaire and
physical examination was assessed in 20 office workers. Each subject was tested on
two occasions separated by an interim of 7 days between measurements for the

questionnaire and 10 minutes for the physical examination.

Description of intervention

Participants in the intervention group received an exercise program, which
was selected based on the theoretical effect of prolonged sitting and using computer
with awkward posture causes the scapular to retract (16, 23) and the pelvis to rotate
backward, resulting in kyphotic upper thoracic and reduced lumbar lordosis (23, 99).
The exercise program consisted of muscle stretching and endurance training
(Appendix E). Stretching exercise was designed to stretch the shortened muscle (i.e.
iliopsoas) (128). Participants were asked to hold each muscle in the stretched

position for 30 seconds once and performed twice for each workday at 10 AM and 2
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PM (15, 101). The endurance training was designed to increase endurance of the
lengthened muscles (i.e. erector spinae, multifidus, quadratus lumborum and
transversus abdominis) (16, 59). Participants repeatedly contracted each muscles 10
times and rest 60 seconds between muscles (103). Participants performed the
exercise twice a week at home on Wednesday and Sunday. The progression of
exercise intensity was conducted by adding 10 repetitions for each muscle and
reduced rest time 10 seconds every 2 months during the training period. Participants
received a short message via mobile phone at 10 AM daily on a workday during the
first 3 months to remind them to perform the exercise as instructed. Participants in a
control group did not participate in any exercise program. During the study, all
participants were asked to keep the level of their physical activity unchanged and
avoided any regular exercise. Each participant received a diary to record exercise

adherence.

Outcome measures

The incidence of upper and low back pain was collected using a diary
(Appendix D). The area of the upper and low back were defined according to the
standardized Nordic questionnaire (71). Participants answered the yes/no question
“Have you experienced any upper / low back pain lasting >24 hours 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 relevant areas were
asked. In this study, participants were identified as cases if they answered “Yes” to
the first question, reported pain intensity greater than 30 millimeters (mm) on a 100-
mm VAS, and had no weakness or numbness in the relevant areas. Participants were
followed until they became symptomatic, withdrew from the study, or completed
the 12-month follow up. The researcher returned to collect the diaries from
participants every month over a 12-month period.

Those who reported incidence of upper or low back pain were asked about
their disability level measured by the RMDQ (73) and quality of life and health status
measured by the Medical Outcome Study Short-Form Survey version 2.0 (SF36v2)
(104).


http://dict.longdo.com/search/constantly
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Effectiveness of the exercise program on range of movement and muscles
endurance

The effectiveness of the exercise program used in the present study on back
extension flexibility and trunk muscle endurance was conducted on 40 subjects, who
were randomly selected from both the intervention (n=20) and control (n=20)
groups. Assessments of back extension flexibility and trunk muscle endurance were
conducted on each subject at baseline, and 3-month, 6-month, 9-month and 12-

month follow ups.

Statistical analysis

For the reliability study, the intraclass correlation coefficient (105) was
calculated for continuous data and the Phi coefficient for nominal data. ICC (3,1) and
(2,1) were calculated for intra- and inter-rater reliability, respectively.

Baseline characteristics of participants between intervention and control
groups were compared using the independent t-test for continuous data and Chi-
square for nominal and ordinal data. The analysis followed an intention-to-treat
approach. The incidence rate of upper and low back pain was calculated for each
group. The study was designed to have 80% power to show a 10% difference in the
incidence rate of upper and low back pain at the one-sided 5% level between those
who received the exercise program and those who did not. The incidence of upper
and low back pain was expected to be 27% (129) and 23% (130), respectively.

To determine whether back extension flexibility and trunk muscle endurance
varied over time (at baseline, 3-month, 6-month, 9-month and 12-month follow ups),
one-way analysis of variance (106) was performed on the intervention and control
groups separately. When a significant difference was found in the ANOVA, Tukey post
hoc comparison was employed to determine whether the two selected means were
significantly different from each other. Comparisons of back extension flexibility 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.
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The Cox proportional hazards model was used to calculate hazard ratios for
the intervention with respect to incident cases for upper and low back pain. 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 intervention variable by 0.05 or more, it was included in the final, adjusted
model.

Difference in health outcomes (i.e. pain intensity, disability, quality of life and
health status) between those reporting incidence of upper and low back pain 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
Test-retest reliability

The reliability results demonstrated moderate (0.53) to good (1.00) reliability
for questionnaire outcomes and good (0.76 to 1.00) for physical examination

outcomes.

Recruitment and randomization

The trial started in February 2011 and concluded in March 2013. Figure 1
shows the flow of participants. A total of 563 office workers who were eligible for
inclusion in the study were randomized into either the intervention (n=282) or
control (n=281) groups. After randomization, 21 in the intervention group and 12 in
the control group dropped out of the study. The reason given for dropping out was
job change (n=15) and insufficient time to exercise (n=18). Thus, 261 participants in
the intervention group and 269 in the control group were monitored for incident
upper and low back pain. Table 1 shows the baseline characteristics of the
participants in the intervention and control groups. The randomization was relatively
successful in creating the intervention and control groups with similar baseline
characteristics (131). The only exceptions were measures of waist circumference,

working day per week, social support and back extension flexibility.
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Table 1 Baseline characteristics of participants
Intervention
o Control group p
Characteristic group
(n=281) Value
(n=282)
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 (%)
Lower than Bachelor’s degree 11.7 9.1 0.424
Bachelor’s degree 69.0 72.0
Higher than Bachelor’s degree 19.3 18.9
Exercise frequency in the past 12 months (%)
Never 25.0 18.5 0.080
Occasionally 61.8 68.5
Regularly 12.5 10.5
Not sure 0.7 25
Occupational-related characteristic
Duration of employment (years) 12.149.2 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 0.72
Physical characteristic
Back extension flexibility (cm.) 13.1+0.8 13.3+0.8 0.003*
TrA endurance (time) 4.4+4.1 4.6+4.1 0.610
Rt. quadratus lumborum endurance (sec.) 46.2+27.4 46.0+1.9 0.932
Lt. quadratus lumborum endurance (sec.) 45.9+27.3 44.2+31.6 0.481

Erector spinae and multifidus endurance (sec.) 80.8+39.1 79.4+39.7 0.685
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Exercise adherence

Exercise adherence was assessed using a self-reported diary, which was
collected from participants every month during the follow up. Full exercise
adherence for a year comprised 480 sessions of stretching exercise and 96 sessions of
endurance training. 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) to 54.9 (64.9) sessions, accounting for
55%-57% of full exercise adherence (Table 2)

Effectiveness of exercise program on back movement and trunk muscle
endurance

Table 3 shows back extension flexibility and muscle endurance at baseline, 3-
month, 6-month and 12-month follow ups for both groups. One-way ANOVA
indicated a significant effect of time on back extension flexibility in both intervention
(Fag5 = 2.983, p = 0.023) and control (F495 = 4.665, p = 0.002) groups. The post hoc
Tukey test revealed that back 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 back extension
flexibility between the intervention and control groups at baseline showed no
significant difference (p=0.565). Back extension flexibility in the intervention group
was significantly different from the control group at the 3-month, 6-month, 9-month,
and 12-month follow ups (p<0.05).

One-way ANOVA indicated no significant effect of time on trunk muscle
endurance in both intervention and control groups. Comparison of trunk muscle
endurance between the intervention and control groups at baseline, 3-month, 6-

month, 9-month, and 12-month follow ups showed no significant difference (p>0.05).



Table 3  Ranges of movement and muscles endurance at baseline, 3-month, 6-

month, 9-month and 12-month follow ups for the intervention and control groups

Control group (n=20) Intervention group (n=20)
Back extension flexibility (cm)
Baseline 13.0+0.8 12.9+0.7
3-month 13.5+0.6 12.4+0.7
6-month 13.7+0.5 12.7£0.7
9-month 13.7+0.5 12.5+0.5
12-month 13.1+0.9 12.3+0.5
TrA endurance (times)
Baseline 55+4.5 5.8+4.2
3-month 6.3+3.8 6.8+3.8
6-month 7.2+£3.1 7.6£2.7
9-month 7.2+3.2 8.0£2.9
12-month 7.5+3.2 8.7+2.2
Rt.Quadratus lumborum endurance
(sec.)
Baseline 42.5+33.6 33.0+13.3
3-month 37.6+25.8 35.2+16.5
6-month 36.6+20.2 33.8+15.9
9-month 37.1+20.8 36.1+15.3
12-month 39.4+27.5 41.3+13.8
Lt.Quadratus lumborum endurance
(sec.)
Baseline 40.1+28.4 35.1+12.0
3-month 37.2+24.1 34.5+15.2
6-month 36.2+18.2 32.9+13.8
9-month 36.6+19.5 38.1+17.5
12-month 37.4+26.0 44.3+12.4
Erector spinae and multifidus
endurance (sec.)
Baseline 55.2+20.2 57.6+x14.8
3-month 54.1+24.6 66.9+19.9
6-month 67.8+30.5 72.6+19.9
9-month 67.8+30.0 70.7+28.2
12-month 70.5+23.2 75.0+29.9

ROM, range of movement; TrA, transversus abdominis muscle
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Incidence of upper back pain

Over the 12-month follow up, 5.7% (15/261) of participants in the
intervention group and 14.9% (40/269) of participants in the control group reported
the incidence of upper back pain. No harm or unintended effect in both groups was
reported.

The Kaplan-Meier survival curves for the upper back cohort showed that
there was a significant difference in time to upper back pain between the
intervention and control groups (log rank test probability=0.001) (Figure 2).
Participants in the control group had greater risk of upper back pain than those in the

exercise group.
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Figure 2  The Kaplan-Meier survival curves for the upper back cohort

The unadjusted and adjusted effects of the interventions on incident upper
back pain were examined using the Cox proportional hazard model (Table 4). In the
adjusted models, a protective effect of the exercise program was found for upper
back pain, in which the exercise program significantly reduced the risk of incident
upper back pain by 69% (HR = 0.31, 95% Cl 0.16-0.63).
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Table 4  Unadjusted and adjusted hazard ratios evaluating the effects of exercise

program on incident upper back pain (n=563)

Hazard ratio* 95% Cl P value
Upper back pain
Unadjusted model 0.37 0.20-0.71 0.003
Adjusted model# 0.31 0.16-0.63 0.001

*Cox proportional hazard ratio; the control group is the reference group
#variable; age, gender, job control, psychological job demand, physical job demand, job security,

social support, hazard at work, and working day per week.

Incidence of low back pain

Over the 12-month follow up, 8.8% (23/261) of participants in the
intervention group and 19.7% (53/269) of participants in the control group reported
the incidence of low back pain. 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 low back pain between the intervention and

control groups (log rank test probability=0.001) (Figure 3).
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Figure 3  The Kaplan-Meier survival curves for the lower back cohort

The unadjusted and adjusted effects of the interventions on incidence of low
back pain were examined using the Cox proportional hazard model (Table 5). In the

adjusted models, a protective effect of the exercise program was found for low back
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pain, in which the exercise program significantly reduced the risk of incidence of low
back pain by 63% (HR = 0.37, 95% Cl 0.22-0.64).

Table 5  Unadjusted and adjusted hazard ratios evaluating the effects of exercise

program on incident low back pain (n=563)

Hazard ratio* 95% Cl P value
Low back pain
Unadjusted model 0.44 0.27-0.72 0.001
Adjusted model§ 0.37 0.22-0.64 <0.001

*Cox proportional hazard ratio; the control group is the reference group
§Variable; age, gender, job control, psychological job demand, physical job demand, job security,

social support and hazard at work.

Health outcomes for upper and low back pain

The health outcomes (i.e. pain intensity, disability, physical health and mental
health) for participants who reported incident upper and low back pain are
presented in Table 6. There were no significant differences in any health outcomes

between the intervention and control groups.

Table 6 Pain intensity, Disability, and SF-36 Physical and Mental Component

Summiaries for upper and low back pain

Mean + SD
Variable Intervention Control p Value

group group

Upper back pain (N=16) (N=40)
Pain intensity measured by VAS 4.6+0.9 4.2+1.1 0.243
Disability measured by RMDQ 3.6+5.1 4.3+3.3 0.539
SF-36 physical component summary 35.9+11.3 34.0+£10.0 0.613
SF-36 mental component summary 22.5+6.8 21.6+7.7 0.733

Low back pain (N=23) (N=53)
Pain intensity measured by VAS 47+15 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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DISCUSSION

Based on the fact that MSDs among office workers is unlikely to originate
from identical causes, a distinct group of healthy participants was selected for the
study to ensure that they would benefit from the exercise program, i.e. those at risk
of upper and low back pain due to either poor back extension flexibility or trunk
muscle endurance. The results revealed that a simple home-based exercise program
focusing on muscle stretching and endurance training reduced incidence of upper
and low back pain in healthy office workers. The annual incidence of upper and low
back pain was reduced by 60%-70% by the intervention. However, the exercise
program appears to provide 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, experienced upper and low back pain.

A few randomized-controlled trials have been previously conducted to
investigate the effectiveness of exercise in preventing upper and low back pain in
asymptomatic subjects (49, 132, 133). Moore et al (132) found that an exercise
program focusing on balance control and low-back-connected muscle strength
training prevented low back pain in sedentary healthy workers. Hamberg-van Reenen
et al (49) 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 (133) found that all-round physical
exercise did not provide a greater preventive effect on low back pain than a
reference intervention among office workers. To date, no study has investigated the
effect of exercise program on preventing upper back pain in office workers.

The 12-month incidence of upper back pain (14.9% for the control group) and
low back pain (19.7% for the control group) in office workers reported in the present
study concurred with that previously reported (23-28%) (2, 130, 134). There was a
similarity between our study and previous studies regarding the definition of a
symptomatic case. Juul-Kristensen et al (130) defined incident cases as those who
reported LBP at least eight days during the preceding 12 months or a pain intensity
score above 3 within the last 3 months. In this study, apart from having pain lasting
more than 1 day, participants were required to report pain greater than 30 mm on a
100-mm visual analogue scale in order to be identified as cases.

Evidence suggests that the effectiveness of exercise for patients with chronic
low back pain depends on their exercise adherence (135). The results showed that
participants’ adherence to the home-based exercise program was quite low (31% for

stretching exercise and 55%-57% for endurance training). Other studies investigating
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the effectiveness of exercise programs have had similar issues with exercise
adherence (106, 136). In the present study, we attempted to maximize exercise
adherence among participants in the intervention group by sending them a daily
short message via mobile phone to remind them to perform the exercise as
instructed during the first 3 months. The results indicated that exercise adherence
during the first 3 months was higher than during the remaining 9 months. Exercise
adherence decreased gradually from the first 3 months to the end of trial. These
results suggest that mobile phone text messaging on exercise adherence might be
effective only around the time of sending.

Despite low to moderate participant adherence to exercise program, we
found that it was sufficient to significantly increase back 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, quadratus lumborum, erector
spinae, and multifidus muscle 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 upper and low back pain among office workers in the
intervention group can be attributed to the home-based exercise program used in
this study.

In the present study, those who reported the incidence of upper and low
back pain in both intervention and control groups were also asked to report their
disability level as well as quality of life and health status. 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 and treatment of musculoskeletal disorders in office
workers may differ. A recent review of international clinical guidelines for the
management of low back pain indicated that a supervised exercise program is not
recommended for acute low back pain. However, exercise therapy is recommended
for subacute and chronic low back pain but there is no evidence that one form of
exercise is superior to another (137). Further research should evaluate which type of

exercise is most appropriate to treat subacute and chronic low back pain.
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Study limitations

There are two main methodological limitations that should be taken into
consideration when interpreting the results of the present study. First, 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. Participant blinding is important for the internal validity of a
study. However, it is very difficult, perhaps impossible, to blind participants in an
exercise-related trial (56, 57). One strategy that could be conducted to minimize the
expectation bias of participants is to set a trial in which at least 2 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 (89). Second, the nature of several
biopsychosocial factors and the diagnosis of upper and low back pain were
subjective, which may have led to data inaccuracy. The important drawback of self-
reported data is a risk of overestimation of exposure (113). Also, some workers may
be more sensitive to any somatic disturbance 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 examination to increase data accuracy.

CONCLUSION

This 12-month prospective cluster-randomized controlled trial indicated that
a simple home-based exercise program focusing on muscle stretching and endurance
training can reduce incidence of upper and low back pain in office workers. The
annual incidence of upper and low back pain was reduced by 60-70% by
intervention. The exercise program was designed based on the fact that prolonged
sitting during office work may induce the shortening of soft tissues and muscle
fatigue, consequently resulting in upper and low back pain. However, the exercise
program can not reduce pain intensity and disability as well as retain quality of life
and health status in those performing the exercises and who, subsequently,
experience upper and low back pain. This study proposes an effective exercise
program — which is easy to implement and can be carried out within a short space of

time — to prevent upper and low back pain in office workers.
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CHAPTER VI

General conclusion

6.1 Summary of the results

The first aim of the study was to systematically review the literature to gain
insights into which types of exercise are effective for the prevention and cure of non-
specific neck pain in office workers as well as assess the strength of evidence
(Chapter 2). The results showed that there were nine randomized controlled trials
investigating the effectiveness of exercise therapy for prevention and cure of non-
specific neck pain in office workers. Strong evidence supporting the effectiveness of
muscle strengthening and endurance exercises for treating neck pain was found.
Moderate evidence indicated that muscle endurance exercise was effective for
reducing disability attributed to neck pain. No evidence was found for the
effectiveness of any exercises in preventing non-specific neck pain. Further research
was recommended to evaluate the effectiveness of an exercises program in the
prevention of non-specific neck pain in office workers.

The second aim of the study was to examine whether the incidence of
musculoskeletal symptoms in the neck and low back were elevated during the
floods and to explore flood-related risk factors for neck and low back symptoms in a
cohort of office workers (Chapter 3). The study found an increased rate of
musculoskeletal symptoms in the neck and low back during severe flooding in
Bangkok and its surrounding vicinity in 2011. Disability level due to neck and low
back symptoms during the flood was greater than during non-disaster circumstances.
However, no flood-related factor was found to significantly associate with either neck
or low back symptoms. However, neck symptoms may associate with frequently
commuting through flooded areas and low back symptoms may relate to the
subjects’ homes or workplaces being flooded. The findings highlight a need to pay
more attention to the problem of musculoskeletal symptoms during the flood in an
urban area. One effective preventive measure may be educating people living in
areas under threat of flooding how to perform high-intensity and unfamiliar physical
activities during the flood safely.

The third aim of the study was to evaluate the effect of an exercise program
focusing on muscle stretching (twice a day on workdays) and endurance training

(twice a week) in preventing the 12-month incidence of neck, upper back, and low
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back pain among healthy office workers (Chapter 4-5). The exercise program reduced
incident neck, upper back, and low back pain in office workers by 55%, 69%, and
63%, respectively. However, the exercise program did not reduce pain intensity and
disability as well as retain quality of life and health status in those performing the
exercises and who, subsequently, experienced neck, upper back and low back pain.
This study proposes an exercise program — which is easy to implement and can be
carried out within a short space of time - to effectively prevent neck, upper back
and low back pain in office workers with lower-than-normal range of movement or

muscle endurance.

6.2 Limitations of the study and suggestions for further study

In the first study, a systematic review, two main methodological limitations are
noteworthy. First, the search strategy was limited only to full reports published in
English. The possibility of publication and selection bias cannot be ruled out, which
may affect the results of the review. Second, the researchers summarized the results
from studies with substantial heterogeneity in study characteristics. This may explain
the observed variation in the results among studies. Future research is required to
indicate whether differences in these aspects affect the effectiveness of exercise
intervention before direct comparisons among different programs can be conducted
(48).

In the second study, a study of incidence and risk factors of musculoskeletal
symptoms in the neck and low back during severe flooding in Bangkok in 2011, there
are a number of methodological limitations that are worth noting. First, the findings
of the present study should be taken as a preliminary result because the sample size
was relatively small, increasing the likelihood of a type Il error. Second, the use of a
sample of healthy office workers, who provided a reasonably homogeneous
population, restricts generalization of the results of this study to a general
population. A study in a general population is required to validate the findings of this
study. Third, in this study, subjects were identified as cases if they reported pain
greater than 30 millimeters (mm) on a 100-mm visual analog scale and pain lasting
more than 1 day. Different results may emerge with different definitions of
symptomatic cases. Last, the association between flood-related factors and
musculoskeletal symptoms was based on cross-sectional data. Thus, it is not
possible to establish the causal relationship between exposure and outcome.
However, conducting a prospective study amid the disaster would be extremely
difficult.
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In the third study, effects of an exercise program on preventing neck, upper
back, and low back pain among office workers - a 12-month cluster-randomized
controlled trial, there are only one main methodological limitation that should be
taken into consideration when interpreting the results of the present study. First,
there was no blinding of all participants to treatment allocation. Participant blinding
is important for the internal validity of a study. Participant blinding ensures that the
apparent effect (or lack of effect) of treatment is not due to the placebo effect or
Hawthorne effect. Expectation is an important factor for placebo effects (111). In the
present study, the control group would have had no expectation, but the
intervention group was prone to expectations. Evidence also suggests that studies of
physical interventions and studies where the outcome is based on participant
reporting and cooperation are associated with large effects of placebo (112). Thus,
the influence of placebo effects on the outcomes of the present study cannot be
excluded. However, our results showed an increase in ROM and muscle endurance
compared to the baseline over the 12-month period, indicating that biological
effects would also partly influence the outcomes. It is not possible to blind
participants in an exercise-related trial (56, 57). However, one strategy that could be
conducted to minimize the expectation bias of participants is to set a trial in which
at least 2 exercise interventions are compared and ensure that the interventions are
equally credible and acceptable to participants and that participants have limited

experience or expectations for either exercise intervention (89).
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REVIEW OF RELATED LITHERATURE

1. Conceptual framework of work-related musculoskeletal disorder
Several previous studies indicated that work-related musculoskeletal
disorders in office workers have a multi-factorial origin (Figure 1). The excessive
physical demands leading to physical overload are proposed to be the primary cause
of MSD. Work organization, psychosocial factors and mental stress interact with the

physical demands and load contributing to the development of MSD through several
indirect pathways.
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Figure 1: A model of musculoskeletal disorders in office workers [modified from (23,
45)]

2. Neck pain
2.1 Prevalence and incidence of neck pain
Several cross-sectional studies reported high prevalence of neck pain among
office workers in many countries (2, 4, 9, 10, 138). The 12-month prevalence of neck

pain among visual display units workers and office workers ranged from 42% to 69%
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(4, 10) while the annual incidence of neck pain among office workers has been
reported to range from 34% to 49% (13, 31).

2.2 Risk factors for neck pain
Risk factors for neck pain have been extensively studied and can be divided

into individual, physical and psychosocial factors.

a) Individual factors
Individual factors associated with neck pain include gender, age, muscle

endurance, range of joint motion and level of physical activities.

® Gender

Female has been found to be associated with a more frequent report of neck
pain among office workers (13). A recent review reported that female was a risk factor
of neck pain in computer users (99). Similarly, the 1-year longitudinal study among 53
Australian university office workers found that female was a predictor of neck pain
(HR=3.07) (11).

® Age

Several previous studies indicated that increasing age was associated with
neck pain among office workers (99). The 1-year longitudinal study among Finnish
office employees working with video display units more than four hours per week
found that the risk of neck pain increased after age of 43 years in male (OR=2.5-2.7)
and after age of 52 years in female (OR=2.8) (13). Also, the 1-year longitudinal study
among office workers showed that workers older than 30 years were at greater risk of
neck pain compared with those younger than 30 year (139). However, one previous
1-year longitudinal study among 53 Australian university office workers found no

significance association between age and neck pain (11).

® Muscle endurance

No study has investigated the effect of muscle endurance on neck pain in
office workers. Previous studies in a general population showed that subjects with
neck pain had lower neck muscle endurance than healthy subjects (17, 25, 120). For
example, a longitudinal study among 1,357 blue and white collars showed that
subjects with low static neck muscle endurance had a 1.2-fold risk of developing

neck pain compared with a control group (120). A cross-sectional study among 55
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subjects with and without neck pain showed that neck muscle endurance were
significantly lower in subject with neck pain compared with those without neck pain
(25). However, only one 1-year longitudinal study investigated muscle endurance in
53 Australian university office workers and found that the incidence of neck pain was
not predicted by cervical extensor endurance (11). The findings should be
interpreted with caution regarding the insignificant results because only a small

sample size was included in the study. Consequently, the type Il error may occur.

® Range of joint motion

Limit of joint motion has been found to associate with neck pain (10, 44). A
cross-sectional study among 333 female office workers with neck pain found that
worker with mild neck pain had significantly less range of neck flexion than those
without pain (140). A one 1-year longitudinal study in 53 Australian university office
workers reported that increased mobility of cervical spine was a protective factor for
neck pain (OR=0.44) (11).

® |evel of physical activities

Previous studies indicated that office workers who lacked adequate physical
activities were at risk for neck pain (10-12). A cross-sectional studied in 720 Belgium
office workers showed that office workers who were not physically active had
increased risk of neck pain (OR=2.08) (10). A 1-year longitudinal study in office worker

also found that frequent exercise was a protective factor for neck pain (HR=0.64) (11).

b) Physical factors
Physical factors associated with neck pain in office worker include sitting for a
prolong time, working without rest break, duration of computer use, working in

awkward postures and with discomfort workstation.

® Sitting for a prolong time or working without rest break

Workers sitting for a prolong time or working without rest break have been
found to be more likely to experience neck pain (10, 138, 141). A cross-sectional
study in 3,070 Japanese administrative staffs indicated that workers who worked
without rest break had 3.2-fold risk of neck pain (141). Also, a cross-sectional study in
720 Belgium computer users showed that office workers who worked without rest
break had 2.5-fold risk of neck pain and worker who sat for a prolong time had 2-fold
risk of neck pain (10).
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® Duration of computer use

Several epidemiology studies indicated that a prolong time spent using a
computer, mouse or keyboard was associated with neck pain (10, 61, 141). The 1-
year prospective cohort study in 3,361 Danish office workers showed that workers
who worked more than 75% of working time with a computer was a prognostic factor
for neck pain (OR=1.53) (61). A cross-sectional study in 3,070 Japanese administrative
staffs demonstrated that duration of daily computer use of more than 5 hour was

significantly associated with neck pain (OR=3.2) (141).

® Working in awkward postures or with discomfort workstation

Several epidemiological studies indicated that working in awkward postures or
with discomfort workstation increased the risk of neck pain (9, 142, 143). A 3-year
prospective cohort study in 355 office workers found that workers who frequently
rotated neck during work had 1.6-fold risk of neck pain and workers who frequently
extended neck during work had 2.5-fold risk of neck pain (142). The result from a
cross-sectional study in 942 military office workers also reported that workers who
hold their neck in flexion and rotation for a prolong time had 2.6-fold risk of neck
pain (9). A cross-sectional study in 1,185 Thai office workers found that frequently
working in an uncomfortable posture increased risk of head/neck pain (OR=1.81)
(143).

c) Psychosocial factors

Epidemiological studies indicated that several psychological factors were
associated with neck pain (11, 13, 144). A 1-year prospective cohort study in 515
office employees working with video display units found that office workers who had
mental stress and had less physical exercise had 6.7-fold risk of neck pain (13). The
1-year prospective cohort study in 53 Australian office workers reported that high
psychological stress was a predictor for neck pain (HR=1.64) (11). A 6-month
prospective cohort study in 157 Taiwan sedentary workers reported that high job

control were a protective factor for neck discomfort (OR=0.86) (144).
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3. Upper back pain
3.1 Prevalence and incidence of upper back pain
Epidemiological studies on upper back pain in office workers were few. A
recent review indicated the 12-month prevalence of upper back pain ranging from
6%-49% in office workers (145). A cross-sectional study in 1,185 Thai office workers

reported the 12-month prevalence of upper back pain to be 28% (2).

3.2 Risk factors for upper back pain
Risk factors for upper back pain have been scarcely studied and can be

divided into individual, physical and psychosocial factors.

a) Individual factors

Individual factors associated with upper back pain are gender and physical
activities. A cross-sectional study in 300 Swedish air traffic controllers found that
female was associated with upper back pain (OR=4.1) (146). Similarly, a recent study
reported that female was associated with upper back pain in Australian medical
students (OR=2.5) (145).

For physical activities, a study in 2,265 military personnel and civilian in royal
Norwegian navy reported that the level of physical activity correlated negatively and
significantly with upper back pain (OR=0.9) (147).

b) Physical factors

Physical factors associated with upper back pain are working in awkward
postures and poor ergonomic of workstation. A cross-sectional study in 1,185 Thai
office workers reported that workers who frequently performed trunk bending during
work had increased risk of upper back pain (OR= 1.8) (2). A recent review found that
hotel room cleaners who reported poor ergonomic in the workplace had increased
risk of upper back pain (OR=1.8-4.2) (145).

c) Psychosocial factors

Epidemiolosical studies showed that a few psychosocial factors were
associated with upper back pain. For example, a cross-sectional study in 1,185 Thai
office workers reported that little interaction with others during work was a
protective factor for upper back pain (OR= 0.42) (2). On the other hand, high mental
pressure has been found to be associated with upper back pain in physicians
(OR=2.5) (145).
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4. Low back pain
4.1 Prevalence and incidence of LBP
Several cross-sectional studies showed that the 12-month prevalence of LBP
among office workers varied from 20%-63% (148, 149). In Thailand, the 12-month
prevalence of LBP among office workers was 34% (2). For the incidence of LBP, only
one previous study has been conducted and found that the 12-month incidence of

LBP in Denmark office workers was 47% (61).

4.2 Risk factors for LBP
Risk factors for LBP have been extensively documented and can be divided

into individual, physical and psychosocial factors.

a) Individual factors
Individual factors associated with LBP include gender, age, muscle endurance

and range of joint motion.

® Gender

The findings from epidemiological studies were inconsistent regarding the
effect of gender on LBP (148-150). A cross-sectional study in 771 Greek office workers
found that female was a predictor for LBP (OR=2.1) (148). Also, a cross-sectional
study in 350 Tunisian hospital staffs showed that female was associated with LBP
(150). However, a cross-sectional study in 1,285 Nigeria office workers found that

male office workers had higher prevalence of LBP than female counterparts (149).

® Age

Previous epidemiological studies indicated that increasing age was associated
with LBP. A cross-sectional study in 771 Greek office workers found that worker with
age more than 46 year had 1.5-fold risk of LBP compared to their younger
counterparts (148). A cross-sectional study in 350 Tunisian hospital staffs also

demonstrated that increasing age was associated with LBP (150).

® Muscle endurance

Several epidemiological studies have shown that low level of muscle
endurance increased risk of LBP in general workers (24, 120, 151, 152). A cross-
sectional study in blue and white collar workers found that workers who had the
lowest back static endurance had 1.4-fold increased risk of LBP (120). The 30-month
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prospective cohort study in 1,106 people working with physically and mentally
disabled persons found that persons with low level of back muscle endurance had
higher risk of LBP intensity (OR=2.4) and medium level of back muscle endurance
was a predictor LBP (OR=2.7) (151). Several studies also found lower back muscle
endurance in patients with chronic LBP than healthy subjects (24, 122, 152).

® Range of joint motion

A few studies investigated an association between range of joint motion and
LBP and found that reduced range of joint motion of trunk was associated with LBP
(119, 153). A 36-month prospective cohort study in 403 health care workers showed
that one of predictors of serious LBP was reduced range of lumbar lateral bending
(OR=6.5) (153). A study in general population found that female adolescent with LBP

had lower lumbar mobility in all directions than normal subjects (119).

b) Physical factors
Physical factors associated with LBP include duration of sitting, duration of
computer use, working without rest break and working in awkward postures and with

discomfort workstation.

® Duration of sitting

Several epidemiological studies indicated that workers who sat or used
computer for a prolong time were at risk of LBP (2, 148, 149). A cross-sectional study
in 1,185 Thai office workers found that office workers who spent more than 8 hours
per day had 1.7-fold risk of LBP (2) while a cross-sectional study in 771 Greek office
workers found that workers who sat more than 6 hours per day had 1.5-fold risk of
LBP (148). Also, in a cross-sectional study in 1,285 Nigeria office workers, office
workers who sat greater than 3 hours per day was associated with LBP (149). On the
other hand, a cross-sectional study in 5,033 Denmark office workers found that

computer work time was not a significant predictor of LBP (130).

® Working in awkward postures or with discomfort workstation

The findings from epidemiological studies were inconsistent regarding the
association between working in awkward postures or with discomfort workstation and
LBP (61, 148). A cross-sectional study in 771 Greek office workers found that workers
who reported a distance between body and computer screen between 50-100 cm

was associated with LBP (OR=6.6) and workers who reported unadjustable back
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support was associated with LBP (OR=5.9) (148). However, a cohort study in 3,361
Danish office workers found that workers who reported no armrest, screen height

below eye level, unadjustable chair and desk were not associated with LBP (61).

c) Psychosocial factors

Previous epidemiological studies revealed that psychosocial factors were
inconsistent regarding the associated with LBP among office workers (61, 148). A
cross-sectional study in 771 Geek public office workers found job satisfaction and
anger during last 30 days were predictors of LBP (148). However, a cohort study in
3,361 Danish office workers found that psychosocial dimension was not associated
with LBP (61).

5 Level of prevention
Prevention of MSD can be divided into the primary, secondary and tertiary
prevention (34, 38, 154).

5.1 Primary prevention

Primary prevention is defined as health promotion and specific protection to
a community (34, 38, 154). Primary prevention is provided to healthy people or
directed toward susceptible people before they develop a disorder. The aim of
primary prevention is preventing the onset or reduction the occurrence or incidence
of disease (34, 38, 154).

5.2 Secondary prevention

Secondary prevention is preventive measures for people who have
developed a disease, yet remain asymptomatic (34). Secondary prevention is
restricted to attempts to halt further development of a disease. The aim of
secondary prevention is reducing the consequences of the disease or reducing
chronicity (34, 38, 154).

5.3 Tertiary prevention

Tertiary prevention is directed at preventing disability in people who have a
symptomatic disease in an effort to prevent disease progression or to offer
rehabilitation (34).
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6. Preventive interventions

6.1 Preventive interventions for neck pain

® Primary preventions

A few studies aiming for primary prevention of neck pain among office
workers have been reported. So far, no primary prevention measure has been found
to be effective. A 1-year randomized intervention trial study in 113 computer
operators found that workers who received large forearm support, trackball with
ergonomic training did not have lower incidence of neck pain compared with workers
who received only ergonomic training (155). A randomized controlled trial study in 22
healthy office workers found that workers who received an 8-week resistance-training
program were not significant differences in neck/shoulder discomfort and fatigue
compared with control group (49). Also, a 6-month randomized controlled trial study
in 339 computer users reported that workers who received postural interventions
were not significantly differences in annual incidence of neck pain compared with a

control group (156).

® Secondary and tertiary prevention

Studies aiming for secondary prevention of neck pain among office workers
have been extensively reported (52, 74, 157-159). However, evidence is still
inconclusive on the effective measures to treat neck pain in office workers (74). The
result from a study in 124 video display terminal operators found that workers who
received workstation ergonomic change and workers who received ergonomic training
showed less neck discomfort than a reference group at 2-month follow-up. However,
a long-term effect (at 10-month follow-up) on neck pain was not found (159).
Another 5-month randomized controlled trial study in 200 workers who use video
display terminals found that worker who received ergonomic intervention by physical
therapists reported reduced neck pain compared with workers who received only
ergonomic brochure (157). A study in 92 video display terminal operators showed
that workers who received rest breaks and stretching exercises and who received
only rest break had reduced muscular discomfort when compared with a control
group (52). However, the 12-month randomized controlled trial study in 393 female
office workers found no significant difference in intensity of neck pain in workers who
received dynamic muscle training and stretching compared with workers who
received relaxation training or a control group (158).

Previous studies on tertiary prevention of neck pain among office workers

mostly focused on exercise program (27, 52, 158). However, evidence on type of
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exercise in tertiary prevention of neck pain in office workers is insufficient. A study in
92 video display terminal operators showed that workers with neck pain who
received rest breaks and stretching exercises increased workers’ productivity and
well-being when compared with workers who received only rest break or a control
group (52). A 12-month randomized controlled trial study in 180 female office
workers with chronic nonspecific neck pain found that workers who received
strengthening and endurance training had decreased disability compared to workers
who had been advised to do aerobic and stretching exercises (27). However, the 12-
month randomized controlled trial study in 393 female office workers found no
significant difference in sick leave owing to neck pain in workers who received
dynamic muscle training and stretching compared with workers who received

relaxation training or a control group (158).

6.2 Preventive intervention for upper back pain

® Primary prevention

There is a lack of study on primary prevention of upper back pain among
office workers. Only one 8-week randomized controlled trial study is identified. This
study was conducted in 22 healthy office workers and found that workers who
received isokinetic muscle strength training were not significantly different in neck

and upper back pain and muscle fatigue from a control group (49).

® Secondary and tertiary prevention

The secondary and tertiary prevention for upper back pain in office workers is
few and insufficient. Only one previous study has been reported on treatment
intervention for upper back pain among office workers. The result from a study in
124 video display terminal operators found that workers who received workstation
ergonomic change or received intensive ergonomic training showed less upper back
discomfort than a reference group at 2-month follow-up. However, a long-term effect

(at 10-month follow-up) on upper back pain were not found (159).

6.3 Preventive intervention for LBP

® Primary prevention

There is a lack of study on primary prevention of LBP among office workers.
Nevertheless, evidence suggests that physical exercise may have a positive effect on
prevention of LBP in the general population (118, 160). Insufficient evidence exists

about specific type of exercise that can prevent LBP among office workers.
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® Secondary and tertiary prevention

There are a few studies on the secondary and tertiary prevention for LBP in
office workers (157, 161). A 5-month randomized controlled trial study in 200 workers
who use video display terminals found that workers who received ergonomic
intervention by physical therapists reported reduced LBP compared with workers
who received only ergonomic brochure (157). A study in 20 Canadian newspaper
advertisement workers with non-specific LBP found that workers who received
specific home exercise program reported reduced pain intensity than a control group
(161).

For tertiary prevention, a controlled clinical trial in 59 chronic LBP patients
found that patients who received an integrated back stability program reported
reduced pain perception, disability and fear of movement compared to a control
group (19). However, a randomized controlled trial study in 55 Greece recurrent non-
specific LBP patients reported more improvement in disability in patients who
received only general exercise than patients who received general exercise combined
with specific trunk muscle stabilization exercise (162). A cluster randomized
controlled trial study in nursery school teachers showed that teachers who received
extension-oriented exercise and an ergonomics brochure had a reduction in the
intensity of LBP and improvement of disability greater than teachers who received

only an ergonomics brochure (163).
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7. Type of muscle fibers
Any muscle contains two types of fibers: slow and fast twitch fibers. Human
skeletal muscle is composed of different percentages of fiber types (164, 165). Type

of muscle fibers can changes with specific and chronic training (166).

7.1  Slow-twitch fibers

Slow-twitch or type | fibers are characterized by slow speed of contraction
and low peak force. They are innervated by small-diameter axons of motor nerve
and recruited first in a muscle contraction. Moreover, they are resistant to faticue and
typically composed in postural muscles (16). The type | fibers generate energy
predominantly from ATP re-synthesis by means of the relatively long-term of aerobic
energy transfer (166). A long duration activity requires the type | fibers to generate
force (164, 165).

7.2 Fast twitch fibers

Fast twitch fibers or type Il fibers develop high tension quickly but can
maintain the tension in a short period of time (164, 167). The type Il fibers depend
almost entirely on anaerobic metabolism for energy. The type Il fibers are also
importance in work that requires rapid and forceful contraction (166).

In conclusion, the type | fibers are of importance and primarily used among
office workers because the type | fibers are function when sustained low force
output is required, as in maintenance of sitting posture. Therefore, endurance training

is necessary for resist fatigue and pain.

8. Principle of therapeutic exercise
8.1 Endurance training
Endurance is defined as the time limit of a person’s ability to maintain either
a specific isometric force or a specific power level involving combinations of

concentric or eccentric muscular contraction (166).

a) Muscular endurance
Muscular endurance is the ability to perform repetitive muscular contractions
against some resistance for an extended period of time (164, 167). These

contractions can be isometric, concentric, eccentric or a combination of these types.
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Muscular endurance is closely associated with muscular strength. As muscular

strength increase, there tends to be a corresponding increase in endurance (164).

b) Training for muscular endurance

Muscular endurance depends on oxidative capacity. Training increases the
muscle’s metabolic capacity. Muscles trained for endurance demonstrate cells with
increased mitochondrial size, number, and enzymatic activity. Increased enzymatic
activity allows the muscle to better use the oxygen delivered (167). Endurance
training should be used lighter weights with a greater number of repetitions. Free
weights or body weight can challenge muscular endurance with less muscle
isolation. There should consist of three sets of 10-15 repetitions (164). Endurance
training occurs when the muscle are exercised at an intensity of lower than 40% of

maximum force with a relatively high number of repetitions (63).

8.2 Stretching

Stretching exercise is to improve the range of motion (ROM) at a given joint by
altering the extensibility of muscle that produces movement at that joint (164, 167).
Exercise that stretch these musculotendinous units over a period of time increases
the range of movement possible about a given joint (164). Three type of stretching
exercise are ballistic, proprioceptive neuromuscular facilitation and static stretching
(164, 167).

a) Ballistic stretching

Ballistic stretching imposes repetitive bouncing or jerking movement on the
muscle to be stretched. This technique involves a bouncing movement in which
repetitive contraction of the agonist muscle are used to produce quick stretches of
the antagonist muscle (164, 167). However, some clinicians are concerned that the

bouncing activity has the potential to cause injury (164).

b) Proprioceptive neuromuscular facilitation (PNF)

Proprioceptive neuromuscular facilitation techniques are method of
promoting or hastening the response of a neuromuscular mechanism through
stimulation of the proprioception (164, 167). A number of different PNF techniques
are hold-relax, contract-relax and slow-reversal-hold-relax techniques. All techniques
involve some combination of alternating contraction and relaxation of both agonist

and antagonist muscles (164).
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c) Static stretching

Static stretching technique is a widely used and is an effective technique of
stretching. This technique involves passively stretching a given antagonist muscle by
placing it in a maximal position of stretch and holding it here for an extended time
(164). Recommendation for the optimum duration of holding the static stretching
vary from 15-60 seconds (164, 167).



APPENDIX B

Physical examination
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Physical examinations consisted of 9 assessments as follows:

Body weight measured by electronic digital scale.
Height measured by a wall-mounted standiometer.
Waist circumference measured by a tape measure.

The waist circumference measurement was conducted midway between
the last rib and the iliac crest and at minimal inspiration to the nearest 0.1 cm
(97).

Range of motion assessments for neck flexion measured by using the cervical
range of motion device (CROM).

Subjects sat straight in a chair and position their head in neutral. The
subjects were required to tuck chin in (suboccipital flexion) and fully flex their
neck forward (98).

Figure 1 CROM goniometer (Performance Attainment Associates, Roseville, MN)

5) Trunk extension flexibility assessment by using the modified-modified Schober

test (MMS).

With the subject in relaxed standing, the rater marked the level of the
bisector of the line running between the left and the right posterior superior iliac
spines and then made a mark on the spine 15 cm directly above the first. The
patient was asked to bend backwards as far as possible whilst keeping their knees
straight. Whilst in this position, the distance between the two marks was

measured with the tape (125).
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Figure 2 The modlﬂed—mod|ﬁed Schober test (MMS)

6) Deep neck flexor muscle endurance assessed by using the Chin Tuck Neck

Flexion Test
Subjects, in a supine, hook-lying position, were asked to retract their chin

maximally and maintained isometrically. The subject then lifted their head and
neck until the head was approximately 2.5 cm (1 in) above the plinth, while
keeping the chin retracted to the chest (Fig. 3.1). Once in this position, a line was
drawn across 2 approximated skin folds along the subject's neck, and the rater
placed his or her left hand on the table just below the occipital bone of the
subject's head (Fig. 3.2). Verbal commands (ie, “Tuck your chin” or “Hold your
head up”) were given when either the line edges began to separate or the
subject's head touched the rater's left hand. The test was terminated if the edges
of the lines no longer approximated each other due to loss of chin tuck or the

subject's head touched the rater's hand for more than 1 second (95).

Figure 3.1 The subject lies supine with the knees bent to 90 degrees and the hands

on the abdomen


http://ptjournal.apta.org/content/85/12/1349.long#F1
http://ptjournal.apta.org/content/85/12/1349.long#F2
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Figure 3.2 Shows line drawn across 2 approximated skin folds along the subject's

neck.

7) Erector spinae and Multifidus muscle endurance assessed by using the Biering-

Sorensen test.

With the subjects in prone lying, the level of the anterior superior iliac
spines aligned with the edge of the table. The lower half of the body strapped to
the table in three positions: at the ankles as close to the malleoli as possible, at
the knee creases, and at the level of the greater trochanter of the femur. With
the arms folded across the chest, the subjects were told to isometrically
maintain the upper body in a horizontal position as long as possible. An
inclinometer was placed in the interscapular position to determine the position
of the trunk. If there was a deviation greater than 10° in the sagittal plane, the
subject was told to gain horizontal position, and if this could not be successfully
performed, the test was terminated. The time each subject could maintain the

horizontal position was then recorded. (126).

Figure 4 Biering-Sorensen test
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8) Transversus abdominis muscle (TrA) endurance assessed by using the TrA

isolation test.

With the subjects in prone lying, the arms by the side, head in the
midline, the pressure biofeedback unit was placed under the abdomen with the
navel in the centre and the distal edge of the pad in line with the right and left
the anterior superior iliac spines. The pressure pad was inflated to 70 mmHg. The
subjects were asked to breathe in and out and then, without breathing in, to
slowly draw in the abdomen so that it lifted up off the pad, keeping the spinal
position steady. The subjects were required to hold the contraction for 10s and
repeated up to 10 times. An optimal performance of the test was achived by
reducing the pressure by approximately 4-10 mmHg in absence of spinal and
pelvic movement and without bulging of the abdomen (123).

Figure 5 The Transversus abdominis muscle isolation test

Quadratus lumborum muscle endurance assessed by using the Side bridge test.

The subjects lie on a mat on their sides with legs extended. The top foot
was placed in front of the lower foot on the mat for support. Subjects were
instructed to support themselves and lifted their hips off the mat to maintain a
straight line over their full body length, and support themselves on one elbow
and their feet. The uninvolved arm was held across the chest with hand placed
on the opposite shoulder. the subjects were ased to maintain the position as

long as possible and the test ended when the hips returned to the mat (127).

Figure 6 Side bridge test



APPENDIX C

Questionnaire
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Flood-related factors questionnaire
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Table 1 Cumulative Proportion Surviving at the Time of Neck pain for the
intervention and control groups
Cumulative Proportion Surviving at the Time
Months Exercise Group Control Group
Estimate S.E. Estimate S.E.
1 0.951 0.013 0.940 0.014
2 0.939 0.014 0.899 0.018
3 0.935 0.015 0.884 0.019
a4 0.915 0.017 0.864 0.021
5 0.898 0.019 0.860 0.021
6 0.889 0.019 0.829 0.023
7 0.885 0.020 0.821 0.024
8 0.876 0.021 0.77 0.025
9 0.876 0.021 0.793 0.025
10 0.876 0.021 0.760 0.027
11 0.876 0.021 0.727 0.028
12 0.876 0.021 0.722 0.028




Table 2 Cumulative Proportion Surviving at the Time of upper back pain for the

intervention and control groups
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Cumulative Proportion Surviving at the Time
Months Exercise Group Control Group

Estimate S.E. Estimate S.E.
1 0.982 0.008 0.975 0.009
2 0.971 0.010 0.949 0.013
3 0.954 0.013 0.934 0.015
a4 0.946 0.014 0.922 0.016
5 0.942 0.015 0.910 0.017
6 0.942 0.015 0.906 0.018
7 0.942 0.015 0.902 0.018
8 0.942 0.015 0.898 0.019
9 0.942 0.015 0.861 0022
10 0.942 0.015 0.845 0.023
11 0.942 0.015 0.845 0.023
12 0.942 0.015 0.845 0.023




Table 3 Cumulative Proportion Surviving at the Time of Low back pain for the

intervention and control groups

175

Cumulative Proportion Surviving at the Time
Months Exercise Group Control Group
Estimate S.E. Estimate S.E.
1 0.977 0.009 0.967 0.011
2 0.969 0.011 0.948 0.014
3 0.961 0.012 0.937 0.015
a4 0.953 0.013 0.921 0.017
5 0.933 0.016 0.909 0.018
6 0.916 0.018 0.882 0.020
7 0.912 0.018 0.862 0.021
8 0.907 0.018 0.842 0.023
9 0.907 0.018 0.838 0.023
10 0.907 0.018 0.818 0.024
11 0.907 0.018 0.801 0.025
12 0.907 0.018 0.793 0.025
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