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Abstract

We report on a 36-year-old man presenting with a sudden onset of motor weakness and numbness in the
upper extremities following a fall from a truck bed. Radiological findings demonstrated an os odontoideum
and osseous continuity between the occiput and an ossicle, termed an “occipitalized os odontoideum.” The
occipitalized ossicle and atlas moved as a functional unit from the body of the axis. He underwent atlantoasxial
stabilization with an atlas lateral mass screw and axis pedicle screw. Eighteen months later; he remained free of
symptoms and showed solid bone fusion. Atlantoaxial stabilization resulted in an excellent clinical outcome for
this condition. Our report provides useful knowledge regarding treatment of extremely rare osseous anomalies

in the craniovertebral junction.
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INTRODUCTION

An os odontoideum is a rare condition in the craniovertebral
junction (CVJ) which can cause mild progressive myelopathy
or sudden spinal cord injury even after minor trauma.l) Here,
we report our experience with a patient who had a spinal
cord injury due to atlantoaxial instability secondary to os
odontoideum associated with an osseous continuity between
the occiput and an ossicle, which was termed an “occipitalized
os odontoideum.” To our knowledge, this is the first report
describing an occipitalized os odontoideum.

CASE REPORT

A 36-year-old man presented with sudden motor weakness

and numbness in the upper extremities following a fall from a
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truck bed. Neurological examination revealed motor weakness
(grade 4/5) in his left triceps and intrinsic muscles. He had
decreased sensation in both hands. He had intact cranial nerves
and hyperreflexia in the left upper extremity with a positive
Hoffmann sign. Knee and ankle reflexes were also abnormally
increased bilaterally, with positive Babinski signs. A spastic gait
and clumsiness of his hands were also noted. He denied any
bowel or bladder difficulties.

Plain lateral radiographs showed an os odontoideum, and
atlantoaxial instability was demonstrated during flexion-
extension [Figure 1] Reconstruction computed tomography
(CT) images demonstrated osseous continuity between the
occiput and an ossicle, termed as “occipitalized os odontoideum.”
The occipitalized ossicle and atlas moved as a functional unit
from the body of the axis [Figure 2]. Magnetic resonance
imaging (MRI) demonstrated intramedullary high signal
intensity changes at the posterior arch of the atlas [Figure 3a].
High signal-intensity changes without spinal cord compression
suggest the presence of focal spinal cord contusion due to
instability between the cranial unit and the body of the axis.

The patient underwent uncomplicated atlantoaxial stabilization
with an atlas lateral mass screw and axis pedicle screw. The bone
graft harvested from the iliac crest was interposed between the
posterior arc of atlas and the lamina of the axis. His post-operative
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course was uneventful. His symptoms, including motor weakness
and sensory disturbance, improved shortly after surgery. At
the 8-month follow-up examination, he had no symptoms, and
dynamic lateral radiographs showed stabilization between the
atlas and axis. MRI revealed that the intramedullary high-intensity
lesion had disappeared [Figure 3b]. At month 18, he remained
free of symptoms and showed solid bone fusion [Figure 4].

DISCUSSION

An os odontoideum is defined as the dissociation between
the body of the axis and the dens, such that a disconnected
ossicle takes the place of an intact odontoid process.”) Surgical
treatments, such as posterior atlantoaxial fixation with an
atlas lateral mass screw and axis pedicle screw, have been
reported as the mainstay of treatment for the patients who
have os odontoideum and show neurological symptoms.
They have also been reported, on occasion, to be a preventive

treatment for spinal cord injury in patients without neurological
symptoms.["** Although the choice of surgical procedures for

Figure I: Lateral radiographs of cervical spine showing an
osodontoideum and atlantoaxial instability during flexion-extension

Figure 3:(a) Pre-operative sagittal T2-weighted magnetic resonance
image demonstrating intramedullary high signal-intensity changes
at the posterior arc of the atlas. High signal-intensity changes
between the cranial unit and the body of the axis without spinal cord
compression (arrow) suggest the presence of instability at the level
(b) Post-operative sagittal T2-weighted magnetic resonance image
showing that the intramedullary high signal-intensity changes at the
posterior arc of the atlas had disappeared (arrowhead)
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patients with atlantoaxial instability depends on the pathology of
the instability, the patients’ individual anatomical features, and
their comorbidity, pre-operative imaging in the craniovertebral
junction may often show concomitant diseases or conditions,
such as osseous anomalies, % vertebral artery anomalies,”” and
congenital disease.*) Knowledge of the treatments for these
coexisting states can help the surgeon to prevent intra-or post-
operative complications. We reported a case of an occipitalized
os odontoideum, which was an extremely rare osseous anomaly
in CV]J, causing spinal cord injury following an accidental fall.
Atlantoaxial fixation was performed, which resulted in an
excellent clinical outcome for this condition. We believe that our
experience provide a basis for the selection of surgical procedure
in this rare condition in CV]J.

The surgical stabilization of the os odontoideum with
atlantoaxial fusion involving transarticular screw fixation or
atlas lateral mass and axis pedicle fixation with polyaxial screws
and rods have been described as mainstay surgical treatments.
However, in this special condition, the main fear was that
atlantoaxial fixation with atlas lateral mass screws and axis
pedicle screws alone might be insufficient to fix the cranial unit
consisting of the occipitalized ossicle and atlas with the axis.
Pre-operative imaging revealed instability between the unit and
the body of the axis, not atlantodental or occipitoatlas instability.
Hence, we chose to perform atlantoaxial stabilization and not
occipitocervical fixation. Two previous reports regarding surgical

Figure 2: Sagittal reconstruction computed tomography showing
an osseous continuity between occiput and an ossicle

Figure 4: Post-operative flexion/extension lateral radiographs of
cervical spine showing rigid fixation between atlas and axis
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treatment for atlantoaxial instability with an occipitalized atlas,
resembling the current case with the presence of a fused cranial
unit, have been published. Jain et al.l”! performed occipitoaxial
posterior fusion for 46 patients having congenital atlantoaxial
dislocation with an occipitalized atlas. After that, Goel et al.l®
reported eight patients with an occipitalized atlas who had a
mobile and reducible atlantoaxial dislocation and underwent
lateral mass plate and screw fixation instead of fixation of
the much longer plates or rods necessary for occipitocervical
fixation. The method could be used even in the situation where
the facet of the atlas is occipitalized. This latter report supports
our consideration that the shortest fixation for the extent of
instability is the ideal intervention. Use of atlantoaxial fixation,
instead of occipitoaxial fixation, has the advantage that it can
provide stabilization in the anteroposterior direction, while still
preserving the flexion-extension motion between the cranial
unit and the body of the axis. Although occipitoaxial fixation
for this condition seems to be a reasonable strategy for surgical
treatment, the longer fixation can spoil the flexion-extension
motion and increase the mobility and loading at the inferior
adjacent segment.
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In this study, we aimed to determine whether the outcomes of total hip arthroplasty (THA) after rotational ace-
tabular osteotomy (RAO) are equal to those of primary THA, and to elucidate the characteristics of THA after RAO.
The clinical and radiographic findings of THA after RAO (44 hips), with minimum 24 months of follow-up, were
compared with a matched control group of 58 hips without prior RAO. We found that the outcomes in terms of
functional scores and complication rates did not differ between THA after RAO and THA without previous pelvic
osteotomy, indicating that the results of THA after RAO are equivalent to those of primary THA. Although THA
after RAO requires technical considerations, similar clinical outcomes to primary THA can be expected.

© 2014 Elsevier Inc. All rights reserved.

Rotational acetabular osteotomy (RAO) is a type of periacetabular
osteotomy used to treat symptomatic dysplasia of the acetabulum [1].
This procedure involves restoration of the femoral head coverage,
resulting in pain relief and delays or prevention of the onset of arthritis.
In Japan, there are reportedly a higher proportion of patients with
dysplastic hips than in other countries [2], and many of these patients
have undergone RAO. While some studies have reported good results
of RAO [3-6], some patients require subsequent total hip arthroplasty
(THA) because of pain secondary to progression of arthritis.

Several reports are available on THA after periacetabular osteotomy
[7-11]. Most authors reported that THA after periacetabular osteotomy
requires technical consideration and careful radiographic evaluation
because the acetabulum may undergo morphologic changes. In terms
of clinical results, one study reported that Bernese periacetabular
osteotomy does not compromise the outcome of THA [11], whereas
another study reported that the outcomes of THA after triple innomi-
nate osteotomy were not equivalent to those of primary THA {8].
However, it should be noted that these studies all had small sample
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sizes or were not comparative studies. To date, only one published
case report of THA after RAO is available [12], and the effects of a
previous RAO on subsequent THA are still unknown.

In this study, we aimed to determine whether the outcomes of THA
after RAO are equal to those of primary THA, and to elucidate the char-
acteristics of THA after RAO by comparing the clinical and radiographic
findings of patients who underwent THA after RAO with matched
controls who underwent THA without prior RAO.

Materials and Methods

This investigation was a retrospective chart and radiographic review
comparing two groups of patients. We obtained institutional ethics
board approval for the study, which was performed in accordance with
the ethical standards laid down in the 1964 Declaration of Helsinki. All
patients provided informed consent to participate in the study. Between
1999 and 2011, we performed THA on 45 hips in 43 patients who had
previously undergone RAO. One patient was lost to follow-up, resulting
in the study group comprising of 44 hips in 42 patients. For comparative
purposes, 58 age- and gender-matched hips in 58 patients who had un-
dergone THA for osteoarthritis secondary to hip dysplasia during same
period were identified and included as the control group. None of the
patients in the control group had undergone any prior pelvic osteotomy.

The preoperative data analyzed included age at THA, gender, interval
from RAO to THA (years), body mass index {BMI), the Crowe classifica-
tion [13] of hip joints, pre-THA contralateral hip joint status, and previ-
ous femoral osteotomy. Post-operative data comprised the follow-up
duration after THA.
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Surgical Procedure

All THAs were performed in the lateral decubitus position and
through a posterior approach. The incision used differed from that used
in the preceding RAO, which had been performed through a combined
anterior and posterior approach with a single incision, as described by
Ninomiya et al [1]. We used the combined approach described by Lusskin
et al [14] for 35/44 hips in the study group and 42/58 hips in the control
group. We did not perform trochanteric osteotomy in any joints. We
attempted to place the acetabular cup with an abduction angle of
between 30° and 50° [15]. After the acetabular preparation, the center
of reaming was decided, and a gouge was used to remove the
subchondral bone to measure the distance to the medial wall. Initial
medialization of the acetabular reaming was performed using the
smallest reamer, after which the diameter of the reamer was gradually
increased. When there was uniform contact between the reamer and
acetabular bone, a cup of that size was selected. All patients received a
cementless acetabular component with 4 fins and additional screw
fixation if required. After the final femoral reaming and rasping, trial
reduction was performed. If a bony impingement occurred, any
osteophytes of the acetabulum were removed using a chisel or bone
rongeur forceps luer. Upon resolving the bony impingement, the final
implantation of the femoral component was performed. All femoral
components used were also cementless devices. The Mallory-Head
acetabular and Bimetric stem systems (Biomet, Warsaw, IN, USA) were
used on 32 hips in the study group and 38 hips in the control group,
whereas the Q5LP acetabular and K-MAX stem systems (Kyocera
Medical Corp, Osaka, Japan) were used in 12 and 20 hips in the study
and control groups, respectively.

Computed tomography (CT) scans were obtained in all patients in
the study group in order to determine the three-dimensional shape of
the acetabulums.

Operative Data and Clinical Evaluation

Operative data, including the operative time, intraoperative estimated
blood loss, removal of osteophytes, and the size of acetabular cups used,
were obtained using clinical records.

Hip joint function was evaluated according to the Merle d’Aubigné-
Postel score [16] preoperatively and at the final follow-up. Reoperation
and complications, including infection, venous thromboembolism,
dislocation, nerve palsy, and wound healing problems, were recorded.

Radiographic Evaluation

Radiographic evaluations were performed using anteroposterior
radiographs taken before and immediately after THA, and at the final
follow-up. The acetabular cup position was evaluated on the radio-
graphs obtained immediately post-surgery. We measured the abduc-
tion angle of the acetabular cup and the hip joint center position. The
hip joint center position was defined as the vertical and horizontal
distances from the teardrop, as described by Fukui et al [17] (Fig. 1).
The magnification of each radiograph was calibrated from the known
and measured diameters of the prosthetic femoral head. Loosening of
the acetabular cup and heterotopic bone formation were evaluated on
the radiographs obtained immediately post-THA and at the final
follow-up. The acetabular cup was considered to be loosening if there
was more than 3 mm of migration or a change of at least 4° in the abduc-
tion angle [18]. We used the classification system developed by Brooker
et al [19] to qualitatively evaluate heterotopic bone formation.

Statistical Analysis

Statistical analysis of the differences between the study and control
groups was conducted using JMP Pro 10.0 (SAS Institute, Cary, NC, USA).
The independent-sample t test was used for continuous variables,

Fig. 1. Measurement of hip joint center position. The hip joint center position was defined
as the vertical distance (a) and horizontal distance (b) from the teardrop.

whereas the chi-square test or Fisher’s exact test was used for dichoto-
mous values according to the validity conditions. All statistical tests
were two-tailed, and a significance level of 0.05 was used.

Results
Demographics

The demographic and clinical baseline data of the patients are shown
inTable 1. The mean age at the time of THA, gender, BM], previous femoral
osteotomy, and follow-up duration did not differ significantly between
the two groups. Furthermore, the ratio of the Crowe classification of the
preoperative hip joints and the contralateral hip joint status were also
not significantly different between the groups. The average time interval
between RAO and THA was 21 years (range, 7-37 years).

Operative Data and Clinical Evaluation

The operative and clinical data are shown in Table 2. The operative
time in the study group was significantly longer than in the control

Table 1
Baseline Characteristics of the Study Patients (n = 100).
Study Group Control Group P
Number of hips 44 58
Number of patients 42 58
Gender (M/F) 2/40 2/56
Age at RAO (years) 34 + 124 (11-53) N/A
Age at THA (years) 55.6 & 7.8 (36-72) 562 + 5.1 (46-67) 0.64
Interval from RAO to 21 4+ 7.3(7-37) N/A
THA (years)
BMI (kg/m?) 22.8 + 34 223 £ 2.7 0.65
(17.3-32.0) (17.5-27.6)
Crowe classification 0.87
1 29 (66.0%) 39 (67.3%)
Il 10 (22.7%) 14 (24.1%)
m 3(6.8%) 4 (6.9%)
v 2 (4.5%) 1(1.7%)
Contralateral joint 0.77
Normal 14 (31.8%) 21 (38.1%)
OA 20 (45.5%) 27 (46.6%)
THA 10 (22.7%) 10 (17.2%)
Previous femoral 2 (4.5%) 4 (6.9%) 1.00
osteotomy

Follow-up (months) 55.8 + 362 (24-107) 629 + 284 (24-95) 0.06

Data are presented as mean + standard deviation (range) or number (%). Abbreviations:
M, male; F, female; RAO, rotational acetabular osteotomy; THA, total hip arthroplasty; N/A,
not applicable; BMI, body mass index; OA, osteoarthritis.
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Table 2
Operative Data and Clinical Evaluations.

Table 3

Radiographic Evaluations.

Study Group Control Group Study Group Control Group
(n=44) (n = 58) P (n=44) (n = 58) P
Operative time (min) 177 £ 41 (115-227) 161 & 36 (91-206) 0.03* Loosening 0 0
Blood loss (g) 567 4+ 232 (140-1445) 524 + 254 (50-1710) 0.15 Heterotopic ossification 0.008*
Osteophyte removal 40 (90.9%) 31 (53.4%) <0.001* 0 29 (65.9%) 52 (89.7%)
Combined approach 35 (79.5%) 42 (72.4%) 0.33 1 11 (25%) 6 (10.3%)
Cup size (mm) 50 + 3.2 (46-58) 48 + 2.1 (46-54) <0.001* 2 3(7.0%) 0 (0%)
MA score (preoperative) 3 1(2.3%) 0 (0%)
Total 83 + 1.7 (5-12) 8.4 + 2.1 (4-13) 0.74 Cup abduction (°) 40.7 £ 52 (30-52) 435 & 8.2 (22-66) 0.02°
Pain 2.3 4+ 0.7 (1-4) 22 + 08 (1-4) 0.26 Hip joint center
Mobility 32 £ 1.2(1-6) 36 + 1.3 (1-6) 0.04° Vertical distance (mm) 257 & 65 (11-40)  23.7 & 5.7 (13-41)  0.09
Walking 2.8 +£ 0.8 (1-5) 27 £0.8(1-5) 031 Horizontal distance (mm)  31.2 4 53 (21-42) 28.1 + 3.8 (19-37) 0.002*
M? ;:;lre (last follow-up) 152 £ 17 (11-18) 157 + 18 (11-18) 012 Dita are p(l)'esented as mean =+ standard deviation (range) or number (%).
Pain 53 £ 0.6 (4-6) 55 + 0.6 (4-6) 0,05 P<005.
Mobility 5.1 + 0.9 (3-6) 54 + 0.8 (3-6) 0.12
Walking 48 + 0.8 (3-6) 48 + 1(2-6) 0.78
Colffilc'ff;r'lons 0 1 1.00 bone formations were seen in 15/44 hips (34.1%) (Grade I: 11 hips,
VTE 0 2 1.00 Grade II: 3 hips, and grade III: 1 hip) in the study group and in 6/58
Dislocation 0 0 1.00 hips (10.3%) (Grade I: 6 hips) in the control group (P = 0.008).
Nerve palsy 0 0 1.00
Wound healing 0 0 1.00 Discussion
problems
Reoperation 0 1 1.00

Data are presented as mean + standard deviation (range) or number (%). Abbreviations:
MA, Merle d’Aubigné-Postel; VTE, venous thromboembolism.
2 P<0.05.

group (P = 0.029); however, there were no differences in the estimated
blood loss. In 40/44 hips (90.9%) in the study group, removal of
osteophytes of the acetabular anterior wall was performed because of
bony impingement, whereas this procedure was performed in only
31/58 hips (53.4%) in the control group.

The mean diameter of the acetabular cup used was 50 mm (range,
46-58 mm) in the study group, and 48 mm (range, 46-54 mm) in the
control group (P<0.001). There were no differences in the preoperative
total Merle d’Aubigné-Postel score between the groups; however,
the mobility score in the study group was significantly lower than in
the control group (P = 0.043). At the last follow-up, the total Merle
d’Aubigné-Postel, pain, mobility, and walk scores in the study and
control groups were significantly improved compared with the
preoperative scores. However, no significant differences were observed
between the groups in terms of the improvements in the clinical results
from before THA and the last follow-up. Reoperation was not needed
for any patient. Postoperative complications included one case of
infection and 2 cases of venous thromboembolism in the control
group, whereas there were no cases of dislocation, wound healing
problems, or nerve palsy.

Radiographic Evaluation

The radiographic data are shown in Table 3. The mean acetabular
cup abduction angles were 40.7° (range, 30°-52°) and 43.5° (range,
22°-66°) in the study and control groups, respectively. Outliers of
acetabular cup abduction angle were one hip >50° in the study group,
and 10 hips >50° in the control group (P = 0.021).

The mean vertical distances of the hip joint center position after THA
were 25.7 mm (range, 11-40 mm) and 23.7 mm (range, 13-41 mm) in
the study and control groups, respectively. The mean horizontal
distances were 31.2 mm (range, 21-42 mm) and 28.1 mm (range,
19-37 mm) in the study and control groups, respectively. While there
was no significant difference in the vertical distance, the horizontal
distance in the study group was found to be significantly larger than
in the control group (P = 0.002), suggesting that the acetabular cup of
THA after RAO was placed laterally. Moreover, there was no loosening
of the acetabular and femoral component in either group. Heterotopic

In this study, we demonstrated that the results of THA after RAO
were comparable to those of primary THA, and reported on 7 specific
characteristics of THA after RAO. We found that the outcomes in terms
of the functional scores and complication rates did not differ between
THA after RAO and THA without previous pelvic osteotomy, indicating
that the results of THA after RAO are equivalent to those of primary
THA. The characteristics of THA after RAO (study group) were as
follows: the preoperative range of hip motion was poorer, the operative
time was longer, the acetabular cups used were larger, removal of
osteophytes was needed in more cases, heterotopic bone formations
after THA were seen more frequently, the abduction angles of the
acetabular cups were smaller, and their position tended to be lateral.

In most patients, removal of large osteophytes was needed after
RAO, and we speculate that the presence of osteophytes might be asso-
ciated with a poorer preoperative range of hip joint motion. In turn,
removal of the osteophytes and the poor hip joint motion might be
responsible for the prolonged operation time observed in the study
group. Moreover, the acetabular cups used in the study group were
larger than in the control group, indicating that the acetabulums after
RAO may become wider than before RAO.

Interestingly, the abduction angles of the acetabular cups were
lower in the study group than those in the control group. The abduction
angles of 43/44 (97.7%) acetabular cups in the study group were within
the target range, compared to only 48/58 (82.8%) acetabular cups in the
control group. All outliers were >50°. These data indicated that the ace-
tabular cups in the control group were occasionally placed too steep,
likely because of the presence of acetabular dysplasia [20]. Correction
of acetabular dysplasia by RAO may help surgeons place the acetabular
cups in an adequate abduction angle. The acetabular cup position in the
study group tended to be more lateralized than in the control group.
Kaneuji et al [21] reported that the normal hip joint center was
31.5 &+ 5 mm lateral from the teardrop. While the acetabular cup posi-
tion in our study seemed to be largely acceptable, it has been recognized
that acetabular cups in the upper and lateral position may lead to poor
results during THA [22-24]. The appropriate cup position depends on
the position and shape of the acetabulum, and RAO prior to THA may in-
fluence the cup position. Thus, this should be evaluated both during the
preoperative planning and intraoperatively.

Although anteversion of the acetabular component was not
measured in the present study, signs of retroversion of the acetabulum
after periacetabular osteotomy have been previously reported [11], and
preoperative CT is effective for three-dimensional evaluations of the
acetabulum and osteophyte (Fig. 2).
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Fig. 2. The preoperative left hip of a 63-year-old woman with osteoarthritis after rotational acetabular osteotomy. (A) Anteroposterior radiograph showing progressive osteoarthritis
changes. (B) Axial computed tomography image showing a large osteophyte of the acetabulum needing removal, and the depth of the acetabulum. (C) Three-dimensional computed

tomography image showing the three-dimensional shape of the acetabulum.

In the present study, heterotopic bone formations after THA were seen
more frequently in the study group (34.1%) than in the control group
(10.3%). Similarly, previous studies reported that heterotopic bone forma-
tions were seen in 10%-42% of cases of THA after periacetabular
osteotomy [10,11]. However, since most cases were classed as stage I or
Il in this study, heterotopic bone formations did likely not affect the
clinical outcomes [25]. Moreover, we were concerned that wound healing
problems would occur in the study group, since two separate incisions
were performed, however, this did not occur in any case. We often used
the combined approach in cases with poor range of hip motion or large
osteophytes needing removal, and did not have to use trochanteric
osteotomy in any case, suggesting that the approach is useful for exposing
the anterior hip joint. Although we did not use any cemented devices or
reinforced rings in this study, no component was loose. Thus, standard
cementless devices appear to be useful in THA after RAO.

Previous studies have shown that RAO for dysplastic hips results in
short-term hip pain relief and intermediate-term prevention of progres-
sion of arthritis, and the present study showed that the results of THA
after RAO are equivalent to those of primary THA. Accordingly, we believe
that RAO followed by THA could have long-term effects and result in long-
term maintenance of the hip joint function for young patients with
dysplastic hips, and longer follow-up studies are needed to confirm this.

In previous studies on the topic, the average time interval between a
preceding periacetabular osteotomy and THA has been reported to
range between 3.3 and 7.5 years [7,8,10,11]. In the present study, the
average time interval between RAO and THA was 21 years. Thus, our
results suggest that RAO may be a good procedure of joint preservation
for dysplasia of the acetabulum. However, further large-scale studies are
still needed in the future to investigate which periacetabular osteotomy
procedure preserves the joint for the longest duration

This study has several limitations, including its retrospective nature
and relatively short follow-up period. Moreover, three-dimensional
radiographic evaluation was not performed.

In conclusion, although THA after RAO requires technical consider-
ations, similar clinical outcomes to primary THA can be expected.
However, further large-scale, long-term studies using three-dimensional
radiographs are needed in the future to confirm our findings.
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Abstraet

Study Des:gn. Two-year, prospectlve cohort data from the Japan epldemlologlcal research of occupatlon related back pain
study in urban settings were used for this analysis.

Objective: To examine the association between aggravated low. back paln and psychosocral factors among Japanese.,

workers with' mild low back: parn

Summary of Background Data. Although psychosoc:al factors are strongly rndrcated as yellow flags of Iow back pain (LBP)
leading to_ disability, the association between aggravated LBP and psychosocral factors has not been well assessed in
Japanese workers

Methods: At baseline, 5,310 participants responded to a. self- admlmstered questlonnalre mcludlng questlons 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 durmg the past year
- at baseline. Logistic regression-was:used to explore risk factors associated with, persistent LBP : !

Results: Of 1,675 pamapants who had mild LBP during the precedlng year, 43 (2. 6%) developed perswtent LBP durlng the
follow-up year. Multivariate analyses adjusted for individual factors and an ergonomic factor found statistically significant or
almost significant assoaatlons of the following psychosocral 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 srck Ieave due to LBP (OR l 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. lt;may‘ be

necessary to take psychosocial factors into account, along with physical work’dem,ands,‘ 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 cach 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 rescarch 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

PLOS ONE | www.plosone.org

320

Risk Factors for Persistent LBP in Urban Japanese Workers

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
satislaction, and somatization. A briel job stress questionnaire
(BJSQ) was used to evaluate the major psychosocial factors
[15,16]. The BJSQ is a sell-administered scale having a total of 57
items, developed by a rescarch 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 (CIs). 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 I-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 l-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® an ergonomic factor®

Factors

Previous sick leave due to LBP

No previous sick leave

Manual handling of materials ~ Manual handling of
at work < 20-kg objects including
desk work

Bending® Infrequent 887

Twisting® Infrequent 94.6 1.00

Infrequent

Infrequent 95.2 1.00

Hours of desk work' < 6 hours per day 539 1.00 1.00

No stress 619 1.00 1.00

Interpersonal stress at work® 788 1.00 1.00

Job satisfaction

Somatic symptoms® 63.4 1.00 1.00

Support from supervisors

e Support 740 1.00 1.00

Daily-life satisfaction® Satisfied 68.7 1.00 1.00

Family history of LBP with No LBP with disability 746 1.00 ‘ 1.00
disability

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.

4Hours 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 with somatization often complain of pain in various locations,
considered stressful conditions that directly and negatively affect functional disturbance of various organ systems, and are depressed
the individual, and the latter two factors (e.g., depression) as or overwhelmed by these symptoms. Patients falling into such a
symptoms of both physical and mental stress. Generally, the situation are usually said to suffer from functional somatic
symptoms of somatization are headaches, neck and shoulder syndrome (FSS) [31,32]. Our results could suggest that workers
discomfort, dizziness, palpitations or shortness of breath, diarrhea with mild LBP, under frazzled, depressed, or somatizing condi-
or constipation, and back pain, and these symptoms are triggered tions, accompanied by emotional discomfort and psychosocial
by emotional discomfort and psychosocial distress [30]. Individuals distress (e.g., low job satisfaction, little social support from
PLOS ONE | www.plosone.org 4 April 2014 | Volume 9 | Issue 4 | €93924
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Table 2. Multivariate-adjusted odds ratios for the persistent low back pain (LBP).

Factors Adjusted OR® 95%C1 P value

Job

isfactio

Not satisfied 2.03 1.01-4.07

1.25-4.83

LBP with disability 2.00 1.03-3.88 0.042

OR: odds ratio, Cl: confidence interval, LBP: low back pain.
?Adjusted for individual factors (age, gender, obesity, smoking habits, and education) and an ergonomic factor (manual handling).
doi:10.1371/journal.pone.0093924.t002

supervisors, and interpersonal stress at work), did not manifest in Japanese workers. The Japanese versions of these questionnaires
disabling back pain as a symptom of F'SS at baseline, but the pain are now being developed.
became disabling during the following year. Psychosocial factors are one of the most important risk factors

A family history of persistent LBP was also suggested as a for making the transition to persistent LBP from mild LBP in
psychosocial risk factor in this analysis. Second-hand experience of ~ urban Japanese workers. In the future, preventive strategies for

LBP among people with whom a worker is in very close contact reducing persistent LBP in the workplace should deal not only
(families, friends, or partners) may make it easier to imagine how with physical work demands, which is already well-understood,
mild LBP transforms to persistent LBP. Previous research has but potentially should incorporate psychosocial management
revealed that some people can share another person’s physical techniques as well.

pain experience, in both emotional and sensory components, by

just observing the other person’s pain [33,34]. Family members, Supporting Information

therefore, may provide reinforcement for sick behavior [35], even . )

though these family members do not have had any disorders, such ~ Table S1 Crude odds ratios of the baseline factors for

as back pain [36-39]. persistfent low back pait.) (LBP) with work disability. OR:
Psychosocial intervention has been reported to improve overall odds ratio, (?I: (;onﬁde{lce interval, BMIL: !OOdY mass index, .LBP:
well-being, as well as reducing distress and physical complaints, in low baf)k pamn. Obe?IW: BMI of = 25 is defined as obesity in
patients with LBP in Western countries [40]. This intervention is Japan. * Smoking habits: Brinkmann index of = 400 was defined
based on the hypothesis that psychosocial factors are associated S heavy smoker, calculated from the total number of cigarettes
with the transition to persistent LBP, and should be examined in smoked per day multiplied by duration of smoking in years [45].
future research studies in Japar. ¢ Working hours:‘ = dGO hot{rs per \{veek‘vx‘/as assumed 0 be
Limitations of the current study should be mentioned. One is uncontrolled overtime. Bendmg, twisting, lifting, and pushing: =
the fact that the majority of the subjects were males, and that a half of the day was considered frequent: ¢ Hours of fieSk work:
broad range of Japanese occupations was not represented. The %onger than 6 hours per day was consu#ered as static posture.
study cohort was not a representative sample of the entire Japanese Work-related stress factors assessed with the brief job stress
workers in urban areas; therefore, the generalizability of the questionnaire: not feehng s_tressed, feeling stressed: the 5 original
findings may be limited. Secondly, although cognitive and responses were reclassified into “not tteeling stressed’.’, where low,
emotional aspects of back pain are known to influence disability slightly 19"" and<moderate' were combme.d, and “feeling stressed”,
aggravation, some important psychosocial factors, such as the wht?re slightly high and high were combined. ® Monotonous task:
attitudes of health care providers, and catastrophizing and fear- feelings of monotony or boredom at work.
avoidance beliefs, were not included in this analysis. This was ~ (DOC)

because appropriate questionnaires were not available in the
Japanese language. Future studies should include additional self- Author Contributions

rep_orted outcome measures, such as results of the Fear-Avoidance Conceived and designed the experiments: K. Matsudaira HK K. Miyoshi.
Belief Questionnaire (FABQ) [41,42] or the Tampa Scale of Performed the experiments: K. Matsudaira HK K. Miyoshi. Analyzed the
Kinesiophobia (TSK) [43,44], to assess the impact of these factors data: K. Matsudaira TI KI. Wrote the paper: K. Matsudaira TI KL

References

1. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, ct al. (2010) Years sociodemographic correlates in a multiregional survey. Spine (Phila Pa 1976)
lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990— 32: 2005-2011.
2010: a systematic analysis for the Global Burden of Disease Study. Lancet 380: 6. Walker BF, Muller R, Grant WD (2004) Low back pain in Australian adults:
2163-2196. prevalence and associated disability. J Manipulative Physiol Ther 27:238-244.

2. Ministry of Health, Labour and Welfare (2010) Survey of Living Conditions. 7. Snook SH (2004) Work-related low back pain: secondary intervention.
Available: http://www.mhlw.go jp/toukei/saikin/hw/k-tyosa/k-tyosal0/3-1. J Electromyogr Kinesiol 14: 153-160.
hunl. Accessed 2012 May 21. 8. Maetzel A, Li L (2002) The economic burden of low back pain: a review of

3. Krismer M, van Tulder M (2007) Low back pain (non-specific). Best Practice & studies published between 1996 and 2001. Best Pract Res Clin Rheumatol 16:
Research Clinical Rheumatology 21: 77-91. 23-30.

4. Deyo RA, Rainville J, Kent DL (1992) What can the history and physical 9. Waddell G, Burton AK (2001) Occupational health guidelines for the
examination tell us about low back pain? JAMA 268: 760-765. management of low back pain at work: evidence review. Occup Med 51:

5. Schmidt CO, Raspe H, Pfingsten M, Hasenbring M, Basler HD, et al. (2007) 124-135.

Back pain in the German adult population: prevalence, severity, and

PLOS ONE | www.plosone.org 5 April 2014 | Volume 9 | Issue 4 | e93924

323



20.

21.

22.

23.

24.

25.

26.

27.

. Papagcorgiou AC, Croft PR, Thomas E, Ferry 5, Jayson MI, ¢t al. (1996)

Influence of previous pain experience on the episode incident of low back pain:
results the South Manchester Back Pain Study. Pain 66: 181185,

. Currie SR, Wang JL (2004) Chronic back pain and major depression in the

general Canadian population. Pain 107: 54-60.

. Waddell G (2004) Social interactions, In: G Waddell, ed. The Back Pain

Revolution. 2nd ed. Edinburgh: Chuechill-Livingstone: 24163,

. Matsudaira K, Konishi H, Miyvoshi K, Isomura T, Takeshita K, et al. (2012)

Potential risk factors for new-onset of back pain disability in Japanese workers:
findings from the Japan epidemiological rescarch of occupation-related back
pain (JOB) study. Spine (Phila Pa 1976) 37: 1324--1333.

. Von Korfl' M, Ormel J, Keefe T, Dworkin SF {1892) Grading the severity of

chronic pain. Pain 50: 133149,

. Muto S, Muto T, Sco A, Yoshida T, Taoda K, et al. (2006) Prevalence of and

risk factors for Jow back pain among stafls in schools for physically and mentally
handicapped children. Ind Health 44: 123127,

. Kawakami N, Kobayashi Y, Takao S, Tsutsumi A (2005) Effects of web-based

supervisor training on supervisor support and psychological distress among
workers: a randomized controlled trial. Prev Med 41: 471-478.

. Kawakami N, Kobayashi F, Araki S, Haratani T, Furui H (1995) Assessment of

job stress dimensions based on the job demands- control model of employces of
telecommunication and electric power companies in Japan: reliability and
validity of the Japanese version of the Job Content Questionnaire. Int J Behav
Med 2: 358-375.

. Haratani T, Kawakami N, Araki S (1993) Reliability and validity of the Japanese

version of NIOSH Generic Job Questionnaire. Sangyo Igaku (Jpn J Ind Med)
35(suppl): S214 (in Japanesc).

. Yokoyama K, Araki S, Kawakami N, Takeshita T (1990) Production of the

Japanese edition of profile of mood states (POMS): assessment of reliability and
validity (in Japanese). Nippon Koshu Eisci Zasshi 37: 913-918.

Shima S, Shikano T, Kitamura T, Asai M (1985) New sclf-rating scales for
depression. Clinical Psychiatry 27: 717-723 (in Japanese).

Spielberger CD, Gorsuch RL, lushene RE (1970) STAI Manual. Palo Alto:
Consulting Psychologist Press.

Isaac M, Tacchini G, Janca A (1994) Screener for somatoform disorders (SSD).
Geneva: World Health Organization.

Ono Y, Yoshimura K, Yamauchi K, Momose T, Mizushima H, et al. (1996)
Psychological well-being and ill-being: WHO Subjective Well-being Inventory
(SUBI) (in Japanese). Jpn J Stress Sci 10: 273-278,

Shimomitsu T, Odagiri Y (2004) The briefl job stress questionnaire (in Japanesc).
Occup Mental Health 12: 25-36.

Linton SJ (2001) Occupational Psychological Factors Increase the Risk for Back
Pain: a systematic review. J Occup Rehabil 11: 53-66.

Bernard BP (1997) Musculoskeletal disorders and workplace factors: a critical
review of epidemiologic evidence for work-related musculoskeletal disorders of
the neck, upper extremity, and low back. Cincinnati: U.S. Deparument of Health
and Human Services. 590p.

Hoogendoorn WE, van Poppel MNM, Bongers PM, Koes BW, Bouter LM
(2000) Systematic review of psychosocial factors at work and private life as risk
factors for back pain. Spine 25: 2114-2125.

PLOS ONE | www.plosone.org

324

28.

29.

30.

35.

42.

43.

44.

Risk Factors for Persistent LBP in Urban Japanese Workers

Matsudaira K, Palmer KT, Reading I, Hirai M, Yoshimura N, et al. (2011)
Prevalence and correlates of regional pain and associated disability in Japancse
workers, Oceup Environ Med 68: 191196,

Coggon D, Ntani G, Palmer KT, Felli VE, Harari R, et al. {2013) Disabling
musculoskeletal pain in working populations: is it the job, the person, or the
culture? Pain 154: 856-863.

Kaplan C, Lipkin M Jr, Gordon GH (1988) Somatization in primary care:
patients with unexplained and vexing medical complaints. J Gen Intern Med 3:
177-190.

. Barsky AJ, Borus JF (1999) Functional somatic syndromes. Ann Intern Med 130:

910-921,

. Henningsen P, Zipfel S, Herzog W (2007) Management of functional somatic

syndromes. Lancet 369: 946-955.

3. Crook J, Milner R, Schultz 1Z, Suinger B (2002) Determinants of occupational

disability following a low back injury: a critical review of the literature. J Occup
Rehabil 12: 277-295.

. Shaw WS, Pransky G, Fitzgerald TE (2001) Early prognosis for low back

disability: intervention strategies for health care providers. Disabil Rehabil 23:
815-828.

Osborn J, Derbyshire SW (2010) Pain sensation evoked by observing injury in
others. Pain 148: 268-274.

5. Linton 8] (2000) Psychological risk factors for neck and back pain. In:

Nachemson AJ, Jonsson E, editors. Neck and Back Pain: The scientific evidence
of causes, diagnosis and treatment. Philadelphia: Lippincot Williams & Wilkins.
pp. 57-78.

. Ogino Y, Nemoto H, Inui K, Saito S, Kakigi R, et al. (2007) Inner experience of

pain: imagination of pain while viewing images showing painful events forms
subjective pain representation in human brain. Cereb Cortex 17:1139-1146.

. Lynch AM, Kashikar-Zuck S, Goldschneider KR, Jones BA (2006) Psychosocial

risks for disability in children with chronic back pain. J Pain 7: 244-251.

. Evans S, Tsao JC, Lu Q, Myers C, Suresh J, et al. (2008) Parent-child pain

relationships from a psychosocial perspective: a review of the literature. J Pain
Manag 1: 237-246.

. Williams RM, Westmorland MG, Lin CA, Schmuck G, Creen M (2007)

Effectiveness of workplace rehabilitation interventions in the treatment of work-
related low back pain: a systematic review, Disabil Rehabil 29: 607-624.

41. Westman AE, Boersma K, Leppert J, Linton 8] (2011) Fear-avoidance beliefs,

catastrophizing, and distress: a longitudinal subgroup analysis on patients with
musculoskeletal pain. Clin J Pain. 27: 567-577.

Waddell G, Newton M, Henderson I, Somerville D, Main CJ (1993) A fear-
avoidance beliefs questionnaire (FABQ) and the role of fear-avoidance beliefs in
chronic low back pain and disability. Pain 52: 157-168.

Miller RP, Kori SH, Todd DD (1991) The Tampa Scale: a measure of
kinisophobia. Clin J Pain 7: 51-52 (Data unpublished).

Kori KS, Miller RP, Todd DD (1990) Kinesiophobia: a new view of chronic
pain behavior. Pain Manag 3: 35-43.

. Brinkman GL, Coates O (1963) The cffect of bronchitis, smoking and

occupation on ventilation. Ann Rev Respir Dis 87: 684-693.

April 2014 | Volume 9 | Issue 4 | 93924



J Orthop Sci (2014) 19:26-32
DOI 10.1007/500776-013-0471-5

Psychometric properties of the Japanese version
of the Fear-Avoidance Beliefs Questionnaire (FABQ)

Ko Matsudaira - Norimasa Kikuchi -
Aya Murakami + Tatsuya Isomura

Received: 17 April 2013/ Accepted: 4 September 2013 /Published online: 5 October 2013

© The Japanese Orthopaedic Association 2013

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 (r = 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 LLBP 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 042 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,
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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 0 (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 ¢ 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 (53.2)
junior high
University or higher 825 (46.2)
Not applicable 10 0.6)
Pain (NRS), mean & SD 294+23
Presence of disability
No 544 (30.5)
Yes with no sick leave 801 44.8)
Yes with sick leave 441 4.7)
Job category
White collar 687 (38.5)
Blue collar 273 (15.3)
Other 826 (46.2)
FABQ score, mean + SD
Work subscale 163 £ 9.8
Physical activity subscale 14.9 £ 4.7
PCS score, mean =+ 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).
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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 1 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 0711 0.230
10 My work makes or would make my pain 0.786  0.328
worse
11 My work might harm my back 0771  0.338
12 T 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 0335 0.625
4 1 should not do physical activities which 0228  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

@ Springer
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FABQ
Score

20

Pain (NRS)

18 4

16 -

14 4

12

i

10 - S

Work subscale Physical activity subscale

3 Slightly (n=559)
Moderate (n=479)
B Severe (n=748)

Recurrence of LBP

14 -

12 4

10

Work subscale

Physical activity subscale
1 24 times (n=573)
B 25 times (n=1213)

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

FABGQ
Score

20

Work Disability

18

16 -

14 -

12

L

10 =

Work subscale Physical activity subscale
1 No disability (n=544)

& Disability without sick leave (n=801)

B Disability with sick leave (n=441)

FABQ
Score

20

Depressed Mood

18

16

14 4

12 -

10 ~ - — y

Work subscale Physical activity subscale
Z Less depressed mood {n=839)
& 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 ¢ 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
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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 LLBP 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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