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Background: Although sneezing is known to induce low back pain, there is no objective data of the load
generated when sneezing. Moreover, the approaches often recommended for reducing low back pain,
such as leaning with both hands against a wall, are not supported by objective evidence.
Methods: Participants were 12 healthy young men (mean age 23.25 + 1.54 years) with no history of spinal
column pain or low back pain. Measurements were taken using a three-dimensional motion capture system
and surface electromyograms in three experimental conditions: normal for sneezing, characterized by
forward trunk inclination; stand, in which the body was deliberately maintained in an upright posture when
sneezing; and table, in which the participants leaned with both hands on a table when sneezing. We analyzed
and compared the intervertebral disk compressive force, low back moment, ground reaction force, trunk
inclination angle, and co-contraction of the rectus abdominis and erector spinae muscles in the three
conditions.
Findings: The intervertebral disk compressive force and ground reaction force were significantly lower in
the stand and table conditions than in the normal condition. The co-contraction index value was
significantly higher in the stand condition than in the normal and table conditions.
Interpretation: When sneezing, body posture in the stand or table condition can reduce load on the low
back compared with body posture in the normal sneezing condition. Thus, placing both hands on a table
or otherwise maintaining an upright body posture appears to be beneficial for reducing low back load
when sneezing.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

the fifth-most common reason for medical consultation among
outpatients [7].

Low back pain (LBP) is a common and major health problem,
which can have sizeable socioeconomic impacts due to substantial
direct and indirect social costs associated with LBP-related
disability and loss of work [1,2]. In fact, most adults at some
point in their lives experience some degree of LBP, of which
approximately 85-90% of cases are classified as non-specific LBP
[3,4]. In some instances, LBP is characterized as recurrent [5,6]. A
recent report in Japan suggested that the lifetime prevalence of LBP
was as high as 83% and the 4-week prevalence was 36%, making it

* Corresponding author. Tel.: +81 0287 24 3000; fax: +81 0287 24 3100.
E-mail address: hasegawatetsuyal986@gmail.com (T. Hasegawa).

http://dx.doi.org/10.1016/j.gaitpost.2014.07.020
0966-6362/© 2014 Elsevier B.V. All rights reserved.

Various factors can cause acute onset of non-specific LBP,
including lifting and bending [8], and strategies for reducing low
back load during such actions have been investigated from a
biomechanical viewpoint using indicators for low back load such
as the low back moment (LBM) and intervertebral disk compres-
sive force (CF) in the lower back [9,10]. In clinical practice, sneezing
is often reported to aggravate LBP. Indeed, Walker et al. reported
sneezing to be an indicator of mechanical LBP [11], and Vroomen
etal.[12] observed that 33%(40/122) of patients with LBP radiating
in the leg but without radicular syndrome felt more pain on
coughing, sneezing, or straining.

Sneezing occurs frequently as a respiratory reflex triggered to
expel foreign bodies that mechanically irritate the nasal mucosa
[13,14]. Characterized by explosive exhaling, sneezing is said to

dx.doi.org/10.1016/j.gaitpost.2014.07.020
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cause strong concentric contraction of the rectus abdominis (RA)
muscles and often sudden forward inclination of the trunk when in
an upright posture. This forward inclination increases the lever
arm from the center of rotation of the lower back to the center of
mass in the upper body, thereby increasing the LBM. Moreover,
since the forward trunk inclination angle (TA) is suddenly
increased while sneezing, it is assumed that the acceleration
applied to the center of gravity (COG) of the trunk also increases.
This increase in acceleration entails a strong increase in the force
that bends the trunk, so the erector spinae (ES) muscles must
contract to maintain posture. Forward trunk inclination and ES
contraction are reported to increase the CF [15], and therefore
sneezing can be regarded as an action that increases low back load.
However, no studies to date have reported objective measurement
and biomechanical analysis of the low back load when sneezing.
Various types of media targeting people with LBP often
recommend maintaining an upright posture or leaning with both
hands on a table when sneezing to counter such pain [16]. These
recommendations are made despite the lack of evidence for their
efficacy. In this study, we conducted biomechanical tests to verify
the hypothesis that maintaining an upright position or leaning with
both hands on a table when sneezing reduces the low back load.

2. Methods
2.1. Subjects

Participants were 12 healthy young men (mean age, 23.25 SD
1.54 years; mean height, 170.30 SD 4.00 cm; mean weight, 60.90
SD 7.39 kg) with no history of LBP or spinal column pain. All
provided written consent to participate after the study protocol
was approved by institutional ethics committees.

2.2. Experimental conditions

Measurements were conducted under the following three
conditions (Fig. 1): NORMAL condition for sneezing, characterized
by forward trunk inclination; STAND condition, deliberately
maintaining an upright posture of the trunk when sneezing; and
TABLE condition, bending the trunk and leaning with both hands
on a table when sneezing. Subjects stood on force plates and freely
chose the distance between their feet and the position of their
hands on the table. Subjects induced sneezing by irritating the
nasal mucosa with a long, thin strip of tissue paper [17].

Infrared
lcamera

(o)

A

:

«—Surface
electromyography

i s
Table height: 70 cm
. /

> Force plates

e s e S 4

Measurements were taken 3 times under each experimental
condition. In total, 9 trials with 1-min recovery intervals were
conducted.

2.3. Experimental setup

Fig. 1 shows the measurement system used. Movement was
recorded with a three-dimensional (3D) motion capture system
(Vicon 612, Vicon, Oxford, UK) consisting of four force plates
(AMTI, Watertown, MA) and 12 infrared cameras with a sampling
rate of 120Hz. Thirty-two infrared (IR)-reflective markers
(diameter, 14 mm) were attached to each subject: top of the
head, C7 spinous process, T10 spinous process, L5 spinous process,
manubrium sterni, xiphoid process and bilaterally on the acromion
process, lateral epicondyle, ulnar styloid process, anterior and
posterior superior iliac spine, iliac crest, acetabulofemoral joint,
medial knee joint, lateral knee joint, medial and lateral malleoli,
and the first and fifth metacarpophalangeal joints. The obtained
physical coordinates and ground reaction force (GRF) data were
processed with a 6 Hz and 18 Hz second-order low-pass Butter-
worth filter (dual-pass for zero lag), respectively [18].

To measure muscle activity during movement, electromyo-
grams were obtained (Biometrics, Newport, UK) at a sampling rate
of 1000 Hz for the right RA (1 cm to the side of the umbilical region
and 2 cm to the side of the medial line) [19] and the right ES (2 cm
to the side between the L4 and 5 vertebrae) [20]. Electrodes were
attached to only the right side because the left and right sides were
expected to behave in a similar manner. Electromyography signals
were prefiltered, producing a bandwidth of 20-460 Hz, and
amplified with a differential amplifier (common-mode rejection
ratio > 96 dB at 60 Hz, input impedance > 10 T()). Subjects wore a
wristband connected to the grounding electrodes on the right
hand. Subjects performed in the supine position against gravity
with maximum resistance applied by the experimenter to obtain
the maximum voluntary contraction of the RA (sit-up with straight
leg while imposing resistance to the breast region) and in the prone
position to obtain the maximum voluntary contraction of the ES
(back extension with their hand resting on their head while
imposing resistance to the scapular region) [21]. The subjects were
required to produce maximal isometric extension efforts while
resistance was provided by a single examiner with a physical
therapy license.

Pressure sensors (DKH, Tokyo, Japan) were connected to
the electromyographs and force plates to synchronize the

Fig. 1. (A) Experimental setup. (B) The three experimental sneezing conditions examined. In the NORMAL condition, subjects sneezed with no instructions. In the STAND
condition, subjects were instructed to maintain an upright position as long as possible. In the TABLE condition, subjects were instructed to immediately place both hands on
the table when they felt they would sneeze. (C) To promote sneezing, each volunteer irritated his nasal area using a roll made by twisting a sheet of tissue paper.
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electromyograms and graphs obtained with the Vicon system. The
observer input an analog electrical pulse as the synchronization
marker to send to all systems to identify a common temporal
reference point at the beginning of the measurement.

2.4. Data analysis

Data were analyzed using the 3D motion analysis software
package Vicon Body Builder (Vicon). The method of Katsuhira et al.
[9,10] was used to calculate the LBM. Briefly, the LBM was
calculated using inverse dynamic analysis based on the Newton-
Euler method from the GRF data obtained from the coordinates of
the IR-reflective markers and force plates. In the analysis, segments
were regarded as rigid and the joint moment was calculated using
a link segment model in which segments were connected together
at nodal points. To compute the joint moment, muscle coordinate
data were added to the GRF data, in which the position of the
center of mass, the weight portion, and the moment of inertia of
each segment were used as parameters. The measurement data
reported by Winter et al. [18], Okada et al. [23] and Jorgensen et al.
[24] were used as the body parameters necessary for calculating
the LBM. The method by Katsuhira et al. [25] was used to calculate
the CF. Because LBP is often reported to occur between L4 and L5
[26], the L4-5 interspace was taken as the center of rotation for the
LBM. The moment arm of the intervertebral disks and muscles was
taken as the distance between the intervertebral disks and RA upon
generation of the low back flexion moment and as the distance
between the disks [23] and ES upon generation of the low back
extension moment [24].

When calculating the CF in TABLE, the table was set to straddle
the force plates, and the weight of the table was excluded from the
calculations. In addition, the GRF readings obtained from the force
plates on which the table was mounted were decomposed in
accordance with the TA, and the reaction force obtained from the
table was calculated by subtracting the result from the CF. Formula
1 refers to the CF [25]. Here, 20, 13, 8, and 23 are inverse numbers
of the moment arms [23-25]. The low back joint compression force
was obtained by multiplying the inverse number of the moment
arms by the absolute value of the low back joint moments for each
axis and adding the resolved gravitational force applied to the COG
of the head, arm, and trunk (HAT) and the TA (6):

Intervertebral disk CF

+20|Extension moment|or13|Flexion moment]|
+8|Side flexion moment]|

+23|Rotation moment|

+Gravitational force applied to COG of HAT - cos6
—Reaction force from table - cos6

(1)

The LBM and CF calculated with the above methods were taken
as indicators of low back load. By taking the markers on both
shoulders and manubrium sterni as indicators, the TA was
measured as the change in angle when standing and the angle
at peak CF when sneezing.

The co-contraction index (CCI) was calculated according to
Falconer and Winter [27] to evaluate the co-contraction of the RA
and ES when sneezing. Electromyographic data from these muscles
were integrated over 1000 frames from a 1-s period (0.5 s before to
0.5 s after) of the peak CF recorded when sneezing. Using the
obtained integral value, we calculated the portion corresponding
to co-contraction of the muscles, which was taken as CCI. The
computation of I,,, which refers to the integral of the electromyo-
gram of the antagonist muscle, shows the signal was stronger for
the RA than for the ES between t1 and t2, and vice versa between t2
and t3, where t is timing. EMGxp and EMGgs indicate the activities
of the RA and ES, respectively.

Consequently, the calculation was as follows:

t2 t3
Lant = / EMG g (t)dt + / EMGgs (t)dt )
t1 Jt2

here ;.2 denotes the added integral values for these muscles, and
EMGagon and EMG,, denote the electromyogram of the agonist
and antagonist muscles, respectively. CCI was calculated from
these values as follows:

t3
Itotal = /4 [EMGagon + EMGant](t)dt (3)
Jt
ccr = 2ane o 1009 (4)
Itotal

Data for the CF, GRF, LBM, and TA were extracted at peak CF, and
the CF, GRF, and LBM were normalized by body weight (mean of
three measurements) to decrease individual differences.

2.5. Statistical analysis

Statistical analysis was performed using the mean values of the
parameters for each participant and comparing the CF, LBM, GRF,
TA, and CClI for the three experimental conditions. Verification was
performed using repeated measures ANOVA, and variables
showing a significant difference were subjected to multiple
comparisons with Bonferroni correction. Significance was set at
5%. Intra-class correlation coefficients (ICC) of peak low back CF
from the three trials were calculated for each condition. Statistical
analysis was performed using SPSS 20 (SPSS Inc., Chicago, IL).

3. Results

3.1. Intervertebral disk compressive force and low back moment

The CF waveform in NORMAL shows two peaks, peak 1 and peak 2 (Fig. 2). The
LBM waveform shows the flexion moment generated first, followed by the
extension moment. Both the CF and LBM showed similar tendencies in all
conditions.

Fig. 3 shows the mean CF for each condition. ICCs indicated moderate reliability
in each condition. The force in STAND and TABLE was about half that in NORMAL.
Table 1 shows the CF for peak 1, peak 2, and over a sneeze normalized by each
subject’s weight. Compared with NORMAL, these forces were significantly lower in
STAND and TABLE (p < 0.05).

Table 1 shows the values for the LBM normalized by subject weight at peak CF.
The force peaked when the low back extension moment was generated in NORMAL
and TABLE and when the low back flexion moment was generated in STAND.

9 4000 | —Peak low back compression force
s PEAK2
- K] 3000 PEAK1
O c |
SO
Q5 Z 2000 I
28 |
° 1
<48 1000 I
£
o |
o 0 '
g + 100 |
—_ 50
fFES 7, !
G Z% '
S & so0r :
H -100 |
| 450 L 1 second

Fig. 2. Single data for low back compression force and joint moment when sneezing
in the normal condition. Wave patterns 0.5 s before and after peak low back
compression force are shown because this duration included the start and end of
the sneeze in all subjects using a wave form of compressive force. The start and end
of the sneeze was therefore defined as 0.5s before and 0.5s after peak
intervertebral disk compressive force.
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[ * p<0.01 ! induces flexion of the trunk, which activates the ES to maintain
3000 lﬂf posture. Electromyograms also showed that since the activity of
z 1629.75+488.69 the RA peaked before that of the ES, the former is predominantly
] 1CC:0.724 active during generation of the low back flexion moment, while the
g 2000 latter is more active during generation of the low back extension

é 810.86+134.76  885.98:149.42 moment.
o ICC:0.671 ICC:0.431 The mean CF when sneezing in NORMAL for a young man of
E- 1000 1 ! approximately 60 kg is about 1600 N. This is roughly equivalent
3 to holding a 20-kg load in a stationary upright position,
which results in an estimated 3- or 4-fold increase in CF on
0 Normal Stand Table the L4-5 intervertebral disks during static standing [15]. In other

Fig. 3. Comparison of intervertebral disk compressive force of mean peak values and
intra-class correlation coefficients (ICCs) in each experimental condition.

3.2. Vertical ground reaction force

Table 1 shows the GRF values normalized by subject weight at peak CF. The
vertical component decreased significantly in STAND and TABLE compared with
NORMAL (p < 0.001). No significant difference was seen between STAND and
TABLE.

3.3. Change in trunk inclination angle

Table 1 shows the changes in the TA between standing posture and at peak CF.
The positive direction is taken in the direction of flexion. The change was in the
direction of flexion in NORMAL and TABLE, but in the direction of extension in
STAND (p < 0.001). No significant difference was observed between NORMAL and
TABLE.

3.4. Electromyograms and CCI

The electromyogram waveform for NORMAL indicates high activity for both the
RA and ES when sneezing (Fig. 4). Furthermore, the CF and ES activity peaked at
roughly the same time, and CCI was significantly higher in STAND than in NORMAL
and TABLE (p < 0.001) (Table 1).

4. Discussion

4.1. Low back moment and intervertebral disk compressive force
when sneezing

Two peaks were found in the plots of CF and LBM when

sneezing, indicating that the RA is highly active during the
characteristic forceful exhalation of sneezing. Such muscle activity

Table 1

words, although sneezing is a momentary action, the load
exerted on the intervertebral disks might aggravate or cause
recurrent LBP.

Among the three experimental conditions, the CF and LBM were
significantly lower in STAND and TABLE. The LBM was estimated
from the GRF using the inverse dynamics method. This moment is
influenced by the TA, and the GRF reflects the acceleration
generated as a result of trunk movement. For this reason, the CF can
probably be decreased by reducing these two parameters. There
are a number of possible reasons for the significantly lower CF in
STAND and TABLE. First, the change in TA was comparatively small
in STAND, meaning that the moment arm of the center of mass of
the upper body with respect to the intervertebral disks is small, so
it can be considered to reduce the LBM. In the aforementioned
study measuring the CF [15], the force increased with flexion of the
trunk, a tendency similar to that observed in the present study. In
addition, the vertical GRF was small compared with NORMAL. This
might have resulted from deliberately maintaining an upright
posture, where the acceleration of the trunk was suppressed by
consciously stopping the trunk from moving.

Second, the CF peaked during generation of the flexion moment
only in STAND. This force is considered to peak when the RA is
active. Because this moment arm is about 1.5-fold longer than that
for the ES [24], the tensile force exerted by the RA is smaller, which
reduces the CF.

Third, in TABLE, the vertical GRF was reduced and the LBM was
significantly reduced compared with NORMAL. No significant
difference was seen in the magnitude of TA change. Furthermore,
compared with NORMAL, the GRF acting on the feet as a result of
leaning with both hands on the table was reduced, which
suppressed movement of the trunk when sneezing.

Comparison with the normal sneezing posture of mean peak values at peak intervertebral disk compressive force and standard deviations of each of the parameters measured
in the standing upright posture and leaning with hands on a table posture. The waveform of intervertebral disk compressive force shows two peaks. PEAK1 and PEAK2 indicate
the first and second peak of the compression force, respectively. Verification was performed with repeated measures ANOVA using the different sneeze conditions as factors.

Normal

Stand Table p-value

Compression force (N/kg) (PEAK1) 16.37 SD 5.09

Compression force (N/kg) (PEAK2) 26.09 SD 6.16

Compression force (N/kg) (Over sneezing) 26.75 SD 6.44

Moment (Nm/kg) (Extension+) —0.90 SD 0.38

Ground reaction force (N/kg) 10.77 SD 0.55

Co-contraction index (%) 31.99 SD 8.07

Trunk angle (°) (Flexion+) 31.05SD 12.24

12.36 SD 1.99%! 8.88 SD 3.50%2 p<0.001"
al: p<0.001
a2: p<0.031
p<0.001"
al: p<0.001
a2: p<0.001
p<0.001"
al: p<0.001
a2: p<0.001
p<0.001"

b: p<0.001
p<0.001"
al: p<0.001
a2: p<0.001
p<0.001"

b: p<0.001
p<0.001"

a: p<0.001

11.198 SD 2.65! 9.37 SD 3.00*?

13.24 SD 2.3271 14.04 SD 1.50*2

0.27 SD 0.21° —0.45 SD 0.33

9.67 SD 0.58! 8.93 SD 0.86*2

44.83 SD 8.15° 31.00 SD 7.71

—4.44 SD 6.25° 36.47 SD 6.29

" One-way analysis of variance: (a) significantly smaller than in the normal condition on multiple comparison (p < 0.05); (b) larger than the other two conditions on

multiple comparison (p < 0.05).
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Fig. 4. Surface electromyography of the erector spinae and rectus abdominis muscles showing maximal voluntary contraction. During acquisition, we performed full-wave
rectification using WAD analysis software (DKH, Tokyo, Japan) and a band-pass filter (20-420 Hz) to decrease noise according to the methods reported by Cholewicki et al.
[22]. The obtained electromyograms were normalized using maximal voluntary contraction during isometric contraction. The wave pattern shows 0.5 s before and after the

peak low back compression force.

4.2. Differences between conditions induced by muscle activity

Comparing the three conditions from the viewpoint of muscle
activity, we found that CCI was significantly higher in STAND. In
other words, there is greater co-contraction of the RA and ES in
STAND. Co-contraction of antagonist muscles in the trunk
increases the CF and stabilizes the upper trunk [28,29]. Arjmand
et al. [29] suggested that co-contraction of antagonist muscles in
the trunk is effective for stabilizing the upper trunk while lifting a
heavy load. However, the low back load while sneezing was not as
large as that when lifting a heavy load.

The present calculations transforming joint moment to muscle
force did not separately clarify the magnitude of muscle force
generated by the agonist and antagonist muscles. The CF might be
greater in STAND than in NORMAL due to the CF generated by
muscle co-contraction. Given that CCI was significantly higher in
the STAND, greater CF seems to be generated by muscle co-
contraction. Therefore, this force is more likely to be reduced in
TABLE than in STAND. In other words, leaning with both hands on a
table is more suitable for reducing the risk of low back load
generated when sneezing than deliberately maintaining an upright
posture.

This study has some limitations. First, the subjects were healthy
young men, so it will be necessary to conduct a further study
considering sex, age, and morphological differences and include
subjects with LBP. Second, since the tensile forces exerted by the
agonist and antagonist trunk muscles were not calculated
separately, the CF generated by muscle co-contraction would
not be entirely correct. Third, a previous study reported that high
intra-abdominal pressure (IAP) might harm the lumbar tissues and
cause LBP. Our biomechanical model accounted for the LBM
including the effect of IAP but not the direct effect of IAP on low
back load. Fourth, other factors, such as neck position and internal
muscular or cardiovascular pressures, while sneezing should be
examined.

Prevention measures for low back disability require continuous
awareness of the fear avoidance (FA) model, because making the
patient aware of posture while sneezing might cause an opposite
effect to that desired [30]. Although we could not show the effect of
FA in this study, future studies should consider the FA model when
observing the effects of preventive measures for low back load
while sneezing.
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Abstract

Study Design: Two-year, prospective cohort data from the Japan epidemiological research of occupation-related back pain
study in urban settings were used for this analysis.

Objective: To examine the association between aggravated low back pain and psychosocial factors among Japanese
workers with mild low back pain.

Summary of Background Data: Although psychosocial factors are strongly indicated as yellow flags of low back pain (LBP)
leading to disability, the association between aggravated LBP and psychosocial factors has not been well assessed in
Japanese workers.

Methods: At baseline, 5310 participants responded to a self-administered questionnaire including questions about
individual characteristics, ergonomic work demands, and work-related psychosocial factors (response rate: 86.5%), with
3,811 respondents completing the 1-year follow-up questionnaire. The target outcome was aggravation of mild LBP into
persistent LBP during the follow-up period. Incidence was calculated for the participants with mild LBP during the past year
at baseline. Logistic regression was used to explore risk factors associated with persistent LBP.

Results: Of 1,675 participants who had mild LBP during the preceding year, 43 (2.6%) developed persistent LBP during the
follow-up year. Multivariate analyses adjusted for individual factors and an ergonomic factor found statistically significant or
almost significant associations of the following psychosocial factors with persistent LBP: interpersonal stress at work
[adjusted odds ratio (OR): 1.96 and 95% confidence interval (95%Cl): 1.00-3.82], job satisfaction (OR: 2.34, 95%Cl: 1.21-4.54),
depression (OR: 1.92, 95%Cl: 1.00-3.69), somatic symptoms (OR: 2.78, 95%Cl: 1.44-5.40), support from supervisors (OR: 2.01,
95%Cl: 1.05-3.85), previous sick-leave due to LBP (OR: 1.94, 95%Cl: 0.98-3.86) and family history of LBP with disability (OR:
1.98, 95%Cl: 1.04-3.78).

Conclusions: Psychosocial factors are important risk factors for persistent LBP in urban Japanese workers. It may be
necessary to take psychosocial factors into account, along with physical work demands, to reduce LBP related disability.
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Introduction

Low back pain (LBP) is a common musculoskeletal occupational
health problem in industrialized countries and was found to be the
leading specific cause of years lived with disability [1]. Japan is no
exception, and LBP is one of the five most common health
complaints of the Japanese general population [2]. Typically, 85—
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90% of the cases are classified as ‘non-specific’ [3,4], and the
majority of LBP is mild, so they do not become severely disabled
[5,6]. However, in terms of cost and work loss, the small
proportion of people who become disabled due to LBP account
for the largest occupational health care cost and the greatest
number of work days lost around the world [7,8]. Therefore,
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clarifying potential risk factors that could aggravate the LBP
condition and lead to disability to work would be very important.

Many epidemiological studies of LBP have been conducted
worldwide for decades. Psychosocial factors such as low job
satisfaction, depression, or the tendency to somatize have been
strongly indicated as ‘yellow flags’ for LBP leading to disability, as
have ergonomic factors such as physical work demands [8-11],
although the magnitude or intensity of each factor may vary across
cultures or work environments [12]. Based on the above evidence,
recently in Japan psychosocial factors began to be considered as a
major risk for aggravating LBP. However, to our knowledge, the
association between aggravation of Japanese workers’ back pain
and psychosocial factors has not been thoroughly assessed in
prospective epidemiological research studies.

Previously, we reported potential risk factors for new onset of
back pain disability in Japanese workers enrolled in a prospective
cohort study in urban settings [13]. Data regarding various
potential risk factors at baseline, as well as LBP-related outcomes,
were collected prospectively. The cohort study focused mainly on
LBP that caused work disability, a subject of critical importance to
employers as well as workers, in terms of occupational health care.

The present study was designed to ascertain whether various
psychosocial factors are associated with aggravating mild LBP into
persistent LBP in workers with a 1-year history of mild LBP, using
data from the previously reported cohort study; the findings of this
further data analysis are reported here. This study was part of a
series of clinical research projects conducted by the Japan Labor,
Health and Welfare Organization related to 13 fields of
occupational injuries and illnesses, including musculoskeletal
disorders, mental health, and cancer. The research projects were
conducted to help resolve occupational health issues and to
disseminate the findings.

Materials and Methods

Data source

Data were extracted from a prospective cohort of the “The
Japan epidemiological research of Occupation-related Back pain
(JOB)” study. Participants were recruited from 16 workplaces in
various occupational fields, located in or near Tokyo. The major
occupational groups at these workplaces were office workers,
nurses, sales/marketing personnel, and manufacturing engineers.
Each participating organization was asked to distribute a self-
administrated questionnaire to their workers, along with a cover
letter from the study administration office. Respondents were
asked to return their completed questionnaires by post, including
their names and mailing addresses, which were used to send
follow-up questionnaires directly from the study administration
office. A total of 6,140 baseline questionnaires were distributed
during September 2005 and February 2006, and 5,310 completed
questionnaires were returned (response rate: 86.5%).

The baseline questionnaire included questions about the
severity of the respondent’s LBP and various individual and
work-related factors. LBP severity was evaluated by the respon-
dents themselves, who were asked to quantify the severity into one
of four grades: grade 0, no LBP; grade 1, LBP not interfering with
work; grade 2, LBP interfering with work; and grade 3, LBP
interfering with work and leading to sick leave. The grades were
determined with reference to Von Korfl’s grading method [14].
LBP was defined as pain localized between the costal margin and
the inferior gluteal folds [3], and the area was depicted in the
questionnaire. The baseline questionnaire included questions
about the following: individual characteristics, including gender,
age, obesity, smoking habits, history of LBP, and previous sick
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leave due to LBP; ergonomic work demands, such as frequency of
bending, twisting or lifting at work; and psychosocial factors, such
as depression, interpersonal stress at work, job control, job
satisfaction, and somatization. A brief job stress questionnaire
(BJSQ) was used to evaluate the major psychosocial factors
[15,16]. The BJSQ is a self-administered scale having a total of 57
items, developed by a research working group organized by the
Japan Labour, Health and Welfare Organization. Question items
for the questionnaire were extracted from standard questionnaires
commonly used for evaluating stress related factors, psychological
stress response, depression, anxiety, and somatization [17-23].
The questionnaire was assessed using standardized scores, which
were classified into 19 work-related stress factors: mental workload
(quantitative aspect), mental workload (qualitative aspect), physical
workload, interpersonal stress at work, environmental work stress,
job control, utilization of skills and expertise, physical fitness, job
satisfaction, vigor, irritability, fatigue, anxiety, depression, somatic
symptoms, support from supervisors, support from co-workers,
support from family or friends, and daily-life satisfaction. For each
factor above, standardized scores were developed on a 5-point
scale ranging from 1 (lowest) to 5 (highest) based on a sample of
more than 10,000 Japanese workers. The questionnaire has
demonstrated moderate reliability, high internal consistency, and
its criterion validity has been assessed with respect to the Job
Content Questionnaire (JCQ) and The National Institute for
Occupational Safety and Health (NIOSH) [24].

The follow-up questionnaire was distributed 1 year after the
baseline questionnaire was administered. Of the 5,310 participants
who completed the baseline questionnaire, 3,811 successfully
completed and returned the follow-up questionnaire, resulting in a
follow-up rate of 71.8%. The follow-up questionnaire included
questions relating to LBP, such as severity of LBP during the past
year, length of sick-leave due to LBP, whether medical care was
sought, pain duration, and onset pattern. LBP severity was
assessed by the respondents themselves, using the same categories
as those of the baseline questionnaire.

Ethical approval for the study was provided by the review board
of the Japan Labour, Health and Welfare Organization. Informed
consent was obtained in writing from all participants.

Data analysis

The outcome of interest was occurrence of persistent LBP
during the 1-year follow-up period. In this study, persistent LBP
was categorized as LBP interfering with work (grade 2 or grade 3),
with disability lasting for longer than 3 months. Incidence was
calculated for the participants who reported mild LBP (grade 1)
during the past year at baseline. Participants were excluded from
the analysis if they met any of the following criteria: a job change
for reasons other than LBP; LBP due to a traffic accident; or LBP
caused by a tumor, including metastasis, infection or fracture.

In addition to the compilation of simple, descriptive statistics,
univariate and multivariate logistic regression analyses were used
to explore risk factors associated with persistent LBP. Associations
found by logistic regression analysis were summarized as odds
ratios (ORs) with 95% confidence intervals (Cls). For the
assessment of potential risk factors, crude ORs initially were
estimated. Next, factors with P-values<<0.1 were adjusted for
individual factors, and also adjusted for individual factors and an
ergonomic factor, in order to explore their potential risk factors.
Factors with adjusted ORs that were statistically significant were
considered to be potential risk factors. The following factors were
used as adjusting factors because they are considered to be
representative of individual and ergonomic factors: age, sex,
obesity, smoking habits, education, and manual handling of
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objects [25-27]. Additionally, the above psychosocial risk factors
were grouped by their correlations to explore multicollinearity,
and then a statistically significant factor that had the highest
adjusted ORs were selected from each group and applied to
multivariate regression analysis. Statistical significance was
assumed at the 5% level if the 95% CI did not overlap 1. All
statistical calculations were carried out using the STATA 9.0
software package.

Results

Baseline characteristics of study participants

Of the 3,811 participants who responded to the 1-year follow-
up questionnaires, 1,675 (excluding 43 who did not answer the
question on LBP severity on their follow-up questionnaire)
reported mild LBP during the past year at baseline and met the
selection criteria. The mean age was 43.1 years (SD 10.1 years)
and 1,342 (78.6%) were male. The mean BMI was 23.1 kg/m?
(SD 3.4 kg/m®. Of these participants, 1,165 (68.2%) were
categorized as non-manual laborers; 147 (8.6%) as manual
handlers of < 20-kg objects; 338 (19.8%) as manual handlers of
= 20-kg objects or as caregivers; and 58 (3.4%) were lacking job
description data. In each category, the most common occupations
were office work in the non-manual laborer category; manufac-
turing/engineering in the manual handler of < 20-kg objects
category; and nurse in the manual handler of = 20-kg objects or
caregiver category.

The baseline characteristics of the 3,811 participants who
provided follow-up data appeared to be not much different from
those who did not. The mean (SD) ages were 42.9 (10.1) years and
38.0 (10.2) years, respectively, and the majority were male in both
groups (80.6% and 82.8%, respectively). Those who completed the
study had a mean (SD) BMI of 23.1 (3.3) while the values for
dropouts were 22.9 (4.1). In the follow-up group (vs. the drop-out
group), 78.6% (vs. 75.5%) were categorized as manually handling
< 20-kg objects or not manually handling any objects in their
work, 17.8% (vs. 18.9%) manually handled = 20-kg objects or
were working as caregivers, and data were lacking for 3.6% (vs.
5.6%). In both groups, the most common occupational fields in the
categories of “manual handling of < 20-kg objects or not
manually handling any objects”, and “manual handling of =
20-kg objects or working as a caregiver” were office worker and
nurse, respectively.

Incidence of persistent LBP

Of the 1,675 eligible participants, 43 (2.6%) reported persistent
LBP within the 1-year follow-up period. Of the 43 participants
reporting persistent LBP, 76.7% had pain that persisted for longer
than 6 months.

Association between persistent LBP and potential risk
factors

Crude ORs for persistent LBP, their 95% Cls, and P-values are
shown in Table S1. The “somatic symptoms” risk factor was
associated with an approximately 2.5-fold higher risk of suffering
from persistent LBP. Associations of persistent LBP, with about a
2-fold risk increase, were also found with the following 5
psychosocial factors: interpersonal stress at work, job satisfaction,
depression, support from supervisors, and daily-life satisfaction
factors. An approximately 2-fold risk increase was found for the
following 2 factors: previous sick-leave due to LBP and family
history of LBP with work disability. Of the ergonomic factors, 7
(manual handling of objects at work, frequent bending, twisting,
lifting, or pushing, hours of desk work, and physical workload)
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were associated with about a 3- to 4-fold higher risk of developing
persistent LBP. These 15 factors were chosen for multivariate
logistic regressions, and the results are shown in Table 1. Most of
the ergonomic factors were significant with the ORs adjusted for
individual factors. Five factors from the BJSQ (interpersonal stress
at work, job satisfaction, depression, somatic symptoms, and
support from supervisors), as well as previous sick-leave due to
LBP and family history of LBP with disability, remained
statistically significant or almost significant by adjusted ORs.
The magnitudes of adjusted ORs of these factors did not markedly
change from our crude OR analyses. Among the 5 factors from
the BJSQ, interpersonal stress at work, job satisfaction, and
support from supervisors tended to correlate to each other, and
depression and somatic symptoms tended to correlate to each
other (Spearman’s rho, data not shown). Additional multivariate
regression analysis included job satisfaction and somatic symptoms
from the BJSQ psychosocial factors and family history of LBP with
disability, chosen by the statistical significance of the adjusted OR.
As shown in Table 2, all of the factors remained statistically
significant or almost significant in the multivariate analysis.

Discussion

Potential risk factors for people with LBP that could aggravate
the condition and cause too much disability to work were explored
in a cohort of urban Japanese workers. The incidence of persistent
LBP developing from mild LBP was 2.6%. ORs adjusted for
individual factors and an ergonomic factor (manual handling of
objects) showed that low job satisfaction, lack of support from
supervisors, interpersonal stress at work, depression, somatic
symptoms, and a family history of LBP with disability were
significant risk factors, and previous sick leave a nearly significant
risk factor, for development of persistent from mild LBP. Our
results indicate that these psychosocial factors are important in
urban Japanese workers who have made the transition from mild
to persistent LBP.

In this study, the definition of persistent LBP was disability
longer than 3 months, and the index for disability was LBP
interfering with work, with or without sick leave. In Western
countries, ‘absence from work’ is often used as an outcome
measurement for disability. The number of participants who were
absent due to LBP (grade 3) was relatively small. Our previous
international epidemiological study showed that taking sick leave
due to musculoskeletal disorders, mostly LBP, appears to be less
common among Japanese workers than British workers [28]. The
lower percentage of absence due to LBP in Japanese workers
compared to workers in European countries may be due to a
difference in concerns about being absent, such as worries that it
might affect employment, salary increases, or evaluations of work
performance. In fact, the proportion of Japanese workers with
disability irrespective of taking sick leave (sick leave defined as any
unplanned absence from work) was approximately the same as the
proportion of UK workers with sickness-related absences. Addi-
tionally, in another international cross-sectional study, the
prevalence of disabling LBP varied markedly across countries,
and the Japanese workers showed the lower prevalence than in
other countries [29]. Therefore, when assessing Japanese workers,
it seems appropriate to define LBP disability as LBP interfering
with work, with or without sick leave.

Among the five factors from the BJSQ (low job satisfaction, little
support from supervisors, interpersonal stress at work, depression,
and somatic symptoms), low job satisfaction, little support from
supervisors, and interpersonal stress at work tend to relate to each
other, and depression and somatic symptoms tend to relate to each
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Table 1. Adjusted odds ratios of the baseline factors for persistent low back pain (LBP) with work disability; factors with crude
odds ratio P values<<0.1.
OR Adjusted for individual OR Adjusted for individual factors and
Factors % factors® an ergonomic factor®
OR 95%ClI OR 95%ClI

Previous sick leave due to LBP No previous sick leave 76.5 1.00 1.00

Previous sick leave 235 1.92 0.99-3.74 1.94 0.98-3.86
Manual handling of materials ~ Manual handling of 79.5 1.00
at work < 20-kg objects including

desk work

Manual handling of 20.5 2.70 1.98-8.67 - -

= 20-kg objects or

working as a caregiver
Bending® Infrequent 88.7 1.00

Frequent 1.3 3.45 1.54-7.72 - -
Twisting® Infrequent 94.6 1.00

Frequent 54 435 1.80-10.52 - -
Lifting® Infrequent 89.6 1.00

Frequent 10.4 2.81 1.18-6.66 = -
Pushing® Infrequent 95.2 1.00

Frequent 4.8 3.48 1.24-9.76 - -
Hours of desk work? < 6 hours per day 53.9 1.00 1.00

= 6 hours per day 46.1 0.45 0.23-0.88 0.66 0.31-1.40
Physical workload® No stress 61.9 1.00 1.00

Stress 38.1 222 1.16-4.23 1.53 0.70-3.33
Interpersonal stress at work® No stress 78.8 1.00 1.00

Stress 21.2 2.04 1.06-3.93 1.96 1.00-3.82
Job satisfaction® Satisfied 773 1.00 1.00

Not satisfied 227 248 1.31-4.70 234 1.21-4.54
Depression® Not feeling depressed 64.6 1.00 1.00

Depressed 354 2.09 1.10-3.99 1.92 1.00-3.69
Somatic symptoms® No somatic symptoms 63.4 1.00 1.00

Somatic symptoms 36.6 2.99 1.55-5.75 2.78 1.44-5.40
Support from supervisors® Support 74.0 1.00 1.00

No support 26.0 1.97 1.04-3.73 2.01 1.05-3.85
Daily-life satisfaction® Satisfied 68.7 1.00 1.00

Not satisfied 313 1.81 0.97-3.40 1.61 0.84-3.08
Family history of LBP with No LBP with disability 746 1.00 1.00
disability

LBP with disability 254 2.02 1.07-3.81 1.98 1.04-3.78
OR: odds ratio, Cl: confidence interval, LBP: low back pain
?Adjusted for age, gender, obesity, smoking habits, and education.
PAdjusted for age, gender, obesity, smoking habits, education, and manual handling of materials at work.
“Bending, twisting, lifting, and pushing: = half of the day was considered frequent.
9Hours of desk work: longer than 6 hours per day was considered to be static posture.
“Work-related stress factors assessed with the brief job stress questionnaire: not feeling stressed, feeling stressed: the 5 original responses were reclassified into “not
feeling stressed”, where low, slightly low and moderate were combined, and “feeling stressed”, where slightly high and high were combined.
doi:10.1371/journal.pone.0093924.t001

other. The first three factors (e.g., low job satisfaction) could be
considered stressful conditions that directly and negatively affect
the individual, and the latter two factors (e.g., depression) as
symptoms of both physical and mental stress. Generally, the
symptoms of somatization are headaches, neck and shoulder
discomfort, dizziness, palpitations or shortness of breath, diarrhea
or constipation, and back pain, and these symptoms are triggered
by emotional discomfort and psychosocial distress [30]. Individuals
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with somatization often complain of pain in various locations,
functional disturbance of various organ systems, and are depressed
or overwhelmed by these symptoms. Patients falling into such a
situation are usually said to suffer from functional somatic
syndrome (FSS) [31,32]. Our results could suggest that workers
with mild LBP, under frazzled, depressed, or somatizing condi-
tions, accompanied by emotional discomfort and psychosocial
distress (e.g., low job satisfaction, little social support from
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Table 2. Multivariate-adjusted odds ratios for the persistent low back pain (LBP).

Factors Adjusted OR? 95%CI P value
Job satisfaction Satisfied 1.00

Not satisfied 2.03 1.01-4.07 0.046
Somatic symptoms No somatic symptoms 1.00

Somatic symptoms 246 1.25-4.83 0.009
Family history of LBP with disability No LBP with disability 1.00

LBP with disability 2.00 1.03-3.88 0.042

OR: odds ratio, Cl: confidence interval, LBP: low back pain.

doi:10.1371/journal.pone.0093924.t002

supervisors, and interpersonal stress at work), did not manifest
disabling back pain as a symptom of FSS at bascline, but the pain
became disabling during the following year.

A family history of persistent LBP was also suggested as a
psychosocial risk factor in this analysis. Second-hand experience of
LBP among people with whom a worker is in very close contact
(families, friends, or partners) may make it easier to imagine how
mild LBP transforms to persistent LBP. Previous research has
revealed that some people can share another person’s physical
pain experience, in both emotional and sensory components, by
just observing the other person’s pain [33,34]. Family members,
therefore, may provide reinforcement for sick behavior [35], even
though these family members do not have had any disorders, such
as back pain [36-39].

Psychosocial intervention has been reported to improve overall
well-being, as well as reducing distress and physical complaints, in
patients with LBP in Western countries [40]. This intervention is
based on the hypothesis that psychosocial factors are associated
with the transition to persistent LBP, and should be examined in
future research studies in Japan.

Limitations of the current study should be mentioned. One is
the fact that the majority of the subjects were males, and that a
broad range of Japanese occupations was not represented. The
study cohort was not a representative sample of the entire Japanese
workers in urban areas; therefore, the generalizability of the
findings may be limited. Secondly, although cognitive and
emotional aspects of back pain are known to influence disability
aggravation, some important psychosocial factors, such as the
attitudes of health care providers, and catastrophizing and fear-
avoidance beliefs, were not included in this analysis. This was
because appropriate questionnaires were not available in the
Japanese language. Future studies should include additional self-
reported outcome measures, such as results of the Fear-Avoidance
Belief Questionnaire (FABQ) [41,42] or the Tampa Scale of
Kinesiophobia (T'SK) [43,44], to assess the impact of these factors
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Abstract

Background The Fear-Avoidance Beliefs Questionnaire
(FABQ) is useful for measuring fear-avoidance beliefs in
patients with low back pain (LBP); however, no psycho-
metrically validated Japanese version is available. The
objective of this study was to evaluate reliability and
validity of the Japanese version of the FABQ for use with
Japanese workers with LBP.

Methods This was conducted as a web-based survey.
Both confirmatory and exploratory factor analysis were
performed to examine domain structure of the Japanese
version of the FABQ. For reliability, internal consistency
was assessed with Cronbach’s alpha coefficient. For con-
current validity, correlation coefficients between the FABQ
and the Pain Catastrophizing Scale (PCS) were calculated.
For known-group validity, the relationship between FABQ
score and clinical variables such as pain and depression
was examined.

Results Analyses were based on responses of 1,786 adult
Japanese workers with LBP. Factor analysis using the
principal factor method with promax rotation revealed two
factors, work and physical activity, in accordance with the
domain structure of the original version of the scale. For
reliability, acceptable internal consistency was demon-
strated with Cronbach’s alpha coefficient of 0.882 and
0.783 for each subscale. For concurrent validity, signifi-
cantly moderate correlations were demonstrated between
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FABQ subscales and PCS subscales (» = 0.30-0.39). For
known-group validity, as hypothesized, significantly higher
FABQ subscale scores were observed in workers who had
stronger pain, who experienced routine work disability
with sick leave, who experienced recurrence of LBP, and
who had depressed mood.

Conclusions This analysis showed that the Japanese
version of the FABQ is psychometrically reliable and valid
to detect fear-avoidance beliefs in Japanese workers with
LBP.

Introduction

Many patients with low back pain (LBP) experience fear of
future pain. Patients with LBP who experience strong pain
may avoid certain movements or physical activities because
of exaggerated fears that pain will result in more functional
restriction [1]. The repeating cycle of pain-related fear and
avoidance behaviors can continue. Avoidance of physical
activities based on fear-avoidance beliefs leads to further
avoidance [2]. Little evidence has shown that avoidance
behavior reduces chronic LBP either on a short- or long-term
basis. Rather, fear-avoidance beliefs have been shown to play
a contributing role in the development of long-term disability
[3-5]. The Global Burden of Disease (GBD) studies done in
1990 and 2000 demonstrate that LBP is one of the leading
specific causes of years living with disability (years of life
lived in less than ideal health) [6]. A low level of fear
avoidance is the most useful item for predicting earlier
recovery [7, 8]. Avoidance of pain-inducing activities can
result in reduced muscle strength and flexibility, which may
partly contribute to a delay in recovery. Thus, chronic pain
and disability may be perpetuated by fear-avoidance beliefs
and behaviors.
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The Fear Avoidance Belief Questionnaire (FABQ),
introduced by Waddell et al. [9], is a useful measure for
assessing fear-avoidance beliefs in patients with LBP. The
Multinational Musculoskeletal Inception Cohort Study
Statement proposed that fear avoidance should be included
in the core set of factors to be measured for prospective
cohorts of patients with LBP, and the FABQ was recom-
mended as the appropriate measure to detect fear-avoid-
ance beliefs [10]. This 16-item self-report questionnaire
can assess patients’ beliefs about how physical activity and
work affect their present LBP. Factor analysis in the
development of the original version revealed two sub-
scales: work (seven items) and physical activity (four
items). The other five items are not included in the score
calculation. Patients rate their agreement with each state-
ment on a 7-point Likert scale (0 for completely disagree, 3
for unsure, 6 for completely agree). A subscale score is
calculated by the simple sum of attribute item scores.
Scores range 0—42 for the work subscale and 0-24 for the
physical activity subscale. A higher score indicates stron-
ger fear-avoidance beliefs or behaviors.

The FABQ was originally developed in English, and its
reliability and validity have been demonstrated in British
patients with LBP and/or sciatica [9]. It has been suc-
cessfully translated into several languages and is widely
used for evaluation in clinical studies [11-16]. However, a
psychometrically validated Japanese version of the FABQ
is not available. Therefore, we translated the original
English version into Japanese and validated it linguisti-
cally, aiming to introduce the FABQ in Japan [17]. In this
study, we performed a psychometric assessment of the
Japanese version of the FABQ to evaluate its reliability and
validity for use in Japanese patients with LBP.

Materials and methods
Validation sample

The data subset used in this psychometric testing was
derived from an Internet survey used to collect informa-
tion on Japanese people, including prevalence of LBP,
work-related ergonomic characteristics, and attitudes/
beliefs about LBP [18]. An Internet research company
registered 1.8 million individuals who were 20-79 years
old as monitors. These monitors were stratified by sex and
age, and 1,063,083 monitors were randomly selected in
accordance with Japanese demographic composition and
invited to participate in research on LBP by an e-mail
containing a link to the survey. Double registration as a
monitor was prevented by checking e-mail addresses and
by blocking access to the questionnaire once the respon-
der completed the survey. Among the selected monitors,

77,709 individuals completed the survey, which resulted
in a response rate of 7.31 %. Individuals whose reported
age was <20 or >79 were excluded when calculating LBP
prevalence, resulting in 65,496 participants. Of these,
3,220 Japanese workers who reported that they had
experienced LBP within the previous 4 weeks were con-
tacted by e-mail and invited to complete an online ques-
tionnaire. Under the assumption of a relatively low
response rate (around 30 %), our goal was to obtain at
least 1,000 completed questionnaires, and the survey was
closed on the day the number of respondents exceeded
1,000.

Based on the consensus approach to back pain definition
proposed by Dionne et al., LBP was defined as pain
localized between the costal margin and the inferior gluteal
folds that lasted for more than a day at any time during the
past 4 weeks [19]. Pain associated only with menstrual
periods, pregnancy, or during a course of a feverish illness
was not included. A definition of LBP and a diagram of the
affected area were provided within the questionnaire.

The questionnaire included the Japanese version of the
Pain Catastrophizing Scale (PCS) [20, 21], a 13-item scale
used to measure negative attitudes toward pain, involving
rumination, helplessness, and magnification. The reliability
and validity of the Japanese version were previously con-
firmed [21]. Total PCS scores range from O (no catastro-
phizing) to 52 (severe catastrophizing). The Mental Health
(MH) domain of the Short-Form Health Survey of 36
questions (SF-36) and an 11-point numerical rating scale
(NRS) were also included to assess MH and pain, respec-
tively. The survey was approved by the medical/ethics
review board of the Japan Labour Health and Welfare
Organization. Personal identifiable information, including
name, phone number, and permanent address, were not
collected. Due to the nature of this study (web-based sur-
vey), no written informed consent was obtained; however,
receiving an answered questionnaire was considered evi-
dence of consent.

Data analysis

Demographic characteristics of the validation sample were
summarized with simple descriptive analysis. In the item
analysis, the percentage of missing responses was exam-
ined for each item. We also examined whether each item’s
response distribution was strongly skewed, that is, whether
it had a floor or ceiling effect of >60 %. For construct
validity, confirmatory factor analysis (CFA) using the
principal factor method with a promax rotation was per-
formed on the original two-factor model. Both Goodness
of Fit Index (GFI) and Adjusted GFI (AGFI) of >0.9 are
considered a reflection of good fit. Exploratory factor
analysis (EFA) was also used as necessary. For convergent
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and discriminant validity, multitrait analysis was used. For
each item, if the correlation coefficient between the score
of the individual item and the subscale score to which that
item was attributed (subscale score except for that item) is
not extremely low, convergent validity is judged as
acceptable. Also, for each item, if the correlation coeffi-
cient between the score of the individual item and the
subscale score to which that item is attributed is greater
than the correlation coefficients between the score of that
item and the other subscale score to which that item is not
attributed, then discriminant validity is judged as accept-
able. With regard to internal consistency, the homogeneity
of the items in each subscale was evaluated using Cron-
bach’s alpha statistic. Cronbach’s alpha coefficient of 0.7
or higher for both subscales is needed to claim that the
FABQ is internally consistent [22]. Concurrent validity
was evaluated using Spearman’s rank correlation coeffi-
cient with the PCS. According to the criterion of corre-
lation strength in the psychometric validation proposed by
Cohen, the correlation coefficient was judged as follows:
0.1, weak correlation; 0.3, medium correlation; and 0.5,
strong correlation [23]. For the known-group validity,
relationships between selected variables and subscale
scores were examined using the 7 test or analysis of var-
iance (ANOVA), depending on the number of categories
in a selected variable. If a statistically significant differ-
ence was found with ANOVA, then Tukey—Kramer mul-
tiple comparison was used to identify specific differences
between pairs of groups. We hypothesized that workers
who met the following attributes would show significantly
higher FABQ scores: (1) workers with greater pain, (2)
workers who experienced work disability with sick leave,
(3) workers with more episodes of LBP, and (4) workers
with depressed mood. In terms of pain, workers were
categorized by the degree of pain as assessed using an
NRS (0 = no pain to 10 = worst pain imaginable). The
group in the first tertile was categorized as having slight
pain, the second tertile as having moderate pain, and the
third tertile as having severe pain. With regards to sick
leave, if workers had to miss work due to LBP at least 1
day during 4 weeks, it is considered sick leave. In terms
of the number of LBP episodes, if workers experience
LBP after at least 1 month of being pain free, it is con-
sidered recurrence [24]. Depressed mood was assessed
using the SF-36 Mental Health domain [25, 26]. A score
of <52 was considered as depressed mood (range 0-100,
low scores indicate more psychological distress) [27]. All
statistical tests were two-tailed, and the level of signifi-
cance was set at 0.05. Statistical calculations were per-
formed using SAS version 9.2 (SAS Institute, Cary, NC,
USA).
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Table 1 Clinical characteristics of the patient sample used for psy-
chometric validation of the Japanese Fear-Avoidance Beliefs Ques-
tionnaire (N = 1,786)

Characteristics Statistics (%)
Sex
Male 900 (50.4)
Age, year
20-39 603 (33.8)
40-59 621 (34.8)
>60 562 31.5)
Educational background
College/technical college/high school/ 951 532)
junior high
University or higher 825 46.2)
Not applicable 10 0.6)
Pain (NRS), mean & SD 29+23
Presence of disability
No 544 (30.5)
Yes with no sick leave 801 44.8)
Yes with sick leave 441 24.7)
Job category
White collar 687 (38.5)
Blue collar 273 (15.3)
Other 826 46.2)
FABQ score, mean + SD
Work subscale 16.3 + 9.8
Physical activity subscale 149 £ 4.7
PCS score, mean 4 SD 24.6 £ 10.9
MH subscale score in SF-36, mean &= SD 55.1 £ 209

Unless otherwise specified, n (%) is shown

NRS numerical rating scale (0-10, higher score indicates greater
pain), FABQ Fear-Avoidance Belief Questionnaire (042 for work
subscale and 0-24 for physical activity subscale. A higher score
indicates stronger fear-avoidance beliefs or behaviors), PCS Pain
Catastrophizing Scale (0-52, a higher score indicates severe catas-
trophizing), MH Mental Health (0-100, a lower score indicates more
psychological distress), SF-36 Short-Form Health Survey with 36
questions, SD standard deviation

Results
Patient background

Overall, 1,786 workers were analyzed, and their charac-
teristics are shown in Table 1. Mean age was 48.7 years,
and 50.4 % were men. FABQ scores [mean =+ standard
deviation (SD)] were 16.3 £ 9.8 for the work subscale and
14.9 £+ 4.7 for the physical activity subscale. Scores in the
PCS and MH of the SF-36 were 24.6 £ 10.9 and
55.1 £ 20.9, respectively.
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Item analysis

There was no missing response in any item. Neither floor
nor ceiling responses were observed in the distribution of
responses, although skewed distribution was found in items
8, 15, and 16 (responses for completely disagree were 47.9,
48.6, and 55.2 %, respectively).

Factor analysis

CFA was performed on the original two-factor model, and
GFI and AGFI were 0.84 and 0.76, respectively, indicating
that there was no evidence of good fit. Thus, further
assessment was performed using EFA with promax rota-
tion. As a result, the eigenvalue was >1 with the two-factor
model (i.e., 1.36), and all items were clearly regressed to
the same factors as the original version, with factor-loading
values >0.4 (Table 2). In addition, the result of multitrait
analysis demonstrated satisfactory convergent and dis-
criminant validity (Table 3). For these reasons, we conse-
quently adopted the two-factor model. Also, no floor/
ceiling effects were observed in the subscales (9.7 and
1.0 % for the work subscale; 1.5 and 5.2 % for the physical
activity subscale).

Reliability

Cronbach’s alpha coefficient was 0.882 for the work sub-
scale and 0.783 for the physical activity subscale, indicat-
ing sufficient internal consistency.

Concurrent validity

Correlation coefficients between FABQ subscales and the
PCS were calculated to examine concurrent validity. The
work subscale moderately correlated with the PCS total
score, the helplessness subscale, and the magnification
subscale (r=0.38, 0.39, and 0.34, respectively;
P < 0.0001 for all). The physical activity subscale mod-
erately correlated with the PCS total score, the rumination
subscale, and the magnification subscale (r = 0.36, 0.36,
and 0.30, respectively; P < 0.0001 for all).

Known-group validity

The relationship with variables that may affect the FABQ
score was examined. As hypothesized, significantly higher
FABQ subscale scores were observed in workers with
stronger pain, workers who experienced work disability
with sick leave, workers who experienced recurrence of
LBP, and workers with depressed mood (Fig. 1).

Table 2 Rotated factor pattern (standardized regression coefficient)

Item Factor Factor
1 2
Factor 1: fear-avoidance beliefs about work
6 My pain was caused by my work 0.611 —0.005
or by an accident at work
7 My work aggravated my pain 0.770 0.023
9 My work is too heavy for me 0.760 —0.041
10 My work makes or would make 0.904 —0.002
my pain worse
11 My work might harm my back 0.884 0.019
12 I should not do my normal work 0.669 0.087
with my present pain
15 I do not think that I will be back 0.444 0.014
to my normal work within 3 months
Factor 2: fear-avoidance beliefs about physical activity
2 Physical activity makes my pain worse 0.017 0.799
3 Physical activity might harm my back 0.013 0.843
4 1 should not do physical activities —0.009 0.633
which (might) make my pain worse
5 I cannot do physical activities which 0.028 0.493

(might) make my pain worse

Table 3 Convergent and discriminant validity: correlation coeffi-
cients for question items and domain score (Spearman’s correlation)

Item Factor  Factor
1 2
Factor 1: fear-avoidance beliefs about work
6 My pain was caused by my work or by an 0.565 0.217
accident at work
7 My work aggravated my pain 0.720  0.306
9 My work is too heavy for me 0.711  0.230
10 My work makes or would make my pain 0.786  0.328
worse
11 My work might harm my back 0.771  0.338
12 I should not do my normal work with my 0.659  0.336
present pain
15 I do not think that I will be back to my normal 0.417  0.166
work within 3 months
Factor 2: fear-avoidance beliefs about physical activity
2 Physical activity makes my pain worse 0326  0.577
3 Physical activity might harm my back 0.335  0.625
4 1 should not do physical activities which 0.228  0.563
(might) make my pain worse
5 I cannot do physical activities which (might) 0.233  0.416

make my pain worse

Subscale scores were computed excluding the scores for items within
a factor
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FABQ
Score
20

Pain (NRS)
a l_iﬁ

18

16 |
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10

Work subscale Physical activity subscale

O Slightly (n=559)
@ Moderate (n=479)
W Severe (n=748)

FABQ
Score

20

Recurrence of LBP

18 -

16 - *

12 4

10

Work subscale Physical activity subscale
0 =4 times (n=573)
W =5 times (n=1213)

NRS: numerical rating scale, LBP: low back pain.
*P <0.05

FABQ Work Disability
Score
20 v
b I'_t—|
18 4
16
14 4
12 4
Work subscale Physical activity subscale
O No disability (n=544)
O Disability without sick leave (n=801)
W Disability with sick leave (n=441)
gABQ Depressed Mood
core
20
d
18
16 -
14 -
12
10

Work subscale Physical activity subscale
O Less depressed mood (n=839)
m More depressed mood (n=949)

Fig. 1 Known-group validity: Fear-Avoidance Beliefs Questionnaire scores and associated variables: P values were calculated by Tukey—
Kramer method for pain and routine work disability, and the 7 test was used to evaluate recurrence of low back pain (LBP) and depression

Discussion

Before the analysis performed in this study, we proposed a
linguistically validated Japanese version of the FABQ [17],
which was assured by following a standardized manner for
developing a translated questionnaire [28]. In the study
reported here, we assessed its psychometric properties. In
the factor analysis conducted in a confirmatory manner,
goodness of fit indicators did not satisfy the preset level.
However, EFA revealed a two-factor solution consistent
with the original questionnaire. In general, it is preferable
that a translated version of a specific questionnaire main-
tains the same domain structure as the original version to
enable comparison of data derived from different translated
versions. Taking this into account, a two-factor model of
the FABQ (work and physical activity subscales) was
finally adopted in the Japanese version. Our decision in
selecting the two-factor model was supported by the fact
that reliability of the measure was demonstrated. As an

@ Springer

index to assess reliability, a sufficient internal consistency
with Cronbach’s alpha statistic of 0.882 and 0.783,
respectively, for the subscales was demonstrated. Internal
consistency in the Japanese version was considered suffi-
cient to be in agreement with the original version (Cron-
bach’s alpha of 0.88 and 0.77) [9].

For known-group validity, as hypothesized, relevance
was observed between FABQ score and variables that
might affect the scores, including the degree of pain, work
disability with sick leave, recurrence of LBP, and depres-
sed mood. Similarly, in the development of the original
version, significant correlations of FABQ were observed
for pain severity (r = 0.23 for the work subscale), work
loss in the past year (r = 0.55 for the work subscale, 0.23
for the physical activity subscale), and depressive symp-
toms (r = 0.41 and 0.34, respectively) [9].

Avoidance behavior led by fear and avoidance beliefs in
patients with LBP contributes to the development of
chronic disability. In fact, fear-avoidance behavior was
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shown to be an important risk factor for chronicity. Thus,
encouraging patients to change their beliefs and behaviors
has become more important in managing LBP, especially
in the early phase. In recent guidelines for managing
nonspecific, acute LBP, continuing normal daily activity is
recommended and bed rest is discouraged [29]. To help
reduce pain-related fear, it is important to focus on edu-
cating patients that pain is a common condition and is self-
manageable, along with gradual exposure to activities,
rather than on imaging findings leading to the development
of fear-avoidance behavior. The FABQ enables clinicians
to detect patient fear-avoidance beliefs and helps to
establish an effective management program to prevent
chronic LBP on an individual basis.

Limitations of this study should be noted. The use of the
Internet to recruit participants could have contributed to
selection bias, although the large sample size that this
method allowed is a major strength of this study. However,
we must also consider the issue of sample representative-
ness in this study. Our validation population might not
represent a wide range of workers throughout the nation.
Workers who can access the Internet might represent a
particular socioeconomic status, such as being possibly
wealthier, better educated, or relatively younger. We
decided to recruit participants using the Internet, taking
into account both costs and feasibility. Our strategy may
invite criticism regarding generalizability of the results.
Although results demonstrating the sufficient psychometric
properties of the Japanese version of the FABQ as a
measure might partly support the adequacy of the sample,
it is still possible that good psychometric properties could
have been demonstrated in an unrepresentative sample.
Concerning the use of online questionnaires, the compa-
rability of online testing to paper and pencil forms in
regards to psychometric properties has been demonstrated
[30, 31]. It should be noted that test—retest reliability over
certain time intervals remains unknown. Also, respon-
siveness cannot be assessed in this study due to the cross-
sectional nature of the data. Future studies would be
helpful to assess the test-retest reliability and responsive-
ness of the Japanese version of the FABQ.

Results of the analysis presented here show that the
Japanese version of the FABQ is psychometrically reliable
and valid as a measure to detect fear-avoidance beliefs in a
Japanese population with LBP. The Japanese version of the
FABQ has the same domain structure as the original ver-
sion (work and physical activity subscales), enabling
comparisons with data derived using the original version.
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Abstract

Objectives. This study aimed to estimate the prevalence, magnitude, and direction of the asso-
ciations among disability, pain intensity, number of pain sites, and health-related quality of life
(HRQol) in patients reporting low back pain (LBP) as their primary pain.

Methods. In January 2009, an Internet survey was performed for randomly selected adults aged
20-79 years who were registered as Internet research volunteers. Of 20 044 respondents, indi-
viduals with LBP as the primary pain were analyzed for associations among disability, number of
pain sites, and HRQoL. Factors associated with low HRQoL were examined using multiple logistic
regression modeling.

Results. Of the 20 044 respondents, 25.2 % (n = 5060) reported LBP and 13.5 % (n = 2696) reported
LBP as their primary pain. Among those with LBP as the primary pain, HRQoL decreased with
increase in disability and number of pain sites. In multivariate analyses, disability [adjusted odds
ratio (@OR), 2.93-4.58], number of pain sites (@aOR, 1.42-6.12), pain intensity =7 (aOR, 1.88), and
age =60 years (aOR, 1.55) were associated with low HRQoL.

Conclusions. Approximately 13.5 % of patients reported LBP as their primary pain. Disability with
absence from social activity and =7 pain sites were strongly associated with low HRQoL.
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Introduction Therefore, the aim of this study was to estimate the prevalence,
magnitude, and direction of the associations among disability, pain
intensity, number of pain sites, and HRQoL in those reporting
LBP as their primary pain in the pain-associated cross-sectional
epidemiological (PACE) survey, which covers a large Japanese

population.

Low back pain (LBP) is a common [1], costly [2], and, at times,
disabling [3] condition that can lead to disability and sick
leave from work or school. Pain at this site often fluctuates over
time with frequent recurrences or exacerbations [4, 5]. The preva-
lence of LBP has been reported to range from 12-33 % [4] due
to the methodologic heterogeneity across LBP prevalence stud-
ies [6, 7]. LBP is the most frequent and most expensive cause of
work-related disability [8] and can affect health-related quality of
life (HRQoL). LBP is a part of musculoskeletal pain [9, 10], but
only one-sixth to one-third of individuals who suffer from LBP
have LBP as their only pain source. Most LBP respondents also
have pain at other sites [10]; this pain could be the primary reason
for their disability. Moreover, a positive correlation was reported
between the number of pain sites and functional problems in a
large clinical study [9]. However, the prevalence and the impact
of working disability and number of pain sites on HRQoL in those
who have LBP as the primary pain have not been well examined.

Materials and methods
Subjects

The PACE survey was a cross-sectional Internet survey designed
to evaluate the prevalence and characteristics of musculoskeletal
pain in a large Japanese population. The study was performed
over 10-18 January, 2009. Respondents were recruited at random
from 1 477 585 research volunteers who were registered with an
Internet survey company (Rakuten Research Inc., Tokyo, Japan),
consistent with the Japanese demographic composition [11]. An
invitation to participate in the research was sent through an e-mail
containing a link to the survey. Double registration was prevented
by checking the e-mail address and disabling the link to the ques-
tionnaire once the responder completed the survey. Forms were
configured to automatically reject incomplete questionnaires. An

Correspondence to: Koji Yamada, Department of Orthopaedic Surgery,

Faculty of Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-0033, Japan. Tel: +81-3-3815-5411. Fax: +81-3-3818-4082.
E-mail: forpatients2008 @ gmail.com

additional credit point for Internet shopping was given as a finan-
cial incentive to the responders. On 18 January, 2009, the survey
was closed when the number of respondents reached 20 063; thus,
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the response rate is not relevant in this survey. Individuals whose
reported age was <20 years or >79 years were excluded; thus,
20 044 participants were retained. This study was approved by
Keio University’s institutional review board.

Measures

The questionnaire included questions regarding musculoskeletal
pain in the previous month and various individual factors. The
respondents were asked about the characteristics of their muscu-
loskeletal pain, such as the pain site(s), pain intensity at each site,
site of the primary pain, duration of the primary pain, and disability
due to the primary pain. Pain intensity was scored with a numeric
rating scale (NRS) comprising 11 points (0 = no pain, 10 = worst
pain imaginable). Disability was classified into three categories
using a modified graded chronic pain scale (GCPS) [12], based on
disability for social activity, such as work, school, and housework.
Those with LBP and no disability were classified as modified
GCPS grade 1, those with LBP and disability for social activity
as modified GCPS grade 2, and those with LBP and disability
leading to absence from social activity as modified GCPS grade 3.
Respondents were asked about their demographic characteristics,
including age, sex, occupational status, and HRQoL. HRQoL was
measured using the Japanese EQ-5D instrument [13].

Definition of LBP

LBP was defined as pain experienced (over the previous month)
below the costal margin and above the inferior gluteal folds, as
described on the full-body manikin (Fig. 1, site 13), excluding
those with pain around the anus (Fig. 1, site 21). Chronic LBP was
defined as pain lasting =3 months.

EQ-5D

The EQ-5D instrument is a standardized general system for describ-
ing and valuing HRQoL [14]. It has good reliability and validity,

Fig. 1 The full-body manikin used in the pain-associated cross-sectional
epidemiological (PACE) survey. Low back pain was defined as pain
experienced below the costal margin and above the inferior gluteal folds,
described as site number 13, excluding those with pain around the anus
(site number 21)

Mod Rheumatol, 2014; 24(2): 343-348

and comprises five dimensions (mobility, self-care, usual activity,
pain/discomfort, anxiety/depression) that are rated on three levels
(1 = no problem, 2 = some problem, 3 = extreme problem); thus,
it generates 243 theoretically possible health states (11111 = full
health, 33333 = most extreme state).

Statistical analysis

First, the 1-month prevalence was calculated for those who had
any LBP, LBP as the primary pain, and LBP as the only pain
source (localized LBP). Further analyses were performed for those
reporting LBP as their primary pain site using SPSS version 18
(IBM Corp., Armonk, N.Y., USA). Spearman’s rho correlation
coefficient was used to assess the correlations among HRQoL
(EQ-5D score), disability, number of pain sites (other than LBP),
and pain intensity (NRS score). For logistic regression analysis,
the lowest 20 % of the EQ-5D scores in the total study population
of the PACE survey was used as the dependent variable. A two-
sided 5 % significance level was used in all statistical tests.

Results
LBP prevalence

Of the 20 044 respondents, 9746 (48.6 %) were men, and the
overall mean score on the EQ-5D was 0.850 [standard error (SE),
0.001] with a ceiling effect of 45.7 % (9165 respondents; Table 1).
The 1-month prevalence of LBP was 25.2 % (5060 respondents),
of which only approximately half (2696 respondents; 13.5 % of all
respondents) reported LBP as their primary pain and about one-
seventh (706 respondents; 3.5 % of all respondents) reported LBP
as their only pain source.

HRQoL in those with LBP as the primary pain

Further analyses were conducted for those with LBP as their
primary pain. Of the 2696 respondents who reported LBP as the
primary pain, 53.8 % (n = 1,424) were men, 78.1 % (n = 2,106)
had chronic pain, 55.3 % (n = 1,491) reported LBP and no dis-
ability (modified GCPS grade 1), and 44.7 % (n = 1,205) reported
disability for social activity with or without absence from social

Table 1. Characteristics of the total study population (n = 20,044)

Characteristic n (%)
Age group (years)
20-29 1,981 (9.9)
30-39 3,903 (19.5)
40-49 3,923 (19.6)
50-59 4,328 (21.6)
60-69 4,126 (20.6)
70-79 1,783 (8.9)
Mean = SD 49.0 £ 14.2
Sex
Male 9,746 (48.6)
Occupational status
Worker 10,597 (52.9)
Housework and/or retired 7,655 (38.2)
Other (including student) 1,792 (8.9)
LBP prevalence
Any LBP* 5,060 (25.2)
LBP as primary pain® 2,696 (13.5)
Localized LBP¢ 706 (3.5)
EQ5D score, mean = SE 0.850 £ 0.001
Ceiling effect 9,165 (45.7)

LBP Low back pain, SE standard error

Prevalence of respondents with LBP

bPrevalence of respondents with LBP as the primary pain site
“Prevalence of respondents with LBP as the only pain source
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Table 2. Overall and by sex characteristics of respondents with LBP as the primary pain

Characteristic Overall, n (%; n = 2696) Men, n (%; n = 1424) Women, n (%; n = 1272)
Age group (years)
20-29 196 (7.3) 80 (5.6) 116 (9.1)
30-39 476 (17.7) 229 (16.1) 247 (19.4)
40-49 597 (22.1) 298 (20.9) 299 (23.5)
50-59 596 (22.1) 287 (20.2) 309 (24.3)
60-69 537 (19.9) 295 (20.7) 242 (19.0)
70-79 294 (10.9) 235 (16.5) 59 (4.6)
Mean = SD 50.2 = 13.8 524 +14.3 47.8 =129
Occupational status
Worker 1,459 (54.1) 916 (64.3) 543 (42.7)
Housework and/or retired 1,013 (37.6) 395 (27.7) 618 (48.6)
Other (including student) 224 (8.3) 113 (7.9) 111 (8.7)
Duration of LBP
Acute (<3 months) 526 (19.5) 281 (19.7) 245 (19.3)
Chronic (>3 months) 2,106 (78.1) 1,123 (78.9) 983 (77.3)
Unknown/refused to answer 64 (2.4) 20 (1.4) 44 (3.5)
Disability
Grade 1* 1,491 (55.3) 808 (56.7) 683 (53.7)
Grade 2° 876 (32.5) 445 (31.3) 431 (33.9)
Grade 3¢ 329 (12.2) 171 (12.0) 158 (12.4)
NRS score (mean = SE) 5.0 £0.0 4.8 £0.1 52 +0.1
Number of pain sites other than LBP (mean = SE) 1.8 £0.0 1.6 £ 0.0 2.1 +£0.1
EQS5D score (mean = SE) 0.776 + 0.003¢ 0.779 = 0.004 0.772 = 0.004

LBP Low back pain, NRS numeric rating scale, SE standard error

“LBP without disability for social activity, such as work, school, and housework

YLBP with disability for social activity, such as work, school, and housework

‘LBP with disability leading to absence from social activity, such as work, school, and housework
4EQS5D score was significantly lower than that of the total study population (unpaired ¢ test, P < 0.01)

activity (Table 2). The mean EQ-5D score was 0.776 (SE, 0.003),
which was significantly lower than that of the total study popula-
tion (unpaired ¢ test, P < 0.01).

Next, the associations among HRQoL, number of pain
sites, and pain intensity according to disability were analyzed
(Table 3). We found that HRQoL decreased (Spearman’s rank
correlation coefficient, —0.371; P < 0.01) while pain inten-
sity increased (Spearman’s rank correlation coefficient, 0.418;
P < 0.01) with higher disability. An increase in the number of
pain sites was seen only between grade 1 and grade 2 disabilities
(Table 3). Based on further evaluation of HRQoL stratified by
age, sex, and disability, mean EQ-5D scores generally were lower
in those with higher age and higher disability, and in women
(Table 4).

Further analyses were conducted to evaluate the associa-
tion among each variable stratified by the number of pain sites
(Table 5). The number of respondents with LBP as a part of mul-
tisite pain was approximately 6.2 times larger than the number of
those with localized LBP. In this analysis, HRQoL showed a nega-
tive correlation with the number of pain sites (Spearman’s rank
correlation coefficient, —0.256; P < 0.01). HRQoL was highest
when the pain was localized, and lowest when the number of pain
sites was = 7. The proportion of those with disability for social
activity (modified GCPS grades 2 and 3) and pain intensity also
showed a positive correlation with the number of pain sites (Spear-
man’s rank correlation coefficient, 0.184 and 0.359, respectively;
both P < 0.01).

Factors associated with low HRQoL

In multivariate analyses adjusted by modified GCPS, number of
pain sites, sex, age, and pain intensity, all the variables except sex
were positively associated with low HRQoL (Table 6). The odds
were higher as both disability and number of pain sites increased.
Disability with absence from social activity and number of pain
sites = 7 had a strong relationship with low HRQoL. Similar trends

were observed in both men and women; however, the impacts of
absence from social activity and number of pain sites = 7 were
stronger in women than in men.

Discussion

In the present study, the 1-month prevalence of LBP was 25.2 %
(5060 respondents), which is similar to that reported by Suzukamo
and colleagues [15], who noted 30.6 % as the 1-month prevalence
in Japan. Interestingly, of the 5060 respondents, only approxi-
mately half (2696 respondents; 13.5 % of all respondents) reported
LBP as their primary pain, with the majority reporting chronicity.
Recently, LBP has been recognized as a part of widespread mus-
culoskeletal pain. Natvig and colleagues [10] reported that only

Table 3. Mean number of pain sites other than LBP, EQ5D score, and NRS
score based on the disability of respondents with LBP as their primary
pain

Disability No. of pain sites

(modified EQS5D scored  other than LBP  NRS score®
GCPS) n (mean = SE)  (mean * SE) (mean *+ SE)
Grade 1* 1,491 0.817 = 0.003 1.5 0.0 4.2 +0.0
Grade 2° 876 0.736 = 0.004 2.3 *0.1 5.8 £ 0.1
Grade 3¢ 329 0.694 =£0.009 2.3 =*0.1 6.5 0.1

GCPS Graded chronic pain scale, LBP low back pain, NRS numeric rating
scale, SE standard error

2LBP without disability for social activity, such as work, school, and
housework

PLBP with disability for social activity, such as work, school, and
housework

‘LBP with disability leading to absence from social activity, such as work,
school, and housework

9EQS5D score showed a negative correlation with higher disability
(Spearman’s rank correlation coefficient, -0.371; P < 0.01)

°NRS score showed a positive correlation with higher disability
(Spearman’s rank correlation coefficient, 0.418; P < 0.01)
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Table 4. Mean EQ5D score based on age, sex, and disability of respondents with LBP as the primary pain

Disability Total (Grades 1 + 2 + 3) Grade 1* Grade 2° Grade 3¢

Sex Age (years) n Mean SE n Mean q n Mean SE n Mean SE

All 20-29 196 0.797 0.009 110 0.822 0.011 69  0.774 0.015 17 0.732  0.043
30-39 476 0.785 0.006 236 0.828 0.008 173 0.756 0.009 67 0.706  0.021
40-49 597 0.789 0.005 311 0.830 0.007 213 0.757 0.009 73 0.712  0.017
50-59 596 0.777 0.006 360  0.817 0.006 172 0.727 0.010 64  0.686  0.021
60-69 537 0.770 0.006 320  0.814 0.007 155 0.714 0.010 62  0.683  0.021
70-79 294 0.729 0.008 154 0.782 0.009 94 0.676 0.010 46 0.659  0.026
Total 2,696 0.776 0.003 1,491 0.817 0.003 876  0.736 0.004 329 0.694  0.009

Male 20-29 80 0.812 0.015 51 0.822 0.017 24 0.781 0.031 5 0.850  0.062
30-39 229 0.794 0.009 114 0.837 0.011 80  0.772 0.013 35 0.702  0.033
4049 298 0.796 0.008 159 0.828 0.009 109 0.757 0.013 30 0.764  0.027
50-59 287 0.781 0.008 172 0.820 0.009 81  0.725 0.014 34 0718  0.024
60-69 295 0.778 0.008 180  0.817 0.009 80  0.722 0.013 35 0.701 0.022
70-79 235 0.734 0.008 132 0.781 0.009 71  0.666 0.011 32 0.689  0.034
Total 1,424 0.779 0.004 808 0.817 0.004 445  0.734 0.006 171 0.718  0.013

Female 20-29 116 0.787 0.012 59 0.822 0.015 45 0.770 0.017 12 0.682  0.050
30-39 247 0.777 0.008 122 0.820 0.011 93 0.743 0.012 32 0710  0.024
4049 299 0.783 0.008 152 0.832 0.010 104 0.756 0.011 43 0.676  0.021
50-59 309 0.773 0.008 188 0.814 0.008 91  0.730 0.014 30 0.650  0.034
60-69 242 0.760 0.010 140 0.809 0.011 75  0.706 0.015 27 0.659  0.040
70-79 59 0.708 0.020 22 0.787 0.034 23 0.704 0.020 14 0590  0.035
Total 1272 0.772 0.004 683 0.818 0.005 43] 0.738 0.006 158 0.668  0.013

LBP Low back pain, SE standard error

“LBP without disability for social activity, such as work, school, and housework

YL BP with disability for social activity, such as work, school, and housework

‘LBP with disability leading to absence from social activity, such as work, school, and housework

25 % of 893 participants who reported LBP during the previous
week had localized LBP. In our study, the number of those with
LBP as a part of multisite pain was about 6.2 times larger than
the number of those with localized LBP. Previous studies [9, 10]
have reported that many LBP respondents have pain elsewhere,
which could be the primary reason for their disability. Therefore,
we focused on LBP respondents reporting LBP as their primary
pain for further analyses in this study.

In the present study, the mean EQ-5D score of those with LBP as
their primary pain was 0.776 (SE, 0.003), which was significantly
lower than that of the total study population [0.850 (SE, 0.001);
P < 0.01], and slightly lower than the average score of patients
with stage 5 chronic kidney disease (CKD) in Japan (0.798; 95 %
CI, 0.757-0.839) [16]. Since stage 5 CKD represents established
kidney failure, the similar HRQoL obtained in the present study
indicates that the HRQoL of those who suffer from LBP could

Table 5. Proportion of LBP with disability, and mean EQ5D and NRS
scores based on number of pain sites other than LBP in respondents with
LBP as the primary pain

Number of pain LBP with

sites other than EQSD score*  working NRS score®
LBP n (mean = SE)  disability® (%) (mean * SE)
0 706 0.813 = 0.005 35.7 4.1 0.1
1-3 1,582 0.776 = 0.003 44.0 5.1 0.1
4-6 325 0.729 £ 0.007 59.7 6.1 £0.1
=7 83 0.644 +0.014 75.9 7.1%+0.2
Total 2,696 0.776 = 0.002 44.7 5.0=*0.0

LBP Low back pain, NRS numeric rating scale, SE standard error

“EQS5D score showed a negative correlation with the number of pain
sites other than LBP (Spearman’s rank correlation coefficient, —0.256;
P <0.01)

YProportion of those with working disability (modified graded chronic
pain scale grade 2 or 3 disability) showed a positive correlation with
the number of pain sites other than LBP (Spearman’s rank correlation
coefficient, 0.184; P < 0.01)

°NRS score showed a positive correlation with the number of pain
sites other than LBP (Spearman’s rank correlation coefficient, 0.359;
P <0.01)

be as low as, or even lower than, those who are candidates for
hemodialysis.

Generally, lower HRQoL is reported with higher disability in
LBP patients [8, 17, 18]. Kovacs and colleagues revealed a nega-
tive correlation between the Rolland Morris Disability Question-
naire and the EQ-5D in LBP [8, 18]. In the present study, we used
the GCPS [12], a well validated scale for assessing LBP disability,
with minor revision. The revision was made to focus on disability
and absence from social activity because the impacts of these dis-
abilities on HRQoL have not been well examined. In our study,
there was a negative correlation between disability and HRQoL,
as in previous studies [8, 17, 18]. The differences in the mean
EQ-5D scores between those with and those without disability and
absence were 0.08 and 0.04, respectively. Interestingly, the differ-
ences were similar to the minimal clinically important difference
reported in previous studies (0.033-0.074) [19, 20]. Collectively,
these data suggest that the presence of disability for social activity
and its severity regarding absence might have a significant mean-
ing for those who suffer from LBP. Therefore, improvement of
these disabilities might represent a clinically important difference,
which needs further investigation.

In our study, HRQoL decreased as the number of pain sites
increased, thus showing a negative correlation, whereas the pro-
portion of disability and pain intensity increased as the pain sites
increased. Kamaleri and colleagues [9] revealed that single-site
pain did not have a large impact on physical fitness, feelings, or
daily and social activities, and that functional problems increased
markedly, in an almost linear manner, with increase in number
of pain sites. From another study, the widest variation in health-
related functioning, such as the items on the short form-36, was
observed by the number of pain sites, with lower function seen with
increase in number of pain sites [21]. LBP patients also have lower
general health, poorer function, and poorer long-term work disabil-
ity when their LBP is accompanied by multisite pain [10, 22, 23].
Our findings are consistent with those of previous reports, show-
ing a similar relationship among pain intensity, disability, HRQoL,
and number of pain sites in LBP responders. The reason why the
majority of those with LBP as their primary pain also reported mul-
tisite pain could be the generalized hyperalgesia known to exist in

RIGHTS LI MK



Mod Rheumatol Downloaded from informahealthcare.com by University of Tokyo on 02/18/15

For personal use only.

DOI 10.3109/14397595.2013.854067

Prevalence of low back pain as primary pain site 347

Table 6. Logistic regression analysis (dependent variable = lowest 20 % of EQSD scores in total study population)

Total? Male® Female®
95 % CI 95 % CI 95 % CI

Variable Adjusted odds Lower Upper P value Adjusted odds Lower Upper P value Adjustedodds Lower Upper P value
Modified GCPS

Grade 1 1.000 1.000 1.000

Grade 2 2.930 2.393 3.589 <0.001 3.151 2.377 4177  <0.001 2.750 2.052 3.686  <0.001

Grade 3 4.580 3488  6.013 0.001 3.789 2.603 5517  <0.001 5.642 3.780 8.420 <0.001
No. of pain sites other than LBP

0 1.000 1.000 1.000

1-3 1.420 1.128 1.786 0.003 1.173 0.873 1.576 0.290 1.850 1.275 2.685 0.001

4-6 2.367 1.733 3232 <0.001 2.146 1.365 3.375 0.001 2.856 1.816 4492 <0.001

=7 6.124 3.541 10.589 <0.001 4.579 2.010 10432 <0.001 8.426 3970 17.882 <0.001
Sex

FM 1.044 0.868 1.256 0.644

Age (years)

<60 1.000 1.000 1.000

=60 1.545 1.271 1.879  <0.001 1.598 1.234 2.068  <0.001 1.485 1.097 2.011 0.010
NRS score

<7 1.000 1.000 1.000

=7 1.883 1.541 2300  <0.001 2.129 1.608 2.820  <0.001 1.650 1.238 2.200 0.001

CI Confidence interval, F female, GCPS graded chronic pain scale, LBP low back pain, M male, NRS numeric rating scale
aMultivariate analysis adjusted by modified GCPS, number of pain sites other than LBP, sex, age, and NRS score
"Multivariate analysis adjusted by modified GCPS, number of pain sites other than LBP, age, and NRS score

LBP patients [24]. Compared with healthy control subjects, LBP
patients exhibit significantly lower pressure pain thresholds at all
sites [25, 26]. The continuous nociceptive input might initiate
central sensitization [27], which could develop widespread pain in
those with LBP as their primary pain [24, 27].

In multivariate analyses, after adjusting for all the variables,
modified GCPS grade, number of pain sites, age =60 years, and
pain intensity were found to be associated with low HRQoL.
Among these variables, disability with absence from social activity
and =7 pain sites showed a stronger association than pain intensity
(NRS score =7) and age =60 years. A similar tendency was seen
in both men and women, highlighting the importance of multisite
pain and disability in those who suffer from LBP. Although our
study had limitations (due to its cross-sectional design), we believe
the strong relationships seen in our study are noteworthy. Based on
our results, occupational management [28, 29] focusing on return-
ing to work, and management of multisite pain might have a more
significant effect on HRQoL improvement than the management
of pain itself in those who suffer from LBP. Further study is neces-
sary to evaluate the effects of such management.

The strengths of our study include the large size of the popula-
tion sample used to estimate the prevalence of those with LBP as
their primary pain, and the magnitude of the associations among
disability, pain intensity, number of pain sites, and HRQoL without
any missing data. Some results support the validity of the PACE
survey. First, the mean EQ-5D score of the PACE survey was
similar to that found in a well-designed general population study
(0.835) [30]. Second, the ceiling effect of the EQ-5D seen in the
total study population also was similar to that reported in previous
studies (42.5-47.0 %) [30-32]. Third, the percentage of those with
LBP was similar to that reported previously in Japan [15]. Fourth,
the percentage of workers in the total study population (52.8 %)
was similar to that announced by the Japanese Ministry of Internal
Affairs and Communications in 2009 (56.9 %) [11].

Some limitations in our study are notable, however. First, the
selection bias due to the nature of an Internet survey needs to be
addressed [33]. Although the study was conducted nationwide,
using one of the largest domestic Internet survey companies,
the volunteers from whom our sample was drawn were over-
representative of people living in large cities, compared with

the general population. Since LBP prevalence has geographic
differences, with higher rates in urban populations than rural
populations [34], caution is needed when interpreting the results
of this study. Second, those who participate as Internet research
volunteers may differ from the general population, and even
from general Internet users. These potential differences could
have affected the prevalence of LBP. Third, regarding the type
of questionnaire, although a previous study reported that a Web-
based questionnaire had adequate reliability compared with
the paper-and-pencil version, even for older rural women [35],
the mode of administration could affect the nature and rate of
response [36]. Fourth, because this was a cross-sectional study,
inferences cannot be drawn about causality.

In an Internet-based survey conducted in the United States,
more than 27 000 individuals responded with a high response
rate (75.7 %). The authors used a nationally representative Web-
enabled panel of households that were recruited using a combina-
tion of random-digit dialing, landline-telephone recruiting, and
address-based sampling [37]. Recruited households that did not
have Internet access were provided free access via WebTV. Unlike
other Internet-based surveys, the Internet-enabled panel used in
the study was not limited to individuals with Internet access, and
the sampling methodology was designed to ensure that the demo-
graphic characteristics of the panel were similar to those of the
United States population. The methods used in this United States
study maintain the representativeness of the study, while utiliz-
ing the advantages of Internet-based surveys for collecting a large
amount of data. Such methodologic improvement might be neces-
sary in our future studies.

Conclusion

Only approximately half of the LBP respondents reported LBP as
their primary pain; among them, HRQoL decreased with higher
disability and an increase in the number of pain sites. The presence
of =7 pain sites and disability resulting in absence from social
activity were strongly associated with low HRQoL. Occupational
management focusing on return to work and management of mul-
tisite pain may have a more significant effect on HRQoL improve-
ment than the management of pain itself in individuals with LBP.
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Further research should focus on the effectiveness of such manage-
ment in LBP respondents.
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