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frequency bands: 1-4, 4-8, 8-12, 12-18 and 18-30Hz.
The average cross-spectral matrices for each subject in
each condition were given as the input for sLORETA
source analysis. The sLORETA yielded the spectral dens-
ity of the current density at each voxel. Subject-wise nor-
malization (which takes the total power across all
frequency bands and over all the 6239 voxels of the
brain volume to unity) was performed on the sLORETA
solutions before statistical analysis. Good reliability of
sLORETA current source density and cross-spectral
matrices analysis was shown [12].

Statistical analysis

After data preprocessing, the estimated EEG cortical
sources were compared between a sensorimotor congru-
ence and a sensorimotor incongruence test using
voxel-by-voxel paired t-tests of the normalized and log-
transformed sLORETA maps in the aforementioned five
frequency bands. To identify brain regions that were acti-
vated more frequently in the high-discomfort subgroup, in
reference to the study in subjective pain [9], the discom-
fort intensity was used to assign subjects to the high-
(5>NRS) or no-discomfort (0=NRS) subgroup. The
differences between the high- and no-discomfort sub-
groups during sensorimotor incongruence were assessed
using unpaired t-tests. Voxel-by-voxel t-values in
Talairach space are displayed as statistical parametric
maps.

Results

Two (11.1%) and 12 subjects (66.6%) reported discomfort
in sensorimotor congruence and sensorimotor incongru-
ence, respectively. The average discomfort intensity in
sensorimotor incongruence was 3.7 (s.0. 2.7). Alpha
band activity (8-12Hz) in the right PPC (Broadman area
7) during sensorimotor incongruence was significantly
lower than that of sensorimotor congruence (Table 1 and
Fig. 1). Subjects were divided into two subgroups repre-
senting the high-discomfort [mean NRS rating 6.3 (s.p.
1.5)] and no-discomfort subgroups (NRS rating=0) of
the sampled population. The source activities induced in
the posterior cingulate cortex (PCC; Broadman area 30)
alpha band activity (8-12Hz) and the anterior cingulate
cortex (ACC; Broadman area 32) beta band activity
(12-18 Hz) significantly decreased in the high-discomfort
vs the no-discomfort subgroup (Table 1 and Fig. 1).

Discussion

The present study was a first attempt to characterize the
discomfort felt during sensorimotor incongruence at the
cortical level by frequency-domain EEG source localiza-
tion using sLORETA. Nociceptive processing is asso-
ciated with inhibition of alpha and beta rhythms in the
somatosensory cortex, ACC and PCC [13]. Alpha rhythms
in the PPC were found to be associated with visuospatial
attention tasks [14]. Decreases in oscillatory power clas-
sically indicate increases in sensory cortical activation. In
this study, decreases in oscillatory power were found in
the PPC alpha band in sensorimotor incongruence com-
pared with congruence and in the ACC beta band and
PCC alpha band in the high-discomfort subgroup com-
pared with the no-discomfort subgroup during sensori-
motor incongruence.

A reduction of alpha band activity was observed
(increased cortical activation) in the right PPC during sen-
sorimotor incongruence vs congruence. Our results are
consistent with those reported by Fink et al. [8]. The
PPC is generally considered to be a key region for the
fusion of signals from different sensory modalities, body
ownership and hand-eye coordination. Fink et al. [8]
proposed that the PPC is activated as a result of
increased attentional demands for the integration of
vision and proprioception. In contrast, the primary and
secondary somatosensory cortex, ACC and insula are
known to be pain-related regions exhibiting no statistically
reliable differences in activation between sensorimotor
congruence and incongruence. This was seen in the pre-
sent study as well as in the study of Fink et al. [8]. These
findings confirm that the neural correlates of discomfort
induced by sensorimotor incongruence are not known by
comparing between sensorimotor congruence and
incongruence.

The central processing of pain within the cortex has
often been referred to as the pain matrix. The primary
(S1) and secondary (S2) somatosensory cortex, insula,
ACC, PCC, PFC, thalamus, amygdala and brainstem are
included in the pain matrix. Sensory-discriminative as-
pects of pain perception are often thought to be inde-
pendently and specifically represented in S1, S2 and the
insula, while the affective-cognitive-evaluative aspects of
pain perception are represented in medial brain structures
such as the ACC, PCC and PFC. In chronic pain patients,
including CRPS, phantom pain and back pain,

TasLe 1 Significant differences in alpha and beta activity congruence vs incongruence and high vs low discomfort

MNI coordinates, mm

Statistical value (f)

Congruence vs incongruence  Alpha 0.806
High vs low discomfort Alpha 1.499
Beta 1.499
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MNI: Montreal Neurological Institute.
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Fia. 1 Electroencephalogram activity during sensorimotor congruence and incongruence tests
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reorganization in the primary motor and sensory homun-
culus maps occurs. In irritable bowel syndrome, defined
by continuous or remittent abdominal pain and/or discom-
fort, increasing levels of discomfort and/or pain are asso-
ciated with activation of the ACC, insula, parietal and
ventral medial frontal regions during ramp distension.

Cerebral cortical regions such as the ACC and PPC,
considered to be key pain-related regions, exhibited
more activation in individuals who were highly sensitive
to discomfort vs individuals who were insensitive to dis-
comfort induced by sensorimotor incongruence. The ACC
is an essential cerebral region in sensory cognition and the
affective process of pain [15]. Brain imaging studies have
revealed significant changes in pain-evoked activity within
the ACC, consistent with an individual’s perceived un-
pleasantness, while primary somatosensory cortex activa-
tion is unrelated [16]. Many studies identify a role for the
PCC in negative emotion and the pathological state of
pain [17, 18]. Therefore increased activation in the ACC
and PCC may reflect negative emotion and incongruous
physical states induced by sensorimotor incongruence.

Individuals with FM feel more discomfort during sen-
sorimotor incongruence than healthy volunteers [5].
There is vast evidence for brain dysfunction in patients
with FM, and it is possible that central plasticity is critical
for chronic pain. ACC responses to sensory stimuli in FM
may play a key pathophysiological role in chronic pain
syndromes. Experimental temporal summation inducing
hyperalgesia in FM confirmed the altered pain processing
by increased activation of the ACC [19]. Positive relation-
ships between physical activity and brain responses to
experimental pain have been observed in the PPC in in-
dividuals with FM [20]. In individuals with FM, the ACC and
PCC react to stimuli more easily than in healthy individ-
uals. Our results showed that ACC and PCC activation
were increased in the high-discomfort subgroup during
sensorimotor incongruence. We speculate that the
reason individuals with FM sense discomfort more
during sensorimotor incongruence is that the ACC and
PCC are easily activated by stimuli.

There is still no gold standard for the evaluation of chronic
pain patients, including those with FM and CRPS. The pre-
sent study may provide an important step in the implemen-
tation of an objective measurement method, although there
is a long way to go. EEG measures during sensorimotor
incongruence may evaluate the effectiveness of new medi-
cations and/or rehabilitation by assessing the difference in
ACC and PCC activities during sensorimotor incongruence
in chronic pain patients before and after treatment.

Two limitations of our study should be considered. The
first limitation is that we selected only healthy female sub-
jects for this study. We decided on this population because
the mean prevalence is a female:male ratio of 3:1 in pa-
tients with FM. Those with FM feel more discomfort
induced by sensorimotor incongruence than healthy volun-
teers. We revealed the relationship between discomfort and
ACC and PCC activity in healthy women. However, our
findings may not apply to patients with FM. Therefore a
second study on patients with FM is needed to arrive at a
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definite conclusion. The second limitation is that we could
not perform a functional connectivity analysis, which would
allow us to understand more clearly the regulatory function-
ality of the cingulate cortex during sensorimotor incongru-
ence, as more electrodes are needed in order to perform a
functional connectivity analysis. Therefore, in a future study,
increasing the number of electrodes from 19 to 64 may
provide a more detailed analysis.

Conclusions

The present findings suggest that the ACC and PCC are
more activated in the high-discomfort subgroup than in
the no-discomfort subgroup during sensorimotor incon-
gruence. These findings may provide an understanding
of discomfort during sensorimotor incongruence.

Rheumatology key messages - o

« Neural correlates of discomfort are not known by
comparing sensorimotor congruence and
incongruence.

e The cingulate cortex is more activated in the high-
than in the no-discomfort subgroup.

e These findings may provide an understanding of
mechanisms of discomfort during sensorimotor
incongruence.
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Abstract

Background The previous epidemiological surveys con-
ducted in Japan revealed that once the vicious cycle of
chronic musculoskeletal pain begins, it is difficult to dis-
rupt the cycle. This finding suggests the existence of
problems with the conventional approaches to treatment of
chronic musculoskeletal pain. The purpose of this study
was to investigate the characteristics of patients with
chronic musculoskeletal pain focusing on neuropathic and
psychogenic pain.
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Methods The questionnaire was sent again to the 660
subjects found to have persistent chronic pain in the epi-
demiological surveys conducted in 2011. Responses were
collected from 588 subjects (response rate 90 %).

Results  Of the 588 responders, 365 (62 %) complained of
persistent chronic pain. Among them, 128 (35 %) were still
receiving treatment and 193 (53 %) had discontinued
treatment. The degree of satisfaction with the treatment
was low, and 66 % of the patients had switched the med-
ical facility that they visited to receive treatment. The cited
reasons for the change in the medical facility visited and
discontinuation of treatment were “treatment was ineffec-
tive,” “I did not have sufficient time,” “I thought I could
take care of it myself,” and “Treatment seemed to be
unnecessary”. Involvement of neuropathic pain was sug-
gested in 20 % of all the patients with chronic pain. As the
PainDETECT Score rose, the Visual Analog Scale (VAS)
score became higher and the change of medical facility for
treatment also increased. The Pain Catastrophizing Scale
score was correlated positively with the VAS score. The
Hospital Anxiety and Depression Scale score was signifi-
cantly correlated with the VAS score and the duration of
pain.

Discussion The results of this survey indicated that the
chronic course of musculoskeletal pain may be attributable
to the following factors: (1) lack of appropriate treatment
of neuropathic pain and psychogenic pain, and (2) insuf-
ficient awareness/knowledge among patients about chronic
musculoskeletal pain.

Introduction

The National Livelihood Survey provides data on symp-
toms currently prevalent in the Japanese general
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population. According to this survey, low back pain,
shoulder stiffness, joint pain and other types of pain are
highly ranked [1]. However, while attempting to devise
countermeasures against chronic pain among Japanese
people, we faced shortage of even basic information con-
cerning the types of pain. Taking this background into
account, we initiated the “longitudinal investigation of
chronic musculoskeletal pain” in 2010. Until date, we have
reported, based on the results of this survey, the prevalence
of chronic musculoskeletal pain (15.4 %), the frequency of
new onset of this type of pain (11.1 %), and the risk factors
for the onset of chronic pain in the Japanese population.
The investigation additionally revealed that chronic pain
was frequently persistent (45.2 %), and that the risk factors
for persistent pain were a VAS score of >7, duration of
pain of >5 years, and pain affecting the lower back. Of the
responders complaining of persistent chronic pain, more
than 80 % had a history of treatment; about 30 % were still
receiving treatment at the time of the investigation, while
50 % had discontinued treatment because of poor
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satisfaction with the outcome of treatment [2, 3]. These
findings suggest that once the vicious cycle of chronic
musculoskeletal pain begins, it is difficult to disrupt the
cycle, and that the conventional approaches to treatment of
chronic musculoskeletal pain may involve problems. The
present survey was undertaken in the same subjects as
those in the previously performed mail-based survey to
characterize them with a chronic course of musculoskeletal
pain, with emphasis laid on the possible involvement of
neuropathic pain or psychogenic pain, and identification of
problems with the conventional approaches to treatment.

Methods

The questionnaire was mailed to 660 subjects who com-
plained of persistent chronic pain in both the epidemio-
logical surveys of 2010 and 2011 according to the mail-
based survey panel maintained by Nippon Research Center,
Ltd. [2, 3]. Responses were collected from 588 subjects

Severity of pain
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Fig. 1 a Most recent time of pain, b severity of pain (visual analog scale), ¢ duration of pain, d prevalence of chronic musculoskeletal pain
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(response rate, 90 %). The questionnaire used in this survey
contained questions to determine information on the basic
demographic characteristics of the subjects (gender, age,
location of living, occupation, etc.), information about the
chronic musculoskeletal pain (severity, location, duration,
presence/absence of treatment, treating medical facility,
therapeutic regimen used, treatment period, efficacy, degree
of satisfaction with treatment), and information about
neuropathic pain (PainDETECT score) [4] or psychogenic
pain (Hospital Anxiety and Depression scale: HADS, Pain
Catastrophizing Scale: PCS) [5, 6]. The subjects were
divided into three categories according to the PainDETECT
scores: the Non-neuropathic pain (NP) group (score of 12 or
less; low likelihood of involvement of neuropathic pain),
the Suspected NP group (score of 13-18; possible
involvement of neuropathic pain), and the NP group (score
of 19 or higher; strong suggestion of the involvement of
neuropathic pain). The HADS consisted of HADS-anxiety
(7 anxiety-related items: HADS-A) and HADS-depression
(7 depression-related items: HADS-D). The responders
were divided according to the HADS-A and HADS-D
scores (21 at the maximum each) into 3 categories: score of
7 or less (no problem), score of 8-10 (possible clinical
problems), and score of 11 or higher (evident clinical
problems). Responders with HADS-A/D scores of 10 or less
(non-anxiety group, non-depression group) and those with
HADS-A/D scores of 11 or higher (anxiety group, depres-
sion group) were compared. Chronic pain was defined as
pain experienced at least once in the past 30 days, with
severity of 5 or more on a visual analogue scale (VAS), and
persisting for 6 months or more, similar to the definition
adopted in the 2010 and 2011 surveys [2, 3]. Furthermore,
the age, gender, treatment period, frequency of change of
the treating facility, VAS score, PainDETECT score,
HADS score and PCS score in the responders with persis-
tent chronic pain were compared among medical facilities
and folk remedies. For inter-group comparison, ¢ test or
ANOVA was used for continuous variables and the Chi-
square test or Fisher’s exact test for categorical variables.
This study was approved by the IRB of Keio University.

Results

Characteristics of the responders complaining
of persistent chronic pain

According to the definition of chronic pain, 365 (62 %) of
the 588 respondents had persistent chronic pain, while the
remaining 223 respondents (38 %) no longer complained
of chronic pain. A noteworthy finding was that the most
frequently recorded duration of pain was 10-15 years, and
the second most frequently recorded duration was

5-10 years (Fig. 1). The most frequently recorded site of
pain was the low back (75 %), followed by the neck and
shoulder (about 60 %), similar to the results of the previous
surveys (Fig. 2a). When individual respondents were
questioned about the site of the most persistent pain, the
most frequent response was the lower back (33 %), fol-
lowed by the neck and shoulder (Fig. 2b).

Treatment status among responders complaining
of persistent chronic pain

Of the 365 responders complaining of persistent chronic
pain, 128 (35 %) were still receiving treatment at the time
of the survey, while 193 (53 %) had discontinued treat-
ment. Forty-four responders (12 %) were not receiving
treatment despite the presence of persistent pain (Fig. 3a).
The treatment period was 1 year or longer in about 40 % of
all respondents, indicating a tendency for prolonged treat-
ment (Fig. 3b). When questioned about the outcome of
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Fig. 3 Treatments received for persistent, chronic pain: a treatment circumstances, b duration of treatment, ¢ efficacy of first treatment, d degree

of satisfaction with first treatment

treatment at the first treating facility, the responses were
“disappeared, improved or slightly improved” in 57 %,
and “unchanged, slightly aggravated or aggravated” in
39 % (Fig. 3c). The degree of satisfaction with treatment
was “very satisfied or slightly satisfied” in only 29 %, and
“neutral, slightly unsatisfied or very unsatisfied” in as
many as 69 % of the cases (Fig. 3d).

As a result, the responders often changed the treating
facility (66 %), with the frequency of change being once in
40 %, twicein 3 %, three timesin 11 %, and 4 times or more
in 18 % of the cases (Fig. 4a, b). In a further analysis of the
changes in the treating facility, the type of facility providing
the initial treatment was most frequently orthopedics (185
responders, 58 %), followed in frequency by a chiropractic/
osteopathy (82 responders, 26 %). However, when asked

@ Springer

about the type of facility visited as the second treating
facility, a smaller number of responders answered “ortho-
pedics” (84 responders) and a larger number of responders
answered “chiropractic/osteopathy” (87 responders), with
scarce change in the number of responders answering
“massage/acupuncture.” When asked about the type of
facility visited as the third and subsequent treating facility,
the number of responses for each type of facility decreased to
a similar degree (Fig. 4c).

The most frequent reason for changing the treating
facility was “treatment was ineffective” (35 %), followed
by “I did not have sufficient time” (30 %), “I thought I
could take care of it myself” (10 %), and “it was eco-
nomically unaffordable” (10 %) (Fig. 5a). The reason for
not receiving any treatment was “efficacy was not
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Fig. 4 Circumstances of
changes in treatment facility:
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expected” (29 %), “I thought it may be possible to deal
with the pain by myself” (27 %), “I wanted to receive
treatment, but could not receive it” (18 %), and “treatment
seemed to be unnecessary” (11 %) (Fig. 5b).

Involvement of neuropathic pain in persistent chronic
pain

Involvement of neuropathic pain in the responders com-
plaining of persistent chronic pain was investigated through
analysis of the PainDETECT scores. The percentage of
responders classified into the NP group was 7 %, and that of
responders classified into the Suspect NP group was 13 %
(Fig. 6a). In an analysis of the relation to gender, involve-
ment of neuropathic pain was seen more frequently in males
than in females with a marginal significance (p = 0.06)
(Fig. 6b). In the analysis of the relationship between the VAS
score and PainDETECT score, the VAS scores differed

significantly among the three groups divided according to the
involvement of neuropathic pain. There were significant
differences in VAS scores between the non-NP and Suspect-
NP groups (p = 0.043), and between the non-NP and NP
groups (p < 0.001, Bonferroni post-hoc test) (Fig. 6c).
There was a significant difference in the frequency of change
of the treating facility among the three groups (p < 0.05).
Even after removing the influence of VAS score, covariance
analysis revealed that the frequency of change of the treating
facility was lower in the non-NP group compared to the NP
group with a marginal significance (p = 0.056) (Fig. 6d).

Involvement of psychogenic pain in persistent chronic
pain

The involvement of psychological factors in chronic mus-

culoskeletal pain was investigated through analysis of the
correlation between the VAS scores and PCS scores. This
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Fig. 5 a Reason for discontinuation of treatment, b reason for
seeking no treatment

analysis revealed a weak but statistically significant positive
correlation between the VAS and PCS scores (Spearman’s
correlation coefficient = 0.224, p < 0.001) (Fig. 7a). When
analyzed in relation to the HADS-A score, the VAS score
was significantly higher in the responders classified into the
anxiety group than in the responders classified into the non-
anxiety group, while the duration of pain did not differ sig-
nificantly between the two groups. When analyzed in relation
to the HAD-D score, the duration of pain was significantly
longer in the depression group than in the non-depression
group (p = 0.019, covariance analysis with VAS score),
while the VAS score did not differ significantly between the
two groups (Fig. 7b).

Characteristics of the responders complaining
of persistent chronic pain, analyzed by the type
of the first treating facility

The characteristics of the responders complaining of per-
sistent chronic pain were compared between the two

a Springer

groups divided by the type of the first treating facility, i.e.,
the group which received the first treatment at a medical
facility (medical facility group) and the group which
received the first treatment at a folk remedy (folk remedy
group). The male-to-female ratio did not differ significantly
between the medical facility group and the folk remedy
group, however, the age of the responders was significantly
higher in the medical facility group than in the folk remedy
group. There was no significant difference in terms of the
treatment period or the frequency of change of the treating
facility between the two groups. The VAS score did not
differ between the two groups either. The PainDETECT
score tended to be higher in the medical facility group (8.3)
than in the folk remedy group (6.4), although the difference
was not statistically significant (p = 0.06). The PCS score
was significantly higher in the medical facility group (26.5)
than in the folk remedy group (23.2) (p < 0.01, Table 1).

Discussion

Current status of responders complaining of persistent
chronic musculoskeletal pain

Of the responders who complained of chronic musculo-
skeletal pain at the time of the survey in 2010, 45 %
continued to complain of chronic pain in the 2011 survey,
and the percentage of responders still complaining of
chronic pain rose to 62 % in the survey of 2012. This result
suggests that relief from chronic musculoskeletal pain
becomes more difficult as the duration of chronic pain
increases. In the present survey, the mean VAS score was
higher than the score recorded in the 2010 survey, and the
most frequent site of pain was the low back (70 %), sug-
gesting the possibility that many of the responders com-
plaining of chronic pain in this survey had intractable low
back pain. This finding is consistent with the results of the
longitudinal epidemiological survey of 2011, in which the
pain in the “low back” as the site of pain and pain for
“5 years or longer” as the duration of pain were suggested
as risk factors for the persistence of chronic pain [3]. Past
reports have also suggested that lower back pain is asso-
ciated with a high risk of relapse and a chronic course [7-
11]. Therefore, approaches for dealing with the high-risk
group will become more important when countermeasures
against chronic musculoskeletal pain are discussed.

Problems with treatment of persistent chronic pain
and countermeasures

Slightly more than 80 % of all responders complaining of
persistent chronic pain had a history of treatment, with the
treatment still continuing in 30 % of the respondents at the

— 144 —



Chronic musculoskeletal pain in Japan

673

Fig. 6 Influence of neuropathic a
pain on chronic pain:

a distribution of the
painDETECT scores,

b comparison of painDETECT
scores between males and
females (*p = 0.06),

¢ correlation between
painDETECT scores and VAS
scores (*p < 0.05), d influence
of painDETECT score on
frequency of change of the
treatment facility
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time of the present survey. The remaining 50 % were no
longer receiving treatment despite persistent pain. When
asked about the efficacy of treatment, about 40 % answered
“unchanged” or “aggravated,” with the degree of satis-
faction with the treatment being “neutral,” “slightly
unsatisfied” or “quite unsatisfied” in about 70 %. This
tendency was similar to that seen in the 2011 survey. Thus,
66 % of respondents complaining of chronic pain changed
the treating facility, with the frequency of change being
once or twice in about 70 % of the responders who chan-
ged the treating facility. To our surprise, 30 % of the
responders changed their treating facility three or more
times, suggesting that the percentage of responders
engaging in so-called “doctor shopping” cannot be
ignored. When changes in the type of the treating facility
were analyzed, the first treating facility was an orthopedics
in slightly more than 60 % of all responders, while the
share of orthopedics as the treating facility decreased to
about 50 % after the first change of the treating facility.
There was, however, no marked change in the share of folk

remedies as the treating facility. This result is consistent
with the finding from the survey of 2011, which revealed
that the degree of satisfaction with treatment at medical
facilities was lower than that at folk remedies [3], sug-
gesting that the initial treatment provided at medical
facilities may not be adequate. However, there was no
marked difference between medical facilities and folk
remedies in terms of the tendency towards subsequent
changes of the treating facility. The most frequent reason
for changing the treating facility or discontinuing treatment
was “treatment was ineffective,” indicating that the current
approach for treating chronic musculoskeletal pain may not
be sufficiently effective. To identify the factors possibly
underlying this finding, we investigated the involvement of
neuropathic pain and psychogenic pain in persistent
chronic musculoskeletal pain.

This analysis suggested possible involvement of neuro-
pathic pain in about 20 % of all responders complaining of
chronic pain. It was additionally revealed that the VAS
score rose significantly and the frequency of change of the
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Fig. 7 Influence of psychogenic pain on chronic pain: a correlation
between PCS and VAS scores, b influence of HADS-A (anxiety) and
HADS-D (depression) scores on the VAS score and duration of pain
(*p < 0.05)

treating facility also increased as the likelihood of
involvement of neuropathic pain became higher. Regarding
psychogenic pain, a significant positive correlation was
noted between PCS and VAS scores, an increase in HADS-
A score was associated with an increase of the VAS score,
and an increase in the HADS-D score was associated with a
longer duration of pain. In regard to chronic low back pain,
which was the most frequent type of pain recorded in the
present survey, the previously reported important role of
psychogenic factors [12-16] was also endorsed by the
results of the present survey. Interestingly enough, analysis
of the characteristics of the responders complaining of
chronic pain in relation to the type of the first treating
facility revealed that medical facilities more frequently
managed patients of advanced age and with a stronger
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likelihood of involvement of neuropathic pain and psy-
chogenic pain than folk remedies. These factors may
explain, at least partially, the relatively low satisfaction
level of responders with the treatment at medical facilities.
However, caution is needed while interpreting the results as
to psychogenic pain, in view of the possibility that treat-
ment may result in progression of catastrophic thinking or
depressive mood.

Taken together, these results suggest that many of the
patients complaining of chronic musculoskeletal pain
seek treatment at the orthopedic clinic/department first,
but tend to show low levels of satisfaction with the
treatment because of insufficient efficacy, and that neu-
ropathic pain and psychogenic pain may be involved in
the poor responses of these patients to treatment. Lack of
adequate assessment for neuropathic and psychogenic
pain during the initial treatment of chronic
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musculoskeletal pain and the resultant absence of
appropriate treatment seem to lead to “doctor shopping”
by patients. A past report also pointed out the close
involvement of neuropathic pain with chronic low back
pain [17]. To resolve this issue, it will be important to
assess the involvement of neuropathic pain on the basis
of the PainDETECT score and neuropathic severity score
before treatment is started in individual patients com-
plaining of chronic musculoskeletal pain. Furthermore,
the results of the present survey suggest that if treatment
is provided in a manner tailored to the status of
involvement of psychogenic pain rated by the HADS and
PCS, it may become possible to reduce the intensity of
pain and shorten the duration of pain.

Many previous reports have shown that chronic mus-
culoskeletal pain can impair not only physical health, but
also mental health, which may have a large impact on the
daily living and social activities of the patients [2, 18].
However, the awareness among patients about chronic pain
does not seem to be sufficient, considering the finding from
this survey that patients often decided to discontinue
treatment or seek no treatment for chronic pain persisting
for 3 years or more, on grounds such as “I did not have
sufficient time,” “I thought I could take care of it myself”
and “I thought treatment was unnecessary.” At present, the
actual status of chronic musculoskeletal pain is not suffi-
ciently well understood by the people in Japan. Dissemi-
nation of information through various media to deepen the
understanding of the people is important for ensuring a
sufficient level of awareness among the people of Japan
about the significance of chronic musculoskeletal pain
treatment.

This study was conducted as a 2011 Ministry of Health,
Labour and Welfare: Health Labour Sciences Research
Grant for Comprehensive Research on Disability Health
and Welfare (Survey study of chronic musculoskeletal
pain).
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Abstract

Background An epidemiological survey conducted in
Japan in fiscal year 2010 revealed a high prevalence of
chronic musculoskeletal pain, low patient satisfaction with
treatment, a high incidence of protracted treatment lasting a
year or more, and reduced quality of life. To improve the
current system for treating chronic musculoskeletal pain, it
is important to identify risk factors, including patient
characteristics, for developing chronic pain. Thus, we
sought to determine the incidence of new chronic pain in
the Japanese population, as well as the persistence rate,
associated factors, and current state of treatment of chronic
pain, by repeating a postal survey in a nationwide repre-
sentative sample group first surveyed in 2010.

Methods Among 11,507 participants in the 2010 epide-
miological survey, 1,717 reported chronic pain and 6,283
reported no chronic pain. A repeat questionnaire, mailed to
subjects in these 2 groups in fiscal year 2011, received
replies from 85 % of those who reported pain and 76 % of
those without pain in 2010.

Results The incidence of new chronic pain was 11.1 %.
Risk factors for developing chronic pain included work-
ing in a professional, managerial, or clerical/specialist
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occupation, being female, having a BMI >25; currently
using alcohol or cigarettes; and having completed an edu-
cation level of vocational school or higher. Persistent
chronic pain was reported by 45.2 % of respondents. Those
with severe (VAS score >7) and constant lower-back pain
lasting more than 5 years had the highest risk of the pain
persisting. More than 80 % respondents with persistent
chronic pain had a history of treatment, and while about
30 % were still receiving treatment at the time of the sur-
vey, the other 50 % had discontinued treatment despite the
persistence of pain because of a low degree of satisfaction
with treatment.

Discussion We identified risk factors related to the
development of new chronic pain and the persistence of
chronic pain. Countermeasures to prevent chronic pain
could be especially important for the high-risk populations
for understanding the pathology of chronic pain.

Introduction

The National Livelihood Survey found motor-organ pain in
the form of low back pain, stiff shoulders, and arthralgia to
be the most common symptoms [1] suffered by the Japa-
nese public. However, we do not know enough about these
symptoms, even at a basic level, to create effective strat-
egies to counteract chronic pain in our country. The Survey
Study on Chronic Musculoskeletal Pain, conducted in
Japan in 2010, found that chronic musculoskeletal pain had
a symptom prevalence of 15.4 % and that 42 % of people
reporting chronic musculoskeletal pain had received
treatment. The treatment period became protracted, lasting
a year or more, in 70 % of those who were treated, and
patient satisfaction with treatment was low. We also found
that chronic musculoskeletal pain strongly impacted the
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sufferer’s life through both a loss of social activity and a
long-term increase in the degree of assistance needed in
daily life and also strongly affected the lives of people
around the one suffering pain in Japan [2]. This emphasizes
the importance of identifying the characteristics and risk
factors of patients whose pain becomes chronic, and
establishing preventive measures. In the present study, we
repeated a postal survey of a representative nationwide
sample to examine the incidence of new chronic pain, the
chronic pain persistence rate, factors associated with
chronic pain, and the actual state of treatment for those
with persistent, chronic pain in Japan.

Methods

The original survey group, a nationwide, randomly
selected sample, was chosen in 2010 through the Mail-in
Survey Panel maintained by the Nippon Research Center
[2]. The Panel is based on a randomly selected address-
based sample with gender and age distributions similar to
those in the national population census. To create a
mailing address sample that reflected the demographic
composition of the Japanese population, subjects were
specified as being residents of Japan who were 18 or
more years of age, and quotas were set for gender, age,
and regional distribution to correspond to the population
as a whole. The 2010 survey included 11,507 subjects, of
which 1,770 reported chronic pain and the others reported
no chronic pain. We mailed a repeat questionnaire to
these 2 groups in 2011, and obtained replies from 1,460
of those who had reported chronic pain (reply rate
82.5 %) and 4,797 of those who did not have chronic pain
(reply rate 76 %) at the time of the 2010 survey. Besides
such basic information as gender, age, location of resi-
dence, and occupation, our questionnaire asked about the
severity, location, and duration of chronic musculoskeletal
pain, whether the pain was treated, and about the facility
where treatment was received, the nature of the treatment,
the treatment period and effectiveness, and the patient’s
degree of satisfaction. In both the 2010 and 2011 surveys,
musculoskeletal pain was defined as pain associated with
bone, muscle, joints, or nerves at each of 11 anatomical
sites (neck, back, low back, shoulder, elbow, wrist/hand,
arm, hip, knee, ankle/foot and leg) (Fig. 1), and chronic
pain was also defined as pain experienced at least once in
the past 30 days, with a severity score of 5 or more on a
visual analogue scale (VAS), and persisting for 6 months
or more. We calculated the incidence rate of new chronic
pain based on the 4,797 persons who did not have chronic
pain in fiscal 2010, and the chronic pain persistence rate
based on the 1,460 persons who had reported chronic pain
in fiscal 2010. Incidence rates and persistence rates were
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Fig. 1 The full-body manikin used in the pain-associated epidemi-
ological survey. I neck, 2 shoulder, 3 elbow, 4 wrist/hand, 5 arm,
6 back, 7 low back, 8 hip, 9 knee, 10 ankle/foot, 11 leg

calculated according to the individual factors such as
gender, area of residence, and urban size, and occurrence
rates were compared by the y? test. In addition to gender
and age, significantly associated factors identified by the
crude odds ratio (p < 0.1) were ultimately included in
multivariate analysis (logistic regression analysis), and
adjusted odds ratios were calculated. Factors for which
the crude odds ratio did not find an association were also
incorporated into the final model, one by one, to check
their effect.

We evaluated the treatment circumstances in detail for
respondents who reported persistent chronic pain, includ-
ing whether the pain was treated, the type of treating
facility, the nature and effectiveness of the treatment, the
subject’s degree of satisfaction, and whether the patient
changed treatment facilities. This study was approved by
the IRB of Keio University.
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Table 1 Incidence of chronic pain by factors

Number  Incidence (%) Crude OR p value Multivariate-adjusted OR*  p value
(95 % CI) (95 % CI)
All 531/4797 111
Gender
Men 220/2110 104 1 1
Women 311/2687 11.6 1.12 (0.94-1.35) 0.209 147 (1.17-1.85) 0.001
Age
20-29 54/496 10.9 1 1
30-39 100/733  13.6 1.29 (0.91-1.84) 0.153  1.07 (0.73-1.63) 0.728
40-49 113/794  14.2 1.36 (0.96-1.92) 0.083 1.11 (0.76-1.63) 0.595
50-59 92/794 11.6 1.07 (0.75-1.53) 0.700  0.92 (0.62-1.37) 0.692
60-69 93/1044 8.9 0.80 (0.56-1.14) 0.218  0.80 (0.54-1.20) 0.282
70-79 72/854 8.4 0.75 (0.52-1.09) 0.136  0.89 (0.58-1.35) 0.571
80— 7/82 8.5 0.76 (0.33-1.74) 0.522  0.71 (0.27-1.88) 0.496
Area
Hokkaido 27211 12.8 1 1
Touhoku 32/295 10.9 0.83 (0.48-1.43) 0.501  0.86 (0.50-1.50) 0.602
Kanto 204/1837 11.1 0.85 (0.55-1.31) 0.462 0.80 (0.51-1.23) 0.307
Chubu 55/553 10.0 0.75 (0.46-1.23) 0.256  0.74 (0.45-1.23) 0.246
Hokuriku 177205 8.3 0.62 (0.32-1.17) 0.138  0.64 (0.33-1.23) 0.182
Kinki 101/855  11.8 0.91 (0.58-1.44) 0.694  0.90 (0.56-1.42) 0.644
Chugoku 38/295 12.9 1.01 (0.59-1.71) 0.977 1.09 (0.63-1.87) 0.760
Shikoku 8/127 6.3 0.46 (0.20-1.04) 0.063  0.52 (0.22~-1.19) 0.122
Kyushu 49/419 11.7 0.90 (0.55-1.49) 0.689  0.80 (0.48-1.36) 0414
City size
500,000= 180/1390  13.0 1 1
150,000 = 163/1521 10.7 0.81 (0.64-1.01) 0.062  0.83 (0.66-1.05) 0.122
<150,000 142/1360 104 0.78 (0.62-1.00) 0.041 0.83 (0.65-1.06) 0.134
County 39/401 9.7 0.72 (0.50-1.04) 0.084 0.78 (0.54-1.14) 0.201
No answer 7/125 5.6 0.40 (0.18-1.01) 0.021  0.47 (0.20-1.10) 0.082
Occupation
Others® 346/3427 10.1 1 1
Professional, manager, clerical, and skill — 183/1345 13.6 1.41 (1.16-1.70) <0.001 1.36 (1.08-1.71) 0.010
Marital status
Divorced/widowed/single 100/1038 9.6 1 1
Married 427/3702 115 1.22 (0.97-1.54) 0.086 1.27 (0.98-1.64) 0.073
Living condition
Alone 28/324 8.6 1
Not alone 497/4417 113 1.34 (0.90-2.00) 0.150
BMI category
—-18.49 48/400 12.0 1.15 (0.83-1.58) 0.395 1.03 (0.74-1.44) 0.864
18.5-24.9 368/3469 10.6 1 1
25.0- 108/857  12.6 1.22 (0.97-1.53) 0.095 1.28 (1.01-1.62) 0.038
Alcohol drinking®
Never 197/2033 9.7 1 1
Ex-drinker 49/365 13.4 1.45 (1.03-2.02) 0.031 1.4 (0.98-1.98) 0.061
Current drinker 282/2344 120 1.27 (1.05-1.55) 0.014  1.23 (1.00-1.52) 0.050
Smoking®
Never 335/3155 10.6 1 1
Ex-drinker 74/753 9.8 0.92 (0.70-1.20) 0.524  0.92 (0.69-1.22) 0.567
@ Springer
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Table 1 continued

Number Incidence (%) Crude OR p value Multivariate-adjusted OR® p value
95 % CI) (95 % CI)

Current drinker 119/841 142 1.39 (1.11-1.74) 0.004 1.32 (1.03-1.69) 0.031
Education

High school or lower 241/2457 9.8 1 1

Technical or higher 287/2316 12.4 1.30 (1.08-1.56) 0.005 1.24 (1.02-1.51) 0.030
Income

—3,990,000 188/1752 10.7 1

4,000,000-7,990,000 226/2022 11.2 1.05 (0.85-1.29) 0.662

8,000,000-9,990,000 60/461 13.0 1.24 (0.91-1.70) 0.167

10,000,000 48/432 11.1 1.04 (0.74-1.46) 0.820

a
b

c

Results
Incidence rate and risk factors for new chronic pain

Among the 4,797 people who did not have chronic pain in
2010, 531 reported newly developed chronic pain in the
2011 survey; the incidence rate was 11.1 %. Table 1 shows
the incidence rates according to individual factors. Crude
analysis suggested associations between the development
of chronic pain and age, area, city size, occupation, marital
status, BMI category, alcohol use, smoking, and education
history. Multivariate analysis identified statistically sig-
nificant associations with gender (female), occupation
(professional, managerial, clerical/specialist), a BMI >25,
current alcohol or cigarette use, and a highest-completed
education level of vocational school or higher (Table 1).

Persistence rate for chronic pain, and risk factors
for persistence

Of the 1,460 persons who reported chronic pain in 2010,
660 reported its persistence in the 2011 survey (45.2 %).
Table 2 shows persistence rates according to individual
factors. Crude analysis suggested associations between
pain persiStence and age, area, occupation, marital status,
and household income, and the pain site, severity, fre-
quency and duration and change of practice as reported on
the 2010 survey. Multivariate analysis identified statisti-
cally significant associations with the following factors in
the 2010 survey: a pain VAS score of 7-8, constant pain,
pain persistence for 5 years or more, and a pain site in the
lower back (Table 2). Although the p value for the crude
analysis of change of practice was 0.082, it is not included
in the multivariate analysis because this greatly reduced the
sample size. Even if we forcibly included this variable of
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the model, it did not show a statistically significant result
(p = 0.299).

The state of treatment for persistent chronic pain
Characteristics of initial treatment

Although 31.7 % of the people with persistent chronic pain
reported ongoing treatment for pain, 50.6 % had received
treatment in the past but were no longer being treated, and
15.3 % had never received treatment (Fig. 2a). Approxi-
mately 60 % of those with persistent chronic pain and a
history of treatment were initially treated at a medical
facility such as an orthopaedic surgery department or sur-
gery department, and the others were initially treated with
folk medicines such as chiropractic, osteopathy, massage,
or acupuncture/moxibustion (Fig. 2b). The most common
type of initial treatment was physical therapy (28 %), fol-
lowed by massage (26 %), medication (22 %), and orthotic
treatment (8 %) (Fig. 2¢). The most common treatment
frequencies were once and several times weekly (approx-
imately 30 % each), followed by once every 2 weeks or
less, and daily (Fig. 3a). The most common treatment
duration, reported by 40 %, was a year or longer (Fig. 3b).

Effectiveness of initial treatment and degree of patient
satisfaction

Of the respondents who were initially treated at a medical
facility, the pain was improved in 7 %, somewhat
improved in 54 %, unchanged in 33 %, somewhat aggra-
vated in 2 %, and aggravated in 1 % by the treatment
received (Fig. 4a). Only 6 % reported that they were very
satisfied with the treatment received; 28 % were somewhat
satisfied, 35 % were neither satisfied nor dissatisfied, 20 %
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Table 2 Continuance rate of pain by factors

Number  Continuance rate  p value for Crude OR p value Multivariate-adjusted OR*  p value
7 test 95 % CI) (95 % CI)
All 660/1460 45.2 %
Gender
Men 248/564 440 % p=0452 1 1
Women 412/896  46.0 % 1.08 (0.88-1.34) 0.452  1.23 (0.94-1.61) 0.124
Age
20-29 78/138 56.5 % p <0001 1 1
30-39 125/270 463 % 0.66 (0.44-1.00) 0.051  0.74 (0.44-1.24) 0.255
40-49 159/309  51.5 % 0.82 (0.54-1.22) 0.322  1.14 (0.68-1.90) 0.628
50-59 121/269 450 % 0.63 (0.42-0.95) 0.028  0.80 (0.47-1.36) 0411
60-69 1017256 395 % 0.5 (0.33-0.76)  0.001  0.76 (0.44-1.33) 0.340
70-79 72/194 37.1 % 0.45 (0.29-0.71) 0.001  0.71 (0.40-1.27) 0.246
80~ 4/24 16.7 % 0.15 (0.05-0.47) 0.001  0.37 (0.10-1.30) 0.120
Area
Hokkaido 32/65 49.2 % p=0519 1 1
Touhoku 41/86 47.7 % 0.94 (0.49-1.79) 0.850  0.96 (0.44-2.07) 0.910
Kanto 264/590 448 % 0.84 (0.5-1.39) 0491  0.64 (0.35-1.18) 0.155
Chubu 85/180 472 % 0.92 (0.52-1.63) 0.781  0.81 (0.41-1.60) 0.554
Hokuriku 28/53 52.8 % 1.16 (0.56-2.39) 0.697  0.74 (0.31-1.77) 0.498
Kinki 1017231 437 % 0.80 (0.46-1.39) 0.431  0.70 (0.36-1.36) 0.294
Chugoku 33/83 39.8 % 0.68 (0.35-1.31) 0.250  0.55 (0.25-1.21) 0.136
Shikoku 12/39 30.8 % 0.46 (0.2-1.06) 0.067  0.38 (0.14-1.07) 0.067
Kyushu 64/133 48.1 % 0.96 (0.53-1.73) 0.883  0.86 (0.43-1.71) 0.659
City size
500,000 = 220/460 47.8 % p=0.605 1
150,000 = 206/474 435 % 0.84 (0.65-1.09) 0.181
<150,000 173/385 449 % 0.89 (0.68-1.17) 0.401
County 52/114 45.6 % 0.91 (0.61-1.38) 0.672
Occupation
Others® 491/1139 43.1 % p=0.002 1 1
Professional, manager, 169/319  53.0 % 1.49 (1.16-1.91) 0.002 1.33 (0.96-1.85) 0.086
clerical, and skill
Marital status
Divorced/widowed/single 156/287  54.4 % p=0.001 1 1
Married 503/1166 43.1 % 0.64 (0.49-0.83) 0.001  0.72 (0.51-1.01) 0.061
Living condition
Alone 36/70 514 % p=0292 1
Not alone 622/1382 45.0 % 0.77 (0.48-1.25) 0.294
BMI category
—18.49 63/139 453 % p =0.838 1.02(0.71-1.46) 0.913
18.5-24.9 438/977 448 % 1
25.0- 156/334  46.7 % 1.08 (0.84-1.38) 0.552
Alcohol drinking®
Never 253/591 428 % p=0240 1
Ex-drinker 83/169 49.1 % 1.29 (0.92-1.82) 0.146
Current drinker 322/693 465 % 1.16 (0.93-1.45) 0.189
Smoking®
Never 413/922 448 % p=10640 1
Ex-drinker 1017228 443 % 0.98 (0.73-1.31) 0.893
@ Springer
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Table 2 continued

Number Continuance rate  p value for ~ Crude OR p value  Multivariate-adjusted OR®*  p value
¥ test (95 % CI) 95 % CI)
Current drinker 145/304 477 % 1.12 (0.87-1.46) 0.378
Education
High school or lower  317/715 443 % p = 0.540 1
Technical or higher 339/738 459 % 1.07 (0.87-1.31) 0.540
Income of family
—3,990,000 220/511  43.1 % p = 0.185 1 1
4,000,000-7,990,000 280/618 453 % 1.1 (0.87-1.39) 0.448  1.00 (0.75-1.34) 0.997
8,000,000-9,990,000 63/149 423 % 0.97 (0.67-1.4) 0.867  0.86 (0.55-1.35) 0.510
10,000,000~ 80/152 526 % 1.47 (1.02-2.11) 0.038  1.14 (0.73-1.78) 0.554
Strength of pain (VAS)
5-6 412/984 419 % p = 0.001 1 1
7-8 228/433  52.7 % 1.54 (1.23-1.94) <0.001  1.43 (1.10-1.87) 0.008
9-10 20/43 46.5 % 1.21 (0.65-2.23) 0.547  1.33 (0.63-2.85) 0.455
Frequency of pain
2-3 times/week 141/404 349 % p < 0.001 1 1
Once/day 1007270  37.0 % 1.1 (0.80-1.51) 0.571  1.34 (0.91-1.96) 0.135
Always 419/786 5330 % 2.13 (1.66-2.73) <0.001  2.40 (1.79-3.23) <0.001
Duration of pain
<3 years 152/432 352 % p < 0.001 1 1
3-5 years 891214 416 % 1.31 (0.94-1.84) 0.114  1.45 (0.97-2.17) 0.073
5-10 years 145/270 537 % 2.14 (1.57-2.91) <0.001  2.13 (1.47-3.08) <0.001
10 years— 274/544 504 % 1.87 (1.44-2.42) <0.001  1.76 (1.29-2.42) <0.001
Site of pain
Others 81/201 40.3 % p = 0.001 1 1
Neck 1317252 520 % 1.6 (1.1-2.33) 0.013  1.33 (0.87-2.02) 0.188
Shoulder 115/257 44.8 % 1.2 (0.83-1.74) 0.340  1.02 (0.68-1.54) 0.920
Low back 207/393 527 % 1.65 (1.17-2.33) 0.004 1.62 (1.11-2.37) 0.012
Knee 32/93 344 % 0.78 (0.47-1.3) 0.335  0.81 (0.47-1.39) 0.443
Treatment
None 342/780 439 % p = 0.553 1
At hospital/clinic 134/289 464 % 1.11 (0.84-1.45) 0.462
At folk remedy 139/295 47.1 % 1.14 (0.87-1.49) 0.336
Both 26/50 52.0 % 1.39 (0.78-2.46) 0.262
Change of practice
No 126/290 435 % p = 0.082 1
Yes 144/284  50.7 % 1.34 (0.96-1.86) 0.082¢

a

b

adding to age category and sex, variables which had a statistically significant influence on odds ratio were included in the model

agriculture, forestry, and fisheries/independent business/part-time worker/full-time homemaker/student/inoccupation

¢ alcohol drinking and smoking were categorized into three categories (never, ex (used to), and currently smoking) based on the questionnaire

d

were somewhat dissatisfied, and 10 % were very dissatis-
fied (Fig. 4b). When compared by the type of treatment
provider, 20 % of those treated at medical facilities such as
an orthopaedics or surgery department reported being very
or somewhat satisfied; however, 50 % of those who used
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p for crude analysis of change of practice was 0.082, but not included in the multivariate analysis because this reduced sample size

folk medicine such as chiropractic, osteopathy, massage, or
acupuncture/moxibustion, reported being very or some-
what satisfied (Fig. 5). Thus, the degree of satisfaction with
folk medicine treatments was higher than with treatments
received at medical facilities.
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Fig. 2 Treatments received for a b
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Circumstances regarding changes in treatment facility

Approximately 60 % of the persons who had been treated
for pain had changed treatment facilities. Of these, 31 %
had changed once, 28 % had changed twice, 22 % had
changed 3 times, and, of particular note, a high proportion,
15 %, had changed 5 or more times. The most common
reason for changing, given by 40 %, was dissatisfaction
with the previous treatment, which is consistent with the
low degree of satisfaction reported (Fig. 6).

A review of the data of the initial and most-recent
treatment facilities showed that the use of conventional
medical facilities decreased to less than half of the initial
frequency, whereas hardly any decrease in folk medicine
treatment was observed (Fig. 7a). Reflecting these results,
the most common most-recent treatments reported were

Massage
26%

Medication
22%

Block therapy
4%

massage for 34 %, physical therapy for 21 %, and acu-
puncture/moxibustion for 8 %, thereby accounting for
about 60 % of the patients who received treatment. Medi-
cation was the most recent treatment for 18 %, nerve block
therapy for 4 %, and orthotic treatment for 6 % (Fig. 7b).
The most common reason given for discontinuing treatment
was, “because it wasn’t effective” (30 %), followed by, “I
didn’t have the time,” “I couldn’t afford it,” and, “I thought
I could take care of it myself” (Fig. 7c).

Actual status of persons with persistent, untreated chronic
pain

Approximately 15 % of the respondents reporting persis-

tent chronic pain had never received treatment (Fig. 2a).
The most common reasons given for not seeking treatment
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