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ABSTRACT

Objectives: The objective of this study was to
investigate the cumulative return to work (RTW) rate
and to clarify the predictors of the time to full-time
RTW (full RTW) and resignation among Japanese
stroke survivors, within the 365-day period following
their initial day of sickness absence due to stroke.
Setting: This study was based on tertiary prevention
of occupational health in large-scaled Japanese
companies of various industries.

Participants: The participants in this study were 382
Japanese workers who experienced an episode of
sickness leave due to clinically certified stroke
diagnosed between 1 January 2000 and 31 December
2011. Data were obtained from an occupational health
register. Participants were followed up for 365 days
after the start day of the first sickness absence. The
cumulative RTW rates by Kaplan-Meier estimates and
predictors for time to full RTW and resignation by Cox
regression were calculated.

Results: A total of 382 employees had their first
sickness absence due to stroke during the 12-year
follow-up period. The cumulative full RTW rates at 60,
120, 180 and 365 days were 15.1%, 33.6%, 43.5%
and 62.4%, respectively. Employees who took sick
leave due to cerebral haemorrhage had a longer time to
full RTW (HR, 0.50; 95% CI 0.36 to 0.69) than those
with cerebral infarction. Older employees (over

50 years of age) demonstrated a shorter time to
resignation than younger employees (HR, 3.30;

95% Cl 1.17 to 9.33). Manual workers had a longer
time to resignation than non-manual workers (HR,
0.24; 95% Cl 0.07 to 0.78).

Conclusions: Cumulative RTW rates depended on the
subtype of stroke, and older age was a predictor of
resignation.

INTRODUCTION

Stroke is recognised as the single largest
cause of severe disability worldwide'™ and,
in Japan, it is the number one cause of
individuals becoming bedridden’ ° despite
its incidence and mortality declining
substantially.

Strengths and limitations of this study

= The present study involved enrolment of a large
number of participants (~400 Japanese stroke
survivors) and the follow-up rate was high.

= We used an objective measurement of sickness
absence; the present study was based on data
from clinically certified sickness absence using
physicians’ certificates.

= The participants did not include employees
working in small-sized and medium-sized enter-
prises, which raises a question about the repre-
sentativeness of the stroke survivors.

Stroke is a source of major disability, par-
ticularly in older workers, and is also asso-
ciated with  substantial  socioeconomic
burden; approximately 20% of stroke survi-
vors belong to the working-age group in
industrial nations.” 7 ® Owing to ageing
populations and prolonged stroke survival,
the prevalence of stroke survivors within the
working-age group is expected to increase in
the near future." * *'! Stroke at a younger
age causes a disproportionate burden due to
direct costs of providing medical care to the
patient as well as indirect costs associated
with lost productivity.* '* ' This is not only
an individual loss, but an economic burden
to society, as the expected duration of sick-
ness absence is high in these younger
patients.14 15 Return to work (RTW) after
stroke has become increasingly important as
a stroke-related outcome in occupational
health services as well as in community-based
rehabilitation,” '*'® and promoting early
RTW after stroke may help reduce indirect
costs that, for example, are associated with
lost productivity for companies.'”

In order to offer effective occupational
rehabilitation for stroke survivors, it is very
important to identify what kind of stroke sur-
vivors have a higher likelihood of RTW, and
what is modifiable through rehabilitation."!
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An analysis of occupational outcome after stroke needs
to be adjusted for several influential factors, including
demographics and occupational status.”’ However, to the
best of our knowledge, there has been no workforce-
based Japanese study investigating the cumulative RTW
rate after the first sickness absence due to stroke, and
information on how sick absence varies by type of stroke
would be valuable.”’ This research will also better
inform stroke survivors on their choices and future plan
of work; some patients may try to RTW, and others may
decide not to.

The objective of this study was to clarify the predictors
of the time to full-time RTW (full RTW) and resignation
among Japanese stroke survivors, within the 365-day
period following their initial day of sickness absence due
to stroke. Furthermore, this study may help companies
establish or improve their RTW support systems for
stroke survivors, and these improved healthcare policies
may provide greater support and satisfaction to stroke
survivors and their families.'”

METHODS

Participants

This study was based on retrospective evaluation of a
workforce-based cohort on the course of sickness
absence among stroke survivors. Registered data of sick-
ness absence were obtained from a private occupational
health centre comprised of approximately 30 occupa-
tional physicians (OPs) and 75 occupational health
nurses. These OPs were contracted to 35 large-scaled
Japanese companies of various industries (telecommuni-
cations, logistics, energy, construction, etc), to provide
their employees with occupational health services. About
68 000 employees were working for these companies on
a full-time basis from 2000 to 2011. Anonymous data
were received from the private occupational health
centre. During data collection, informed consent was
not obtained from all participants as data were
anonymous.

The occupational health service registration system of
sickness absence and RTW was as follows: after having a
stroke, an employee was required to certify an episode of
sickness absence by submitting a physician’s certificate
stating that the employee was unable to work. After con-
firmation of the medical validity of the issued physician’s
certificate by the OP, the human resources department
registered the data of only full-time workers. The OPs
recorded the causes of sickness absence referring to the
WHO’s International Classification of Diseases, 10th
Revision (ICD-10). For RTW, employees were required to
submit a physician’s certificate stating that they were fit
for RTW, as well as to participate in interviews with their
company’s respective OPs for further confirmation that
RTW was medically acceptable. OPs further determined
whether the employee in question could full RTW or
part time RTW (partial RTW, usually 4-6 h a day), and
issued the OP’s RTW certificate to the company.

We defined stroke subtypes as ‘cerebral infarction
(I63)’, ‘cerebral haemorrhage (I61)’ and ‘subarachnoid
haemorrhage (160)’, according to ICD-10. Employees
who experienced an episode of sickness absence due to
stroke between 1 January 2000 and 31 December 2011
were included in this study. During this 12-year period,
382 employees had a stroke.

Statistical analysis

Participant outcomes within the 365-day period follow-
ing their initial day of sickness absence were obtained
from the register and utilised for this study.
Kaplan—-Meier curves were computed to illustrate the
outcome of sickness absence according to stroke subtype
after a 365-day period following the initial day of
sickness absence. Participants were classified into four
categories; ‘died’, ‘resigned’, ‘disabled’ and ‘RTW’.
‘Disabled” was defined as participants who remained
absent due to illness by the end of the 365-day period.
The number of participants were counted for each
outcome using the first sickness absence due to stroke.
The cumulative rate of RTW was measured at 60 (2
months), 120 (4 months), 180 (6 months) and 365 days
(12 months) after the first day of sickness absence, using
Kaplan—Meier analysis.

To identify predictors of RTW, we used a Cox propor-
tional hazard model for survival analysis. Time of
follow-up was calculated from the start date of sickness
absence to either RTW or 365 days after, whichever came
first. Those who died were categorised as ‘no RTW after
365 days’, and stroke survivors who resigned were right
censored starting the day they resigned. A HR of more
than 1 meant a shorter time to full RTW and a reduced
duration of sickness absence until full RTW, compared
with the reference. A HR of less than 1 meant a longer
time to full RTW.

Similarly, predictors of resignation were also analysed
by a Cox proportional hazard model. Those who died
were categorised as ‘no RTW after 365 days’, and stroke
survivors who resigned were right censored starting the
day they resigned. A HR of more than 1 meant a shorter
time to resignation, and vice versa. Job title was divided
into two groups: ‘desk worker’ (eg, ‘office worker’, ‘sales
worker’, ‘researcher’), which involves a mainly mental
workload, and ‘manual worker’ (eg, ‘technician’), which
involves a mainly physical workload. A ‘manager’ was
defined as an individual who belonged to an administra-
tive post, which in Japanese organisations is considered
to be a position higher than a section chief.

Statistical analysis was performed using SPSS for
Windows V.21.

RESULTS

During the study period, 382 employees experienced
their first episode of sickness absence due to stroke certi-
fied by their physicians. The follow-up rate of this study
was 99.5% (2 stroke survivors were lost to follow-up).

2

Endo M, et al. BMJ Open 2016;6:6009682. doi:10.1136/bmjopen-2015-009682

154



Downloaded from http://bmjopen.bmj.com/ on February 16, 2016 - Published by group.bmj.com

8 Open Access

Table 1 shows the basic characteristics of the stroke
survivors: of 380 participants, 332 (87.3%) were male
and 48 (12.7%) were female, mean age at the initial day
of sickness absence was 52.7 years.

The median duration of sickness absence until either
partial or full RTW was 106 days (~3 months). The
median duration until full RTW was 259 days
(~8 months). In the 365-day period following the initial
day of sickness absence, 26 participants had resigned
from their place of employment, 9 participants had died
and 62 participants had been classified as ‘disabled’, or
unable to RTW within the 365-day period.

The Kaplan-Meier survival analysis demonstrated
probability of RTW after sick leave over time until day of
full RTW. The cumulative full RTW rates at 60, 120, 180
and 365 days were 15.1%, 33.6%, 43.5% and 62.4%,
respectively.

Univariate and multivariable analysis for predictors of
RTW using Cox regression models (model 1, full model;
model 2, stepwise model; model 3, stepwise model plus
age and sex) are shown in table 2.

Participants in the ‘manager’ group tended to have a
shorter time until full RTW. In the stepwise model
(model 2), the ‘manager’ HR for time to full RTW was
1.71 (95% CI 1.04 to 2.82) compared with ‘non-
managers’. Employees experiencing sickness absence
due to cerebral haemorrhage had a longer time to full
RTW (HR, 0.50; 95% CI 0.36 to 0.69) than those with
cerebral infarction, while subarachnoid haemorrhage
compared with cerebral infarction was not statistically
associated with a longer time.

Similarly, univariate and multivariable analysis for pre-
dictors of resignation using Cox regression models
(model 1, full model; model 2, stepwise model; model 3,
stepwise model plus sex) are shown in table 3.

Older participants (50 years and older) had a shorter
time to resignation than younger participants (HR, 3.30;
95% CI 1.17 to 9.33). Manual workers had a longer time
to resignation than non-manual workers (HR, 0.24; 95%
CI 0.07 to 0.78).

DISCUSSION

To the best of our knowledge, the present study is the
first workforce-based Japanese study showing the cumu-
lative RTW rates and analysing the predictor of the time
to full RTW and resignation among stroke survivors by
using survival analysis.

The present study showed that the cumulative full
RTW rate 365 days after onset of stroke was 62.4%,
similar to other studies (reporting 60% by 365
days).'” ** * However, the RTW rate reported in a UK
study was 35%, which is relatively lower than in the
present study.”* A cohort study from Denmark showed
that the odds for return to gainful occupation 2 years
after stroke tended to increase—from 54% in 1996 to
72% in 2006.”° Across the stroke survivor RTW studies,
the mean RTW rate has been 44%.%° These differences

in RTW rates among the different studies may be
explained by differences in company healthcare systems,
participants, study design and methodologies, and an
overall RTW rate after stroke cannot be reliably
estimated, 16 22 24 26-28

The median time to partial or full RTW among total
participants was approximately 3 months.

The rate of RTW declined over time after the initial
day of sickness absence; the RTW rate was highest in the
first quarter of the year, followed by the second quarter,
a tendency in accordance with previous studies.'” This
may be due to the shape of the distribution of sickness
absence, which has been reported to be heavily
right-skewed.” *

Few studies have investigated the predictors of RTW
and the differences in cumulative RTW rates among the
different stroke subtypes.”’ According to Cox regression
analysis, the present study showed that patients with
cerebral infarction returned to work earlier than
patients with cerebral haemorrhage, which was consist-
ent with findings in a previous study.'® Peter e al
pointed out that patients with cerebral haemorrhage
tended to have greater functional impairment than
those with cerebral infarction.”

The present RTW rate of patients with cerebral infarc-
tion was approximately the same as in previous studies,
which reported that approximately 70% of patients with
cerebral infarction had returned to work, though fre-
quently with depressive symptoms.”’ In another study,
approximately 70% of subarachnoid haemorrhage survi-
vors returned to work, in line with the present results.”
‘Manager’ group participants tended to have shorter
time to full RTW than ‘non-manager’. To our knowl-
edge, there are few stroke survivors’ studies investigating
the position of ‘manager’ as a predictor of RTW.
Previous studies showed that managers returned to work
earlier than other workers in elementary occupations,
yet a different study showed that ‘manager’ was not sig-
nificantly associated with time to RTW."" '® In one study,
among managers, the RTW rate in those with more
work-related stress was shown to be higher.”™ It was
hypothesised that, among managers, with more import-
ant occupational positions comes a stronger intent to
RTW, which may explain the higher RTW rate. Job title
among stroke survivors was studied by Saeki et al,*> who
stated that white-collar workers were three times more
likely to RTW than those in blue-collar occupations; in
this study, there was no significant difference in time to
full RTW between desk workers and manual workers.
Other factors reported as predictors of RTW are
younger age, good functional ability before hospital dis-
charge, and office work.™

There have been no studies investigating the predic-
tors of resignation among stroke survivors in Japan. Our
study showed that participants 50 years and older had a
shorter time to resignation than younger participants. It
has been shown that older age is associated with a lower
probability of RTW.'® * We hypothesised that the
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number of years of occupational life remaining after
experiencing a stroke may strongly influence the intent
to resign. As ‘resignation’ in this study includes leaving
work because of retirement, it is only natural that older
age is a predictor of shorter time to resignation.
Contrary to our predictions, desk workers had a shorter
time to resignation, and we were unable to provide an
explanation for this observation.

Decision of partial or full RTW was not based on an
objective standard, rather, it was entirely based on the
OPs’ subjective judgement. In general, RTW for stroke
survivors is quite complex, and depends on a variety of
medical and non-medical factors.'® In the present study,
OPs were assumed to have an understanding of the
disease-specific information of each participant for their
RTW, and the decision of partial RTW may be associated
with findings of a worsened prognosis.

Strengths, limitations and implications

One of the strengths of the present study was the enrol-
ment of a large group of participants; approximately 400
Japanese employees who experienced a period of sick-
ness absence due to stroke were included in this, the
first large-scale Japanese RTW study of stroke survivors.
Additionally, the follow-up rate was quite high (nearly
100%). With this system, there was less participant selec-
tion and loss to follow-up biases that may have possibly
affected other studies. Furthermore, we used an object-
ive measurement of sickness absence; the present study
was based on data from clinically certified sickness
absence using physicians’ certificates. Utilisation of clini-
cally made ICD-10 diagnoses of the participants’ single
episode of stroke allowed for higher validity and reliabi-
lity than categorisation by other diseases, such as psychi-
atric diseases.

Several limitations should be noted when interpreting
the results of the present study. First, the medical infor-
mation of the participants was not available for use in
the present study, such as stage of stroke, or type of treat-
ment. The cumulative RTW rate of stroke survivors can
be affected by clinical findings such as severity of stroke,
daily living status, mental impairment, etc, although
stroke location has been shown to be not associated with
RTW after the patient’s first ischaemic stroke.'' 20 %6 37
Saeki et al reported that the process of RTW is quite vari-
able between individuals, and can be affected by a
number of factors.” However, in the present study,
cumulative RTW rates according to stroke subtype were
calculated. Second, we could not deny the existence of
comorbidities in the participants, due to the registration
of only one diagnosis per episode of sickness absence by
the OPs. Participants may have had other disorders
during the sickness absence, such as depression or ileus
after iliac surgery, or other symptoms such as depressive
mood, anxiety, or sleep disorders, often found in stroke
survivors. Knowledge of comorbidities is necessary due
to their influence on time to RTW. Third, no differenti-
ation was made for participants who may have had

stroke prior to working at the company in question.
Fourth, because the majority of the participants were
male, caution should be taken for generalisations across
the entire workforce based on the present results. Fifth,
the participants did not include employees working in
small-sized and medium-sized enterprises, which raises a
question about the representativeness of the stroke survi-
vors in the sample. People working for themselves or for
smaller employers seem to have less ‘protection’ in
terms of the capacity of the employer or company to
make ‘reasonable adjustments’ to accommodate a
RTW.” Therefore these factors (enterprise size and type
of employment) will influence RTW outcome success.
Sixth, the initial date of sickness absence may have been
different from the date of diagnosis, or the date of the
start of the illness.

This type of study may help companies establish and
improve their RTW support system for stroke survivors,
and improvements in healthcare policies may provide
greater support and satisfaction for stroke survivors’ and
their families."” Organisational RTW support is very
important for facilitating RTW for workers with long-
term sickness leave.’” Future studies should investigate,
in more detail, predictors of recurrent sickness absence
after RTW to mediate drafting of a strategy for RTW
support for employees who have had a stroke. Possible
factors underlying recurrent sickness absence after RTW
may include recurrent stroke, as well as may take into
account psychiatric disorders such as depression and
anxiety disorders, or fracture, acute myocardial infarc-
tion, etc. Research on mental health problems may be
important for the improvement of quality of life for
stroke survivors.

CONCLUSION

The cumulative full RTW rates at 60, 120, 180 and
365 days were 15.1%, 33.6%, 43.5% and 62.4%, respect-
ively; these rates depended on the subtype of stroke.
‘Older age’ and ‘non-manual worker’ were identified as
predictors of resignation. Occupational health profes-
sionals may be better able to support patients with
stroke for RTW with the knowledge that cumulative
RTW rates vary by subtype of stroke, referring to the
Kaplan-Meier curve presented in this study.
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Effect of pelvic forward tilt on low back
compressive and shear forces during a manual
lifting task

SHotA HavasHr, RPT" 2" Junit Katsunira, PhD? 3, Ko MaTsubairRa, MD, PhD?),
Hitosut MaruyaMa, RPT, PhD?

U Rehabilitation Center, Saiseikai Kanagawaken Hospital: 6-6 Tomiyacho, Kanagawa-ku,
Yokohama-shi, Kanagawa 221-0821, Japan

2 Graduate School of International University of Health and Welfare, Japan

3 Department of Medical Research and Management for Musculoskeletal Pain 22nd Century Medical
and Research Center, Faculty of Medicine, The University of Tokyo Hospital, Japan

Abstract. [Purpose] To examine the effect of an instruction to increase pelvic forward tilt on low back load dur-
ing a manual lifting task in the squat and stoop postures. [Subjects] Ten healthy males who provided informed con-
sent were the subjects. [Methods] Kinetic and kinematic data were captured using a 3-dimensional motion analysis
system and force plates. Low back compressive and shear forces were chosen as indicators of low back load. The
subjects lifted an object that weighed 11.3 kg, under the following 4 conditions: squat posture, stoop posture, and
these lifting postures along with an instruction to increase pelvic forward tilt. [Results] In the squat posture, the
instruction to increase pelvic forward tilt reduced the low back compression and shear forces. [Conclusion] The
present results suggest that a manual lifting task in the squat posture in combination with an instruction to increase
pelvic forward tilt can decrease low back compression and shear forces, and therefore, might be an effective preven-
tive method for low back pain in work settings.

Key words: Manual lifting task, Low back load, Motion analysis

(This article was submitted Sep. 9, 2015, and was accepted Nov. 26, 2015)

INTRODUCTION

A large number of people in developed countries have low back pain. The prevalence rate of lifetime low back pain in
Japan was reported to be 83.5%"Y), and low back pain accompanies most occupational diseases. Manual lifting tasks are
reported to confer the highest risk of low back pain in occupational work? ). Lifting tasks are often conducted with 2 types
of posture, namely the squat posture, with the knees and hips flexed and the back extended, and the stoop posture, with the
hips and back flexed and the knees extended. Previous studies have compared low back load between these 2 conditions.
The squat technique is widely recommended to prevent low back pain while conducting lifting tasks. However, Van Dieén et
al.» reported in a systematic review that no difference in low back load was observed between manual lifting tasks with the
squat posture and those with the stoop posture. A large trunk forward bending angle is needed in combination with increase
of pelvic forward tilt in the stoop posture. Less trunk forward bending angle in the squat posture than in the stoop posture,
but the pelvic forward tilt angle decreases. Therefore, the appropriate posture for minimizing low back load in lifting tasks
is still unclear. Low back load during a lifting task is biomechanically and directly affected by the lever arm, which is the
distance from the center of the rotation of the low back joint to the center of gravity of the object. Accordingly, increasing
pelvic forward tilt while executing the lifting task would decrease the lever arm, and thus, it might decrease low back load

*Corresponding author. Shota Hayashi (E-mail: 12S1090@g.iuhw.ac.jp)

©2016 The Society of Physical Therapy Science. Published by IPEC Inc.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd)
License <http://creativecommons.org/licenses/by-nc-nd/4.0/>.

170



during the lifting task. However, no previous study has compared low back load between with and without increase of pelvic
forward tilt during the lifting task. Hence, the purpose of this study was to examine the effect of an instruction to increase
pelvic forward while lifting an object with the squat and stoop postures on low back load.

SUBJECTS AND METHODS

The participants were 10 healthy male university students (mean = SD: age, 20.9 £ 0.5 years; height, 174.9 = 4.3 cm;
weight, 64.1 £ 4.8 kg). The ethics committee of International University of Health and Welfare approved all study procedures
(No. 12-210), which were consistent with the Declaration of Helsinki. The authors obtained informed consent from all the
subjects prior to their participation in the study.

The experimental tasks were 3 trials of lifting an object from force plates under the following 4 conditions: 1) squat,
hips and knees flexed and the back extended; 2) stoop, hips and back flexed and the knees extended; 3) squat and 4) stoop,
respectively with an instruction to increase pelvic forward tilt. To increase pelvic forward tilt, participants were instructed to
move their navel closer. After practicing each lifting posture with the instruction to increase pelvic forward tilt several times,
subjects conducted the lifting tasks. In a pilot study, the subjects who performed squat and stoop lifting without an instruction
to increase pelvic forward tilt changed their lifting maneuvers after conducting the lifting with the instruction. Therefore, the
subjects first lifted the object with squat and stoop without any instruction in a random order, and then they lifted the object
with squat and stoop with the instruction to increase pelvic forward tilt in a random order. Subjects lifted a box (37.5 x 50
x 21 cm; 11.3 kg) to waist height. A 10-kg weight was placed in the middle on the bottom of the box that weighed 1.3 kg.
Previous studies have reported that the distance from the feet of subjects to an object affects the lifting posture and low
back load> ©. Hence, in this study, the object was placed on the centerline of 2 force plates, at one half the length of the foot
from the toe, as in a previous study”). In addition, experiments were conducted after repeatedly practicing each task, and the
subjects had enough time to rest, at least 5 minutes, between tasks (Fig. 1).

A 3-dimensional motion analysis system consisting of 10 infrared cameras (Vicon MX, Vicon, Oxford, UK) and 4 force
plates (AMTI, Watertown, MA, USA) was used to record 3-dimensional marker displacements and ground reaction force
data at a sampling frequency of 100 Hz. Forty-five reflective markers were attached to each subject according to the pro-
cedure described in the study of Katsuhira et al”. In addition, 4 markers were also attached to the upper frame of the box.

Several studies have used electromyography (EMG) to evaluate low back load during lifting tasks® ?). Several studies
have also used 3D motion analysis systems to measure low back compression force and low back shear force as parameters
of low back load. The analysis of low back compression force has the advantage, that it can be compared with the safe limit
proposed by National Institute of Occupational Safety and Health (NIOSH)'?. Low back compressive and shear forces
were chosen as indicators of low back load in the present study. The computation methods reported by Yamazaki et al.'D
and Katsuhira et al.” were used to obtain these forces in our study. Katsuhira et al. reported that low back compressive and
shear forces almost simultaneously show peak values”). Therefore, they extracted the shear force at the time of the peak of
the low back compressive force. As the same tendency was confirmed in our pilot study, the shear force was calculated at the
time of the peak of the low back compressive force, and the pelvic angle and lever arm from the L4/5 joint to the center of
the gravity of were calculated at the same time. Low back compressive and shear forces were normalized using the subjects’

without increased pelvic tilt

Dsquat posture  @stoop posture

performed randomized order

H @squat posture with increased pelvic tilt

@stoop posture with increased pelvic tilt

performed randomized order

Fig. 1. Experimental condition
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body masses to offset the difference in physical attributes between the subjects, in accordance with the method described
in a previous study”). Moreover, the actual values of the low back compressive and shear forces before the normalization
using body mass were compared with the safe limits of the compressive force reported by the NIOSH'?), and the shear force
reported by Gallagher et al'?.

The paired t-test was used to assess individual differences between with and without the instruction to increase pelvic for-
ward tilt in each posture. In addition, repeated-measures analysis of variance (ANOVA) was used to compare the differences
among the 4 experimental conditions, and the Bonferroni post hoc test was conducted to identify which lifting condition
showed the minimum value of low back load. P values < 0.05 were considered statistically significant. Statistical analysis
was conducted by using the software package SPSS version 20 (IBM Inc., Armonk, NY, USA).

RESULTS

The mean values of the low back compression and shear forces are shown in Table 1. In the comparison between condi-
tions with and without the instruction to increase pelvic forward tilt, the paired t-test showed there was a significant decrease
in low back compression force in the squat posture with the instruction to increase pelvic forward tilt, but not in the stoop
posture. In addition, one-way repeated-measures ANOVA and the post hoc test showed there was a significant increase in the
low back compressive force in the squat posture without the instruction to pelvic forward tilt, compared the other 3 condi-
tions. The mean increase peak values of the low back compression force in the present study were compared with the safety
limit recommended by NIOSH, which is 3400 N. Low back compression force exceeded the safe limit under all 4 conditions.

The paired t-test showed there were no significant differences in standardized low back shear force in both the squat and
stoop postures between with and without the instruction to pelvic forward tilt. Moreover, the one-way repeated-measures
ANOVA and post hoc test showed there was a significantly smaller value of the low back shear force in the squat posture with
the instruction to increase pelvic forward tilt than in the other 3 conditions.

In the comparison of the present results of low back shear force to the safe limit of the shear force reported by Gallagher
et al., low back shear forces under all 4 conditions were lower than the safe limit.

The mean pelvic forward tilt angle and distance from the low back joint to the center of gravity of the object are shown
in Table 2. The paired t-test showed there was a significant increase in pelvic forward tilt in the squat posture when subjects
were instructed to increase pelvic forward tilt, but not in the stoop posture. Also, there was a significant decrease in the lever
arm from the low back joint to the center of gravity of the object in the squat posture with the instruction to increase pelvic
forward tilt but not in the stoop posture.

Table 1. Mean values of low back compression and shear forces

Squat posture Stoop posture
without increased with increased without increased with increased
o S .. .. ANOVA
pelvic tilt pelvic tilt pelvic tilt pelvic tilt

Normalized low back compression force (n/kg) 66.0+4.5% 59.5+5.5 59.60+5.1 58.2+4.9 a* b¥c*
Low back compression force (n) 4,219.3+4.5 3,819.2+485.6 3,820.2+441.1 3,725.5+363.9 a* b*c*
Normalized low back shear force (n/kg) 1.5+0.5 1.15+0.6 1.8+0.3 1.8+0.4 a* c* d*e*
Low back shear force (n) 92.7+31.1 75.4+38.7 113.4+20.4 117.1+£25.1 a* b* c*,d*e*

Mean + SD, *p<0.05

a: Squat posture without increased pelvic tilt vs. squat posture with increased pelvic tilt

b: Squat posture without increased pelvic tilt vs. stoop posture without increased pelvic tilt
c¢: Squat posture without increased pelvic tilt vs. stoop posture with increased pelvic tilt

d: Squat posture with increased pelvic tilt vs. stoop posture without increased pelvic tilt

e: Squat posture with increased pelvic tilt vs. stoop posture with increased pelvic tilt

f: Stoop posture without increased pelvic tilt vs. stoop posture with increased pelvic tilt

Table 2. Mean values of pelvic forward tilt angle and distance from the low back joint to the center of gravity of the object

Squat posture Stoop posture
without increased ~ with increased ~ without increased ~ with increased
pelvic tilt pelvic tilt pelvic tilt pelvic tilt
Pelvis forward tilt angle (°) 17.8£17.2 31.1£23.6* 41.3£12.5 44.2+12.7
Distance from low back joint to 611.4£50.2% 569.2+45.4 505.3+38.9 487.6+35.7

Center of gravity of an object (mm)
Mean + SD, *p<0.05
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DISCUSSION

Giving an instruction to increase pelvic forward tilt significantly decreased the low back compression force only during
lifting in the squat posture. Accordingly, an instruction to increase pelvic forward tilt might be more beneficial to decrease
low back load during lifting in the squat posture than in the stoop posture. Low back compression force is an indicator of low
back load which is related to low back joint moment. Low back extension moment especially relates to low back compression
force in lifting tasks”). The distance from the L4/5 joint to the center of gravity of the object or the center of gravity of the
head, trunk and arms is defined as the lever arm of the low back extension moment.

When the instruction to increase pelvic forward tilt was given in the squat position, pelvic forward tilt significantly
increased with a significant decrease in the lever arm from the low back joint to the center of gravity of the object. The
increase in pelvic forward tilt moved the L4/5 joint forward resulting in a decrease in the lever arm, and thus decreased the
low back compressive force during lifting in the squat posture. However, no significant differences in the pelvic forward tilt
or lever arm were found between with and without the instruction to increase pelvic forward tilt in the stoop posture. Lifting
in the stoop posture is requires increase of pelvic forward tilt. Therefore, further increase in pelvic forward tilt might be
difficult to perform.

Normalized low back shear force was the smallest in the squat posture with pelvic tilt. The trunk bending angle in the squat
posture was smaller than that in the stoop posture. Low back shear force was calculated as the anteroposterior direction force
applied to the L4/5 joint. Thus, a small trunk bending angle could decrease the low back shear force. Moreover, increasing
pelvic forward tilt increases lumbar lordosis, which would have contributed to the decrease in the low back shear force.

Normalized low back compressive force during lifting in the squat posture without pelvic tilt was the greatest. No
significant differences were observed among the other 3 conditions. Normalized low back shear force was significantly
smaller during lifting in the squat posture with pelvic tilt. The low back compressive force exceeded the safe limit of 3400
N proposed by NIOSH. Thus, smaller low back shear force would be advantageous the prevention of the risk of low back
pain'®. The values of the low back shear force under all 4 conditions were lower than the safe limit of 700 N proposed by
Gallagher et al'?. However, a previous study suggested that even a small low back shear force might cause damage, resulting
in spondylolysis!®. Hence, the squat posture with an instruction to increase pelvic forward tilt, which can decrease both low
back compressive and shear forces, be the recommended lifting posture.

The present study had several limitations. First, low back load was calculated using inverse kinematics. Hence, smaller
low back load values were obtained than the actual values of low back load during co-contraction of both the abdominal and
back muscles. The authors intend to construct a hybrid model using electromyography and inverse kinematics to obtain the
low back load, taking into account co-contraction, in a future study. Second, the subjects of our study were healthy university
students. Accordingly, the authors intend to study workers who engage in lifting tasks to confirm the effects of increasing
pelvic forward tilt. The authors also intend to investigate the effects of work environment and mental conditions to clarify
factors influencing low back load in lifting tasks.

In this study, the effects of an instruction to promote pelvic tilt on low back load during lifting an object from the ground
were examined. Making workers aware of pelvic forward tilt during lifting in the squat posture could decrease both low
back compressive and shear forces and might lower the incidence of low back pain. Low back pain caused by lifting in work
settings has been a problem in both developing and developed countries. The authors recommend the lifting posture identified
in this study and suggest that providing education on lifting posture would benefit workers who engage in lifting.
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Abstract

Objective

To assess the predictive factors for subjective improvement with nonsurgical treatment in
consecutive patients with lumbar spinal stenosis (LSS).

Materials and Methods

Patients with LSS were enrolled from 17 medical centres in Japan. We followed up 274
patients (151 men; mean age, 71 + 7.4 years) for 3 years. A multivariable logistic regression
model was used to assess the predictive factors for subjective symptom improvement with
nonsurgical treatment.

Results

In 30% of patients, conservative treatment led to a subjective improvement in the symp-
toms; in 70% of patients, the symptoms remained unchanged, worsened, or required surgi-
cal treatment. The multivariable analysis of predictive factors for subjective improvement
with nonsurgical treatment showed that the absence of cauda equina symptoms (only radic-
ular symptoms) had an odds ratio (OR) of 3.31 (95% confidence interval [Cl]: 1.50-7.31);
absence of degenerative spondylolisthesis/scoliosis had an OR of 2.53 (95% CI: 1.13—
5.65); <1-year duration of illness had an OR of 3.81 (95% CI: 1.46-9.98); and hypertension
had an OR of 2.09 (95% CI: 0.92—-4.78).
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Conclusions

The predictive factors for subjective symptom improvement with nonsurgical treatment in
LSS patients were the presence of only radicular symptoms, absence of degenerative spon-
dylolisthesis/scoliosis, and an iliness duration of <1 year.

Introduction

Lumbar spinal stenosis (LSS) presents with neurological symptoms, such as numbness, pain,
and intermittent claudication, in the lower extremities due to a narrowing of the intervertebral
foramen and spinal canal, which serve as a passageway for nerves in the lumbar region.[1]
Because of these symptoms, LSS is an important risk factor for decreased quality of life (QOL),
particularly in the elderly. Previous epidemiological studies in Japan indicated a prevalence of
LSS among people aged >70 years of approximately 10%.[2] With the aging society, the num-
ber of patients with LSS is predicted to rapidly increase. Thus, LSS is a disease that will be fre-
quently encountered by primary care physicians.

With regard to LSS prognosis, several reports have demonstrated better outcomes with sur-
gery compared with nonsurgical treatments.[3-5] Conversely, various other reports have
revealed that, in some patient groups with relatively mild symptoms, the disease’s natural course
has a favourable prognosis.[6-10] However, patients with mild symptoms were excluded from
some studies, and, in other cases, patients with severe symptoms requiring surgery were
excluded. Therefore, it is not possible to draw conclusions regarding the natural history of LSS
in all patients. To determine which patients have favourable prognoses, studies need to be con-
ducted on a wide range of patients with LSS, regardless of the disease severity and therapeutic
methods. However, to the best of our knowledge, no such study has been conducted.

Our hypothesis was that pre-treatment factors, such as duration of illness, types of symp-
toms, radiographic features, comorbidity, would predict patients’ subjective improvement
without surgical intervention. The aim of this study was to establish the evidence for favourable
prognoses without surgical intervention.

Materials and Methods
Study design

This study was an investigator-initiated observational cohort study conducted at 17 medical
centres in Japan, in which a wide variety of treatments, including surgical and conservative
methods, were used in the treatment of spinal diseases. This study was approved by institu-
tional review board of University of Tokyo, Tokyo Metropolitan Geriatric Hospital, Hitachi
General Hospital, Asama General Hospital, MIshuku Hospital, Musashino Red Cross Hospital,
Tokyo Metropolitan Tama Synthesis Medical Center, Japanese Red Cross Medical Center,
Tokyo Yamate Medical Center, NTT Medical Center Tokyo, Sanraku Hospital, Kanto Central
Hospital, Tokyo Metropolitan Hiroo Hospital, Tokyo Metropolitan Komagome Hospital,
Kosei Hospital, Yokohama Rosai Hospital, Toranomon Hospital, and written informed con-
sent was obtained from all participants.

Patient population

Patients with LSS were enrolled from the University of Tokyo Hospital and 17 related facilities
between July 2002 and June 2003 based on the following eligibility criteria: aged 50-85 years
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old and LSS based on the definition of Verbiest [11] (presence of paraesthesia or pain in the
lower extremities, buttocks, perineum, or perianal region and magnetic resonance imaging
showing the presence of spinal canal stenosis that may explain the patient’s symptoms). Based
on the pathogenesis, the patient’s condition was required to be degenerative acquired stenosis
(e.g., spondylosis, spondylolisthesis, or scoliosis), and patients with congenital, developmental,
or post-traumatic LSS as well as those who underwent spinal surgery were excluded. The exclu-
sion criteria were also as follows: presence of lumbar disc herniation (i.e., a positive straight leg
raise test); arteriosclerosis obliterans (i.e., non-palpable foot arteries); complications causing
disorders that interfere with gait, such as those after cerebral infarction or myelopathy; diagno-
sis of lower extremity symptoms because of peripheral nerve diseases; rheumatoid arthritis or
Parkinson's disease; current administration of psychosomatic medicine or outpatient treatment
at a psychiatric department; and compensation for damage.

Of the 314 patients that were screened, the study enrolled 274 patients (151 men, 123
women; mean age, 71 years) whose eligibility was guaranteed by a third-party evaluation.

In this study, a database was created by prospectively enrolling patients with LSS, regardless
of the disease severity or treatment. Three years later, their prognosis was examined, and the
factors that led to a subjective improvement in their symptoms without surgical intervention
were assessed.

Study interventions

The treatment choice was made by the patients and physicians of each facility. The therapeutic
methods included surgery (i.e., posterior lumbar decompression, posterior lumbar spinal
fusion, or anterior lumbar interbody fusion) and nonsurgical methods (i.e., administration of
non-steroidal anti-inflammatory drugs or prostaglandin E1 derivatives, exercise therapy, phys-
ical therapy, or nerve blocks). There was no limitation to the treatment selection.

Study measures

The following variables were examined at initial enrolment: degree of obesity (body mass
index: >25 or <25 kg/m?), educational background (at least a high school graduate, other),
current comorbidities (hypertension, diabetes mellitus), duration of illness (<12 months, 12-
59 months, or >60 months), types of symptoms (presence of cauda equina symptoms, at least
the presence of bilateral numbness in the lower limbs), and presence of degenerative spondylo-
listhesis (% slip >5%) and scoliosis (Cobb angle >10 degrees) on radiographs. In addition, the
Geriatric Depression Scale (GDS)-15, which is the abridged version of the GDS-30, was admin-
istered and assigned to tertiles defined by approximate thirds of the score distribution (0-2,
3-6, and >7) to assess depression.[12]

Three years after enrolment, a self-administered survey was delivered by mail to examine
the patients’ subjective improvement and determine whether surgery had been performed. In
addition, the study centre also contacted survey non-respondents by telephone as an alternative
form of contact to increase the response rates. The subjective degree of improvement was
based on a 5-point scale, with 1 and 2 points indicating improvement without surgical inter-
vention: 1) the condition has improved a lot; 2) the condition has improved; 3) nothing has
changed; 4) the condition has become worse; and 5) the condition has become a lot worse.

Statistical analysis

A multivariable logistic regression model was used to assess the relationship between the candi-
date variables and patients’ subjective improvement without surgical intervention. The follow-
ing candidate variables were included in the final regression model when P < 0.10 in the
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univariable analysis: age, sex, obesity, educational background, duration of illness, types of
symptoms, and the presence of each of degenerative spondylolisthesis/degenerative scoliosis,
hypertension, diabetes, and depression (GDS-15). Statistical analyses were performed using
SPSS version 20.0 (IBM Corp., Armonk, NY, USA). A P value < 0.05 was considered to be sta-
tistically significant, and all reported P values are two sided.

Results

The 3-year follow-up rate was 67.5% (n = 185). There were no differences in the candidate vari-
ables between the 185 patients who completed the follow-up survey and the 89 patients who
did not (Table 1).

Nonsurgical treatment resulted in subjective improvements in 56 (30.3%) of the 185
patients, and the condition worsened or did not change in 47 (25.4%) patients. In 82 patients
(44.3%), surgery was performed within the 3-year follow-up (Fig 1). The proportion of patients
with improvement was not significantly different between the groups (surgical treatment: 51/
82, 62.2%; nonsurgical treatment: 57/103, 55.5%; P = 0.28).

The univariable analysis revealed that the duration of illness, types of symptoms, and the
presence of each of degenerative spondylolisthesis/scoliosis, hypertension, and depression were
significant explanatory variables (P < 0.10) (Table 2). The multivariable analysis with these
explanatory factors showed that the absence of cauda equina symptoms (only radicular symp-
toms) had an odds ratio (OR) of 3.31 (95% confidence interval [CI]: 1.50-7.31); absence of
degenerative spondylolisthesis/scoliosis had an OR of 2.53 (95% CI: 1.13-5.65); a <1-year
duration of illness had an OR of 3.81 (95% CI: 1.46-9.98); and hypertension had an OR of 2.09
(95% CL: 0.92-4.78) (Table 3).

Table 1. Baseline characteristics, compared between the participants with lumbar spinal stenosis who did and did not complete the 3-year follow-

up.
Participants Drop-outs P-value
(n=185) (n=89)
Age (years), mean (SD) 70.7 (7.4) 71.7 (7.6) 0.28
BMI (kg/m?), mean (SD) 23.4 (3.1) 23.2 (3.1) 0.53
Gender (%)
Female 77 (41.6) 46 (51.7) 0.12
Educational background
At least a high school graduate 134 (72.4) 64 (71.9) 0.93
Cauda equina symptoms 78 (42.2) 44 (49.4) 0.26
Degenerative spondylolisthesis/scoliosis 99 (53.5) 47 (47.5) 0.91
Duration of illness (months)
<12 48 (26.0) 23 (25.8) 0.99
12-59 80 (43.2) 38 (42.7)
>60 57 (30.8) 28 (31.5)
Hypertension 120 (64.9) 57 (64.0) 0.89
GDS score (tertiles)
0-2 73 (39.5) 27 (30.3) 0.13
3-6 64 (34.6) 29 (32.6)
>7 48 (25.9) 33 (37.1)
BMI, body mass index; SD, standard deviation; GDS, Geriatric Depression Scale
The values are reported as n (%), unless indicated.
doi:10.1371/journal.pone.0148584.t001
PLOS ONE | DOI:10.1371/journal.pone.0148584 February 10,2016 4/10
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Fig 1. Response to the self-administered survey in 185 patients with lumbar spinal stenosis 3 years after treatment.

doi:10.1371/journal.pone.0148584.g001

Discussion

In patients with LSS from multiple medical centres and varying levels of disease severity and
treatments, nonsurgical treatment resulted in subjective improvement of the symptoms at 3
years after enrolment in 30% of the patients; however, in 70% of the patients, the symptoms
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Table 2. Univariable logistic regression analyses for 3-year subjective improvement in lumbar spinal
stenosis symptoms through nonsurgical treatment.

Baseline factors n Odds ratio(95% CI) P-value

Age (years)

<65 40 1.69 (073-3.95) 0.22
65-74 80 1.21 (0.58-2.51) 0.61
>75 65 1.00
BMI (kg/m?)
<25 129 088 (0.45-1.73) 0.71
>25 56 1.00
Gender
Female 77 1.19 (0.63-2.25) 0.85
Male 108 1.00
Educational background (at least a high school graduate)
Yes 134 1.00
No 51 0.95 (0.47-1.91) 0.88
Cauda equina symptoms
Yes 78 1.00
No 107 4.42 (2.10-9.30) < 0.001
Degenerative spondylolisthesis/degenerative scoliosis
Yes 86 1.00
No 99 2.11 (1.10-4.03) 0.03
Duration of illness (months)
<12 47 3.68 (1.54-8.81) 0.003
12-59 79 1.72 (0.76-3.89) 0.2
>60 59 1.00
Hypertension
Yes 65 1.00
No 120 1.96 (0.97-3.95) 0.059
GDS score (tertiles)
0-2 73 2.07 (0.88—4.14) 0.09
3-6 64 1.73 (0.88-4.83) 0.22
>7 48 1.00

BMI, body mass index; GDS, Geriatric Depression Scale; Cl, confidence interval

doi:10.1371/journal.pone.0148584.t002

remained unchanged, worsened, or were treated surgically. Multivariable analysis showed that
the factors associated with the improvement of subjective symptoms at 3 years after treatment
were the presence of only radicular symptoms, the absence of degenerative spondylolisthesis
and scoliosis, and an illness duration of <1 year.

The present study was conducted using a large-scale cohort of LSS patients from multiple
medical centres, regardless of the disease severity, resulting in more representative data than
previous studies. However, the present study did not include patients with very mild symp-
toms, who tend not to present at hospitals. Therefore, the prognosis may be slightly different
from that in patients with more severe LSS. In addition, the degree of improvement of subjec-
tive symptoms was used as the measure of improvement; therefore, there may be differences in
the actual improvement. However, the LSS severity is often defined on the basis of the intensity
of lower extremity pain, and, because there are no well-defined classifications or criteria, the
degree of subjective improvement may be closest to the actual degree of improvement. In a
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Table 3. Multivariable logistic regression analyses for 3-year subjective improvement in lumbar spi-
nal stenosis symptoms through nonsurgical treatment.

Baseline factors Odds ratio (95% Cl) P-value

Cauda equina symptoms

Yes 1.00

No 3.31 (1.50-7.31) 0.003
Degenerative spondylolisthesis/degenerative scoliosis

Yes 1.00

No 2.53 (1.13-5.65) 0.024
Duration of illness (months)

<12 3.81 (1.46-9.98) 0.007

12-59 1.87 (0.77-4.54) 0.17

>60 1.00
Hypertension

Yes 1.00

No 2.09 (0.92-4.78) 0.08
GDS score (tertiles)

0-2 2.05 (0.80-5.25) 0.14

3-6 1.80 (0.70—4.68) 0.23

>7 1.00

GDS, Geriatric Depression Scale; Cl, confidence interval

doi:10.1371/journal.pone.0148584.t003

study that compared surgically treated to conservatively treated patients and conducted follow-
ups with 19 patients for an average of 31 months, [13] symptoms improved in 30% and
remained unchanged in 60% of the conservatively treated patients who did not undergo any
procedure. Despite the study’s limitations, including its retrospective nature, unknown inclu-
sion criteria for the conservatively treated patients, and small sample size, the rate of improve-
ment was comparable to that of our cohort. Similarly, in a 5-year follow-up with 120 patients
in whom conservative treatment was initially effective, an improvement was found in 43% of
patients, the symptoms remained unchanged in 17%, and symptoms worsened in 40% at the
final follow-up; however, the patients may have had relatively mild initial symptoms.[6] More-
over, in a prospective, randomised comparative study of surgical treatment for LSS, observa-
tions at 10 years after treatment in the 18 patients that received conservative treatment (control
group) revealed mild pain in 2 patients (11%), moderate/severe pain in 6 patients (33%), and
surgical treatment in 9 patients.[14] At the 2-year follow-up of a randomised cohort study with
patients without spinal instability who were identified as surgical candidates and randomised
to either surgical or conservative treatment, 43% of the patients with conservative treatment
had to be re-assigned to the surgery group, while 28.7% reported an improvement in their
symptoms.[15] However, because the patients with improved symptoms did not include those
who were converted to the surgery group, it is possible that the percentage would be lower than
those in the present study if the percentage was calculated in the same manner. Furthermore,
the differences in results in these latter two studies, when compared with the present study,
may be explained by the fact that the patients were indicated for surgery and may have had
more severe conditions. However, in our study, if long-term follow-up was conducted, the per-
centage of patients with a favourable prognosis would likely decrease.

There are few reported studies regarding the predictive factors for the subjective improvement
of LSS. However, Miyamoto et al. reported that the outcomes were favourable in patients with
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radicular-type symptoms and in those who showed good improvement after the initial treatment,
while outcomes were poor in patients with degenerative scoliosis.[6] Based on our experience, the
prognosis of patients with radicular type LSS has been favourable; however, the underlying mech-
anism is not yet known. In the present study, the percentage of patients with cauda equina deficits
whose treatment was converted to surgery was 3 times higher than that of patients with only
radicular type LSS, which may support our experience. Degenerative scoliosis/spondylolisthesis
was also predictive of poor prognosis in the present study; conservative treatment is reportedly
less effective against degenerative scoliosis, [16] including at a 2-year follow-up.[17] It is possible
that patients who repeatedly develop radiculopathy symptoms because of a susceptibility to physi-
cal compression have a poorer prognosis, and their treatment is likely to be converted to surgery.
In addition, long illness duration has been associated with poor surgical outcomes in LSS; [18]
likewise, our findings showed that, in the natural course of LSS, illness duration >1 year was also
a factor for poor prognosis. A long illness duration likely leads to chronic nerve compression,
which may cause oedema or Wallerian degeneration of the affected nerves.[19] Although hyper-
tension was not a significant prognostic factor, it tended to be associated with a poor prognosis.
Hypertension is more common in patients with LSS than in controls; [20,21] it causes arterioscle-
rosis and promotes degenerative changes in the spine and intervertebral discs.[22] Because it can
also cause chronic obstructive arteriosclerosis, it may aggravate the prognosis; therefore, further
studies are needed to determine if hypertension is related with prognosis in LSS.

This study has several limitations. First, because the follow-up rate was 67%, the presence of
non-response bias is possible. Second, we intended to exclude lumbar disc herniation with the
use of the straight leg raise test. However, the test was often negative in the elderly, even though
they had undergone surgery for lumbar disc herniation. Furthermore, disc herniation is often
prevalent in degenerative spine and is a concomitant cause of stenosis.[23] Thus, it was difficult
to determine whether the cause of lumbar radiculopathy was lumbar disk herniation or LSS in
our population, and it is possible that the influence of disk herniation was underestimated.
Third, this study collected data at only a single time point, at 3 years from the date of enrol-
ment. Therefore, the results failed to capture the time course of the disease, the rate of improve-
ment, or requirement for surgical treatment. Additionally, we did not control for the nature,
intensity, or duration of surgical or nonsurgical management.

The present study, with a wide range of patients with LSS, provided important findings that
have not been reported previously and will aid decision-making regarding LSS treatment. In
patients with radicular-type symptoms without degenerative scoliosis or spondylolisthesis and
an illness duration of <1 year, the prognosis is likely to be favourable; however, in patients
with cauda equina symptoms, degenerative scoliosis or spondylolisthesis, and a long disease
duration, surgery may need to be proactively considered.

Future long-term follow-up of this cohort should be conducted, potentially with a question-
naire that more accurately measures disease severity and degree of satisfaction, such as the
Zurich Claudication Questionnaire developed by Stucki et al., which is currently being used
worldwide.[24] Determining the long-term prognosis of LSS may be useful for developing
treatment guidelines.

Conclusion

In 30% of 274 patients with LSS, conservative treatment led to a subjective improvement in the
symptoms at the 3-year follow-up; however, in 70% of the patients, the symptoms remained
unchanged, worsened, or required surgical treatment. The predictive factors for improved sub-
jective symptoms were the presence of only radicular symptoms, the absence of degenerative
spondylolisthesis and scoliosis, and an illness duration of <1 year.
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[Abstract]

Katakori is a Japanese word, and there is no clear English translation. Katakori consists of two terms,

Kata means neck and shoulder, kori means stiffness. Consequently, Katakori is defined as neck and

shoulder discomfort or dull pain. Katakori is a major somatic complaint and has a large impact on

workers. To examine the association between onset of severe Katakori and potential risk factors in

Japanese workers, a prospective cohort study, entitled “Cultural and Psychosocial Influence on

Disability (CUPID)”, was conducted. Self-administered questionnaires were distributed twice: at

baseline and 1 year after baseline. Logistic regression was used to explore the risk factors of onset

of severe Katakori. Of those 1,398, the incidence of severe Katakori onset after 1 year was 3.0% (42

workers). Being female (adjusted odds ratio: 2.39, 95% confidence interval: 1.18-4.86), short sleep

duration (adjusted odds ratio: 2.86, 95% confidence interval: 1.20-6.82) and depressed mood with

some issues at work (adjusted odds ratio: 3.11, 95% confidence interval: 1.38-7.03) were

significantly associated with onset of severe Katakori. Psychosocial factors as well as gender

difference were associated with onset of severe Katakori. We suggest that mental health support at

the workplace is important to prevent severe Katakori.

[Key words]

Katakori, Prospective study, Risk factors, Japanese workers, Psychosocial factors
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Introduction

Katakori is a Japanese word, and there is no clear English translation. Katakori consists of two
terms, Kata means shoulder and kori means stiffness. Consequently, Katakori is defined as
discomfort or dull pain caused by muscle stiffness around the back of the head and through the
shoulders and/or shoulder blades". Katakori is usually classified as one of the cervico-omo-brachial
syndrome. The symptoms of Katakori are considered to be close to “neck pain” or “chronic
nonspecific neck pain” as expressed in the references®®.

Katakori is classified into primary Katakori (essential Katakori) which does not identify any
causable disease (organic disorder) and secondary Katakori (symptomatic Katakori) which is caused
by disease. Examples of disease which can be the cause of secondary Katakori include cervical
spine disease, glenohumeral joint disease, cardiovascular disease, pulmonary disease, eye fatigue,
temporomandibular arthrosis, and menopausal syndrome® ©.

The prevalence of Katakori is 6.1% among males and 13.1% among females in Japan”), therefore
Katakori is a major somatic complaint which is comparable to low back pain and has a large impact
on people including workers with subjective symptoms, however, its pathogenesis is still unclear.
Furthermore, the association between Katakori and potential risk factors has not been properly
assessed in prospective epidemiological research.

There have been reports of several risk factors associated with Katakori: such being female®®,
using a Visual Display Terminal (VDT)® and mental health® '®. These factors have been identified
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based on the results of cross-sectional studies.

A prospective cohort study, entitled “Cultural and Psychosocial Influence on Disability (CUPID)”,
was conducted to explore further the impact of cultural and psychosocial influences on
musculoskeletal symptoms and associated disability™ 2. A cross-sectional analysis of baseline data
shows that being female and depressed mood have been associated with severe Katakori in urban
Japanese workers?. In this study, using one year of follow-up data, we conducted a continued
analysis to examine the association between onset of severe Katakori and potential risk factors in
urban Japanese workers. To our knowledge, this was the first longitudinal study assessing the
potential risk factors for onset of severe Katakori. In this study, we especially focused on severe

Katakori since Katakori is a common symptom among Japanese workers.

Subjects and methods

Data from a 1-year prospective cohort of the CUPID study were used for this analysis. The CUPID

study is an international joint research project, which has involved 18 countries. In Japan, ethical

approval for the study was obtained from the ethics committees of the University of Tokyo Hospital

and review board of the Japan Labour Health and Welfare Organization. All participants provided

written informed consent.

The workers around Tokyo including office workers, sales and marketing personnel, transportation

workers, and nurses were recruited.
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The board of each participating organization was asked to distribute a self-administrated

questionnaire along with a cover letter from the study administration office to their workers.

Responders were asked to return their completed questionnaires by mail and to provide their names

and mailing addresses for direct correspondence from the study administration office for 1-year

follow-up purposes.

The original questionnaire used in the CUPID study was translated into Japanese with some

newly designed questions for Japanese workers regarding Katakori. The translation equivalence with

the original questionnaire was checked through independent back-translation into English. For the

participants, the pain area of Katakori was defined as the back of the head and through the shoulders

and/or shoulder blades (Fig. 1). At baseline, respondents were asked about the frequency and

severity of Katakori they had experienced during the previous month. The frequency of Katakori was

assessed on a 6-point scale (1, always; 2, almost always; 3, often; 4, sometimes; 5, seldom; 6,

never); the severity of Katakori was measured on an 11-point numerical rating scale (NRS) ranging

from 0 (no Katakori) to 10 (severe Katakori). At follow-up, the frequency of Katakori was assessed

using three duration periods (1-6 days, 1-2 weeks, or 2 2 weeks) and the severity of Katakori was

measured by NRS.

In addition, the baseline questionnaire assessed individual characteristics (i.e., age, gender, age

at the last educational status, body mass index (BMI), hours of sleep, marital status, regular exercise,

smoking habits, visual fatigue, dental therapy, dental bite, and outpatient with articular and spine
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symptoms), ergonomic work demands (period of current service, working hours per week, VDT use,
finger repetition, lifting, driving, standing, and work shift), and psychosocial factors (job satisfaction,
job control, inadequate break time at work, worksite support, interpersonal stress at work, and
experience of depressed mood with an issue at work). Variables were categorized by the same
methods previously used in the CUPID study for Katakori association®. Age was categorized as < 30
years, 30-39 years, 40-49 years or = 50 years. BMI was calculated by height and body weight
recorded in a questionnaire; BMI = 25 was defined as obesity. Age at the last educational status was
categorized as < 19 years or > 19 years; low education was defined as < 19 years. Regular exercise
was defined as physical exercise performed more than twice a week for 20 minutes or longer during
the previous 12 months. Short sleep duration was defined as an average of < 5 hours. Low
experience in current job was defined as < 1 year of current service. Sixty hours of working hours per
week was defined as high work demand. VDT was defined as work using the computer display for =
4 hours per shift. Lifting was defined as a work to lift or move = 25 kg (object or person) by hand.
Driving was defined as = 4 hours of car or truck driving per shift. Standing was defined as 2 4 hours
standing per shift. Work shift was defined as irregular work shift such as night shift. To assess the
level of job satisfaction, responders were asked, “Considering everything, how satisfied are you with
your work?” Answers were the following four choices: “Very satisfied”, “Satisfied”, “Not well satisfied”
and “Not satisfied at all”. Low job satisfaction was defined as an answer of “Not well satisfied” or “Not
satisfied at all”. To assess the level of job control, responders were asked, “How much control do you
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have in your work?” These items had four response options: often, sometimes, seldom, and

never/almost never. Low job control was defined as an answer of “seldom” or “never/almost never’.

To assess the level of worksite support, responders were asked, “When you have difficulties in your

work, how often do you get help and support from your colleagues or supervisor/manager?” This

item had five response options: often, sometimes, seldom, never, and not applicable. Low worksite

support was defined as an answer of “seldom” or “never” for worksite support. Depressed mood with

some issues at work was defined as experience of that in past 12 months.

The follow-up questionnaire was distributed 1 year after the baseline assessment, and the second

questionnaire was sent only to the participants who returned the first one with their written consent of

participating. Therefore, those who did not return a questionnaire did not participate in the study any

longer.

The outcome of interest was onset of severe Katakori during the 1-year follow-up period. In this

study, severe Katakori was defined as frequency more than 2 weeks in the previous month and as

severity with NRS more than 7 points at the follow-up. Incidence was calculated for the participants

who reported no severe Katakori at baseline, as we defined severe Katakori as frequency more than

often and as severity with NRS more than 7 points during the previous month. Participants were

excluded from the analysis if they had changed their job.

For statistical analysis, in addition to compiling descriptive statistics, logistic regression was used

to explore the associations between risk factors and onset of severe Katakori. Results of logistic

8/19

193



regression analyses were summarized by odds ratios (ORs) and the respective 95% confidence

intervals (Cls). For the assessment of potential risk factors, crude ORs were initially estimated.

Factors with p-values < 0.1 were considered to be potential risk factors. We conducted a multivariate

logistic regression analysis using potential risk factors in the model and then using a stepwise

selection method in which terms were retained if they reached the 0.05 level of significance. All

statistical tests were two-tailed, and conducted with a significance level of 0.05. The software

package SAS Release 9.3 (SAS Institute Inc., Cary, NC) was used for statistical analyses.

Results

The baseline questionnaire was distributed to 3,187 participants and was completed by 2,651

participants. The following year, 1,809 participants successfully completed and returned the follow-up

questionnaire, thereby yielding a follow-up rate of 68.2%.

Participants (n = 411) were excluded from the analysis if they had severe Katakori at baseline (n =

330) or those who changed their job (n = 81). Thus, a total of 1,398 participants were included in the

present analysis (Fig. 2).

Mean (SD: standard deviation) age was 37.3 (10.0) years, of which 1,398 of 73.8% of participants

were male. Jobs were nurses (21%), office workers (15%), sales and marketing personnel (21%) and

transportation operators (43%). [Table 1] The incidence of onset of severe Katakori in the follow-up

period was 3.0% (42 workers), with mean (SD) age of 37.1 (9.0) years. Of those, 50% were males.
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To assess the effect of the selected drop-out, the baseline characteristics of patients who were

followed up (n = 1,809) and those who dropped-out (n = 842) are calculated. The mean (SD) age

was 37.3 (10.0) years and 33.6 (8.5) years, respectively, and the majority were men in both groups

(66.0% vs 57.7%). The prevalence of severe Katakori was 18.8% and 21.2%, respectively.

Crude odds ratios of baseline factors for onset of severe Katakori are shown in Table 2. The

factors potentially relating to onset of severe Katakori were gender, visual fatigue, sleep duration,

inadequate break time, standing, work shift, interpersonal stress and depressed mood with some

issues at work. In psychosocial factors, depressed mood with some issues at work was only included,

instead of interpersonal stress at work, because of its strong correlation (o = 0.4137, p < 0.0001).

The crude odds ratio of depressed mood with some issues at work was higher than the interpersonal

stress at work, thus the higher factor was selected. Because 77% (281/366) of females were nurses,

and 87% (255/294) of nurses were defined as irregular work shift, the correlation between female and

irregular work shift was strong (0= 0.3422, p < 0.0001). Previous studies reported that Katakori was

associated with females, so “female” was included in multivariate logistic regression analysis.

In the multivariate logistic regression analysis, these six factors were entered into the model. As a

result, three potential risk factors were selected (Table 3).

A supplemental analysis was conducted to examine a combined impact of gender and nurses

because 77% (281/366) were female nurses. We performed multivariate logistic regression analysis

with the main three effects, nurse and interaction of gender and nurse. The adjusted odds ratios of
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main effects were similar to the main analysis, and the nurse effect as well as the interaction were
not statistically significant. Based on these results, we propose three potential risk factors: gender,
short sleep duration, and depressed mood with some issues at work which might associate with

severe Katakori.

Discussion

To examine the association between onset of severe Katakori and potential risk factors, we
conducted analyses using data from the CUPID study among urban workers in Japan. Although the
incidence was small, severe Katakori occurred during the 1-year follow-up in some workers who had
no or mild symptoms at baseline. A series of analyses showed gender, low sleep or depressed mood
with some issues at work as important potential risk factors.

In our results, females showed higher odds (adjusted odds ratio= 2.18) as a potential risk factor
for onset of severe Katakori. According to the supplemental analysis, being female is potential risk
factor of Katakori as it eliminates the possibility of nurses to affect the main result of this study. Based
on these results, this study suggests the association of gender as a potential risk factor of severe
Katakori. This finding is similar to those published previously® ® . We speculate this trend may be
attributable to gender differences in muscle strength. Estrogen may also be involved in the
pathogenesis of Katakori, although there is no scientific evidence for this assertion. Further studies
will be required to explain the reason for gender differences in the manifestation of Katakori.
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Being in a depressed frame of mind with some issues at work showed 3.1 times more increased
risk of severe Katakori than those who are not. Previous cross-sectional studies suggest the
association of Katakori and work stress, which was classified as a psychosocial factor™ . Krantz et al.
have reported that emotional stress and psychologically stressful tasks are associated with
increased electrographic activity in the trapezius muscle', and Hallman et al. have reported that
autonomic imbalance is associated with neck shoulder pain, the Japanese definition of Katakori'.
We suggest that psychosocial stress can progress to sympathetic and muscle stress, which may
lead to the onset of Katakori.

In the present study, we found short sleep duration to be a potential risk factor. Mulligan et al.
reported that nocturnal pain was associated with sleep quality, sleep duration, and habitual sleep
efficiency in patients with shoulder disorders'. Short sleep duration might delay a daily recovery of
tissue damage and cause the onset of severe Katakori. In order to ensure an adequate sleep
duration, individuals should be responsible in attaining the required sleep duration, and support can
be provided by encouraging a non-stressful work environment. In the present study, we had
assessed sleep duration only. Further studies are required to explore any association between
Katakori and the quality of sleep, including insomnia and other sleep disorders.

Factors identified as potential risk factors in the present study can be explained by Eriksen’s
hypothesis that head-down and neck flexion positions and/or psychological stress increase the
intracellular nitric oxide/oxygen ratio through sympathetic nerve activity, resulting in inhibition of
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cytochrome oxidase; and then, lactate production would follow activating nociceptive fibers'®.

There were some limitations in this study. First, the generalizability of the findings may be limited.
The majority of participants were male, and therefore a broad range of Japanese occupations was
not represented. The study cohort was not a representative sample of the entire spectrum of
Japanese workers in urban areas. Being female was one of the potential risk factors of Katakori
although no interaction effects of gender and nurse were found in our supplemental analysis.
However, the majority of females in this study were nurses, and the sample size included in the
supplemental analysis may not have been sufficient. Therefore, our results need to be interpreted
with care. Second, misclassification, to some extent, is inevitable. Information might be subjective in
the decision of Katakori or sicknesses and missing value cannot be avoided due to the nature of a
self-assessment survey. Third, drop-out may introduce bias into the data analysis due to the low
follow-up rate of this study, although we considered that the baseline characteristics of both the
follow-up group and the drop-out group seemed to be similar. Fourth, this study may not cover some
unquestioned items which were hot involved in the questionnaire. For example, some peculiar
characteristics of Japanese may not be addressed by the original CUPID questionnaire regarding
stress at work. Also, there were some items which were not involved in the original CUPID
questionnaire as follows: disabilities of the arm, shoulder and hand questionnaire scores correlated
significantly with depressive symptoms, catastrophic thinking, kinesiophobia, and pain anxiety'”. The
aforementioned behavioral items may need to be included as additional potential risk factors of
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severe Katakori. At last, a more complicated analysis model might be suitable for further assessment
to discover other potential risk factors, instead of the logistic regression models assessed for the
present analysis.

In conclusion, being female, short sleep duration and depressed mood with some issues at work
were associated with onset of severe Katakori. We suggest that mental health support including the

lack of sleep is important to prevent severe Katakori, especially for females.

14 /19

199



Acknowledgements

We thank Dr. David Coggon and Keith T. Palmer for organizing and leading the CUPID study;

CUPID collaborators for all their dedications, and Dr. Noriko Yoshimura for data collection in Japan.

The study was a part of clinical research projects conducted by the Japan Labour Health and Welfare

Organization.

15719

200



References

1)

2)

3)

4)

5)

7)

Yabuki S (2007) Pathogenesis of the Neck-shoulder Stiffness (Katakori). Rinsho Seikei Geka

(Clinical Orthopedic Surgery) 42, 413-417 (In Japanese).

limker S, Huysmans MA, van der Beek AJ, Knol DL, van Mechelen W, Bongers PM, Blatter BM

(2011) Software-recorded and self-reported duration of computer use in relation to the onset of

severe arm-wrist-hand pain and neck-shoulder pain. Occup Environ Med 68, 502-509.

McLean SM, May S, Klaber-Moffett J, Sharp DM, Gardiner E (2010) Risk factors for the onset of

non-specific neck pain: a systematic review. J Epidemiol Community Health 64, 565-572.

Kadi F, Waling K, Ahigren C, Sundelin G, Holmner S, Butler-Browne GS, Thornell LE (1998)

Pathological mechanisms implicated in localized female trapezius myalgia. Pain 78, 191-196.

Takagishi K, Hoshino Y, Ide J, Sugihara T, Hata Y, Sano H, Hamada J, Yabuki S, Mochiduki Y,

Suzuki K, Yanagawa T, Tamai K, Ogawa K, Atsuta Y, Shinozaki T (2008). A project study for

Katakori, 2004-2006 (commentary). Nihon Seikeigeka Gakkai Zasshi (The Journal of the

Japanese Orthopaedic Association) 82, 901-911 (In Japanese).

Fujii T, Matsudaira K, Noma K, Isizuka A, Yamada K, Arisaka M, Higashikawa A (2012) Objective

Measurement of Neck-shoulder Discomfort and Analysis of Associated Factors. Rinsho Seikei

Geka (Clinical Orthopaedic Surgery) 47, 619-624 (In Japanese).

Japan Ministry of Health, Labour and Welfare. Comprehensive Survey of Living Conditions 2013.

http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa13/dl/04.pdf. (In Japanese) Accessed Jul

16/19

201



16, 2015.

8) Fujii T, Matsudaira K, Yoshimura N, Hirai M, Tanaka S (2013) Associations between neck and

shoulder discomfort (Katakori) and job demand, job control, and worksite support. Mod

Rheumatol 23, 1198-1204.

9) Kimura T, Tsuda Y, Uchida S, Eboshida A (2006) Association of perceived stress and stiff

neck/shoulder with health status: multiple regression models by gender. Hiroshima J Med Sci 55,

101-107.

10) lizuka Y, Shinozaki T, Kobayashi T, Tsutsumi S, Osawa T, Ara T, lizuka H, Takagishi K (2012)

Characteristics of neck and shoulder pain (called katakori in Japanese) among members of the

nursing staff. J Orthop Sci 17, 46-50.

11) Coggon D, Ntani G, Palmer KT, Felli VE, Harari R, Barrero LH, Felknor SA, Gimeno D, Cattrell A,

Serra C, Bonzini M, Solidaki E, Merisalu E, Habib RR, Sadeghian F, Kadir M, Warnakulasuriya

SS, Matsudaira K, Nyantumbu B, Sim MR, Harcombe H, Cox K, Marziale MH, Sarquis LM,

Harari F, Freire R, Harari N, Monroy MV, Quintana LA, Rojas M, Salazar Vega EJ, Harris EC,

Vargas-Prada S, Martinez JM, Delclos G, Benavides FG, Carugno M, Ferrario MM, Pesatori AC,

Chatzi L, Bitsios P, Kogevinas M, Oha K, Sirk T, Sadeghian A, Peiris-John RJ, Sathiakumar N,

Wickremasinghe AR, Yoshimura N, Kielkowski D, Kelsall HL, Hoe VC, Urquhart DM, Derrett S,

McBride D, Gray A (2012) The CUPID (Cultural and Psychosocial Influences on Disability) study:

methods of data collection and characteristics of study sample. PLoS One 7, €39820.

17719

202



12) Matsudaira K, Keith TP, Reading I, Hirai M, Yoshimura N, Coggon D (2011) Prevalence and

correlates of regional pain and associated disability in Japanese workers. Occup Environ Med

68, 191-196.

13) Krantz G, Forsman M, Lundberg U (2004) Consistency in physiological stress responses and

electromyographic activity during induced stress exposure in women and men. Integr Physiol

Behav Sci 39, 105-118.

14) Hallman DM, Ekman AH, Lyskov E (2014) Changes in physical activity and heart rate variability

in chronic neck—shoulder pain: monitoring during work and leisure time. Int Arch Occup Environ

Health 87, 735-744.

15) Mulligan EP, Brunette M, Shirley Z, Khazzam M (2015) Sleep quality and nocturnal pain in

patients with shoulder disorders. J Shoulder Elbow Surg, pii: $1058-2746(15)00086-5. doi:

10.1016/j.jse.2015.02.013.

16) Eriksen W (2004) Linking work factors to neck myalgia: the nitric oxide/oxygen ratio hypothesis.

Med Hypotheses 62, 721-726.

17) Das De S, Vranceanu AM, Ring DC (2013) Contribution of kinesophobia and catastrophic

thinking to upper-extremity-specific disability. J Bone Joint Surg Am 95, 76-81.

18/19

203



[Figure titles and legends]

Fig. 1. Diagram showing pain area for Katakori.

Fig. 2. Flowchart of the sample selection.
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Fig. 1. Diagram showing pain area for Katakori.
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! Baseline guestionnaires distributed (n = 3,187) l

l

‘ Baseline questionnaires returned (n = 2,651) |

|

I Follow-up questionnaires returned (n = 1,809) I

....... ls| Participants who changed their job or
who had severe Katakori at baseline were excluded (n = 1,398)

Fig. 2. Flowchart of the sample selection.
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[Tables]

Table 1. Characteristics of responders

Characteristics Severe Katakori Non-Severe Katakori Total
N (%) 42 (3.0%) 1356 (97.0%) 1398
Gender
Male, n (%) 21 (2.0%) 1011 (98.0%) 1032 (73.8%)
Female, n (%) 21 (5.7%) 345 (94.2%) 366 (26.2%)
Age, mean (SD) 37.1(9.0) 37.3(10.0) 37.3(10.0)
Job type
Transportation operative 15 (2.5%) 585 (97.5%) 600 (43.0%)
Sales/ marketing personnel 5(1.7%) 289 (98.3%) 294 (21.0%)
Nurse 16 (5.4%) 278 (94.6%) 294 (21.0%)
Office workers 6 (2.8%) 204 (96.7%) 211 (15.1%)
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Table 2. Crude odds ratios of the risk factors for onset of severe Katakori

Risk factors % Crude odds ratio (95%Cl) p value
Gender

Male 73.8 1.00

Female 26.2 2.92(1.58-5.42) 0.001
Age (yr)

<30 255 1.00

30-39 37.3 1.79(0.74-4.33) 0.197

40-49 22.6 1.64(0.62-4.35) 0.324

=50 14.6 1.51(0.50-4.57) 0.462
Outpatient with articular and spine

No 97.2 1.00

Yes 2.8 0.82(0.11-6.14) 0.850
Outpatient with dental therapy

No 92.7 1.00

Yes 7.3 1.35(0.47-3.87) 0.537
Wrong dental bite

No 83.8 1.00

Yes 16.2 1.76(0.85-3.65) 0.130
Visual fatigue

No 56.3 1.00

Yes 43.7 2.20(1.15-4.21) 0.017
BMI

<25 kg/m? 84.0 1.00

2 25 kg/m? 16.0 1.50(0.71-3.19) 0.291
Current smoking

No 56.4 1.00

Yew 43.6 1.44(0.78-2.66) 0.245
Age at last educational status (yr)

220 62.4 1.00

<19 37.6 0.66(0.33-1.29) 0.221
Regular exercise

Yes 20.2 1.00

No 79.8 1.50(0.62-3.60) 0.367
Marital status

Married 56.4 1.00

Not married 43.3 1.20(0.65-2.21) 0.568
Sleep duration

25h 56.4 1.00

<5 h 43.3 2.75(1.24-6.10) 0.013
Experience in current job

21yr 90.6 1.00

<1yr 9.4 1.32(0.51-3.42) 0.569
Working hours per week

Low 59.2 1.00

High 40.8 0.89(0.47-1.67) 0.715
Inadequate break time at work

Not inadequate 45.6 1.00

Inadequate 54.4 3.16(1.50-6.66) 0.003
VDT

Not VDT 75.3 1.00

VDT 24.7 1.23(0.62-2.42) 0.557
Finger repetition

No 77.7 1.00

Yes 22.3 1.09(0.53-2.25) 0.811
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Lifting

No 474

Yes 52.6
Driving

No 64.5

Yes 355
Standing

No 43.1

Yes 56.9
Work shift

Regular shift 60.8

Irregular shift 39.2
Job satisfaction

Satisfied 43.4

Not satisfied 56.6
Job control

Controlled 46.4

Not controlled 53.6
Worksite support

Supported 91.3

Not supported 8.7
Interpersonal stress at work

Not stressed 51.2

Stressed 48.8
Depressed mood with some issue at work

Not feeling depressed 50.0

Depressed 50.0

1.00
1.09(0.59-2.03)

1.00
1.01(0.53-1.91)

1.00
1.93(0.98-3.80)

1.00
1.73(0.94-3.21)

1.00
1.38(0.74-2.57)

1.00
0.64(0.35-1.19)

1.00
1.15(0.40-3.27)

1.00
1.93(1.02-3.66)

1.00
4.15(1.89-9.07)

0.777

0.980

0.058

0.058

0.310

0.528

0.800

0.045

<0.001

Cl: confidence interval.
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Table 3. Adjusted odds ratios of risk factors which were significant for onset of severe Katakori

Risk factor Adjusted odds ratio (95%Cl) p value

Gender

Male 1.00

Female 2.39 (1.18 -4.86) 0.016
Sleep duration

25h 1.00

<5h 2.86 (1.20 -6.82) 0.018
Depressed mood with some issue at work

Not feeling depressed 1.00

Depressed 3.11 (1.38-7.03) 0.006

Cl: confidence interval.
Adjusted by gender, sleep duration and experience of depressed mood with some issue at work
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Abstract

This study examined whether a higher level of psychological detachment during non-
work time is associated with better employee mental health (Hypothesis 1), and
examined whether psychological detachment has a curvilinear relation (inverted U-
shaped pattern) with work engagement (Hypothesis 2). A large cross-sectional Internet
survey was conducted among registered monitors of an Internet survey company in
Japan. The questionnaire included scales for psychological detachment, employee
mental health, and work engagement as well as for job characteristics and demographic
variables as potential confounders. The hypothesized model was tested with moderated
structural equation modeling techniques among 2,234 respondents working in the
tertiary industries with regular employment. Results showed that psychological
detachment had curvilinear relations with mental health as well as with work
engagement. Mental health improved when psychological detachment increased from a
low to higher levels but did not benefit any further from extremely high levels of
psychological detachment. Work engagement showed the highest level at an
intermediate level of detachment (inverted U-shaped pattern). Although high
psychological detachment may enhance employee mental health, moderate levels of

psychological detachment are most beneficial for his or her work engagement.

(184/200 words)

Key words: Psychological detachment; Mental health; Structural equation modeling;
Work engagement; Curvilinearity
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Introduction

In recent years, scholars have argued that not only on-job experiences (how
employees spend their working time) but also off-job experiences (how they spend their
private or leisure time) are crucial for understanding employee well-being". More
specifically, better knowledge of off-job recovery from the demands experienced during
working time is imperative®. Recovery can be defined as a process during which
individual functional systems that have been called upon during a stressful experience
return to their initial, pre-stressor level®’. Recovery can be regarded a process opposite
to the strain process, during which the detrimental effects of stressful situations are
alleviated or eliminated. Recovery is also regarded as an explanatory mechanism in the
relation between acute stress reactions and chronic health impairment®. Certain
experiences outside of work can help in alleviating reactions to work demands®”. These
so-called recovery experiences consist of psychological detachment, relaxation, mastery,
and control®. Psychological detachment; i.e., the ability of individuals to mentally
“switch off” from work by not doing work-related tasks and not thinking about work
during non-work time, is considered the most crucial recovery experience for protecting
one’s well-being regarding job-related recovery™®).

In the context of respites from work, detachment has been described as an
“individual’s sense of being away from the work situation” '. Psychological
detachment has been further characterized as not being involved in work-related
activities, such as phone calls, e-mails, or other work-related tasks, during off-work
time®. Psychological detachment from work extends beyond the pure physical absence
from the workplace during off-job time and abstaining from job-related tasks. It implies

leaving the workplace behind oneself in psychological terms'".
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The relation between psychological detachment and well-being can be explained by
COR theoryu) and the Effort-Recovery Model®. Conservation Of Resources (COR)
theory asserts that an individual aspires to preserve, protect, and build resources.
Resources are characterized as objects, conditions, personal characteristics, or energies
that have specific importance for the individual. According to COR theory, stress occurs
when individuals are threatened with resource loss, actually lose resources, or fail to
gain resources following resource investment. The inability to replenish energy
resources may lead to long-term fatigue, which hampers normal functioning in many
aspects in daily life, including work. Thus, to recover from stress, individuals have to
gain new resources and restore threatened or lost resources. Psychological detachment
can contribute to gaining new resources and restore threatened or lost resources.

The Effort-Recovery Model® holds that effort expenditure at work leads to load
reactions such as fatigue or physiological activation. Load reactions can accumulate and
lead to impaired health and well-being, unless individuals can recover from work. By no
longer being exposed to job-related demands, load reactions can return to pre-stressor
levels, and recovery can occur before the next working period starts. This implies that
recovery strategies such as psychological detachment during off-work time can be an
opportunity to return to and stabilize at a baseline level. Thus, both the Effort-Recovery
Model and COR theory suggest two complementary processes by which recovery
occurs. First, it is important to refrain from work demands and to avoid activities that
call upon the same functional systems or internal resources as those required at work.
Second, gaining new internal resources such as energy, self-efficacy or positive mood
will additionally help to restore threatened resources’.

Previous studies that examined the relation between psychological detachment
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and well-being have revealed that psychological detachment is positively associated
with mental health and negatively associated with job stress and burnout® '+ 13:14),
Therefore, we expect that a higher level of psychological detachment during non-work
time will be associated with better mental health (Hypothesis 1).

Regarding positive aspects of employee well-being, the present study focuses on
work engagement, which refers to a positive, fulfilling, work-related state of mind that
is characterized by vigor, dedication, and absorption'”. Previous studies have shown
that psychological detachment is positively associated with work engagement '*'®),
because detachment may contribute to the prevention of continued resource drain and
restoration of resources'®. If employees do not unwind from one’s work, depleted
resources can lead to low work engagement. Thus, we can assume that low levels of
psychological detachment are associated with low work engagement.

However, the relation between psychological detachment and work engagement
appears to be more complex. For instance, Shimazu et al.'” showed a negative relation
between these variables, suggesting that switching off mentally during off-job time did
not improve work engagement, but rather decreased it. When individuals are highly
detached from their jobs during off-job time, they may feel difficulty in “switching on”
again in the next morning'”, and they may need more time to mobilize their energy for
their job, which results in impaired work engagement.

These findings suggest that (very) low and (very) high levels of psychological
detachment will be detrimental to work engagement. As a result, moderate levels of
psychological detachment will be associated with the highest levels of work

engagement. All these findings imply non-linear rather than linear relations between

detachment and work engagement, which is in line with Warr’s (1994) assumptions on

216



work 2%, mental health and well-being. Accordingly, we expect that psychological
detachment will have a curvilinear relation (inverted U-shaped pattern) with work

engagement (Hypothesis 2).

Method

Study population

An Internet research company with 1.5 million registered research volunteers
aged 2069 years, was used to conduct a large Internet-based cross-sectional survey on
occupation, health and well-being in 2011. We randomly selected 106,250 volunteers
from 201,170 monitors, living in three greater metropolitan areas of Japan (23 wards of
Tokyo, the City of Osaka, and the City of Nagoya). On March 25, 2011, the selected
volunteers were invited to take part in the study via an e-mail containing a link to the
survey. Participants received online shopping points as an incentive for participation. In
order to prevent double registration, e-mail addresses were checked and a link to the
questionnaire was disabled once the survey was completed. On March 31, 2011, the
survey was closed when more than five thousand participants responded (a total of
5,860 surveys were collected). Therefore, a specific response rate could not be
calculated for this survey.

Our respondents were very close to the people living in 23 wards of Tokyo, the
City of Osaka, and the City of Nagoya in terms of mean age (45.2 years in our
respondents, 43.9 in Tokyo, 44.8 years in Osaka, and 43.8 years in Nagoya), gender
(50.8 % in our respondents, 50.7 % in Tokyo, 51.5 % in Osaka, and 50.7 % in Nagoya),
and employment status (46.5 % regular employment in our respondents, 46.1 % in
Tokyo, 46.2 % in Osaka, and 50.1 % in Nagoya). However, our respondents had higher

educational level (40.9 % undergraduate or higher) than those living in Tokyo (33.2 %),

6
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in Osaka (20.8 %), and in Nagoya (26.0 %)*" 2.

In our respondents, the proportion of respondents working within primary
industries (e.g., agriculture, forestry, and fisheries) and secondary industries (e.g.,
mining, manufacturing, and constructions) was extremely low (0.1% and 7.6%
respectively). Therefore, we analyzed responses only from those individuals working in
tertiary industries (e.g., transport and postal activity, wholesale and retail trade,
accommodations, eating and drinking services, finance and insurance, advertising,
education and learning support, and medical, health care and welfare). Individuals with
a reported age of either < 20 years or > 65 years, those with non-regular employment, or
shift workers were excluded™** >, A total of 2,234 participants were retained and
included in the analysis. The mean age of the participants was 41.7 years (SD = 11.3).
Of the participants, 63.9% were male, 54.4% were married, 55.9% had a university

degree or higher, and 12.2% worked more than 60 hours per week.

Measures
Psychological detachment
Psychological detachment was assessed using the corresponding subscale of the

19 consisting of four

Japanese version of the Recovery Experience Questionnaire
items (i.e., “I forget about work,” “I don’t think about work at all,” “I distance myself
from my work,” and “I get a break from the demands of work™). All items were scored
on a five-point Likert scale, ranging from 1 (do not agree at all) to 5 (fully agree).

Responses for the 4 items were summed to get a scale score. Cronbach’s alpha

coefficient was .86.
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Mental health

Mental health was assessed using the corresponding subscale of the SF-36 version
1222 consisting of five items (i.e., “Have you been a very nervous person?”, “Have
you felt so down in the dumps that nothing could cheer you up?”, “Have you felt calm
and peaceful? (reversed) ”, “Have you felt downhearted and blue?”, and “Have you
been a happy person? (reversed)”). All items were scored on a six-point Likert scale,
ranging from 1 (all of the time) to 6 (none of the time). We used the SF-36 mental

health summary score as a measure of mental health (Range: 0-100)*”. Cronbach’s

alpha coefficient was .84.

Work engagement

Work engagement was assessed using the short form of the Utrecht Work
Engagement Scale (UWES) ', which has been validated in Japan®”. The UWES
includes three subscales that reflect the underlying dimensions of engagement: Vigor (3
items; e.g., “At my job, I feel strong and vigorous™), Dedication (3 items; e.g., “I am
enthusiastic about my job”), and Absorption (3 items; e.g., “l am immersed in my
work™). All items are scored on a seven-point Likert scale ranging from 0 (never) to 6
(always). Responses for the 3 items each were summed to get a scale score. Cronbach’s

alpha coefficients were .87 for vigor, .84 for dedication, and .86 for absorption.

Potential confounders
We controlled for two types of potential confounders; i.e., (1) job
characteristics and (2) demographic characteristics. Their relation with detachment and

: ) . . 4,9,11
our outcome measures is well-established in the literature® > 'V,
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Job characteristics were assessed using three scales of the Brief Job Stress
Questionnaire (BJSQ’"): job demands, job control and workplace support. The first two
scales consisted of 3 items each, for instance “My job requires working hard” and “I
have influence over the pace of my work”. Workplace support consisted of 6 items: 3
items for supervisor support and 3 items for coworker support. To receive a more
parsimonious model and to avoid multi-collinearity, we combined the two subscales in
overall workplace support due to a high bivariate correlation (» = 0.59; p <.001). All
items were scored on a four-point Likert scale, ranging from 1 (disagree) to 4 (agree).
Cronbach’s alpha coefficients were .81 for job demands, .85 for job control, and .86 for
workplace support.

Demographic characteristics such as age, gender, marriage, education, and
working hours per week were also included as potential confounders in the

questionnaire.

Data analyses

To test the hypotheses, we conducted moderated structural equation modeling
(MSEM) analyses, using the AMOS software package®”. We preferred MSEM to
hierarchical regression analyses, because MSEM allows multivariate testing of
outcomes, allows assessing and correcting for measurement error, and provides
measures of fit of the models under study. We followed the procedure proposed by
Mathieu et al.*® as described by Cortina et al.>¥). Linear psychological detachment and
mental health had only one indicator that was the standardized (centered) scale score of
the respective factor’”. The indicator of the latent curvilinear psychological detachment

was the squared term of the standardized (centered) scale score of psychological
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detachment. Work engagement had three indicators (i.e., vigor, dedication, and
absorption). Correlation between linear psychological detachment and curvilinear one
was constrained to be zero, whereas mental health and work engagement were allowed
to correlate. The paths from the latent exogenous factors to their indicators were fixed
using the square roots of the scale reliabilities, and the error variances of each indicator
were set equal to the product of their variances and 1 minus their reliabilities. See
Figure 1 for our hypothesized model. For more details regarding the calculation of the

reliability score of the curvilinear term, we refer to Cortina et al.**.

Figure 1 about here

The fit of the models was assessed with the chi-square statistic, the goodness-of-
fit index (GFI), the comparative fit index (CFI), the non-normed fit index (NNFI), and
the root-mean-square error of approximation (RMSEA). It is suggested that GFI, CFI,
and NNFI values that exceed .90 and RMSEA values as high as .08 are indicative of

acceptable fit*>.

Ethics statement
This study was approved by the medical/ethics review board of the Japan Labour

Health and Welfare Organization and The University of Tokyo medical department.

Results

Simple statistics
Zero-order correlation coefficients are shown in Table 1. Psychological detachment

was positively correlated with mental health (» = .22, p <.001), and negatively

10
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correlated with vigor (» = -.04, p <.05), dedication (» = -.06, p <.01), and absorption (r

= _.14, p <.001).

Table 1 about here

Results of MSES analyses

Results of the MSEM-analyses showed that the hypothesized model (Model 1)
fits to the data (y* (8) = 236.72, p < .001, GFI = .97, NNFI = .93, CFI = .96) although
RMSEA value exceeded .08 (RMSEA = .11). In line with Hypothesis 1, linear
psychological detachment was positively related to mental health (8 = .24, p <.001). As
to Hypothesis 2, both linear and curvilinear psychological detachment were negatively
related to work engagement (5 =-.10, p <.001 and S =-.06, p < .01, respectively).

To ensure that no curvilinear relation existed between psychological detachment
and mental health in addition to linear one, we examined the alternative model that adds
the path from curvilinear psychological detachment to mental health. The model fit of
the alternative model (Model 2: * (7) = 216.11, p < .001, GFI = .97, NNFI = .92, CFI
= .97, RMSEA = .12) was similar to one of the hypothesized model. However, the chi-
square difference test, comparing the hypothesized model (Model 1) with the alternative
model (Model 2), shows a significant improvement in model fit (AY(1) = 20.61, p
< .001). This means that the alternative model (Model 2), including the path from
curvilinear psychological detachment to mental health, offers a better account of the
data than the hypothesized model (Model 1). Therefore, we decided to adopt the
alternative model (Model 2) in further examination.

As can be seen in Figure 2, linear psychological detachment was significantly and
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positively related to mental health (8 = .22, p <.001) whereas curvilinear psychological
detachment was also significantly but negatively related to it (8 = -.10, p < .001). In
addition, both linear and curvilinear psychological detachment were significantly and
negatively related to work engagement (f = -.11, p < .001 and g = -.09, p < .01,
respectively). Please note that the results regarding the curvilinear relationship between
psychological detachment and work engagement were similar in all three sub

dimensions of the construct (i.e., vigor, dedication, and absorption).

Figurc 2 about here

Regarding the curvilinear relation between psychological detachment and mental
health, Figure 3 shows that initially there is a positive relation: more detachment is
associated with better mental health. However, at high levels of psychological
detachment, the positive relation between psychological detachment and mental health
became less prominent, and even seems to disappear. Mental health did not increase

further and remained at a high level.

Figure 3 about here

With regard to the curvilinear relation between psychological detachment and
work engagement, Figure 4 shows that moderate levels of psychological detachment
were associated with the highest levels of work engagement, whereas very low and very
high detachment were associated with lower levels of work engagement (i.e., inverted

U-shaped pattern).
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223



Figure 4

In a final step, we conducted additional analysis to control for potential
confounders (i.e., age, gender, marriage, education, working hours, job demands, job
control, and workplace support). Specifically, each control variable was included in the
alternative model (Model 2) as a manifest variable simultaneously and was allowed to
relate to all variables in the model. After controlling for confounding variables, the path
coefficients were virtually the same as those of the alternative model (Model 2), but the
model fit decreased (X2 (35) = 1538.06, p < .001, GFI = .91, NNFI = .53, CFI = .82,
RMSEA = .14). These results indicate that the added relations of the control variables to
the model variables were weak. Importantly, many control variables did not
significantly affect the structural paths in the model (i.e., 18 out of 48 paths were not
statistically significant). Therefore, the control variables were removed from the final

model in Figure 2.

Discussion

The aim of this large cross-sectional Internet survey study was to examine
whether higher levels of psychological detachment during non-work time would be
associated with improved employee mental health (Hypothesis 1). We also examined
whether psychological detachment would have a curvilinear relation (i.e., inverted U-
shaped pattern) with work engagement (Hypothesis 2). Examination of the curvilinear
relation was novel, because prior research on the function of psychological detachment
16-19)

on work engagement is inconsistent in this respect

As far as the relation between psychological detachment and mental health is
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concerned, MSEM revealed that not only linear psychological detachment (8 = .22, p
<.001) but also curvilinear detachment (f = -.10, p <.001) was significantly related to
mental health. This result was contrary to our expectation. Examining Figure 3, the
positive relation between psychological detachment and mental health flattened after
higher levels of psychological detachment. This pattern of findings suggests that mental
health initially improves when people psychologically detach. However, employee
mental health does not benefit any further from extremely high levels of psychological
detachment. It is important to note that mental health does not suffer at such very high
levels of psychological detachment. Although most previous studies showed that higher
levels of psychological detachment during non-work time were associated with better
employee mental health® * ') our result suggests that the favorable effect of
psychological detachment may have an upper limit on mental health, at least among our
participants. Future research needs to examine under which conditions and for whom
psychological detachment has such a curvilinear relation with mental health.

As to the relation between psychological detachment and work engagement, we
also found a curvilinear relation. Moderate levels of psychological detachment were
associated with highest levels of work engagement, whereas very low and very high
psychological detachment was associated with lower levels of work engagement (i.e.,
inverted U-shaped pattern). Very low levels of psychological detachment may drain
one’s resources and inhibit resource restoration, whereas very high levels of
psychological detachment may require a longer time to get back into “working mode” in
the next morning ?). These may negatively impact work engagement, particularly at high
levels of detachment. Finally, it is worth noting that the curvilinear relation between

psychological detachment and work engagement resembles (albeit at a weaker level) a
14
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previously found relation between psychological detachment and job performance in
earlier research'®. Given that both of these are more strictly work-related variables, the

current finding may have implications for future research on the topic.

Limitations and suggestions for future research

Next to several strengths such as a large sample size and sufficient study power,
there are also several limitations of this study. First, we used self-report survey data.
Self-report measures may be biased due to, for example, negative affect. Common
method variance might have affected the results, suggesting that the true associations
between variables might be weaker than those observed in this study. Although several
studies have shown that these influences are not as high as could be expected’®®, our
findings should be replicated using more objective measures (e.g., peer-ratings of
mental health and work engagement) in the future.

Second, we used a cross-sectional study design, which precludes making causal
inferences. For instance, our data showed that psychological detachment was related to
better mental health. This might indicate that more psychological detachment leads to
better mental health. It might also be that individuals enjoying better mental health are
more likely to detach themselves from their work. Based on the cross-sectional analyses
of the current study, it can only be concluded that psychological detachment is related to
mental health and well-being. More longitudinal research is needed to uncover the
causal sequence in the relation between psychological detachment and its consequences.
However, it should be noted that there is a growing body of literature that demonstrates
longitudinal effects of psychological detachment on health and well-being, particularly

at day-level*?. They support our causal inferences from both theoretical and empirical
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viewpoints.

Third, our data were collected from people living in three greater metropolitan
areas of Japan (23 wards of Tokyo, the City of Osaka, and the City of Nagoya), which
requires caution regarding the generalizability of our findings. Our sample may not
represent other working populations quite well. Therefore, further studies are necessary
to examine whether our results are applicable to workers in local areas.

Fourth, our data were collected via the Internet, which again requires caution
regarding the generalizability of our findings. It has been claimed that the
socioeconomic and educational status of the average Internet user is usually greater than
that of the general population®”. Indeed, our participants reported higher educational
status than those completing nationwide paper-and-pencil surveys in Japan** and those
living in Tokyo, in Osaka, and in Nagoya®"*»). Thus, similar to typical Internet studies,
self-selection might be a limitation of the present study.

Finally, psychological detachment did not have much explanation for outcomes in
our participants. Specifically, linear and curvilinear psychological detachment explained
successively 6 % and 2 % of the variances of mental health and work engagement in
Model 2. One possible explanation is that we did not examine the combined effects of
psychological detachment and other types of recovery experiences. Until now, only
bivariate associations of recovery experiences with outcome variables have mainly been
investigated. However, in reality, it is less likely that people use either type of recovery
experience exclusively. Rather, they may use various types of recovery experiences
simultaneously given the positive correlations among them (e.g., ¥ = .16 - 63 by
Sonnentag®, and r = .26 - .70 by Shimazu et al."”). Hence, it is important to examine

the combined as well as independent associations of each type of recovery experience
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with well-being in employees. According to COR theory'”, employees using various
type of recovery experiences simultaneously are assumed to experience better well-
being because multiple recovery experiences may provide more opportunity for
recovery from resource loss and for resource gain. Another possible explanation is that
we did not consider conditions under which employees use psychological detachment.
This suggests the possibility that psychological detachment may not be favorable for
everybody and in all situations*”. For instance, employees who experience their jobs as
highly meaningful and enjoyable might find detachment difficult to achieve, but lack of
detachment might be less of a problem for such people. Thus, job features might
moderate the relation between psychological detachment and well-being. Future
research needs to examine the conditions under which psychological detachment can

have more favorable effects.

Implications for practice

Our findings have some implications for practice. A first implication is that
psychological detachment during non-work time is associated with employee mental
health and work engagement in different ways.

With regard to employee mental health, higher levels of detachment would
facilitate better mental health (although the favorable effect of detachment had
limitations). It is important that both organizations and supervisors should support
employee detachment by advising that employees be as unavailable as possible (e.g., via
e-mail, texting or phone) during their nonwork time. It might be beneficial for workers
to detach from work if they do not use their smartphones or tablets for work-related
issues during free time ***®. However, it might also be possible that checking one’s

work e-mails helps to detach from work in particular circumstances. For example, if
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s/he is unsure whether s/he has forgotten to inform a colleague about an important
work-related issue, to check the sent box of his/her e-mail account might help him/her
thereafter to detach from work. Further research needs to examine whether the use of
communication devices such as smartphones or tablets during non-work time can be
beneficial or not for one’s detachment from work. Organizations and supervisors can
also support employee detachment by not initiating work-related communication with
their employees during non-work time, thereby allowing detachment to occur'®.
Supervisors can act as role models in this respect by not being available during non-
work time. This is particularly important in a country like Japan, because those who arc
in charge of changing long working culture in Japan are often work addicts
themselves*”. Furthermore, improving working conditions to achieve adequate levels of
job demands can be a promising avenue to facilitate psychological detachment because
high job demands (e.g., reduce time pressure) can inhibit psychological detachment
during off-work time?.

It is also important for employees who are at risk for workaholism (i.e., working
excessively with an obsessive manner’”) to modify this tendency, since it inhibits
psychological detachment®. Training programs that focus on time management and
problem solving skills might be helpful, because workaholic employees take on more
work than they can handle and accept new tasks before completing previous ones”".
Rational emotive therapy> might be also helpful, since workaholic people suffer from
the belief that they should be perfect™.

With regard to work engagement, the relation with psychological detachment is

more complex and suggest a different practical implication: Moderate levels of

psychological detachment would be associated with the highest levels of work
18
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engagement. Although operationalizing the optimal level of psychological detachment
seems to be not very easy, it should be noted that thinking about work may not be
necessarily negative per se”*%. Positively reflecting about one’s work (e.g., thinking
about a recent success or about an inspiring goal) might even improve work engagement,
but this thinking should not be too much — there seems to be an upper limit for work
reflection. Future research needs to clarify the preferable type and amount of work-

related thoughts during off-job time to improve work engagement.

Conclusion

Although higher levels of psychological detachment may enhance employee
mental health, it seems that moderate levels of psychological detachment are most
beneficial for his or her work engagement. In future, more research is needed to address
how, and under which conditions, to attain optimal levels of psychological detachment

to achieve both better employee mental health and greater work engagement.
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Figure 3. Curve-fitting between psychological detachment and mental health.
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Can standing back extension exercise improve
or prevent low back pain in Japanese care
workers?

Ko Matsudaira®?, Miho Hiroe®, Masatomo Kikkawa3, Takayuki Sawada®*,
Mari Suzuki*, Tatsuya Isomura®>, Hiroyuki Oka®, Kou Hiroe3, Ken Hiroe3

‘Department of Medical Research and Management for Musculoskeletal Pain, 22nd Century Medical and
Research Center, Faculty of Medicine, The University of Tokyo Hospital, Bunkyo-ku, Japan, *Clinical Research
Center for Occupational Musculoskeletal Disorders, Kanto Rosai Hospital, Nakahara-ku, Kawasaki, Kanagawa,
Japan, Kohoen Social Community Service, Yonago, Tottori, Japan, “Clinical Study Support, Inc., Nagoya Life
Science Incubator, Chikusa-ku, Aichi, Japan, ®Institute of Medical Science, Tokyo Medical University,
Shinjuku-ku, Japan, 6Department of Joint Disease Research, 22nd Century Medical and Research Center,
Faculty of Medicine, The University of Tokyo, Bunkyo-ku, Japan

Background: We suggested a standing back extension exercise ‘One Stretch’ based on the McKenzie
method, to examine the ability to improve or prevent low back pain (LBP) in Japanese care workers.
Methods: We conducted a single-center, non-randomized, controlled study in Japan. Care workers in an
intervention group received an exercise manual and a 30-minute seminar on LBP and were encouraged
with a group approach, while care workers in a control group were given only the manual. All care workers
answered questionnaires at the baseline and end of a 1-year study period. The subjective improvement of
LBP and compliance with the exercise were evaluated.

Results: In all, 64 workers in the intervention group and 72 in the control group participated in this study.
More care workers in the intervention group exercised regularly and improved or prevented LBP than in the
control group (P=0.003 and P<0.0001, respectively). In the intervention group, none had a first medical
consultation or were absent from disability for LBP by the end of the study period.

Conclusion: The exercise ‘One Stretch’ would be effective to improve or prevent LBP in care workers. Our
group approach would lead to better compliance with the exercise.

Keywords: Low back pain, Standing back extension, McKenzie method, Care worker, Population strategy, Prevention

Introduction

Low back pain (LBP) is a major health problem,
particularly in industrialized countries, and has
affected people’s life and social economy in various
ways. The Global Burden of Disease Study indicated
‘low back pain is one of the leading specific causes of
years lived with disability (YLD)’," and about 85—
90% of LBP has been classified as non-specific LBP.> *
Low back pain-associated disability results in loss of
work and huge economic impact with substantial
direct and indirect social costs.””’

In Japan, as in other industrialized countries, many
people suffer from LBP. Recently, a lifetime LBP
prevalence of 83% and a 4-week prevalence of 36%
were reported.® Additionally, LBP was the fifth most
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common reason for medical consultation among
Japanese outpatients,” and especially in the health
care industry, an increasing number of care workers
left the job due to work-related LBP."°

Some researchers revealed that physical activity at
work, such as lifting and rather keeping forward
flexion, sustained forward bending, can be associated
with increased back symptoms, further aggravating
pain (so-called back injuries).'" In fact, frequent
lifting during working hours greatly impacts non-
specific LBP in Japanese workers.'?

To deal with the socioeconomic problem of LBP, it
is important to prevent LBP from developing in people
without symptoms. Physical exercises have been
recommended in the prevention of LBP, while there
is insufficient evidence against any specific type or
intensity of exercise.'*> McKenzie, who introduced a
subgroup classification method of LBP, recommends
extension exercise because posterior displacement of
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the nucleus by the exercise eliminates or abolishes
LBP.'* The McKenzie method is a system that
classifies patients into one of the specific subgroups
primarily based on symptomatic and mechanical
responses to mechanical loadings. Among the LBP
population, the largest subgroup where LBP is
improved in a short period of time is by back extension
loading strategy. Its theoretical explanation is based
on the disk model in which posterior displacement of
the nucleus can be reduced by deliberate extension
loading strategy. This reduction of the displaced
nucleus may result in decreasing or abolishing LBP.

In this study, we used a simple daily standing back
extension exercise ‘One Stretch’, to evaluate the
efficacy of this exercise in care workers at risk of
developing and aggravating LBP.

Subjects and Methods
Study population

This study was conducted at a health care facility for
the elderly, Numbu Kohoen, Japan. Eligible partici-
pants were Japanese care workers who worked there
on the first and second floors and supported the
elderly in need of care. We excluded the workers who
had difficulties in participating due to medical causes
(e.g. spinal stenosis, rheumatoid arthritis, and anky-
losing spondylitis) or other personal reasons. Written
informed consent was obtained from all participants.

This study was approved by the medical/ethics
review board of Kanto Rosai Hospital. We registered
our study (ID: UMINO000004473) in the University
Hospital Medical Information Network Clinical
Trials Registry (UMIN-CTR).

Study design
This was a single-center, non-randomized, controlled
study. Participants who worked on the first floor were
assigned to the control group, and those on the
second floor to the intervention group. We provided
an exercise manual for all participants and a 30-
minute seminar only for the intervention group. In
the exercise manual, we described how to do a
standing back extension exercise ‘One stretch’
(Fig. 1). This exercise is an active extension of the
back used as a common technique in physical
therapy, and is based on the theory of derangement
syndrome proposed by McKenzie and May."* We
also provided some evidence-based information for
treatment and prevention of LBP: self-management
and risk factors (e.g. psychosocial factors and fear-
avoidance). A 30-minute seminar was given by an
orthopedist, the author of this article, where he
explained the exercise manual and this exercise.
Participants were asked whether they were willing
to do this exercise. In order to promote regular
exercise in the intervention group, we took a group
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To Prevent Low Back Pain,

Do Standing Back Extension
“One Stretch” \
To practice active extension of the low back,
after lifting something heavy,

keeping a forward flexion posture,
or sitting still for an extended period.

How to do “one stretch”

Stand with your feet shoulder-
width apart.

Stretch backward slowly as far
as possible, while exhaling for
3 seconds, without bending
your knees. Repeat this
exercise 1 or 2 times.

Figure 1 How to do standing back extension ‘One Stretch’.
approach and routinely monitored participants’
motivation for the exercise.

Data collection

At baseline and end of the 1-year study period, data
were collected by using a self-administrated ques-
tionnaire. The baseline questionnaire contained the
following items: age, sex, body mass index (BMI),
visit status for medical consultation due to LBP (yes
or no), the severity of LBP in the previous 1 month,
and psychological factors. The severity of LBP was
evaluated by the Von Kroff’s grading: (1) no pain, (2)
LBP without interfering with work, (3) LBP interfer-
ing with work, and (4) LBP interfering with work,
leading to sick leave.'> We defined the pain localized
between the costal margin and the inferior gluteal
folds* as LBP, and illustrated a diagram of the LBP
in the questionnaire. Psychological factors were
assessed by the mental health score of SF-36
(ver.1.2).'®!'7 The questionnaire at the end of the
study period assessed the subjective improvement of
LBP from baseline (improved, no change, or worse),
overall compliance with the exercise during the study
period (good or poor), visit status for medical
consultation (yes or no), and absence from work
due to LBP in the previous 1 year. Participants were
asked to record daily exercise to evaluate overall
compliance with the exercise during the study period.

Statistical analysis

Values were presented by either means and standard
deviations (SDs) or frequencies and percentages.
Between-group differences of baseline characteristics
were evaluated by using chi-square test for catego-
rical variables and Student’s t-test for continuous
variables. The subjective improvement of LBP and
compliance with the exercise were evaluated by using
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chi-square test. All statistical tests were two tailed
and conducted with a significance level of 0.05.

On medical consultation, we evaluated the change
of wvisit status as the following: (1) improved;
participants who had consulted a doctor at baseline,
but did not at the end of the study period; (2) no
change (—); they had never consulted a doctor; (3) no
change (+); they regularly consulted a doctor; and
(4) worse; they had not consulted a doctor at
baseline, but did at the end of the study period.

Results

A total of 166 care workers participated in this study
and were assigned to the intervention group (n=81)
or the control group (n=85). The intervention group
mean age was 36.8+10.9 years, men (35.8%) and
women (64.2%). The control group mean age was
35.94+10.9 years, men (42.3%) and women (57.7%).
Thirty care workers were excluded from the analysis
because they could not answer the questionnaire at
the end of the study period due to moving to other
facilities. The analysis population consisted of 64 care
workers in the intervention group and 72 care
workers in the control group. We took a group
approach for the intervention group, where care
workers exercise in a group at the daily meeting. This
approach was continued to the end of the study
period.

Baseline characteristics of the analysis population
are shown in Table 1. In all items, including the
severity of LBP, mental health score of SF-36, there
were no statistically significant differences between
the two groups.

The subjective improvement of LBP from baseline
and compliance with the exercise were evaluated
(Fig. 2). Compared with the control group, the
intervention group indicated a higher proportion of
care workers who had ‘improved’” LBP and had
‘good’ compliance with the exercise, which were
statistically significant (P=0.003 and P<0.0001,
respectively).

The number of care workers with/without medical
consultation and absence from work due to LBP is

Matsudaira et al. Low back pain in care workers

A
Intervention 42.9
Control
0 25 50 75 100 (%)
Olmprove No change B Worse
X’ test: P=0.003
B
Intervention
Control

0 25 50 75 100 (%)
OHigher ELower x?test: P<0.0001

Figure 2 Subjective improvement of low back pain (LBP)
and compliance with the exercise. Panel A is the subjective
improvement of LBP from baseline to the end of the 1-year
study period. Intervention group of 56 care workers and
control group of 60 care workers were included due to
missing data. Panel B is the overall compliance with the
standing back extension exercise during the study period.
Intervention group of 64 workers and control group of 68
workers were included due to missing data.

shown in Table 2. In the intervention group, there
were no care workers who had a first medical
consultation due to LBP, while six care workers
had quit consulting a doctor by the end of the study
period. Additionally, no care workers in the inter-
vention group and five care workers in the control
group had been absent from work due to LBP at the
end of the study period.

Discussion

The findings of this study suggest that standing back
extension exercise ‘One Stretch’ is effective to prevent
care workers from developing and aggravating LBP.
We considered that daily practice of this exercise
would not only improve LBP but also decrease the
number of care workers needing medical consultation
or leaving work due to LBP. Furthermore, our group

Table 1 Baseline characteristics in intervention and control groups
Variable Intervention (n=64) Control (n=72) P value
Age, year 38+11 36+11 0.39
Men 23 (35.9) 31 (43.1) 0.39
Women 41 (64.1) 41 (56.9)
BMI 22.3 (3.5) 219 (2.9) 0.49
Medical consultation (+) 7 (10.9) 5(6.9) 0.41
Severity of LBP in the previous 1 month
No pain 21 (32.8) 25 (34.7) 0.47
LBP without interfering with work 40 (62.5) 40 (55.6)
LBP interfering with work 3(4.7) 7 (9.7)
Mental health score of SF-36 61.44+19.9 61.3+17.9 0.97

Data were shown as mean+ SD or number of participants (%).

FABQ: fear-avoidance belief questionnaire; LBP: low back pain; BMI: body mass index.
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approach would encourage better compliance with
the exercise.

Several other studies have supported the use of
extension exercises. Long et al. found that patients
randomized to favorable directional preference exer-
cises, consisting mostly of extension exercises, made
significant improvements in LBP compared to those
randomized to opposite or mid-range movements.'®
Furthermore, a novel study of kinematic magnetic
resonance imaging (kMRI) demonstrated evidence
that slightly degenerated intervertebral disks moved
in a posterior direction during flexion and in an
anterior direction during extension.'” This may be the
mechanism for clinical improvements seen in our
study.

In a randomized controlled trial in which military
conscripts were randomized to extension in lying
exercises or a control group, the intervention group
saw a significantly lower prevalence of LBP and care
seeking for LBP compared to the control group.”’
The extension approach inhibited developing back
problems in young men. This is similar to our study,
even if there were differences in age, sex, and an exact
posture of extensions.

In this study, there were no significant differences
in the baseline characteristics, including the mental
health score of SF-36 and the physical activity
subscale of FABQ between the intervention and
control groups. Previous studies have shown that
depression is a risk factor for LBP,?'** but depres-
sion, as noted by the SF-36 mental score, did not
seem to affect our results.

The intervention group showed a higher improve-
ment of LBP and had better compliance with the
exercise than the control group. We also noticed that
the subjective improvement of ‘no change’ included
both care workers with and without LBP due to the
nature of this study design. Indeed, those care
workers remained healthy so that none in the
intervention group had a first medical consultation
or were absent from work by the end of the study
period.

On the other hand, the study results suggest that
a group approach may improve adherence.**
Generally, a population approach is considered to

be a powerful preventive strategy that affects causal
behavior in health care activity.”® For instance,
recommending group exercises for prevention may
reduce the prevalence of LBP and save more socio-
economic costs than just treating sick individuals.
However, some individuals, such as those having
multiple risk factors of LBP or having complaints
against small preventive benefits, need an individual
approach to preventive behaviors. Both population
and individual approaches are required to comple-
ment each other.?*

There were several limitations to this study. First,
the questionnaire contained retrospective questions
and the participants assessed their condition of LBP
1 year after, and so the possibility for recall bias
should be kept in mind. Second, we examined a small
sample size and a single population. Owing to the
nature of the study, cluster randomized trials with
adequate sample size are needed for evaluating
intervention. Thus, the generalizability of findings is
limited, and the findings should be interpreted with
caution. We will perform further examinations
through large-scale randomized controlled trials.

Conclusion

Our results suggest that the active exercise ‘One
Stretch’ is effective to control LBP in care workers. In
Japan, in addition to the inadequate number of care
workers and poor working environment, an increas-
ing number of care workers with LBP disability is a
serious problem. Hence, daily practice of this simple
exercise would benefit our society, especially in
industrial health.
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Table 2 The number of workers with/without medical consultation and absence from work due to low back pain (LBP)

Status (baseline/end of study period)

Intervention (n=64) Control (n=72)

Medical consultation

Improve +
No change (—) —/=
No change (+) +/+
Worse —/+
Absence from work in the previous 1 year
Baseline +
End of study period +

6 (9.4) 4 (5.6)
57 (89.1) 65 (90.3)
1(1.6) 1(1.4)
0(0.0) 2 (2.8)
0(0.0) 3(4.2)
0(0.0) 5 (6.9)

Data were shown as number of participants (%).
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Purpose: Postural alignment of elderly people becomes poor due to aging, possibly leading to
low-back pain and spinal deformity. Although there are several interventions for treating these
conditions, no previous study has reported the effectiveness of a spinal orthosis or lumbosacral
orthosis (LSO) in healthy elderly people without specific spinal deformity. We therefore devel-
oped a trunk orthosis to decrease low-back muscle activity while training good postural alignment
through resistive force provided by joints with springs (here, called the ORF, which stands for
orthosis with joints providing resistive force) as a preventive method against abnormal posture
and low-back pain in healthy elderly persons.

Patients and methods: Fifteen community-dwelling elderly men participated in this study.
Participants stood freely for 10 seconds in a laboratory setting under three conditions: without
an orthosis, with the ORF, and with an LSO. The Damen corset LSO was selected as it is fre-
quently prescribed for patients with low-back pain. Postural alignment during static standing was
recorded using a three-dimensional motion capture system employing infrared cameras. Two
force plates were used to record center of pressure. Electromyograms were obtained for bilateral
erector spinae (ES), left internal abdominal oblique, and right gluteus medius muscles.
Results: Pelvis forward tilt angle tended to increase while wearing the ORF and decrease while
wearing the LSO, but these results were not significant compared to no orthosis. Thorax exten-
sion angle and thorax angle on pelvis coordinate system significantly increased while wearing
the ORF compared to the other two conditions. ES activity significantly decreased while wear-
ing the ORF compared to the other two conditions. Internal oblique activity was significantly
smaller while wearing the LSO than with no orthosis. Center of pressure did not significantly
differ among the conditions.

Conclusion: The ORF significantly improved trunk alignment and decreased ES activity in
healthy elderly subjects during static standing.

Keywords: muscular activity, center of pressure, standing posture, spine

Introduction

Postural alignment worsens gradually over the course of aging.' This poor postural
alignment, which manifests as spinal kyphosis, can result in irreversible degeneration
of the intervertebral disks and ligaments. It also often causes postural instability and
leads to vertebral bone fracture and increased risk of falling.>?

Due to these problems, various interventions are used for elderly persons who
have spinal deformity to improve postural alignment. Battaglia et al* reported that
exercise improved spinal flexibility, and Imagama et al® reported the improvement of
lumbar lordosis angle, sagittal balance, and back muscle strength in elderly patients
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through a training program that included muscle strength and
spinal range of motion exercises.

Spinal orthoses provide a way to directly modify the
posture of elderly persons with spinal misalignment. Piffer
etal®reported that use of a newly designed spinal orthosis, the
Spinomed® (medi GmbH & Co. KG, Bayreuth, Germany), for
6 months improved muscle strength, body balance, kyphosis
angle, and vital capacity in elderly patients with osteoporosis.
Ishida et al’ reported that a rucksack-type orthosis instantly
modified spine alignment and decreased erector spinae (ES)
activity in elderly patients with kyphosis.

As mentioned earlier, previous studies have reported that
exercise and orthotic therapy are effective in treating the elderly
with spinal misalignment. It is, however, also important to offer
preventive intervention for the healthy elderly. Costantino
et al® reported that chronic low-back pain (LBP) in elderly
people without specific spinal deformity could be effectively
treated using a back school program, including exercise therapy
for rehabilitation. However, to our knowledge, no previous
studies have reported the effectiveness of a spinal orthosis or
lumbosacral orthosis (LSO) in healthy elderly people without
specific spinal deformity. A review of data from the Cochrane
Database also found no evidence for the efficacy of lumbar sup-
port for decreasing low-back load.’ In addition, Rostami et al'
reported that use of an LSO for 4 weeks resulted in decreased

trunk core muscle volume, and therefore, the drawback of
long-term corset use may exceed the benefits.

In a previous study, to provide a preventive method against
abnormal posture and LBP in elderly persons, we designed a
trunk orthosis to address these issues by training good postural
alignment while decreasing low-back load via resistive force
provided by joints with springs (Figure 1).!! This orthosis with
joints providing resistive force (hereafter, the ORF) produces
a resistive moment that rotates the trunk backward and the
pelvis forward (Figure 2). Resistive moment applied to the
trunk can not only rotate it backward to shift the center of
gravity of the head, arms, and trunk to the L4/L5 joint but
also directly decrease low-back extension moment because
the resistive moment work is in the same direction as that
produced by ES activity. In addition, reaction moment can
promote forward rotation of the pelvis, and this effect can
also facilitate extension of the thorax. The ORF may therefore
improve alignment and decrease ES activity in elderly people.
Indeed, our recent studies reported that the ORF improved
trunk alignment and gait performance of hemiparetic patients'!
and elderly persons during level walking.!> However, we did
not examine the effect of the ORF on ES activity and spinal
alignment during static standing.

In light of the finding of no decrease in low-back muscle
activity using LSOs,’ this study aimed to examine, through

A
Upper
support
Link Pelvic
mechanism support
Reaction
moment
Adjustable
screw
Tension
lever
Extension
spring

Figure | Trunk ORF.

Notes: (A) Wearing ORF without resistive force on the chest, (B) wearing ORF with resistive force on the chest, (C) detail of link mechanism.

Abbreviation: ORF, orthosis with joints providing resistive force.
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Trunk orthosis effects on standing

arm, and trunk

Extension / i L4/L5 joint

moment \

Figure 2 Biomechanical effect of ORF while static standing.
Abbreviation: ORF, orthosis with joints providing resistive force.

biomechanical analysis, the effects of the ORF on healthy
elderly people during static standing and to compare the
effects with those of an LSO and no orthosis. We hypoth-
esized that wearing the ORF would effectively decrease ES
activity and modify trunk alignment in healthy elderly people
during static standing.

Material and methods

Participants

We enrolled 15 healthy community-dwelling elderly men
(mean age, 67.716.1 years; mean height, 162.4+5.7 cm;
mean weight, 62.317.8 kg) from a group of 31 candidates.
We excluded those with neurological disease, pain, history
of orthopedic surgery, history of orthopedic treatment within
the past 5 years, and history of LBP within the past 1 year.
In the first phase of recruitment, we identified only two
female subjects willing to participate in our study; however,
due to a history of orthopedic treatment within the past
5 years, they were excluded. Therefore, we decided not to
include any female subjects to mitigate the potential effects of
sex and orthopedic disease. All participants provided written
informed consent, and the study was approved by the ethics
committees of the participating institutions, International
University of Health and Welfare.

Features of the ORF
The features of the ORF (Figures 1 and 2) were described in
our previous report.'! Briefly, the ORF weighs 0.99 kg and has

Center of gravity of head,

Resistive ’

moment

Extension f
moment

\
Reaction
moment

a40° range of motion. Pelvic and upper supports are placed on
the ileum and sternum, respectively. Stainless steel joints are
connected to the upper support, with a nylon pad, and also to
the pelvic support. These joints employ extension springs to
produce tension, which is translated by a link mechanism into
aresistive moment on the chest and a reaction moment on the
posterior pelvis. The upper support initially inclines backward
to exert resistive force on the chest and is then released via a
mechanism that pulls tension levers downward. The resistive
force can be increased or decreased via adjustment screws.
The ORF is currently an investigational product that is not
FDA-approved or approved by the corresponding national
agency for the indication described herein.

Experimental conditions

Participants freely stood for 10 seconds under three conditions
in the laboratory setting: with no orthosis, with the ORF, and
with an LSO (Damen Corset, Pacific Supply, Osaka, Japan;
Figure 3). As the Damen corset is frequently prescribed for
patients with LBP, it was selected for use in this study. Our
previous study reported carry-over effects of the ORF on
body alignment of hemiparetic patients after removal while
level walking.! We therefore decided to measure two trials
without intervention (no orthosis) first, after which subjects
completed the two orthosis trials in random order. Participants
were given 5 minutes to become accustomed to wearing the
orthoses, and there was a minimum rest interval of 5 minutes
between conditions. Resistive force exerted on the chest was
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Figure 3 Experimental conditions.
Notes: (A) Without an orthosis, (B) with the LSO, (C) with the ORF.

Abbreviations: ORF, orthosis with joints providing resistive force; LSO, lumbosacral orthosis.

measured in real time with a strain gauge (Compression load
cell LCN-A, Kyowa, Tokyo, Japan). The force data were
transferred to a laptop via Bluetooth. Force was set to 20-25
N during static standing, and pressure between the corset and
abdomen was set to 10 mmHg in all measurement conditions."
To obtain maximal voluntary contraction (MVC) values for
normalization of individual muscle activities, participants
performed maximal isometric contractions against gravity,
while the experimenter (a licensed therapist) applied maxi-
mum resistance.'* After practicing stable isometric contrac-
tion efforts, single maximal contractions of each muscle were
recorded according to Daniels and Worthingham’s Muscle
Testing. Subjects performed contractions against gravity, with
maximum resistance applied by the examiner in the supine
position to obtain MV C of the left internal abdominal oblique
(I0) muscle (lifting head and shoulders from the table with
right elbow toward left knee against imposed resistance to the
right shoulder region), in the prone position to obtain MVC
of'the bilateral ES (back extension with hands resting on head
against imposed resistance to the scapular region), and in the
side-lying position with test leg elevated to obtain MVC of
the right GM muscle (abduction with limb slightly extended
beyond the midline and the pelvis rotated slightly forward
while imposing resistance to the lateral surface of the knee).

Experimental setup

Static standing was recorded with a three-dimensional (3D)
motion capture system (Vicon 612, Vicon, Oxford, UK) that
employed two force plates (AMTI, Watertown, MA, USA), 12
infrared cameras (sampling rate, 120 Hz), and 13 infrared-re-
flective markers (diameter, 14 mm) attached to the C7 spinous
process, T12 spinous process, L5 spinous process, manubrium

sterni, second sacral vertebra and bilateral acromion process,
bilateral anterior and posterior superior iliac spine, and bilat-
eral iliac crest (Figure 4). All markers were captured in a refer-
ence static standing position, and then, the bilateral anterior
superior iliac spine and iliac crest markers were removed
before initiating measurements because they interfered with
wearing of the orthoses. The positions of these removed
markers were then interpolated using the reference static trial.
To measure low-back muscle activity during static standing,
electromyograms employing active electrodes to decrease
noise (Biometrics, Newport, UK) were obtained for bilateral
ES (2 cm to the side between L4 and L5 vertebrae),' left IO
(2 cm below the anterior superior iliac spine [ASIS] aligned
approximately 6° from the line between bilateral ASIS),'¢ and
right GM (2.5 cm below the line between the iliac crest and
greater trochanter)!” (Figure 3). The target muscle to confirm
the effect of the ORF orthosis was the bilateral ES. The 1O
is classified as a core abdominal muscle, and Rostami et al'?
reported that IO volume decreased after long-term use of a
corset. Also, hip abduction moment increased when elderly
subjects wore the ORF while level walking in our previous
study.'? Thus, unilateral 10 and GM activities were included
as supplementary measures in this study.

Electromyography (EMQ) signals were measured at
1,080 Hz because the acquisition frequency should be a
whole-number multiple of the sampling frequency of the
Vicon system (Vicon) (120 Hz).

Data analysis

All signals, including marker displacements and analog EMG
signals, were acquired by the Vicon Datastation (Vicon)
and then synchronized by correcting for the difference in
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Figure 4 Positions of reflective markers and electrodes for electromyogram recording.

Notes: (A) Anterior surface, (B) posterior surface, (C) lateral surface.

sampling frequency (120 vs 1,080 Hz) using Vicon Work-
station software (Vicon). Band pass filter (20420 Hz) was
used during acquisition to decrease noise,'® and the data were
then imported into Visual 3D analytical software (C-motion,
Inc., Germantown, MD, USA) for kinetic and kinematic data
analysis. Electromyograms were normalized to individual
MVCs during isometric contraction (%MVC). Root mean
squares (RMS) for a 50 ms window were calculated, and
integral values for these muscles (IEMG) were calculated.
Consequently, Equation 1 is given as follows:

IEMG =], [EMG,,, ](H)d? (1)
where EMG,,, denotes EMG after conducting RMS for a
50 ms window and ¢ denotes 10 seconds, indicating the end
time of static standing.

The physical coordinates and ground reaction force data
were low-pass filtered with a second-order recursive But-
terworth filter (cutoff frequencies 6 and 18 Hz, respectively)
according to Winter’s technique.!® Also, the link segment
model consisted of a trunk segment and a pelvis segment,
and markers on each segment were used to calculate 3D
trunk and pelvic angles using coordinate systems and the
Eulerian method.

Center of pressure (COP) displacements are commonly
used to evaluate balance performance in the elderly,” and
COP path length was validated as a performance outcome
measure in a large group study.?! We therefore calculated
COP path length to evaluate balance in the elderly subjects.
The COP of the force vector of bilateral feet and COP
total trajectory length were calculated for 10 seconds of
standing.

O ==
Vo)

Statistical analysis

Average kinetic, kinematic, and EMG values, as well as IEMG
were acquired for 10 seconds of static standing. Mean aver-
age values of 3D trunk and pelvic angles, average EMG, and
IEMG were calculated from two trials, per condition for
analysis. Variables were compared by repeated measures
analysis of variance (RT-ANOVA) followed by multiple
pair-wise comparisons to Bonferroni correction. Statistical
analysis was performed with SPSS20 (SPSS Inc., Chicago,
IL, USA). Statistical significance was set at P<<0.05.

Results

Average pelvis forward tilt angle, thorax extension angle, and
thorax angle on the pelvis coordinate system are shown in
Table 1 for the three static standing conditions: no orthosis,
ORF, and LSO. One-way RT-ANOVA revealed a significant
main effect of condition for all three angles. Pelvis forward
tilt angle tended to increase while wearing the ORF and
decrease while wearing the LSO, but these results were not
significant compared to those without an orthosis. Thorax
extension angle and thorax angle on the pelvis coordinate
system were significantly increased while wearing the ORF
compared to the other two conditions.

Integral and average muscular activities are shown
in Table 2. One-way RT-ANOVA indicated significant
main effect of condition on integral and average muscular
activities of the bilateral ES and left IO, but not on the GM.
Integral and average muscular activities of the bilateral ES
were significantly smaller while wearing the ORF compared
to no orthosis. For the left ES, integral and average mus-
cular activities were significantly less while wearing the
ORF compared to the LSO. The same trend was seen for
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Table | Mean and standard deviation for kinematic parameters in three standing conditions (N=15) and results of statistical analysis

Without ORF mean LSO P-value Without Without ORF,
ORF (SD) ORF, ORF ORF, LSO LSO
Pelvis forward tilt angle (°) 6.13 (5.07) 8.13 (6.55) 4.46 (5.77) 0.010 0.281 0.165 0.050
Thorax extension angle (°) 4.78 (3.66) 6.56 (4.12) 5.37 (3.52) <0.001 0.004 0.172 0.021
Thorax angle on pelvis —2.40 (7.02) 1.38 (7.62) —3.49 (7.06) 0.001 0.022 0.619 0.013

coordinate system:
extension + (°)

Note: Data in bold are statistically significant, statistical significance was set at P<<0.05.

Abbreviations: LSO, lumbosacral orthosis; ORF, orthosis with joints providing resistive force; SD, standard deviation.

the right ES, but it was not significant. Integral and average
muscular activities of the left IO were significantly dimished
while wearing the LSO compared to no orthosis, but there
was no significant difference between ORF and no orthosis
conditions.

COP trajectory is shown in Table 3. No significant dif-
ference was observed among the three conditions.

Discussion

Incidence of LBP increases with age.”? Age-related spinal
deformity as well as ES hyperactivity are among the major
causes of LBP."* We previously developed the ORF to
modify trunk and pelvis alignment and decrease ES activity.
We examined the effects of this orthosis on healthy elderly
participants and found that the ORF could effectively modify
trunk alignment while decreasing ES activity compared to
an LSO or no orthosis. In fact, no significant positive effects
were observed while wearing the LSO.

Coskun Benlidayi and Basaran? reported that lumbar lor-
dosis is significantly smaller in elderly than in young subjects.
Wearing of the ORF in this study significantly extended the
upper trunk and tended to tilt the pelvis forward, which would

contribute to increasing lumbar lordosis. Lee et al'® reported
the effectiveness of a lumbar belt and pelvic belt to modify
pelvic and spinal alignment on posture in healthy young
participants. Additionally, Piffer et al® reported that use of
the newly designed Spinomed® (medi GmbH & Co. KG)
orthosis for 6 months improved kyphosis in elderly patients
with osteoporosis. However, the present study appears to be
the first to report on an orthosis that can modify alignment
in healthy elderly participants without spinal deformity or
chronic LBP.

Most spinal orthoses were developed to treat LBP and
abnormal spinal alignment. Based on the findings of this
study, the ORF shows promise for the modification of spinal
alignment in elderly people without any specific deformity
or syndromes related to LBP. Previous studies reported that
interventions teaching awareness of posture, such as lessons
on the Alexander technique, could be beneficial in treating
LBP, as well as cost-effective.?*? Back school programs that
include exercise therapy could also be effective in elderly
people with chronic LBP with no specific spinal deformities.®
Therefore, the ORF’s ability to modify trunk alignment in
elderly people might be useful to increase awareness of

Table 2 Mean and standard deviation for muscular activities in three standing conditions (N=15) and results of statistical analysis

Muscle Without ORF mean LSO P-value Without Without ORF,
activity ORF (SD) ORF, ORF ORF, LSO LSO

Percent IEMG

Right ES 57.75 (43.97) 45.48 (32.77) 53.58 (38.77) 0.003 0.024 0.433 0.055
Left ES 81.27 (51.07) 60.81 (51.15) 78.87 (50.29) <0.001 0.001 1.000 0.004
Right GM 59.17 (53.07) 53.30 (60.42) 67.14 (79.43) 0.132

Left IO 152.23 (95.66) 132.09 (91.53) 127.77 (82.55) 0.010 0.117 0.037 1.000
Percent MVC

Right ES 5.86 (4.53) 4.60 (3.33) 5.43 (3.96) 0.003 0.027 0.435 0.053

Left ES 8.17 (5.09) 6.10 (5.10) 7.92 (5.01) <0.001 0.001 1.000 0.004
Right GM 5.92 (5.30) 5.33 (6.40) 6.72 (7.94) 0.132

Left IO 15.27 (9.52) 13.25 (9.12) 12.83 (8.22) 0.009 0.114 0.037 1.000

Notes: %IEMG, integral of the EMG over 10 seconds relative to maximum. %MVC, average EMG over 10 seconds relative to maximum. Data in bold are statistically
significant, statistical significance was set at P<<0.05.

Abbreviations: ES, erector spinae; GM, gluteus media; IEMG, integral electromyography; 10, internal oblique; MVC, maximum voluntary contraction; LSO, lumbosacral
orthosis; ORF, orthosis with joints providing resistive force; SD, standard deviation.
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Table 3 Mean and standard deviation for COP trajectory in three standing conditions (N=15) and results of statistical analysis

Without ORF

ORF mean (SD)

LSO P-value

Trajectory of COP (m) 0.1285 (0.0610)

0.1314 (0.0454)

0.1304 (0.0481) 0.924

Abbreviations: COP, center of pressure; LSO, lumbosacral orthosis; ORF, orthosis with joints providing resistive force; SD, standard deviation.

proper posture and help prevent misalignment and spinal
deformity.

The most significant effect of wearing the ORF in this
study was to decrease ES activity. A systematic review
reported that wearing an LSO alone could not decrease
low-back load.” However, Cholewicki et al'® reported
that wearing an LSO could decrease ES activity during a
postural control task such as sitting on an unstable seat.
In this study, ES activity decreased slightly by 1%—2%
MVC while wearing the ORF. Despite this small decrease,
a modeling study showed that adding a 32 kg mass to the
trunk required an increase in trunk muscle cocontraction
of approximately 1%—-2% MVC above the level normally
necessary to maintain a stable upright position of the spine
around the neutral posture.? Furthermore, previous studies
have reported that maintaining muscular contraction above
5% MVC may cause back-muscle fatigue and pain.”’ In
the present study, average right ES activity was below
5% MVC while wearing the ORF, but was higher for the
other two conditions. In addition, average left ES activity
decreased within the 6% MVC range while wearing the
ORF, but was approximately 8% for the other two condi-
tions. These results indicate that the ORF was effective in
decreasing the activity of low-back muscles, which was
not observed while wearing the LSO. In a postural control
task, trunk muscle activity does not usually exceed 3%
MVC in young participants.”’” However, muscular activ-
ity of elderly people during MVC is lower, and therefore
greater relative effort would be needed to maintain an
upright standing position. Rostami et al'® reported that
wearing an LSO led to decreased muscle volume in the
abdominal side muscles, including the 10. Wearing the
OREF in the present study did not significantly decrease 10
activity, whereas wearing the LSO significantly decreased
it, compared to no orthosis. These results support those of
Rostami et al'® and suggest that resistive force might not
decrease low-back muscle activity without a decrease in
side abdominal muscle volume.

No significant changes in COP trajectory were
observed while wearing either orthosis in this study.
Cholewicki et al'® reported that COP displacement dur-
ing an unstable sitting task did not significantly differ

from the control condition (no orthosis) while wearing an
LSO. Furthermore, Chen et al*® reported that their insole
served to improve the stability index, as calculated using
COP displacement in elderly participants. COP is mainly
controlled by the ankle plantar flexors, and therefore inter-
vention using foot-based orthotic devices may be more
useful than trunk-based devices.

Wearing the ORF during static standing served to
decrease ES activity and modify trunk alignment, which
may be effective for the prevention and treatment of LBP
and spinal deformity in elderly people. However, this
study has several limitations. First, we did not confirm the
effects of long-term ORF use, as wearing the ORF or LSO
for lengthy periods might adversely affect muscle control.
Second, participants were healthy elderly men only and
this was a within-subject trial. Healthy elderly women and
participants with LBP or low-back disorders should be
included in future studies, including randomized controlled
trials. Third, we confirmed reduction of ES activity, but it
might not be the exact cause. Resistive moment generated
by the ORF joints may have decreased extension moment
exerted by the ES muscles, or greater thorax extension angle
could have decreased ES activity by reducing the lever arm
from the L4/L5 joint to gravitational force on the center
of gravity of the upper trunk. Moreover, ES is a surface
muscle. In a future study, we must confirm these changes
in spinal loading using a more detailed biomechanical
model including the deep back muscles, such as bilateral
multifidus muscle.

Conclusion

This study revealed that the ORF significantly improved
trunk alignment and decreased ES activity in healthy elderly
participants. These findings suggest that the ORF may help
prevent LBP and spinal deformity in elderly people. Further
studies are needed to examine the use of the ORF in patients
with LBP and spine deformity.
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Abstract

Background Although the Tampa Scale for Kinesiophobia
(TSK) is useful for measuring fear of movement in patients
with musculoskeletal pain, no psychometrically validated
Japanese version is available. We evaluated the reliability
and validity of the Japanese version of the TSK-J (original
17-item version and shorter 11-item version).

Methods The data subset used in this psychometric test-
ing was derived from a survey previously conducted to
collect information on musculoskeletal pain due to motor
vehicle accident. For reliability, internal consistency was
assessed via Cronbach’s alpha coefficient. For concurrent
validity, Pearson correlation coefficients of the TSK-J with
the pain catastrophizing scale (PCS), euroqol 5 dimension
(EQ-5D), and numerical rating scales (NRSs) for pain in
the neck and back were calculated. For known-group valid-
ity, the relationship between variables (e.g., depression,
somatic symptoms, treatment period) and the TSK-J score
was examined.

Results Data from 956 persons who had suffered from
a motor vehicle accident were used in this analysis. For
reliability, internal consistency was demonstrated, with
Cronbach’s alpha statistics of 0.850 (TSK-J17) and 0.919
(TSK-J11). For concurrent validity, significantly strong
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correlations were demonstrated between the TSK-J ver-
sions and PCS total score and subscales (r = 0.602-0.680).
For known-group validity, as hypothesized, significantly
higher TSK-J scores were observed in persons with depres-
sive mood, somatic symptoms, and longer treatment period.
Conclusions The present analysis showed that the Japa-
nese versions of the TSK-J17 and TSK-J11 were psycho-
metrically reliable and valid for detecting fear of movement
in the Japanese population suffering from neck to back pain
due to a motor vehicle accident.

Introduction

A high level of musculoskeletal pain may evoke the percep-
tion of fear of future pain. People may avoid movements or
physical activities due to exaggerated fears that pain will
result in additional functional restriction [1]. Avoidance of
physical activities based on fear of movement (Kinesiopho-
bia) leads to further avoidance [2]. Furthermore, avoidance
of pain-inducing activities can result in a reduction of mus-
cle strength and flexibility, which may partly contribute to a
delay in recovery. This repeating cycle of fear of movement
and avoidance behaviors may perpetuate the chronicity of
the condition, resulting in disability. The contributing role
of fear avoidance beliefs in the development of long-term
disability has been widely recognized [3], and a low level
of fear avoidance was reported to be the most useful item
for predicting an earlier recovery in patients with acute
low back pain [4]. Catastrophizing and somatic symptoms
are additional major factors associated with chronicity in
patients with whiplash injury [5].

The Tampa Scale of Kinesiophobia (TSK), a 17-item
self-reported measure originally developed to discriminate
between non-excessive fear and phobia among patients
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with chronic musculoskeletal pain (Miller RP, Kori SH,
Todd DD. The Tampa Scale. Unpublished report 1991),
is widely used to assess pain-related fear of movement or
re-injury in patients with musculoskeletal complaints. The
TSK employs a 4-point Likert scale, with scoring options
ranging from 1 (strongly disagree) to 4 (strongly agree). A
total score is calculated following inversion of the individ-
ual scores of items 4, 8, 12, and 16. The total score of the
original 17-item version ranges between 17 and 68, with a
higher score indicating a higher degree of Kinesiophobia.
The TSK was developed in English, and has thus far been
translated into various languages. The psychometric prop-
erties of both the original English version and other lan-
guage versions have been assessed in several patient popu-
lations, including patients with chronic musculoskeletal
pain [6], low back pain (LBP) [7, 8], whiplash injury pain
[9], shoulder pain [10], temporomandibular disorder [11],
sciatica [12], and fibromyalgia [13]. Based on the results of
exploratory or confirmatory factor analysis in these studies,
several factor-structured models with a different number of
items (e.g., 17, 13, 12, or 11) have been proposed. Among
these versions, an 11-item version that excluded the six
psychometrically poor items (4, 8, 9, 12, 14, and 16) is the
most widely-used short version. This 11-item version was
reported to possess psychometric properties that are simi-
lar to the original TSK, and offers the advantage of brevity
[14].

In previous work, Matsudaira et al. translated the origi-
nal English version into Japanese and linguistically vali-
dated it, with the aim of introducing the TSK in Japan [15].
In this study, we evaluated the reliability and validity of the
Japanese version of the TSK [both the 17-item original ver-
sion (TSK-J17) and the 11-item shorter version (TSK-J11)]
in people with spinal pain due to a motor vehicle accident,
including neck pain as a whiplash-associated disorder and
LBP.

Methods
Study population

To assess the psychometric properties of the TSK-J, we
used a data subset derived from an online survey we had
previously conducted in 2012 to collect information on
musculoskeletal disorders related to a motor vehicle acci-
dent among the general Japanese population. Potential
participants were recruited through an Internet panel pro-
vided by an Internet research company, including approx-
imately 1.8 million individuals aged from 20 to 79 years
as research volunteers. The company’s volunteers were
consistent with the general Japanese population, and
were stratified by sex and age. From these volunteers,

@ Springer

1,063,083 individuals were randomly selected, contacted
by e-mail, and invited to complete an online questionnaire
regarding a motor vehicle accident experienced in the
past 12 months (first survey). Among these individuals,
227,853 were considered effective users, as the research
company was unable to exclude non-users from invita-
tions for technical reasons. The first survey was closed
when the number of participants reached 127,956 [mean
(SD) age 47.7 (10.8), male 63.6 %]. For this reason, the
response rate was not relevant to this survey. Of these,
1,639 (1.3 %) individuals who responded that they had
suffered from whiplash injury and/or LBP due to a motor
vehicle accident in the past 12 months were screened and
again invited to complete the online questionnaire (second
survey), in order to investigate the impact of the motor
vehicle accident on the physical and psychosocial aspects
of their lives. Responses from 974 individuals (response
rate 59.4 %) were obtained. After excluding data from 18
individuals due to inconsistent responses, data from 956
individuals was included into the analysis. Note that par-
ticipants received points for online shopping as an incen-
tive for participating in the survey. Double registration
was prevented by checking e-mail address duplication and
by blocking access to the questionnaire once a responder
had completed the survey.

The TSK-J was translated and linguistically validated,
according to the general cross-cultural adaptation process:
(1) forward-translation (English to Japanese), (2) back-
translation (Japanese to English), and 3) cognitive debrief-
ing. Cognitive debriefing interviews of 6 Japanese adult
respondents (three male, three female) were conducted to
assess their comprehension of the questions and response
scales.

This survey was approved by the medical/ethics review
board of the Japan Labor Health and Welfare Organiza-
tion. Personally identifiable information, including name,
phone number, and permanent address, were not collected.
Due to the nature of this study (an online survey), no writ-
ten informed consent was obtained; however, receiving
an answered questionnaire was considered evidence of
consent.

Measures
Whiplash injury and LBP

Whiplash neck injury (cervical sprain and traumatic cervi-
cal syndrome) was defined as an injury in the neck, upper
back, and shoulder area due to a motor vehicle accident.
LBP was defined as pain localized between the costal mar-
gin and the inferior gluteal folds that persisted for more
than a day at any time, based on the consensus approach
for back pain definition proposed by Dionne et al. [16].
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Table 1 Items in the Tampa Scales for Kinesiophobia

Item and description

1 I am afraid that I might injure myself if I exercise

2 If I were to try to overcome it, my pain would increase

3 My body is telling me I have something dangerously wrong

4 My pain would probably be relieved if I were to exercise

5 People are not taking my medical condition seriously enough

6 My accident has put my body at risk for the rest of my life

7 Pain always means I have injured my body

8 Just because something aggravates my pain does not mean it is dangerous

9 I am afraid that I might injure myself accidentally

10 Simply being careful that I do not make any unnecessary movements is the safest thing I can do to prevent my pain from worsening
11 I would not have this much pain if there were not something potentially dangerous going on in my body
12 Although my condition is painful, I would be better off if I were physically active

13 Pain lets me know when to stop exercising so that I do not injure myself

14 It is really not safe for a person with a condition like mine to be physically active

15 I can not do all the things normal people do because it is too easy for me to get injured

16 Even though something is causing me a lot of pain, I do not think it is actually dangerous

17 No one should have to exercise when he/she is in pain

Items 1,2,3,5,6,7,10, 11, 13, 15, and 17 are TSK-11 items

Response choices: 1 = strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree

Pain associated only with menstrual periods, pregnancy, or
during the course of a feverish illness was excluded. A dia-
gram of affected areas by a whiplash injury and LBP was
provided within the questionnaire.

The degree of the experienced pain associated with the
whiplash injury or LBP was assessed using an 11-point
numerical rating scale (NRS). Scores ranged from O (no
pain) to 10 (worst pain imaginable), with a higher score
indicating greater pain.

Catastrophizing

Pain catastrophizing, which is a maladaptive perception of
pain, is an important predictor of future disability. Catastro-
phizing was assessed by the Japanese version of the pain
catastrophizing scale (PCS) [17], a 13-item scale used to
measure negative attitudes toward pain, involving rumina-
tion, helplessness, and magnification. The reliability and
validity of the Japanese version were previously confirmed
[17]. The total PCS score ranges from O (no catastrophiz-
ing) to 52 (severe catastrophizing).

Depressive mood
The presence of depressive mood was assessed using the

mental health (MH) domain of the short-form health survey
with 36 questions (SF-36) [18].

Somatic symptoms

Somatization was assessed using a subset of items from
the brief symptom inventory (BSI). The Japanese version
of the BSI-somatization scale was linguistically validated
[19]. Seven somatic symptoms (faintness or dizziness,
pains in the heart or chest, nausea or upset stomach, breath-
ing difficulty, numbness or tingling in parts of the body,
feeling weak in parts of the body, and hot or cold spells)
were assessed on a 5-point scale (0, not at all; 1, a little bit;
2, moderate; 3, quite a bit; and 4, extreme).

General health status

The euroqol 5 dimension (EQ-5D) [20], which is a generic
measure of health status that provides a simple descriptive
profile and a single index value, was included in the ques-
tionnaire. The EQ-5D is a universally used tool to describe
respondent’s perception of his/her own health status. The
index score derived from conversion of all responses ranges
from —0.11 to 1.00, with a score of 1 denoting “perfect
health” and a score of 0 denoting “death”.

Data analysis

Demographic and clinical characteristics of the participants
were summarized with descriptive statistics. Psychometric
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properties were assessed with respect to both versions:
TSK-J17 and TSK-J11 (Table 1). With regard to internal
consistency, the homogeneity of the items in the TSK-J
versions was evaluated using Cronbach’s alpha statistics.
A Cronbach’s alpha coefficient of 0.7 or higher is required
to claim that the TSK-J versions are internally consistent
[21]. Concurrent validity was evaluated using the Pear-
son correlation coefficient with the PCS, EQ-5D, and pain
NRS. Note that the Pearson correlation coefficient was
used because the TSK employed a 4-point (1-4) Likert
scale, under the assumption of an equally spaced distance
between response choices. According to the criterion for
correlation strength in the psychometric validation pro-
posed by Cohen, the correlation coefficient was judged
as follows: 0.1, weak correlation; 0.3, medium correla-
tion; and 0.5, strong correlation [22]. For the known-group
validity, relationships between selected variables and the
subscale scores were examined using the ¢ test or one-
way analysis of variance (ANOVA). If one-way ANOVA
showed there was a significant difference between groups,
all pairwise comparisons between groups were conducted.
Multiplicity of statistical tests was adjusted by the Tukey—
Kramer method. We hypothesized that persons who met
the following attributes would obtain higher TSK-J scores:
(1) individuals with depressive mood, (2) individuals with
more somatic symptoms, and (3) individuals with longer
treatment periods. If an individual obtained a score of 52
or lower on the SF-36 Mental Health scale, he/she was
considered to exhibit a “depressive mood” (score range
0-100, with lower scores indicating more psychological
distress) [23]. With regard to somatic symptoms, if an indi-
vidual answered ‘moderate’, ‘quite a bit’, or ‘extremely’
on a selected item of the BSI-somatization subscale, he/
she was considered to have the somatic symptom described
in the item. The number of somatic symptoms was divided
into three categories: no symptom, one symptom, and
two or more symptoms. The treatment period was divided
into three categories: 3 months or less, 3—-6 months, and
6 months or longer.

All statistical tests were two-tailed, and the level of sig-
nificance was set at 0.05. Statistical calculations were per-
formed using SAS version 9.3 (SAS Institute, Cary, NC,
USA).

Results

Characteristics of participants

Data from a total of 956 Japanese individuals who experi-
enced a motor vehicle accident and an accompanying sub-

sequent whiplash injury and/or LBP in the past 12 months
were included in this analysis. The characteristics of the
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Table 2 Characteristics of the participants in the psychometric
testing of the Japanese version of Tampa scale for Kinesiophobia
(N =956)

Characteristics n (%) Mean (SD)
Sex (n, %)

Male 679 (71.0 %)

Female 277 (29.0 %)
Age, years 45.4 (10.4)
BMI (kg/m?)

Male 23.8 (3.6)

Female 21.3(3.4)
Residual symptoms

Yes 436 (45.6 %)

No 520 (54.4 %)
Duration to recovery (n = 436)

Less than 4 weeks 230 (52.8 %)

4-12 weeks 115 (26.4 %)

12-24 weeks 65 (14.9 %)

24 weeks or longer 25 (6.0 %)
Work missed (n, %)

None 321 (33.6 %)

Less than 1 week 401 (40.9 %)

1-4 weeks 118 (12.4 %)

4-12 weeks 65 (6.8 %)

12 weeks or longer 51 (5.3 %)
TSK-J17 41.1 (7.7)
TSK-J11 23.2 (6.6)
PCS total score 24.0 (11.8)

Rumination 11.4 (4.9)

Helplessness 7.4 (5.0)

Magnification 5.2 (3.0)
EQ-5D 0.82 (0.18)
MH subscale score of SF-36 56.9 (19.7)

Scores of 52 or lower 420 (43.9 %)
NRS for whiplash neck injury pain 6.1 (2.5)
NRS for LBP 4.8 (2.9)

TSK Tampa Scales for Kinesiophobia (score range 17-68 for the
TSK-17 and 11-44 for the TSK-11, a higher score indicates stronger
fear avoidance beliefs or behaviors), PCS Pain Catastrophizing scale
(score range 0-52, a higher score indicates stronger catastrophizing),
EQ-5D Euroqol 5 Dimension (score range —0.11 to 1.0 on a scale
where 0.0 = death and 1.0 = perfect health), MH Mental Health
(score range: 0-100, a lower score indicates more psychological dis-
tress), SF-36 Short-Form Health Survey with 36 questions, LBP Low
back pain, NRS Numerical rating scale (score range 0-10, a higher
score indicates greater pain)

Values are n (%) or mean (SD)

participants are shown in Table 2. The mean (SD) age was
45.4 (10.4) years; 71.0 % were male. The mean scores
obtained on the TSK-J17 and the TSK-J11 were 41.1 (7.7)
and 23.2 (6.6), respectively. Neither floor nor ceiling effect
was observed. The mean total score for the PCS was 24.0
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Table 3 Pearson’s correlation coefficients between the Tampa Scale for Kinesiophobia and other related variables

PCS NRS for whiplash injury pain NRS for LBP
Total score Rumination Helplessness Magnification EQ-5D
TSK-J17 0.674 0.616 0.607 0.613 —0.583 0.380 0.393
TSK-J11 0.680 0.635 0.602 0.610 —0.570 0.394 0.401

All correlation coefficients are p < 0.0001

PCS Pain Catastrophizing Scale, EQ-5D Euroqol 5 Dimension, NRS Numerical rating scale, LBP Low back pain

(11.8). The mean score for the MH domain of the SF-36
was 56.9 (19.7), and scores of 52 or lower were observed
in 43.9 % (n = 420) of individuals. The mean EQ-5D score
was 0.82 (0.18). The mean NRSs for whiplash injury and
LBP were 6.1 (2.5) and 4.8 (2.9), respectively. Absence
of work or housework due to whiplash injury or LBP was
observed in 66.4 % (n = 635) of individuals. Of these,
36.9 % (n = 234) had to miss work more than once per
week.

Reliability

Cronbach’s alpha coefficient was 0.850 for the TSK-J17
and 0.919 for the TSK-J11, indicating sufficient internal
consistency.

Concurrent validity

The correlations of the TSK-J versions with the PCS,
EQ-5D, and whiplash and LBP NRSs were calculated to
examine concurrent validity. Both the TSK-J17 and TSK-
J11 correlated strongly with the PCS total score, rumina-
tion, helplessness, and magnification subscales (r = 0.674,
0.616, 0.607, and 0.613 for the TSK-J17, respectively;
r = 0.680, 0.635, 0.602, and 0.610 for the TSK-J11, respec-
tively; P < 0.0001, for all) (Table 3).

Both the TSK-J17 and TSK-J11 negatively correlated
moderately with the EQ-5D (r = —0.583 and —0.570,
respectively; p < 0.0001). Both the TSK-J17 and TSK-
J11 correlated moderately with the NRS for whiplash
injury pain (r = 0.380 and 0.394, respectively; p < 0.0001)
and NRS for LBP (r = 0.393 and 0.401, respectively;
p <0.0001).

Known-group validity

The relationship between variables that may affect the
TSK-J score was examined. As hypothesized, significantly
higher TSK-J scores were observed in persons with depres-
sive mood, more somatic symptom(s), and longer treatment
periods (Fig. 1). for depressive mood, the TSK-J17 score
was 38.3 (6.7) for the less depressive group and 44.7 (6.5)
for the more depressive group (p < 0.0001). The TSK-J11

score was 21.0 (6.0) for the less depressive group and 26.0
(6.2) for the more depressive group (p < 0.0001).

With respect to the number of somatic symptoms, per-
sons who had more somatic symptoms had significantly
higher TSK-J scores. The TSK-J17 scores in persons with
no somatic symptom, one somatic symptom, and two
or more somatic symptoms were 35.3 (6.1), 38.7 (6.0),
and 43.7 (7.3), respectively, with significant differences
between groups (p < 0.0001 for all). The corresponding
TSK-J11 scores were 18.0 (5.8), 21.3 (5.2), and 25.4 (5.8),
respectively, with significant differences between groups
(p <0.0001 for all).

Individuals with a longer treatment period had signifi-
cantly higher TSK-J scores. The TSK-J17 scores in persons
with treatment periods shorter than 3 months, 3—6 months,
and 6 months or longer were 37.6, 41.7, and 46.0, respec-
tively. The corresponding TSK-J11 scores were 20.3, 23.8,
and 26.9, respectively, with significant differences between
groups (p < 0.0001 for all).

Discussion

Matsudaira et al. proposed a linguistically-validated Japa-
nese version of the TSK [15], the linguistic validity of
which was established by ensuring the conceptual equiva-
lence between the original and its translation by following
a standardized method for developing a translated question-
naire [24]. In the present study, we assessed its psycho-
metric properties with regard to 956 Japanese individuals
who had whiplash injury pain or LBP due to a motor vehi-
cle accident. Based on the results for internal consistency,
concurrent validity, and known-group validity, the Japanese
version of the TSK-J17 and TSK-J11 is considered to be
reliable and valid as a measure for assessing fear of move-
ment for (re)injury.

As an index to assess reliability, a highly sufficient inter-
nal consistency, with a Cronbach’s alpha statistic of 0.850
for the TSK-J17 and 0.919 for the TSK-J11, was demon-
strated. Although a direct comparison is not appropriate
due to the different characteristics of the adopted study
populations, the Cronbach’s alpha coefficients obtained
in this study are higher, relative to results obtained from
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Fig. 1 Known-group validity: Tampa scale for Kinesiophobia scores
and associated variables. p values were calculated by ¢ test for depres-
sive mood, and the Turkey—Kramer method was used to evaluate the

the psychometric testing of other language versions of the
TSK-17 or -11, including the Persian (TSK-17; o = 0.77-
0.78 in acute chronic pain) [25], Chinese (TSK-17;
o = 0.67 in chronic pain) [26], Brazilian/Portuguese (TSK-
17; « = 0.82 in acute/subacute and chronic LBP) [27], Ger-
man (TSK-11; « = 0.73 in LBP) [12], Swedish (TSK-11;
a = 0.74-0.87 in chronic pain) [28], and Dutch (TSK-11;
o = 0.68-0.80 in acute and chronic LBP) [8] versions.
Reasons remain unknown about the higher Cronbach’s
alpha coefficients obtained in this study; however, as the
Cronbach’s alpha is an indicator of the internal consistency
of items, the results may indicate that the Japanese version
was translated more successfully compared to other lan-
guage versions. As another result to be noted, the TSK-J11
had higher alpha statistic than the TSK-J17 in this study.
In general, a superior Cronbach’s alpha statistic is obtained
with inclusion of an increasing number of questions in the
questionnaire. In this respect, the TSK-J11 presented not
only the advantage of shorter length, but also that of higher
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internal consistency, which describes the extent to which
all of the items in the test measure the same concept or con-
struct, and hence is connected to the level of inter-related-
ness of the items in the test.

Compared with previous studies [25, 29], both the TSK-
J17 and TSK-J11 scores showed a stronger positive asso-
ciation with PCS, with a Pearson correlation coefficient
above 0.6 for the PCS total and domain scores. There were
also moderate associations with pain NRS in the affected
area (0.380-0.401). The results were similar in TSK-J17
and TSK-J11. The obtained result of higher correlations
with PCS, compared to NRSs may reflect that an indi-
vidual’s psychological perception toward pain, rather than
degree of pain itself, may contribute to the development
of a fear avoidance belief. For known-group validity, as
hypothesized, relevance was exhibited between the TSK-J
score and the variables that might affect the scores, includ-
ing the presence of depressive mood, presence of somatic
symptom(s), and duration of the treatment period. It should
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be noted that these results do not necessarily imply a
causal relationship between fear avoidance belief and the
variables.

Fear avoidance behavior was reported to be an impor-
tant risk factor for chronicity of pain and subsequent dis-
ability. In recent guidelines for the management of non-
specific acute LBP, continuing normal daily activities is
recommended and bed rest is discouraged [30]. To help
reduce pain-related fear, it is important not to focus on
imaging findings that could lead to the development of
fear avoidance behavior in patients, but to instruct them
that pain is a common condition and is self-manageable,
along with gradual exposure to activities. For this rea-
son, detecting patient fear avoidance beliefs and encour-
aging them to change their beliefs and behaviors is of
vital importance in the management of musculoskeletal
pain, to achieve a better outcome. The TSK-J enables cli-
nicians to detect a patient’s fear avoidance beliefs, and
helps to establish an effective management program to
prevent chronic pain on an individual basis. In this study,
the results of concurrent validity and known-group valid-
ity were similar for the TSK-J17 and TSK-J11; however,
Cronbach’s alpha coefficient was higher for the TSK-J11.
This result may partly support the sufficiency of using
the TSK-J11, in place of the TSK-J17. Moreover, due
to its fewer number of questions, the TSK-J11 is more
convenient for use in clinical settings, enabling shorter
response times and a lower psychological burden on the
patients.

There are several study limitations that should be noted.
Our results were obtained in individuals who suffered from
a motor vehicle accident; accordingly, findings may not be
generalizable to other populations. For instance, suffer-
ing from a motor vehicle accident may have had a strong
psychological impact on the painful experience of these
individuals, possibly enhancing the development of fear
avoidance beliefs. In addition, the use of an Internet panel
to recruit participants could have contributed to a selection
bias, although the large sample size collected, throughout
the nation is a major strength of this study. Our strategy of
using the Internet may invite criticism regarding the repre-
sentativeness of the sample; however, taking into account
both cost and feasibility, we decided to recruit participants
via the Internet. As another limitation, it should be noted
that factor structure was not analyzed in this study. The
original TSK-J17 and the TSK-J11 are frequently used
versions; however, we are concerned that different fac-
tor solutions were proposed in different language versions
and differently targeted populations, potentially making it
difficult to compare international data derived from differ-
ent translated versions. In addition, test—retest reliability
over certain time intervals remains unknown. Responsive-
ness cannot be assessed in the present study due to the

cross-sectional nature of the data. Accordingly, future stud-
ies are necessary to address these issues.

In conclusion, the present psychometric analyses dem-
onstrated that the Japanese version of the TSK is psycho-
metrically reliable and valid as a measure of fear for move-
ment in a Japanese population who had whiplash injury
pain and/or LBP due to a motor vehicle accident. As the
TSK-J11, a shorter version of the TSK-J17, showed bet-
ter internal reliability and similar construction and known-
group validity compared to the 17-item version, it may be
more useful in routine clinical care, given a limited time for
assessment.
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Abstract

Objectives

Whiplash-associated disorders (WAD) are the most common injuries that are associated
with car collisions in Japan and many Western countries. However, there is no clear evi-
dence regarding the potential risk factors for poor recovery from WAD. Therefore, we used
an online survey of the Japanese population to examine the association between potential
risk factors and the persistence of symptoms in individuals with WAD.

Materials and Methods

An online survey was completed by 127,956 participants, including 4,164 participants who
had been involved in a traffic collision. A random sample of the collision participants (n =
1,698) were provided with a secondary questionnaire. From among the 974 (57.4%)
respondents to the secondary questionnaire, we selected 183 cases (intractable neck pain
that was treated over a period of 6 months) and 333 controls (minor neck pain that was
treated within 3 months). Multivariable logistic regression analysis was used to evaluate the
potential risk factors for prolonged treatment of WAD.

Results

Female sex, the severity of the collision, poor expectations of recovery, victim mentality, diz-
ziness, numbness or pain in the arms, and lower back pain were associated with a poor
recovery from WAD.

Conclusions

In the present study, the baseline symptoms (dizziness, numbness or pain in the arms,
and lower back pain) had the strongest associations with prolonged treatment for WAD,
although the psychological and behavioral factors were also important. These risk
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factors should be considered when evaluating patients who may have the potential for
poor outcomes.

Introduction

Whiplash-associated disorders (WAD) are the most common injuries that are associated with
car collisions in many Western countries [1] and in Japan [2]. Although the prognosis for
WAD is generally favorable, previous studies have found that up to about 20% of patients expe-
rience persistent neck pain at 6 months after their injury [3,4]. Unfortunately, this lack of
recovery creates personal, economic, and social burdens [1]. To reduce this burden, the num-
ber of individuals who develop chronic WAD must be reduced, although it is difficult to pre-
dict which patients will experience persistence of their symptoms. However, several prognostic
factors have been identified, including sex [5,6], a low level of education [5,6], the severity of
the collision [7], expectations of recovery [8], a no-fault claim [7], the presence of dizziness [9],
upper extremity numbness or pain [10], and lower back pain [11-13]. Unfortunately, there is
no clear evidence regarding the potential risk factors for poor recovery from WAD in the Japa-
nese population. Based on this absence of suitable data, we conducted an online survey of the
general Japanese population to identify individuals who had been in a car collision. Using the
data from that survey, we examined the associations between the potential risk factors and the
persistence of symptoms in individuals with WAD.

Materials and Methods
Sources of data

In 2012, we conducted an online survey to assess the prevalence of WAD in the general popula-
tion. The participants were recruited through an internet research company that has approxi-
mately 1.8 million registered Japanese adult volunteers (20-79 years old). The company’s
volunteers are representative of the general Japanese population, and were stratified according
to sex and age. From among these volunteers, 1,063,083 individuals were randomly selected
and invited to participate in this study via an email that contained a unique link to the survey
(dated July 1, 2012). Among these invited individuals, only 227,853 were considered effective
users, as the research company was unable to exclude the non-users from the invitations due to
technical reasons. The participants received points for online shopping as an incentive, and
double registration was prevented by reviewing the participant’s e-mail address at the begin-
ning of the survey and disabling the link to the questionnaire at the conclusion of the survey.
The initial survey was closed when the number of participants reached 127,956 (July 17, 2012).
Thus, the response rate for the invitations was not relevant to this survey. This study’s design
was approved by the ethics review board of Kanto Rosai Hospital.

All participants completed the original questionnaire, which included items regarding their
demographical and social characteristics, as well as any traffic collisions that they had experi-
enced. However, for our analysis we only evaluated the questionnaires from participants who
had been in a traffic collision (n = 4,164). From among this sample, 1,698 participants were
randomly selected to participate in a secondary survey. Among the 974 respondents (57.4%)
for the secondary questionnaire, we excluded 44 participants who were not wearing a seatbelt
when the collision occurred, as these participants were likely to have sustained serious injuries.
From the 930 remaining subjects, we included 183 participants in the cases group (neck pain
that was treated over a period of 6 months) and 333 participants in the control group (minor
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neck pain that was treated within 3 months) (Fig 1). We defined the self-reported presence of
WAD in this study as a response to the internet questionnaire that indicated 1) an obvious
instance of an injury that was sustained during a rear-end collision, or 2) an established diagno-
sis of WAD by a medical doctor.

Assessment

The questionnaire evaluated socio-demographic data, age, sex, weight, height, smoking, educa-
tion level (not college, or college), the severity of the collision (high, or other; high severity was
defined as the vehicle’s bumpers exhibiting extensive damage after a rear-end collision). Body
mass index (BMI; k/m?) was calculated using the participant’s self-reported weight and height.
Expectations of recovery were evaluated by asking “Do you expect that your neck pain will be a
problem in the next 3 months?”, using response categories of “No”, “Possibly”, “Probably”, and
“Definitely”. Poor expectations of recovery were defined as answers of “Probably” or “Defi-
nitely”. We also used the question “Did you have any fault in this accident?” to identify partici-
pants with a “victim mentality” (i.e., an answer of “no”). The presence of dizziness (yes/no) was
evaluated using the question “Did you have any dizziness in the week after this accident?”, and
numbness or pain in the arms was evaluated using the question “Did you have any numbness
or pain in your arms in the week after this accident?” Lower back pain was defined as pain that
lasted for >1 day in the area between the lower costal margin and the gluteal folds, regardless
of any accompanying radiating pain, and that was not associated with febrile illness, menstrua-
tion, or pregnancy [14].

Statistical analysis

The preliminary survey was administered to 10,000 participants for sample size estimation.
Our preliminary study revealed that 16 of the 10,000 participants were assigned to the case
group. 2) As our dependent variable was binary, we decided to use logistic regression analysis,
because we needed a 1:2 case:control ratio. One guideline has suggested that the accurate esti-
mation of discriminant function parameters requires a sample size with at least 20 cases for
each independent variable in the logistic regression [15]. Therefore, based on this guideline
and our 10 predictor variables, we required 200 cases for our analysis. Thus, the survey was
closed at approximately 125,000 participants, although slightly more than 125,000 participants
were included, due to technical reasons.

We compared the characteristics of the cases and controls using the chi-square test for cate-
gorical variables, and the one-factor analysis of variance for numerical variables. Age, sex, BMI,
smoking, education level, severity of collision, poor expectation of recovery, victim mentality,
dizziness, numbness or pain in arms, and lower back pain have previously been identified as
risk factors for a poor recovery from WAD [5-13]. Therefore, we entered these variables into
the multivariable logistic regression model, in order to adjust for potential confounding. The
Variance Inflation Factor (VIF) was used to check for multicollinearity in the model. All statis-
tical tests were performed at a significance level of 0.05 (two-sided), and were not adjusted for
multiple testing. All data analyses were performed using SAS software (version 9.1.3, SAS Insti-
tute Inc., Cary, NC).

Results

Table 1 shows the demographic characteristics of the participants. When we compared the case
and control groups, we observed significant differences in the severity of the collision, poor
expectations of recovery, dizziness, upper extremity numbness or pain, and lower back pain.
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127,956 participants were recruited
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A
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WAD treated
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Fig 1. Study flow chart. WAD, whiplash-associated disorders.

doi:10.1371/journal.pone.0132191.g001

However, no significant differences were observed for age, sex, BMI, smoking, and a low level

of education.

Table 2 shows the results from the univariate logistic regression analysis for a poor recovery
from WAD. Based on the results of this analysis, we found that female sex, the severity of the
collision, poor expectations of recovery, victim mentality, dizziness, numbness or pain in the

Table 1.

Cases (n = 183) Controls (n = 333) p-value
Age, years 448 £10.3 453+ 11.7 0.6218
Sex, male/female 124/59 242/91 0.2397
BMI, kg/m? 23.4+4.0 23.0+3.7 0.1971
Smoking (%) 74 (36.6) 128 (38.4) 0.6563
Education level: not college (%) 57 (31.2) 99 (29.7) 0.7373
Severity of collision: high (%) 131 (71.6) 159 (47.9) <0.0001
Poor expectation of recovery (%) 90 (49.2) 41 (12.3) <0.0001
Victim mentality (%) 150 (83.0) 253 (76.0) 0.1154
Dizziness (%) 120 (65.6) 94 (28.2) <0.0001
Numbness or pain in arm (%) 149 (81.4) 170 (51.1) <0.0001
Low back pain (%) 113 (61.2) 74 (22.2) <0.0001
BMI, body mass index.
doi:10.1371/journal.pone.0132191.t001
PLOS ONE | DOI:10.1371/journal.pone.0132191 July 6, 2015 4/8
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Table 2.

Odds ratio 95% CI p-value
Age, +1 year 1 0.99-1.02 0.6209
Female (vs. male) 1.26 0.85-1.87 0.2417
BMI (+1 kg/m?) 0.97 0.92-1.02 0.1983
Smoking 0.92 0.64-1.33 0.6566
Education level: not college 1.06 0.72-1.58 0.7376
Severity of collision: high 2.76 1.88—4.08 <0.0001
Poor expectation of recovery 6.89 4.48-10.76 <0.0001
Victim mentality 1.44 0.92-2.28 0.1114
Dizziness 4.84 3.30-7.17 <0.0001
Numbness or pain in arms 4.2 2.76-6.54 <0.0001
Lower back pain 5.65 3.82—4.82 <0.0001

Cl, confidence interval; BMI, body mass index.

doi:10.1371/journal.pone.0132191.t002

arms, and lower back pain were significantly associated with a poor recovery from WAD.
Table 3 shows the results from the multivariable logistic regression analysis, after adjusting for
the various confounding factors. The VIF values for age, sex, BMI, smoking, education level,
severity of collision, poor expectation of recovery, victim mentality, dizziness, numbness or
pain in arms, and lower back pain were 1.12, 1.12, 1.14, 1.03, 1.19, 1.17, 1.16, 1.26, 1.23, and
1.24, respectively. However, none of the VIF values exceeded 10, which indicates that there was
no collinearity in the model [16]. Based on the results of this model, we found that female sex,
the severity of the collision, poor expectations of recovery, victim mentality, dizziness, numb-
ness or pain in the arms, and lower back pain were significantly associated with a poor recovery
from WAD.

Discussion

To the best of our knowledge, this is the first study to examine the risk factors that are associ-
ated with a prolonged recovery among Japanese patients with WAD. Our final model identified
seven risk factors (female sex, the severity of the collision, poor expectations of recovery, victim
mentality, presence of dizziness, numbness or pain in the arms, and lower back pain); all of
these factors have previously been reported to be independent prognostic factors for recovery
from WAD [5-13].

Interestingly, it is not clear which sex is an independent risk factor for poor recovery from
WAD, as several studies have reported that female sex was an independent predictor, while
others have reported that male sex was an independent predictor. In addition, previous studies
have reported that a low level of education was significantly related to a poor recovery [5,6].
However, in the present study, education level was not a significant risk factor for a poor recov-
ery from WAD. Unfortunately, the reasons for these discrepancies between our findings and
those of the previous studies are not clear, although they may be related to differences in the
populations that were studied.

We also observed that the severity of the collision was an important risk factor for poor
recovery from WAD. In this context, a whiplash injury occurs when the force of a rear-end col-
lision “whips” the cervical spine beyond its normal range of motion. Therefore, it is logical that
severe car crashes can cause serious damage to the musculoskeletal system, which can result in
a poor recovery.
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Table 3.

Odds ratio 95% CI p-value
Age, +1 year 1 0.98-1.03 0.7577
Female (vs. male) 1.83 1.07-3.17 0.0283
BMI (+1 kg/m?) 1.07 0.99-1.14 0.0576
Smoking 0.95 0.58-1.57 0.8515
Education level: not college 1.11 0.67-1.85 0.6819
Severity of collision: high 1.97 1.19-3.30 0.0086
Poor expectation of recovery 4.47 2.68-7.53 <0.0001
Victim mentality 3.37 1.76-6.67 0.0002
Dizziness 3.12 1.93-6.00 <0.0001
Numbness or pain in arms 2.56 1.51-4.40 0.0004
Lower back pain 4.77 2.91-7.94 <0.0001

Cl, confidence interval; BMI, body mass index.

doi:10.1371/journal.pone.0132191.1003

After adjusting for the relevant confounders, such as socio-demographic characteristics and
symptoms, we observed that poor expectations of recovery and victim mentality were signifi-
cant risk factors for a poor recovery. Similarly, previous studies have reported that expectations
for recovery were an important factor in the prognosis for WAD recovery [5]. Therefore, in
addition to understanding these injuries and their clinical symptoms, it is also important to
understand the patient’s perception of recovery, in order to adequately treat WAD. Further-
more, victim mentality is an aspect of the patient’s perception, and may affect their expecta-
tions for recovery. This finding indicates that psychological factors have prognostic value for
evaluating the risk of prolonged recovery from WAD.

A previous study has reported that dizziness, numbness in the arms, and lower back pain
did not decrease within 6 months after the accident, although many other symptoms were tran-
sient [13]. Similarly, we observed that these symptoms (dizziness, numbness, and lower back
pain) were independent risk factors for a prolonged recovery from WAD. Therefore, it appears
that these symptoms are more common in severe cases, which are less likely to experience
recovery within 6 months. Furthermore, dizziness, numbness, and lower back pain are known
as somatic symptom, and patients who have chronic whiplash also report elevated levels of
somatic symptoms in body areas that were not affected by their neck trauma [17, 18]. In this
context, the symptoms of functional somatic syndromes are very similar to those of somatiza-
tion disorder, and the two conditions are thought to be closely related [19-21]. Thus, it is
important to consider these signs and symptoms when following-up patients who have experi-
enced whiplash. Furthermore, although the baseline symptoms (dizziness, numbness, and
lower back pain) had the strongest associations with prolonged treatment for WAD, the psy-
chological and behavioral factors were also important, and these risk factors should also be
considered when evaluating patients who have experienced whiplash.

This study has several limitations. First, due to the cross-sectional design, inferences cannot
be made regarding the causality of the relationships. Second, the sample was selected from
among internet research volunteers, who may not be representative of the general population
of internet users. Third, compared to the general population, our sample contained a higher
proportion of people who were living in large cities and who had completed university-level or
graduate-level education [22]. Fourth, we surveyed the respondents after their traffic collisions,
and it is plausible that some reported symptoms may have been preexisting, rather than caused
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by the traffic collision. Furthermore, there are other important factors that can affect recovery
from WAD, such as coping styles, previous traffic injuries, comorbidities, somatic and psycho-
logical pre-injury health, pain intensity and disability, injustice perception, depression and
pain-related emotions, social support, personality traits, and post-traumatic stress symptoms.
However, these factors were not included because we needed to evaluate the information from
at the time of injury as a prognostic factor. Therefore, recall bias may be present, given the
interval between the injury and the administration of the validated questionnaires. In addition,
we attempted to ensure that the full questionnaire could be completed in 10 min, in order to
obtain complete data from the respondents. Unfortunately, the effect of this selection bias on
our findings would be difficult to address. Despite these limitations, this study provides useful
insight for medical and public health practitioners who treat patients who have experienced
whiplash.
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Disabling Low Back Pain Associated With Night
Shift Duration: Sleep Problems as a Potentiator

Masaya Takahashi, php,'* Ko Matsudaira, mp, php,2’3 and Akihito Shimazu, php?

Background We investigated how night shift duration and sleep problems were jointly
associated with disabling low back pain (LBP) among workers in different occupations.
Methods An online-survey was conducted regarding work schedules, disabling LBP,
sleep problems, and other relevant factors in 5,008 workers who were randomly selected
from a market research panel. Multiple logistic regression analyses determined the joint
associations of night shift duration (0 [permanent day shift], <8, §-9.9, 10-15.9, >16 hr)
and sleep problems (no, yes) with disabling LBP adjusted for potential confounders.
Results A night shift > 16 hr was associated with a significant increase in the likelihood of
disabling LBP. The magnitude of this association was elevated when participants
perceived sleep problems including both sleep duration and quality.

Conclusion Associations between extended night shifts and disabling LBP became
stronger in the presence of short or poor quality sleep. Am. J. Ind. Med. 58:1300-1310,
2015. © 2015 Wiley Periodicals, Inc.

KEY WORDS: musculoskeletal disorders; shift schedules; sleep duration; insomnia

symptoms

INTRODUCTION

Low back pain (LBP) represents a major health and
safety problem in workplaces worldwide [Driscoll et al.,
2014]. The situation is serious in Japan as well, where
LBP accounts for approximately 60% of occupational
injuries requiring absences of 4 days or more among
Japanese workers [Japanese Ministry of Health, Labour
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and Welfare 2013]. Importantly, this problem affects a
wide range of industries: 30% of occupational LBP cases
are identified in health care, 19% in commerce, and
financial advertising, 15% in manufacturing, 14% in
transportation and traffic, 6% in customer entertainment,
and 5% in construction.

A number of occupational variables have been found to
act as causal or exacerbating factors in LBP [Yassi et al.,
2013; Matsudaira et al., 2014]. While the two dominant
factors, heavy physical work and high psychosocial
demands, have been well recognized, evidence for the
effects of other occupational factors is largely limited [da
Costa et al., 2010]. Recent research highlights the essential
role of work schedules in musculoskeletal disorders (MSDs)
[Caruso et al., 2008]. Shift work involving night shifts, in
particular, is shown to be a target factor in many cases
[Eriksen et al., 2004; Takahashi et al., 2008]. The principal
component of its burden relates to night shift duration [Rosa
et al.,, 1997; Ferguson et al., 2012]. Previous studies
compared low back problems between 8- and 12-hr night
shifts [Yamada et al., 2001; He et al., 2011], or between 8-
and 16-hr night shifts [Takahashi et al., 1999] for some
selected occupations, mainly health care professionals.
Preliminary evidence clearly requires that a more detailed
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investigation into the association between night shift
duration and LBP be undertaken in a more systematic
manner, examining a variety of occupations. Increased
knowledge about the effects of night shift duration on LBP
can facilitate the optimization of shift work so as to minimize
issues related to LBP.

Working at night has been linked with unfavorable
consequences in the health, safety, and well-being of
workers [Caruso, 2014]. Notably, shift work involving
night shifts can disturb sleep [Wright et al., 2013;
Takahashi 2014]. Recently published findings indicate
the close association between sleep problems and pain
[Buxton et al., 2012; Finan et al., 2013a]. Musculoskeletal
pain, including LBP, can be a source or predictor of
insomnia [Tang et al., 2012; Tang et al., 2015].
Conversely, poor quality of sleep is reported to predict
the incidence of LBP in healthy workers [Agmon et al.,
2014] and to be associated with a subsequent increase in
LBP intensity in patients [Alsaadi et al., 2014b].
Prospective evidence demonstrates that disturbed sleep
is significantly associated with an elevated risk of
sickness absence and disability retirement due to MSDs
[Salo et al., 2012; Ropponen et al., 2013]. Moreover,
recent efforts have been devoted to clarification of the
brain circuits shared by both sleep and pain [Finan et al.,
2013b; Koh et al., 2015].

Associations among the three variables—LBP, sleep
problems, and night shift duration—are highly complicat-
ed, as demonstrated in previous studies on LBP, sleep
problems, and a third factor (e.g., job strain and physical
activity) [Canivet et al., 2008; Sorensen et al., 2011]. One
common approach to clarifying the associations is to
determine if sleep problems lie in the causal pathway
between night shift duration and LBP. Results obtained will
be meaningful in understanding the potential mechanisms
for these three factors. Another possible strategy is to
examine if sleep problems have moderating effects on the
association between night shift duration and LBP. If this
association is modified according to the conditions of sleep,
such a finding would provide us with novel information
about sleep-related options for LBP prevention among
night shift workers.

The present study examined how night shift duration and
sleep problems were jointly associated with LBP in a sample
of workers in different occupations. We hypothesized that a
longer night shift would be associated with an increased
likelihood of LBP and that this association would be
strengthened with sleep problems. Testing these hypotheses
has scientific merit, because little data are available for a
dose-response relation of night shift duration with LBP, and
because interventions to achieve better sleep may be possible
for reducing or preventing LBP. Our research also focused on
differences in the associations according to subtypes of sleep
problems.
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METHODS
Participants

The details of participant recruitment have been reported
in a previous paper [Matsudaira et al., 2013]. Briefly,
potential participants were selected randomly from a market
research panel according to the inclusion criteria: age (20—69
years old) and residential area (23 wards of Tokyo, the City of
Osaka, and the City of Nagoya). A total of 5,917 workers
completed a web-based questionnaire. The final sample was
5,856 participants after exclusion of those who reported age
of either below 20 or beyond 65 years old and those who
reported working in primary and secondary industries. This
study included 5,008 participants who provided their work
schedules. The medical/ethics review board of the Japan
Labour Health and Welfare Organization reviewed and
approved this study.

Measures
Work schedules

Participants were asked if they engaged in permanent
day work, rotating shift work involving night shifts, or other
shifts. Participants with rotating shift work also responded to
a question about the duration of the night shift: <8, 8-9.9,
10-11.9, 12-13.9, 14-15.9, or 16 hr or longer.

Disabling LBP

LBP was assessed with the question, “How would you
describe your LBP in the past year?” Response options
included (1) no LBP, (2) LBP that did not interfere with work,
(3) LBP that interfered with work but no absence from work,
and (4) LBP that interfered with work, leading to sick-leave.
A diagram with a shaded area was presented to help
participants correctly understand the site of the low back.
LBP was defined as pain occurring in the area between the
lower costal margin and the gluteal folds. LBP must also
have lasted more than one day, and occurred regardless of
accompanying radiating pain, but it must not be associated
merely with febrile illness, menstrual periods, or pregnancy
[Dionne et al., 2008]. LBP was classified as disabling if it
caused disruption to the job regardless of absence from work
(i.e., positive response to the option 3 or 4) [Von Korff et al.,
1992]. Disabling LBP was the outcome of interest in this
study.

Sleep problems
Sleep problems were evaluated using questions about

the quantity and quality of sleep in the past month [Nakata
et al., 2005; Takahashi et al., 2008]. Short sleep duration
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was defined as sleep duration of less than 6 hr. Difficulty
initiating sleep was defined as taking more than 30 min to
fall asleep. Difficulty maintaining sleep and early morning
awakening were defined as nocturnal awakenings or early
morning awakenings occurring 3 times or more per week.
Insomnia symptoms were considered to be present if the
participants reported any of the 3 symptoms of insomnia
above.

Covariates

We collected self-reported data on age, gender,
employment (permanent, other), occupation (white-collar
[managers, professionals, clerical workers, sales workers],
blue-collar [service, production, security, transportation,
and communications workers], other), main work contents
(work with video display terminals [VDT], physically
repetitive work, neither), weekly work hours (<40, 4049,
50-59, >60 hr), education (high school or lower, universi-
ty, or higher), regular exercise (no, yes), smoking status
(never smoker, former smoker, current smoker), chronic
conditions requiring doctor visits (present, not present),
height, and weight. The questionnaire also measured
psychosocial work characteristics with the Brief Job Stress
Questionnaire [Shimomitsu et al., 2000] for job demand,
job control, and worksite (supervisor and coworker) social
support.

Statistical Analysis

The duration of a night shift was re-classified as 0
(permanent day work; n=4,691), <8 (n=100), 89.9
(n=90), 10-15.9 (n=82), and >16 (n =45) hr according to
its distribution. Associations between night shift duration
and the study variables were examined using a chi-square test
and analysis of variance. Joint associations of night shift
duration and sleep problems with disabling LBP were
analyzed using logistic regression models with a reference
group of permanent day workers without sleep problems.
The first model provided crude odds ratios (ORs) and 95%
confidence intervals (Cls) for the joint associations. The
second model adjusted for age, gender, employment,
occupation, main work contents, weekly work hours,
education, and smoking status. The third model further
adjusted for psychosocial work characteristics. In addition,
tests for linear trend were conducted to examine the dose-
response relationship between the categories of night shift
duration and disabling LBP. Given the small sample size in
each group of shift workers, those four groups were collapsed
into a single, shift-working group. Data from the shift work
group have been listed in parallel. All statistical analyses
were conducted using IBM SPSS Statistics version 20 (IBM
Corporation, New York).

RESULTS
Characteristics of Study Sample

As summarized in Table I, both the permanent day
workers and the shift workers showed a similar gender ratio,
with the majority of men among the groups with night shifts
of 8-10 and 10-16 hr. The shift workers engaged in more
blue-collar jobs with a higher degree of physically repetitive
work compared to the permanent day workers. The shift
workers were also younger than the permanent day workers,
except for those with a night shift of less than 8 hr.

It should be noted that the 16 hr or longer night shift
group reported disabling LBP at a rate almost double (42%)
that of the other groups (18-23%; P < 0.01). Although the
percentage reporting sleep duration of less than 6 hr was
comparable among the five groups, the shift groups reported
insomnia symptoms more often than the permanent day
group. Similar differences were observed for each subtype of
insomnia symptoms. The shift group working a night shift of
16 hr or more reported higher job demand (P < 0.001) and
lower job control (P < 0.001) compared to the other groups,
while they showed a greater level of worksite social support
(P=0.019).

Comparisons between the permanent day group and the
shift work group revealed results similar to those obtained
from comparisons between the permanent day group and the
four groups of shift workers. These two groups, however,
showed no significant differences in disabling LBP, early
morning awakening, or social support at work.

Disabling LBP Associated With Night
Shift Duration by Sleep Problem

Table II indicates that the 16 hr or longer night shift
group with short sleep duration was more likely to report
disabling LBP. This significant association was observed
even after adjusting for several confounding factors (Model
3: OR 4.90,95%CI 2.18-11.03). The permanent day workers
also reported more disabling LBP if they experienced short
duration of sleep. However, this association was not
statistically significant after adjusting for psychosocial
work characteristics. The corresponding tests for linear
trend became statistically non-significant in Model 3
(P=0.135). No significant associations were observed
between working shifts and disabling LBP in the cases of
sleep duration of less than 6 hr or greater than 6 hr.

When insomnia symptoms were present, both the
permanent day workers (Model 3: 1.42, 1.20-1.68) and
the shift workers who worked at night for 16 hr or longer
(6.59, 2.35-18.49) showed statistically significant ORs
(Table 111, P for linear trend = 0.140). The shift work group
also produced a significant association (1.78, 1.13-2.80).
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TABLE 1. Characteristics of Study Participants

Duration of a night shift

Day <8h 8-10h 10-16h >16h Shift
n (%) n (%) n (%) n (%) n (%) P? n (%) p"
Gender
Men 2378 (51) 51(51) 66 (73) 60(73) 26 (58) 0.001 203 (64) 0.001
Women 2313 (49) 49 (49) 24(27) 22 (27) 19(42) 114 (36)
Employment
Permanent 2410 (51) 32(32) 55(61) 55(67) 39(87) 0.001 181 (57) 0.048
Others 2281 (49) 68 (68) 35(39) 27(33) 6(13) 136 (43)
Occupation
White-collar 3336 (71) 30(30) 33(37) 31(38) 17 (38) 0.001 111 (35) 0.001
Blue-collar 923 (20) 52 (52) 49 (54) 42 (51) 20 (44) 163 (51)
Others 432(9) 18 (18) 8(9) 9(1) 8(18) 43 (14)
Main work contents
VDTwork 2498 (53) 18 (18) 18(20) 22 (27) 11(24) 0.001 69 (22) 0.001
Physically repetitive work 885(19) 44 (44) 49 (54) 38 (46) 20 (44) 151 (48)
Neither 1308 (28) 38(38) 23(26) 22(27) 14(31) 97 (31)
Weekly work hours (hours)
—40h 1642 (35) 51 (51) 12 (13) 14 (17) 6(13) 0.001 83(26) 0.001
40-49h 1989 (42) 43 (43) 63(70) 43(52) 25 (56) 174 (55)
50-59h 655 (14) 4(4) 13 (14) 12 (15) 8(18) 37(12)
>60h 405 (9) 2(2) 2(2) 13(16) 6(13) 23(7)
Education
High school or lower 2676 (57) 80(80) 60 (67) 59(72) 30(67) 0.001 229(72) 0.001
University or higher 2003 (43) 20(20) 30(33) 23(28) 15(33) 88 (28)
Regular exercise
No 3610(77) 78(78) 71(79) 62 (76) 29 (64) 0.370 240(76) 0.611
Yes 1081 (23) 22(22) 19 (21) 20 (24) 16 (36) 77 (24)
Smoking
Non-smoke 2687 (57) 64 (64) 44(49) 44 (54) 21(47) 0.029 173 (55) 0.013
Past smoke 845 (18) 12 (12) 12 (13) 14(17) 6(13) 44 (14)
Current smoke 1159 (25) 24 (24) 34(38) 24 (29) 18 (40) 100(32)
Chronic conditions that require doctor visits
Present 1297 (28) 31(31) 20(22) 20 (24) 13(29) 0.672 84 (26) 0.657
Disabling low back pain 915(20) 18(18) 21(23) 16 (20) 19 (42) 0.004 74 (23) 0.097
Sleep problems
Sleep duration <6 hours 2062 (44) 44 (44) 39(43) 42 (51) 25(56) 0.389 150 (47) 0.243
Insomnia symptoms 1087 (23) 34(34) 26 (29) 20(24) 16 (36) 0.001 96 (30) 0.004
Difficulty initiating sleep 827 (18) 23(23) 23(26) 15(18) 14(31) 0.022 75 (24) 0.007
Difficulty maintaining sleep 328(7) 17.(17) 10 (11) 7(9) 5(11) 0.001 39(12) 0.004
Early morning awakening 316 (7) 14 (14) 6(7) 5(6) 4(9) 0.028 29(9) 0.101
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (years) 44.8(12.5) 44.8(14.0) 39.0(11.6) 40.6 (12.4) 40.0 (11.5) 0.001 414(12.8) 0.001
BMI 22.6(3.5) 21.7(3.3) 22.6(3.6) 22.6(3.9) 23.3(3.2) 0.092 22.4(3.6) 0.495
Job demand 77(2.3) 70(2.4) 8.5(2.0) 8.7(2.0) 9.1(2.3) 0.001 8.2(2.3) 0.001
Job control 8.0(2.2) 71(2.2) 70(2.2) 6.8(2.0) 6.8(2.3) 0.001 6.9(2.1) 0.001
Worksite social support 151 (4.2) 154 (3.5) 14.1(3.6) 14.4(3.7) 16.4(4.1) 0.019 149(3.7) 0.608

Day: Permanent day workers. Shift: All shift workers. BMI: Body massindex.

a.Compared between permanent day workers and 4 groups of shift workers.

b.Compared between permanent day workers and all shift workers.

Statistical significance was tested using chi-square test for categorical data and using analysis of variance for continuous data.
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TABLE IlI. Joint Associations of Night Shift Duration/Shift Work and Sleep Duration of LessThan 6 hr (no,yes) With Disabling Low Back Pain

(N=5,008)
Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%Cl OR 95%CI OR 95%GCI
Day,n 481 (18.3) 1.00 1.00 1.00
<8h,n 10 (17.9) 0.97 0.49-1.94 0.96 0.48-1.93 1.01 0.50-2.03
—10h,n 11 (21.6) 1.23 0.63-2.42 1.16 0.59-2.30 1.08 0.55-2.15
—16h,n 10 (25.0) 149 0.72-3.07 1.34 0.64-2.78 1.28 0.61-2.66
>16h,n 5 (25.0) 149 0.54-4.12 137 0.49-3.81 1.20 0.43-3.39
P for linear trend 0.172 0.287 0437
Shift,n 36 (21.6) 1.23 0.84-1.80 1.15 0.78-1.70 112 0.75-1.65
Day,y 434 (21.0) 1.19 1.03-1.37 1.16 1.00-1.35 1.12 0.97-1.31
<8h,y 8 (18.2) 0.99 0.46-2.15 0.95 0.44-2.08 0.95 0.43-2.09
—10h,y 10 (25.6) 154 0.75-3.19 1.32 0.63-2.75 1.18 0.56—2.46
—16h,y 6 (14.3) 0.75 0.31-1.78 0.66 0.27-1.58 0.58 0.24—1.40
>16h,y 14 (56.0) 5.69 2.57-12.62 513 2.29-11.49 490 2.18-11.03
P for linear trend 0.025 0.097 0.135
Shift,y 38 (25.3) 1.52 1.04-2.22 1.36 0.92-2.01 1.27 0.86-1.87

n.sleep duration >6 h,y. sleep duration <6 h.

Day:Permanent day workers. Shift: All shift workers.

Model1. Crude.

Model 2. Adjusted for age, gender, employment, occupation, main work contents, weekly work hours, education, and smoking status.
Model 3. Adjusted for Model 2+-job demand, job control, and workplace social support

TABLE IIl. Joint Associations of Night Shift Duration/Shift Work and Insomnia Symptoms (no, yes) With Disabling Low Back Pain (N = 5,008)

Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%CI OR 95%CI OR 95%CI
Day,n 648 (18.0) 1.00 1.00 1.00
<8h,n 8 (12.1) 0.63 0.30-1.33 0.64 0.30-1.35 0.67 0.31-1.42
—10h,n 14 (21.9) 1.28 0.70-2.33 1.20 0.65-2.19 1.10 0.60-2.01
—16h,n 13 (21.0) 1.22 0.66-2.25 1.12 0.60-2.09 1.06 0.56-1.98
>16h,n 9 (31.0) 2.06 0.93-4.55 1.89 0.85-4.21 1.72 0.77-3.86
P for linear trend 0.119 0.281 0.408
Shift,n 44 (19.9) 1.14 0.81-1.60 1.08 0.76-1.53 1.03 0.73—1.47
Day,y 267 (24.6) 149 1.26-1.75 146 1.24-1.72 142 1.20-1.68
<8h,y 10 (29.4) 1.91 0.91-4.01 1.81 0.86-3.84 1.83 0.86-3.88
—10h,y 7 (26.9) 1.69 0.71-4.03 149 0.62-3.60 1.41 0.58-3.41
—16h,y 3 (15.0) 0.81 0.24-2.77 0.66 0.19-2.29 0.59 0.17-2.04
>16h,y 10 (62.5) 763 2.76-21.08 6.80 2.43-18.97 6.59 2.35-18.49
P for linear trend 0.045 0.078 0.140
Shift,y 30 (31.3) 2.08 1.34-3.23 1.86 1.19-2.92 1.78 1.13-2.80

n.insomnia symptoms were not present,y.insomnia symptoms were present.

Day: Permanent day workers. Shift: All shift workers.

Model1. Crude.

Model 2. Adjusted for age, gender, employment, occupation, main work contents, weekly work hours, education, and smoking status.
Model 3. Adjusted for Model 24-job demand, job control, and workplace social support.
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As listed in Table IV, the OR for reporting disabling LBP
was greater in the 16 hours or more night shift group with
difficulty initiating sleep (Model 3: OR 5.35, 95%CI 1.82—
15.68, P for linear trend=0.091) than in those without
difficulty initiating sleep (1.99, 0.93-4.24). Even the
permanent day group showed a significantly increased OR
with difficulty initiating sleep.

Having difficulty maintaining sleep was significantly
associated with increased likelihood of reporting disabling
LBP among both the permanent day workers and the shift
workers, except the 10—16 hr night shift group (Table V). A
clear contrast was observed when comparing between the
16 hr or longer night shift group with (Model 3: OR 13.85, P
for linear trend =0.179) and without difficulty maintaining
sleep (OR 2.28), though the former’s 95%CI was large.

Results for the joint association between night shift
duration and early morning awakening (Table VI) were
similar to results in terms of difficulty initiating sleep.
Specifically, the OR approached significance for disabling
LBP in the 16 hr or longer night shift group who experienced
early morning awakening (Model 3: OR 9.75, P for linear
trend=0.077), which far exceeded the OR in their
counterpart who did not experience early morning awaken-
ing (2.36). The permanent day workers who experienced
early morning awakening were significantly more likely to
report disabling LBP.

If any of the subtypes of insomnia symptoms were
present, shift work was significantly associated with
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disabling LBP (ORs: 1.70-3.49); otherwise, no associations
were found to be significant (Tables IV to VI).

DISCUSSION

The present study indicated that an extended night shift,
particularly beyond 16 hr, was associated with a significant
increase in the likelihood of disabling LBP. The magnitude of
this association increased when participants perceived sleep
problems. Indeed, in terms of sleep duration, a significantly
greater OR for disabling LBP was obtained with sleep of less
than 6 hr. In terms of sleep quality, a significantly increased
OR was found for cases where insomnia symptoms were
reported. Analyses for subtypes of insomnia symptoms
revealed varying results. The ORs for disabling LBP were
greater among the permanent day group and the 16 or longer
hours of night shift group when those groups had difficulty
initiating sleep. Similar results were observed for early
morning awakening. However, overall increases in the ORs
for disabling LBP were found when difficulty maintaining
sleep was present. Our data for the shift work group, if they
experienced sleep problems, principally reflected the
significant results of the 16 hours or longer night shift group,
with the exception of short sleep duration.

The present finding of increased disabling LBP
associated with a night shift of 16 hr or longer calls for an
appropriate design of shift schedules. We have to consider

TABLE V. Joint Associations of Night Shift Duration/Shift Work and Difficulty Initiating Sleep (no, yes) With Disabling Low Back Pain (N = 5,008)

Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%CI OR 95%CI OR 95%CI
Day,n 720 (18.6) 1.00 1.00 1.00
<8h,n 13 (16.9) 0.89 0.49-1.62 0.89 0.48-1.64 0.94 0.51-1.73
—10h,n 14 (20.9) 1.16 0.64-2.10 1.07 0.59-1.96 1.00 0.55-1.83
—16h,n 13 (19.4) 1.06 0.57-1.94 0.96 0.52-1.77 0.89 0.48-1.65
>16h,n 11 (35.5) 2.41 1.15-5.05 2.22 1.05-4.69 1.99 0.93-4.24
P for linear trend 0.104 0.290 0453
Shift, n 51 (21.1) 1.17 0.85-1.61 1.10 0.79-1.53 1.06 0.76—1.47
Day,y 195 (23.6) 1.35 1.13-1.61 1.35 1.12-1.62 1.32 1.10-1.59
<8hy 5 (21.7) 1.22 0.45-3.29 119 044-3.24 1.18 0.43-3.22
—10h,y 7 (30.4) 1.92 0.79-4.68 1.75 0.71-4.30 1.56 0.63-3.86
—16h,y 3 (20.0) 1.10 0.31-3.89 0.94 0.26-3.38 0.89 0.25-3.18
>16h,y 8 (57.1) 5.84 2.02-16.89 5.26 1.80-15.39 5.35 1.82-15.68
P for linear trend 0.038 0.048 0.091
Shift,y 23 (30.7) 1.94 1.18-3.19 1.78 1.07-2.95 1.70 1.02-2.82

n.difficulty initiating sleep was not present, y. difficulty initiating sleep was present.

Day: Permanent day workers. Shift: All shift workers.

Model1. Crude.

Model 2. Adjusted for age, gender, employment, occupation, main work contents, weekly work hours, education, and smoking status.
Model 3. Adjusted for Model 2+-job demand, job control, and workplace social support.

278



1306 Takahashi et al.

TABLE V. Joint Associations of Night Shift Duration/Shift Work and Difficulty Maintaining Sleep (no,yes) With Disabling Low Back Pain (N = 5,008)

Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%CI OR 95%CI OR 95%CI
Day,n 808 (18.5) 1.00 1.00 1.00
<8h,n 10 (12.0) 0.61 0.31-1.18 0.60 0.31-1.18 0.62 0.31-1.21
—10h,n 16 (20.0) 1.10 0.64-1.92 1.02 0.58-1.78 0.94 0.54-1.65
—16h,n 14 (18.7) 1.01 0.56-1.82 0.92 0.51-1.67 0.88 0.49-1.60
>16h,n 15 (37.5) 2.65 1.39-5.05 2.42 1.26—4.66 2.28 1.18-4.41
P for linear trend 0.080 0.223 0.381
Shift,n 55 (19.8) 1.09 0.80—1.48 1.02 0.75-1.39 0.98 0.72—-1.35
Day,y 107 (32.6) 2.14 1.68-2.73 2.02 1.58-2.58 1.92 1.50-2.46
<8h,y 8 (47.1) 3.93 1.51-10.21 3.70 1.41-9.73 3.96 1.50-10.43
—10h,y 5 (50.0) 442 1.28-15.30 3.59 1.03-12.56 359 1.01-12.68
—16h,y 2 (28.6) 1.77 0.34-9.13 1.32 0.25-6.89 1.00 0.19-5.26
>16h,y 4 (80.0) 17.67 1.97-158.34 14.61 1.62-131.67 13.85 1.50-127.83
P for linear trend 0.046 0.171 0.179
Shift,y 19 (48.7) 4.20 2.23-790 360 1.90-6.83 349 1.83-6.66

n.difficulty maintaining sleep was not present, y. difficulty maintaining sleep was present.
Day:Permanent day workers. Shift: All shift workers.

Model1. Crude.

Model 2. Adjusted for age, gender, employment, occupation, main work contents, weekly work hours, education, and smoking status.

Model 3. Adjusted for Model 2+-job demand, job control, and workplace social support.

multiple characteristics of shift schedules, in addition to shift
duration [Ferguson et al., 2012; Harris et al.,, 2015].
Extension of a night shift would be allowed as long as a
variety of conditions inside and outside the workplace are

optimized [Knauth, 2007]. Challenges have recently been
proposed to the use of a night shift of more than 8 hr in light
of workers’ health and productivity [Hopcia et al., 2012;
Sallinen et al., 2010; Griffiths et al., 2014]. Our data reported

TABLE VI. Joint Associations of Night Shift Duration/Shift Work and Early Morning Awakening (no,yes) With Disabling Low Back Pain (N = 5,008)

Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%CI OR 95%CI OR 95%CI
Day,n 823 (18.8) 1.00 1.00 1.00
<8h,n 13 (15.1) 0.77 0.43-140 0.76 0.42-1.39 0.78 0.43-143
—10h,n 18 (21.4) 1.18 0.70-2.00 1.08 0.64-1.85 1.00 0.59-1.71
—16h,n 14 (18.2) 0.96 0.54-1.72 0.86 0.47-1.55 0.81 0.45-1.47
>16h,n 16 (39.0) 2.77 147-5.21 2.52 1.33-4.79 2.36 1.24—4.51
P for linear trend 0.046 0.178 0.313
Shift,n 61 (21.2) 1.16 0.87—-1.56 1.08 0.80-1.46 1.04 0.76—1.40
Day,y 92 (29.1) 1.76 1.36-2.27 1.65 1.27-2.13 1.59 1.23-2.07
<8h,y 5 (35.7) 2.40 0.80-7.19 2.26 0.75-6.82 243 0.80-7.38
—10h,y 3 (50.0) 433 0.87-21.48 317 0.63-15.88 3N 0.61-15.93
—16h,y 2 (40.0) 2.89 0.48-17.30 2.36 0.39-14.20 1.80 0.30-10.90
>16h,y 3 (75.0) 12.99 1.35-124.99 10.36 1.07-100.33 9.75 0.99-95.57
P for linear trend 0.038 0.058 0.077
Shift,y 13 (44.8) 3.52 1.69-7.34 3.00 1.42-6.30 2.92 1.38v6.19

n.early morning awakening was not present, y. early morning awakening was present.

Day: Permanent day workers. Shift: All shift workers.

Model1. Crude.

Model 2. Adjusted for age, gender, employment, occupation, main work contents, weekly work hours, education, and smoking status.

Model 3. Adjusted for Model 24-job demand, job control, and workplace social support.
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here support this view, requiring critical evaluation of
working at night for 16 hours or more to prevent disabling
LBP.

The present data highlight the important role of sleep
problems in disabling LBP linked to the duration of a night
shift. When sleep was short (<6 hr), there was a significantly
higher likelihood of disabling LBP. This finding may be due
in part to a reduced threshold of pain consequent to sleep
restriction, as shown in experimental studies [@degard
et al., 2015; Roehrs et al., 2012]. If insomnia symptoms
existed, similar potentiating effects were evident. These
results are consistent with our hypothesis and in turn provide
novel insight into the triad: night shift duration, disabling
LBP, and sleep problems, given the previously reported dyad
of LBP and sleep problems [Finan et al., 2013a; Kelly et al.,
2011].

Because of limited evidence on the triad mentioned
above and the nature of the present study design, it is difficult
to describe how those three variables are associated with
each other. Nevertheless, at least two hypotheses can be
presented. First, a long night shift may interfere with sleep
[Takahashi et al., 2008]; the problems in sleep may then
translate into greater LBP. This association is possible, since
sleep disturbance can affect the autonomic, neuroendocrine,
and neuroimmunologic systems to provoke inflammatory
response, delayed recovery of tissue damage, and increased
pain sensitivity [Heftner et al., 2011; Garland, 2012; Roehrs
et al., 2012; Mertens et al., 2015; @Bdegard et al., 2015].
Second, an extended night shift may be associated with
higher LBP via increased/prolonged exposure to physical
(mechanical) and mental workload during the long period of
shift [Katsuhira et al., 2013; Sterud et al., 2013; Coenen et al.,
2014]; the elevated level of LBP is likely to impair
subsequent sleep. Further research is warranted for better
understanding of the complex relationship among night shift
duration, disabling LBP, and sleep problems. A cohort study
of workers with different lengths of a night shift (e.g., 8, 12,
16 hr) will be needed to test the hypothesis that night shift
workers without sleep problems at baseline show night-shift
dose-dependent increases in disabling LBP at follow-up if
they suffer from sleep problems during the follow-up period.
In contrast to this observational strategy, an intervention
study can be conducted to examine the hypothesis that
participants with different night shift durations who report
sleep problems at baseline exhibit dose-dependent decreases
in disabling LBP at follow-up after treatments for their sleep
problems, compared to after placebo treatments.

When examining differences in the three subtypes of
insomnia symptoms, the 16 hr or longer night shift group
consistently showed greater ORs for disabling LBP if they
experienced any difficulty initiating or maintaining sleep or
waking too early from sleep. However, significantly higher
ORs were also found in the shift groups working at night for
less than 10 hr who reported frequent nocturnal awakenings
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(OR =3.59-3.96). The current observation suggests that
difficulty maintaining sleep may serve as a potentiating
factor for disabling LBP among shift workers. Alternatively,
frequent awakenings during sleep could be a target when
addressing disabling LBP associated with night shifts.

In the present study, participants working a night shift of
16 hr or more (16+h group) reported higher job demand,
lower job control, and higher social support at work
compared to the other groups (Table I). The fact that the
16+h group showed greater LBP despite increased social
support is contradictory to the common notion of increased
LBP with low social support [Lang et al., 2012; Lundberg,
2015]. Possibly, the 16+h group may have managed the
longer night shift while receiving more support from their
supervisors and colleagues.

Our present results need to be considered in view of the
study’s limitations. As an initial stage of investigation, a
cross-sectional design was used in this study to examine the
associations among night shift duration, sleep problems, and
disabling LBP. Thus, it was not possible to test the temporal
relationship of the study variables. The study sample, derived
from workers registered with a market research company,
was not representative of the general working population in
Japan. Hence, particular caution is required in generalizing
our findings. Data collection by an online survey also may
have caused several types of bias. Clearly, workers without
access to the internet are never able to become participants.
Potential candidates are less likely to participate in the survey
if they suffer from severe LBP. Individuals with long and/or
demanding work also tend to miss the opportunity to
respond. This sampling bias may have been reflected in the
smaller proportion of shift workers (6%, n=317) in the
current study than that reported by the national survey (18%)
[Japanese Ministry of Health, Labour and Welfare, 2007]. In
particular, the shift group working a night shift of 16 hr or
more consisted of only 45 workers. The low number of shift-
work participants may have resulted in missed clear dose-
response relationships between night shift duration (four
categories) and disabling LBP. Tests for linear trend were not
found to be statistically significant among the groups with
sleep problems (P=0.077-0.179 in Model 3), although
consistently increased ORs of disabling LBP were observed
for the 16-+h group with sleep problems. It was unable to
identify the duration of night shift shorter than 16 hours at
which the risk of disabling LBP increased in our study. Given
the bias and confounding due to the small sample sizes, the
joint associations of night shift duration and sleep problems
with disabling LBP found here can be taken as selected and
preliminary, and less reliable (i.e., wide confidence intervals
for the 16+h group). Furthermore, recall time frames were
different between sleep problems (the past month) and
disabling LBP (the past year). Prevalence has been reported
to be higher at 1 year than at one month for both variables
[Matsudaira et al., 2011; Morin et al., 2014]. The longer time
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frame of recall on the sleep scale may have identified more
cases, which in turn may have resulted in increased stability
of estimates. At the same time, however, an increased
possibility of recall error has to be traded off. Alternatively, if
disabling LBP was asked to be reported in the frame of the
same past month as sleep problems, the risk estimates of the
sleep problems might have been attenuated due to fewer
cases of disabling LBP than the present ones. It is thus
preferable to use the same time frames of recall among the
scales employed in the future study. All data were self-
reported, and it is desirable to assess sleep using an objective
method such as wrist actigraphy, even in a subsample
[Schuh-Hofer et al., 2013; Alsaadi et al., 2014a]. Addition-
ally, while our previous study excluded participants who had
worked in their current job for less than one year [Matsudaira
et al., 2013], the present study did not. The associations
reported here were found to be consistent with those obtained
from the dataset when we excluded the participants with less
than one year of work experience (n=4,222, data not
shown). This fact implies that the current results were not
confounded by the effects of those specific participants.

The current findings inform us of some practical
implications. First of all, adequate scheduling for shift work
involving night shifts should be a priority for LBP protection.
There is a debate regarding the cost and benefit of extended
night shifts [Smith et al., 1998; Lockley et al., 2004; Ferguson
etal., 2012]. However, special care should be exercised when
implementing a night shift longer than 8 hours, particularly for
occupations characterized by greater levels of biomechanical
and psychosocial demands (e.g., health care workers). This
recommendation is still valid, assuming that in the present
study, shift workers with an 8- to 16-h night shift did not show
significant ORs for disabling LBP due to small sample sizes.
In addition, various sources of workload need to be reduced as
much as possible by active use of ergonomic devices, adequate
staffing, and planned napping during the night shift. For health
care practices in the workplace, treating sleep problems or
promoting sleep health can be a promising strategy to reduce
the level of LBP and to protect against the new onset of LBP
[Eadie et al., 2013; Finan et al., 2014]. At an organizational
level, employers are expected to revise multiple aspects of the
work environment to ensure adequate sleep of their employees
[Takahashi, 2012].

In conclusion, the present findings suggest that a night
shift of 16 hr or longer was associated with a greater risk of
disabling LBP and that the increased risk was further
elevated among workers experiencing short or poor quality
sleep.
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Abstract: To investigate the associations between psychosocial factors and the development of
chronic disabling low back pain (LBP) in Japanese workers. A 1 yr prospective cohort of the
Japan Epidemiological Research of Occupation-related Back Pain (JOB) study was used. The
participants were office workers, nurses, sales/marketing personnel, and manufacturing engineers.
Self-administered questionnaires were distributed twice: at baseline and 1 yr after baseline. The
outcome of interest was the development of chronic disabling LBP during the 1 yr follow-up period.
Incidence was calculated for the participants who experienced disabling LBP during the month
prior to baseline. Logistic regression was used to assess risk factors for chronic disabling LBP. Of
5,310 participants responding at baseline (response rate: 86.5%), 3,811 completed the question-
naire at follow-up. Among 171 eligible participants who experienced disabling back pain during the
month prior to baseline, 29 (17.0%) developed chronic disabling LBP during the follow-up period.
Multivariate logistic regression analysis implied reward to work (not feeling rewarded, OR: 3.62,
95%CI: 1.17-11.19), anxiety (anxious, OR: 2.89, 95%CI: 0.97-8.57), and daily-life satisfaction (not
satisfied, ORs: 4.14, 95%CI: 1.18-14.58) were significant. Psychosocial factors are key to the devel-
opment of chronic disabling LBP in Japanese workers. Psychosocial interventions may reduce the
impact of LBP in the workplace.
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Japanese workers
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RISK FACTORS FOR CHRONIC DISABLING LBP

Introduction

Individuals commonly experience low back pain (LBP)
at some stage during their life. Most LBP cases are classi-
fied as non-specific”, which is not attributable to any iden-
tifiable pathology in the spine”. It is well-acknowledged
that those who had LBP once tend to have subsequent
episodes within a year’ ), while each LBP episode can be
resolved within a few weeks to 3 months” ®. Despite the
resolving nature of LBP, a small proportion of individuals
with LBP (2-7%) develop chronic pain® which persists
for 12 wk or longer”. In fact, LBP was found to be the
leading specific cause of years lived with disability”. Not
surprisingly, Western research has indicated that LBP,
especially chronic LBP entailing disability, accounts for
substantial economic loss at the workplace as well as in
the healthcare system” '%).

An earlier Japanese study reported a lifetime LBP
prevalence of over 80%'". Not surprisingly, the Ministry
of Health, Labour and Welfare of Japan (MHLW) reported
that LBP is the first and second most common health
complaint in 2013 among Japanese men and women, re-
spectively'?. Since LBP is common in the Japanese popu-
lation, the economic loss caused at the workplace and in
the healthcare system is presumably as large as in Western
countries.

In previous research, individual factors as well as ergo-
nomic factors related to work have been well-investigated.
In recent decades, an increasing body of evidence,
however, has revealed that psychosocial factors play an
important role in chronic non-specific LBP. In particular,
distress (i.e., psychological distress, depressive mood,

and depressive symptoms)'> 'Y, low job satisfaction'* %),

emotional trauma in childhood such as abuse'”

, and pain
level'™ affect the development of chronic LBP.

Although the proportion of individuals suffering from
chronic LBP is small according to Western studies, it is
important to identify potential risk factors since the small
proportion accounts for large loss. Little, however, is
known concerning chronic disabling LBP in relation to
psychosocial factors in Japanese workers. The objective
of the present study was to investigate the associations
between psychosocial factors and the development of

chronic disabling LBP in Japanese workers.
Subjects and Methods

Data source
Data were drawn from a 1-yr prospective cohort of the
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Fig. 1.
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and follow-up questionnaires.

Japan Epidemiological Research of Occupation-related
Back Pain (JOB) study. Ethical approval was obtained
from the review board of the MLHW. Participants for the
JOB study were recruited at 16 local offices of the partici-
pating organizations in or near Tokyo. The occupations of
the participating workers were diverse (e.g., office work-
ers, nurses, sales/marketing personnel, and manufacturing
engineers). Baseline questionnaires were distributed to
employees by the board of each participating organiza-
tion. Participants provided written informed consent and
returned completed self-administered questionnaires with
their name and mailing address for the purpose of follow-
up directly to the study administration office. At a year
after the baseline assessment, the follow-up questionnaire
was distributed to the participants.

The baseline questionnaires contained questions on the
presence of LBP, severity of LBP, individual characteris-
tics (e.g., gender, age, obesity, smoking habit), ergonomic
work demands (e.g., manual handling at work, frequency
of bending, twisting), and work-related psychosocial fac-
tors (e.g., interpersonal stress at work, job control, reward
to work, depression, somatization). LBP was defined in the
questionnaire as pain localized between the costal margin
and the inferior gluteal folds'”. A diagram showing these
areas was provided in the questionnaire to facilitate work-
ers’ understanding of the LBP area (Fig. 1). To evaluate
the severity of LBP, Von Korff’s grading'®
following manner: grade 0 was defined as no LBP; grade
1 as LBP that does not interfere with work; grade 2 as
LBP that interferes with work but no absence from work;

was used in the

and grade 3 as LBP that interferes with work, leading to
sick-leave. For the assessment of the psychosocial factors,
the Brief Job Stress Questionnaire (BJSQ) developed by
the MLHW?* 2! was used. The BJSQ contains 57 ques-
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tions and assesses 19 work-related stress factors: mental
workload both quantitative- and qualitative-wise, physical
workload, interpersonal stress at work, workplace environ-
ment stress, job control, utilization of skills and expertise,
job fitness, reward to work, vigor, anger, fatigue, anxiety,
depressed mood, somatic symptoms, supports by supervi-
sors, supports by coworkers, supports by family or friends,
and daily-life (work and life) satisfaction. These work-
related factors were rated on a 5-point Likert scale ranging
from the lowest score of 1 to the highest of 5.

The BJSQ incorporates questions from various standard
questionnaires such as the Job Content Questionnaire
(JCQ)*, the National Institute for Occupational Safety
and Health (NIOSH)?®, the Profile of Mood States
(POMS)?, the Center for Epidemiologic Studies Depres-
sion Scale (CES-D)*, the State-trait Anxiety Inventory
(STAID)*®, the Screener for Somatoform Disorders (SSD)*”
and the Subjective Well-being Inventory (SUBI)?®.
Standardized scores were developed for the 19 individual
factors based on the sample of approximately 10,000 Japa-
nese workers. The BJSQ has been shown to have internal
consistency reliability and criterion validity with respect
to the JCQ and NIOSH??.

The follow-up questionnaire contained questions about
the severity of LBP during the previous year, length of
sick-leave because of LBP, medical care seeking, pain du-
ration, and onset pattern. LBP severity was assessed using
Von Korff’s grading in the same manner as baseline.

Data analysis

The outcome of our interest was the development of
chronic disabling LBP during the 1-yr follow-up period.
In the present study, chronic disabling LBP was defined if
a participant experienced LBP that interfered with work,
with or without sick-leave due to LBP, corresponding to
grade 2 or 3 in Von Korff’s grading, during the month
prior to baseline and experienced LBP with the same
grades for 3 months or longer during the 1-yr follow-up
period. Absence from work is often used as the outcome
measurement for disability in Western studies. The present
study, however, defined chronic disabling LBP as LBP that
interfered with work for 3 months or longer, regardless of
sick leave because our early international epidemiological
study indicated that the proportion of Japanese workers
who both took time off work and did not due to musculo-
skeletal disorders is almost equal to that of British workers
who took time off work from the same reason®”. This
finding may be a result of cultural differences in attitude
toward one’s work. For this reason, the present study
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defined chronic disabling LBP as LBP that interfered with
work for 3 months or longer, regardless of sick leave.

Incidence was calculated for the participants who ex-
perienced disabling LBP (grade 2 or 3) during the month
prior to the baseline survey. Participants were excluded
from the analysis if they changed their job for reasons
other than LBP or developed LBP due to accident, a tu-
mor, including metastasis, infection, or fracture.

For data analysis, the following factors were initially
included: (1) individual characteristics, (2) ergonomic
work demands, and (3) work-related psychosocial factors.
Individual characteristics included age, sex, obesity (body
mass index: BMI >25 kg/m?), smoking habit (Brinkman
index >400), education, flexibility, hours of sleep, experi-
ence at current job, working hours per wk (>60 h per week
of uncontrolled overtime), work shift, emotional trauma in
childhood, and pain level (NRS >8 as painful). Ergonomic
work demands included manual handling at work; bending,
twisting (>half of the day as frequent); and hours of desk
work (=half of the day as frequent). Psychosocial factors
were assessed with BJSQ. The 5-point Likert scale was
reclassified into 2 categories: the “not feeling stressed”
category, where low, slightly low, and moderate were com-
bined, and the “feeling stressed” category, where slightly
high and high were combined. Pain level was scaled on the
Numerical Rating Scale, ranging from 0 to 11.

To assess smoking habit, the Brinkman Index was
calculated based on the total number of cigarettes smoked
per day multiplied by duration of smoking in year’". A
Brinkman Index value of 400 or higher indicated that a re-
spondent was a heavy smoker, whereas a value of less than
400 indicated that a respondent was a non-heavy smoker.
Workers were defined as flexible if their wrists could reach
beyond their knees but without their fingertips touching
their ankles, and not flexible if their wrists could not reach
beyond their knees?.

In addition to descriptive statistics, univariate and
multivariate logistic regression analyses were conducted
to examine the associations between risk factors and the
development of chronic disabling LBP. Results of logistic
regression analyses were summarized by odds ratios
(ORs) and the respective 95% confidence intervals (CI).
To assess potential risk factors, crude ORs were initially
computed. Subsequently, all factors with p<0.1 in uni-
variate logistic regression analyses were entered into the
multivariate logistic regression model, significance levels
of p<0.05 for entry and p>0.1 for removal. The stepwise
method was used to select variables with statistical sig-
nificance at p<0.05. All tests were 2-tailed. The software
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package STATA 9.0 (StataCorp, LP, College Station, TX)
was used for all statistical analyses.

Results

Baseline characteristics of the follow-up vs. drop-out
group

The baseline questionnaire was distributed to 6,140
workers and had a response rate of 86.5% (5,310 workers).
Of these participants, 3,811 workers successfully com-
pleted and returned 1-yr follow-up questionnaires (follow-
up rate: 71.8%).

The characteristics of the 3,811 participants who provid-
ed follow-up data (follow-up group) did not appear to be
much different from those who did not (drop-out group).
The mean [standard deviation (SD)] age of the follow-up
group was 42.9 (10.1) yr, compared to 38.0 (10.2) yr in
the drop-out group. The majority were men in both groups
(80.6% and 82.8%, respectively). The mean (SD) BMI of
the follow-up group and drop-out group were similar [23.1
(3.3) and 22.9 (4.1), respectively]. In the follow-up group,
78.6% of the participants engaged in the manual handling
of objects <20 kg, or not manually handling any objects
at work, 17.8% engaged in manually handling objects
>20 kg or worked as a caregiver, and data was missing for
3.6%. The respective values for the drop-out group were
75.5%, 18.9%, and 5.6%. In both the follow-up and drop-
out groups, the most common occupational fields were
office workers engaging in the manual handling of objects
<20 kg or not manually handling any objects and nurse en-
gaging in manual handling of objects >20 kg or caregiver.

Baseline characteristics of the study participants

Of the 3,811 workers, 171 reported LBP and experienc-
ing work interferences with or without sick-leave during
a month prior to baseline (Fig. 2). The mean (SD) age
of 171 participants was 41.5 (10.2) yr and the majority
were men (n=122; 71.4%). The mean (SD) BMI of the
participants was 23.0 (3.6; n=170) kg/m?. About half
of the participants did not engage in manually handling
heavy objects at work (n=79; 48.8%). Those workers who
manually handled objects of less than 20 kg accounted for
17.9% (n=29) and those who manually handled heavy ob-
jects 20 kg or heavier or worked as a caregiver accounted
for 33.3% (n=54). Desk work and sales, manufacturing,
and nurses were the major occupations in the categories of
non-manually handling work, manually handling work of
less than 20 kg, and manually handling work of 20 kg or
heavier, respectively.
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‘ Baseline questionnaires distributed (n=6,140) |

l

Baseline questionnaires returned (n=5,310) |

l

Follow-up questionnaires returned over a 1-year period (n=3,811) |

Sample for the present analysis

| I » Work interferences with or without sick-leave during the
month at baseline (n=171)

Fig. 2. Flow chart of the sample selection for the present analysis.

Incidence of chronic disabling LBP

Of a total of 171 eligible participants, 29 (17.0%) de-
veloped chronic disabling LBP during a year prior to the
follow-up period (5 missing cases).

Association between chronic disabling LBP and potential
risk factors

Crude and adjusted ORs for the development of chronic
disabling LBP and their 95% CIs are shown in Tables |
and 2. The univariate logistic regression analysis showed
that job fitness, reward to work, vigor, anger, fatigue,
anxiety, depressed mood, supports by supervisors, daily-
life satisfaction, work shift, emotional trauma in child-
hood, and pain level were potentially associated with the
development of chronic disabling LBP (ORs of 2.00—7.93;
p<0.1 for all) (Table 1). In the multivariate logistic re-
gression analysis, these 12 factors were entered into the
model. As a result, 3 psychosocial factors were selected:
reward to work (OR: 3.62, 95%CI: 1.17-11.19), anxiety
(OR: 2.89, 95%CI: 0.97-8.57), and daily-life satisfaction
(OR: 4.14, 95%CI: 1.18-14.58) (Table 2), indicating that a
combination of psychosocial factors can play a key role in
the development of chronic disabling LBP. A supplemental
analysis was conducted to examine a combination effect
of psychosocial factors: reward to work and daily-life
satisfaction, which were at p<0.05 in the multiple logistic
regression model (Table 3). Consequently, ORs increased
with the level of dissatisfaction in a combination of daily-
life satisfaction and reward to work. The results suggested
that when both daily-life satisfaction and reward to work
were not satisfied with an approximately 8-fold higher risk
of developing chronic disabling LBP.

Discussion

Results suggest that exposure to multiple psychoso-
cial factors potentially predisposes the development of
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Table 1. Crude odds ratios of baseline factors for chronic disabling LBP

Risk factor n % Odds ratio 95%CI p value

Age (yr) 171

<40 78 45.6 1.00

4049 51 29.8 0.95 0.36-2.48 0.909

>50 42 24.6 1.17 0.44-3.12 0.746
Sex 171

Male 122 71.4 1.00

Female 49 28.7 1.26 0.53-3.03 0.601
Obesity? 169

< BMI 25 kg/m? 129 76.3 1.00

> BMI 25 kg/m? (obesity) 40 23.7 0.85 0.32-2.28 0.748
Smoking habit 153

Heavy smoker 112 73.2 1.00

Not heavy smoker 41 26.8 1.80 0.72-4.52 0.211
Education 165

College/Junior college 105 63.6 1.00

High school/Junior high school 60 36.4 0.44 0.17-1.18 0.103
Flexibility 162

Flexibility 98 60.5 1.00

Not flexible 64 39.5 0.57 0.23-1.41 0.225
Manual handling at work 162

No manual handling (desk work) 79 48.8 1.00

Manual handling of <20-kg objects 29 17.9 1.40 0.43-4.50 0.577

Manual handling of >20-kg objects or 54 333 1.84 0.72-4.72 0.203

working as a caregiver
Bending 169

Not frequent 121 71.6 1.00

Frequent 48 28.4 1.40 0.58-3.40 0.454
Twisting 168

Not frequent 140 83.3 1.00

Frequent 28 16.7 1.24 0.42-3.65 0.690
Hours of desk work 167

Not frequent 111 66.5 1.00

Frequent 56 335 0.74 0.30-1.81 0.510
Mental workload (quantitative aspect) 170

Not stressed 66 38.8 1.00

Stressed 104 61.2 1.08 0.47-2.46 0.859
Mental workload (qualitative aspect) 170

Not stressed 71 41.8 1.00

Stressed 99 58.2 0.63 0.28-1.42 0.267
Physical workload 171

Not stressed 75 43.9 1.00

Stressed 96 56.1 1.62 0.70-3.73 0.260
Interpersonal stress at work 171

Not stressed 118 69.0 1.00

Stressed 53 31.0 1.15 0.49-2.68 0.745
Workplace environment stress 171

Not stressed 102 59.7 1.00

Stressed 69 40.4 1.95 0.87-4.38 0.105
Job control 169

Controlled 4 32.0 1.00

Not controlled 115 68.1 1.81 0.69-4.79 0.230
Utilization of skills and expertise 170

Utilization of skills and expertise 131 77.1 1.00

No utilization of skills and expertise 9 229 1.59 0.66-3.85 0.304
Job fitness 171

Feeling fit 114 66.7 1.00

Not feeling fit 7 333 2.04 0.91-4.60 0.086

Industrial Health 2015, 53, 368-377

288



RISK FACTORS FOR CHRONIC DISABLING LBP

Table 1. Continued

Risk factor n % Odds ratio 95%ClI p value
Reward to work 171
Feel rewarded 120 70.2 1.00
Not feeling rewarded 51 29.8 3.59 1.57-8.20 0.002
Vigor 170
Vigorous 123 72.4 1.00
Not vigorous 47 27.7 2.12 0.92-4.88 0.078
Anger 170
Not angry 75 44.1 1.00
Angry 95 55.9 2.79 1.12-6.97 0.028
Fatigue 171
No fatigue 69 40.4 1.00
Fatigue 102 59.7 2.45 0.98-6.11 0.055
Anxiety 171
Not anxious 95 55.6 1.00
Anxious 76 44.4 2.75 1.19-6.35 0.018
Depressed mood 169
Not feeling depressed 79 46.8 1.00
Depressed 90 53.3 2.16 0.92-5.08 0.078
Somatic symptoms 168
Not somatic symptoms 58 345 1.00
Somatic symptoms 110 65.5 1.81 0.72-4.55 0.206
Supports by supervisors 167
Supported 103 61.7 1.00
Not supported 64 38.3 2.00 0.88-4.55 0.098
Supports by coworkers 168
Supported 93 55.4 1.00
Not supported 75 44.6 0.97 0.43-2.18 0.946
Supports by family or friends 169
Supported 128 75.7 1.00
Not supported 41 243 1.13 0.44-2.90 0.801
Daily-life satisfaction 171
Satisfied 96 56.1 1.00
Not satisfied 75 439 4.98 1.99-12.47  0.001
Hours of sleep 168
<5h 151 89.9 1.00
>5h 17 10.1 1.56 0.47-5.21 0.466
Experience of current job 171
<Syr 55 322 1.00
>5yr 116 67.8 1.02 0.43-2.42 0.970
Working hours per wk 171
<60 h 131 76.6 1.00
>60 h 40 23.4 0.63 0.22-1.78 0.385
Work shift 171
Daytime shift 115 67.3 1.00
Nighttime shift 56 32.8 2.90 1.28-6.58 0.011
Emotional trauma in childhood 143
No 136 95.1 1.00
Yes 7 49 7.93 1.64-38.26  0.010
Pain level 155
Not painful (NRS >8) 140 90.3 1.00
Painful (NRS <8) 15 9.7 4.11 1.31-12.85  0.015

LBP: low back pain; CI: confidence interval; BMI: body mass index; NRS: numerical rating scale.

BMI >25 kg/m? is defined as obesity in Japan
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Table 2. Stepwise logistic regression results of baseline factors for
chronic disabling LBP

Risk factor Odds ratio 95%ClI p value

Reward to work

Feel rewarded 1.00

Not feeling rewarded 3.62 1.17-11.2 0.025
Anxiety

Not anxious 1.00

Anxious 2.89 0.97-8.57 0.056
Daily-life satisfaction

Satisfied 1.00

Not satisfied 4.14 1.18-14.58 0.027

LBP: low back pain; CI: confidence interval; BMI: body mass index.

chronic disabling LBP in Japanese workers, especially
office workers, nurses, sales/marketing personnel, and
manufacturing engineers. Similarly, an increasing body of
evidence, mostly in Western countries, has indicated that
psychosocial factors affect the development of chronic
disabling LBP'317),

The present study suggests that exposure to not one,
but a combination of psychosocial factors, such as daily-
life satisfaction and reward to work, may trigger the
development of chronic disabling LBP with an 8-fold
increased risk, compared to those who were satisfied with
psychosocial aspects. Given that daily-life satisfaction in
the BJSQ consists of the extent of being content with not
only life, but also work, the results in the present study
are consistent with Western studies indicating that job
dissatisfaction predisposes the development of chronic
disabling LBP'#71% 33739 Another psychosocial factor,
reward to work, can also be considered to be relevant to
the magnitude in job satisfaction. The association between
chronic disabling LBP and a combination of such psycho-
social factors may possibly be explained by dysfunction in
mesolimbic dopaminergic activity. In recent years, there
has been an assumption that exposure to chronic, rather
than acute, stress could result in a state of hyperalgesia

K MATSUDAIRA et al.

in the body due to the inhabitation of mesolimbic dopa-
minergic mechanisms where both pain and pleasure are
controlled®® *”). Hyperalgesia resulting from chronic stress
due to not being content with life and work, for example,
may lead to the development of chronic disabling LBP.

In the past, the occupational health of the Japanese
worker has mainly focused on an ergonomic approach in
the management and prevention of LBP. Consistent with
Western studies, the present study suggests, however,
that we should be more alert to a psychosocial approach
to reduce the risk of developing chronic disabling LBP.
Although our earlier prospective study indicated that both
ergonomic and work-related psychosocial factors were
associated with new-onset of disabling LBP in symptom-
free Japanese workers®®, no ergonomic factors seemingly
affect the development of chronic disabling LBP in the
present study probably because workers who already
experienced disabling LBP at baseline were the focus
of the present study. The results are consistent with the
guidelines stating that the development of chronic pain
and disability results more from work-related psychosocial
issues than from physical features®?.

There are several limitations to the study. First, gener-
alization of the results of the present study is limited. The
majority of the study participants were males. The study
cohort was also not a representative sample of all Japanese
workers in terms of area as well as range of occupations.
Second, the sample size for the present analysis is small.
Future research with a larger sample size should be con-
ducted for further identification of potential risk factors of
chronic disabling LBP. Third, the context of cognitive and
emotional aspects, such as fear-avoidance belief and phy-
sician’s attitudes, was not considered in the present study
despite being known to affect the development of serious
disability. As of the time of data collection, scales measur-
ing fear avoidance were not available in the Japanese lan-
guage. Since the author developed the Japanese versions
of the Fear-Avoidance Beliefs Questionnaire (FABQ)*

Table 3. Odds ratios for chronic disabling LBP in relation with a combination of daily-life satisfaction

and reward to work

Risk factor Chronic disabling LBP 0dds
. 95%CI
Daily-life satisfaction Reward to work Yes (%) No (%) ratio
Satisfied Feel rewarded 6 (7.7%) 72 (92.3%) - -
Not feeling rewarded 1 (7.7%) 12 (92.3%) 1.00 0.11-9.06
Not satisfied Feel rewarded 7(18.9%) 30 (81.1%) 2.80 0.87-9.03
Not feeling rewarded 15(39.5%) 23 (60.5%) 7.83 2.72-22.52

LBP: low back pain; CI: confidence interval.
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and the Tampa Scale of Kinesiophobia (TSK)*" 4! after
the JOB survey, both are currently available. These scales
should also be included in future research. Fourth, mis-
classification, to some extent, is inevitable. Responses
that rely on subjective measurement may be distorted and
missing values cannot be avoided due to the nature of a
self-assessment survey. Moreover, the possibility for recall
bias towards retrospective questions should be kept in
mind. Fifth, the present study focuses on the baseline fac-
tors affecting the development of chronic disabling LBP
under the assumption that workers retained the same status
quo as the baseline during the follow-up period. The status
in some factors could possibly fluctuate during the period.
Such fluctuation in factors was not taken into consider-
ation in the present study. Finally, there may be alternative
methods for the selection of potential risk factors prior to
conducting multivariate analysis. It should be noted that a
more complicated model may offer a better explanation of
the data although the results are consistent with Western
studies. Further research is needed to identify a full range
of potential risk factors for inclusion in future studies.

In conclusion, the present study suggests that psycho-
social factors could play a key role in the development of
chronic disabling LBP in Japanese workers. Therefore,
the occupational health of the Japanese worker should be
focused not only on ergonomic interventions but also on
psychosocial ones to reduce the impact on the workplace
from the repercussions of developing chronic disabling
LBP.
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