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DAV A NN 7N I A N o N
TE« BENKAFT D, VAT A T =
ANIRBERPAMERIG A —7 v M &K
c2 - IR IR R DRE TH 5 McKenzie
£ (mechanical diagnosis and therapy)
® derangement syndrome (HERIAKINIZIS
T LB OEANAMEAFT D & LIERET
L) I ES W T W 5 [5], Derangement
syndrome XA =BV A KL AT i
bR 2T —REROY 7 7N —TThH D
LEZDBIL, FORTHERHZ VDN, HI
RS - {EEICLVFERERINDEZS
derangement (§fit%Z D% 7 ~DORH) - [a)
EREIND NN —THY | [HEEENC
F0EEELRLT VY, Zou J BIE, ML TO
B2 MRIIC X D MEHCS L0 AR Z L
WHERI B Tl McKenzie OHEGHET /L (14
7 derangement syndrome D A 71 = X 1)
MEBTHDLZEERELTWDH[6],
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A4 Y) ESABIEND 1 FERICHRERGHE
LA AVT o7, EEFHMIE A X, ST A 1
FHOBROYEE (BROREBIL 1 a0
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LR L, tES AL ) RORER O
BREMETE 347/ K37 L Lk Al
WHIFHE E LT, N—ZX T A VB ENA 1
FHROBRICL2ERREOERE KV
Oswestry Disability Index (ODI : #//M&
0. FKfE 100)% #Af L7=[7], SEATaFEic
£ % L HEReREE 2 0 © ML ODI fiAY 12
UbkThsrZEnn, ODIZ12 ThHEIG
b U7-[8],

(B E~DERE)

MSLATBOEN G785t e fm ubHes B A7
SR BT = PRI ST o B A 0O KGR A 45 T HENE
Lo, B icxt LTidT —# % DL T
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167 4 O FH4ERR T 37.5 ¥ T, MED 65
4 (81.4%) Th-otz, @E 1 FERICHER
NI Mo T2 EIATE 29.9%I28 EF 0 2
D 10.2% 2385 1 FEREHICE 2 THYH
ORI EE E - LT,

W, STARRTHOT T b L5, 1
FHRIATo - AR AR E~OFTATET
U720 % st 1T - T2,

PATIC, MBS T Dot geE o~—
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Table 1.

WmiET AR HER
(n=_86) (="78) )

i 75=124 37.6=116 0.97
=t (%) 74(33.1) 62(79.5) 0.56
ML 225238 223233 0.74
BUFEE (%) 39 (43.3) 3ITETS 028
ERI-EDEREBY (%) 2(10.1) 16 (20.5) 0.06
3 1 5 AOERR

e EXRGL 26(20.2) 24 (30.8)

® EfiEHDAERISHEIT AL 54(60.T) 40(51.3) 037

e EFASBULBIIERLSHD 4(45) 11(14.1)

* ERAHUHMEETD 1(L1) 113
oDl 28=10 15=11 028
ODI=12 30 (337 32(4L.0) 33

WIZ, FEFHME H O B R 2R
T, BREMSCEE, XROFEITEL bR
BE &bl U, FERRI AREDIZ 5 DFEEHIYIC

BEIZENL TV,

Len7avzob (1~3RFHODIEHLEHEH )

RATEROBER
(ERRBONEE )

RENT AR

R

gt lt’\ﬂﬁﬂlﬂli A RIH BRI RO EEA MM of
( x?test:p<0.0001)

| BEHEORTE )

WEA AR ABE

—————

=77 FEE
sime
~—188%

ﬂlﬂﬁl-ﬂ:«ﬂﬁﬂ)\ﬁl& HERHII A B R R D FRATRED R o
(X2test:p<0.0001)

Fo. RIRAIFHmER & LEBYRIC L D
eI L OV ODI % LA N IZRd, FEkssr
AHECIMER I X 2 BRI~ @bt s
FAEEICHAD LT, 72, MARICIE
ODI=Z12 THh HEGHM, M ATy
Fr—AfELY b HEREICD ol
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Table 2.

MmaEn AR HEER

P
(a=19) (=78
i L A@ERs D
AT AR (%) 9(10.1) 16 (20.5) 0.06
AT A (%) 3IG4) 12(154) 0.007
ODI=12
AT BT (%) 30(33.7) 32 (41.0) 0.33
AT (%) 26 (20.7) 3T(474) *0.04

WU, MBI RER D EATEIC X D BF 0 B i+
WILGERE 2 Rr 3, FEMRA ARE, RTRREEE &
WZFATE R mWIE SR O B R SGED S
LTz,

Table 3. EEAUCMETTEIZE S S RAEROEL

T n HE FE Eie
*xiT ME AR (%) 38 22(57.9) 12 (316) 4(10.5)
HER (%) 10 3 (30.0) 7(70.0) [ 0]
FWIT ME AR (%) 17 4(23.35) 12 (70.6) 1(7.5)
HER (%) 48 3(63) 37(77.1) B(16.T)

D. BE

AWFFETOFEER I AL, McKenzie £

(mechanical diagnosis and therapy) @
t#5 derangement DLkt TH DAL
TEZX LT ‘ZNETHRE %2, BEF
WCEHBELT DA ZBE L2 & TH D,
KR IATHE D, RHRREEIC 6 L CREMRI AR
TIIABEICSE -T2 2 L A DRSS
TR L7z & Bbiv, 20 2 & EE
RIMDBGEZ OB ST IR TE 5, &
JRARDLOYGEEITIT, BRI ARE TITEEIC
KO b ABICEE L b EE
oo BRI NIZERRFN AR K%
Hleb Lo bT EnmmeInic, ¥, &
HEL BICARIRERO FATE D MO E R D
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F. REGRIEHR
Fric o ~ & FHAL L,

G. HFERE
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H. SB9RPERE D HRE - BEIRN
BIRFRTIER L, A%, BET T,

I. &R
1. A ¥, T, AEARIE—, (L

WS, B BEZE, ImEE, mAR%E
M BARIZRU DR IR D IEHE, <A
V7 U= 32: 1345-1356, 2012

2. Matsudaira K, Hiroe M, Kikkawa M,
Suzuki M, Isomura T, Oka H, Hiroe K,
Hiroe K. Can standing back extension
exercise improve or prevent low back
pain in Japanese care workers? J Man
Manip Ther 23: 205-209, 2015

3. Rose G. Sick individuals and sick
populations. Int J Epidemiol. 1985
Mar;14(1) :32-8.

4. Matsudaira K, Hiroe M, Kikkawa M,
Sawada T, Suzuki M, Isomura T, Oka H,

Hiroe K, Hiroe K. Can standing back
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7.

extension exercise improve or prevent
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workers? J Man  Manip  Ther.
Forthcoming.
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DX o7,
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A % SN L 72
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PR E S 7207 SORBEIC EH 5 D AN (20
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@dbiEEHde Ca#ahk - 156) . #k (407). B4
W (562) ., B (667) ., #rik (274) ., EfL (256) .,
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AT BRIZBIR, B, PE. KD 1,420 44,
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r— MENENT 8,439 4443 T [BIERIT 72.1%72

38

o7z, FEEOBEINET AR 1,319 4. B A 1,000
4. CHE1,1204 CTH U ([EIERITZNE I 73.3%.
70.4%, 72.4% T -1z,

B L7727 o — D955 B8 A& -7
T2 OFENTIZIL 8,381 4y DT > r— R &EFIH LT,
W 1 H DA 12 30 2 ok U 7= MR D BEAE
ERFORWERIL. 2R T2724 (8.0%) Th

-7,

OARFEITIN=AT A VHETOSFHEOE RN
HICBI DR 21T o7

AFE B CHE
35.5 35.1 35.5
A lin
(35.0-36.1) | (34.5-35.8) | (34.9-36.1)
e
6.7 5.3 4.9
Bt (%)
21.5
21.2 21. 1
BMI
(21.0-21. 3) (20.9-21. 3)
(21.3-21.6)
1.4 1.4 1.4
STarTBack
(1.3-1.5) (1.3-1.5) (1.3-1.5)
StarTBack
2.2 2.8 2.2
high risk (%)
FABQ
27.7 30. 2 29.6
15 SLLE (%)
0. 88 0. 87 0. 88
EQ5D
(0. 87-0.89) | (0.86-0.88) | (0.87-0.89)

FHOEEHEROSMT EIRTERBY THY
ETORECEBE S T2 TH -7,

®=> FRA L MIUTIZRTEEBY TH D,
EQ-5D & R (2B 40 % = HEHtiax T DI H >
R Lo ERE LR L QALY MR oF
HEFS L O~ SR A )2 U 72 grade
(EJER) O, EIT 4 3 ONERE ORI




(Numerical Rating Scale) . W@ D H 7L
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YA Moo (K6), i 30 HotEdEo
T ES (HPQ). 75 8mbiiaae T — & [Jr A
M : 1 4]

D. B
PEEREEIB OB OFE T & 2 I xR %
BRRITAT O 72DIT, 5 THIEE T& 2R8I
Iz, PEREFLZRE TS OREARRILIZ LS
T2 30E DA WM E RGEET 2 72 DI KB AL
WA A AT TECTh D, WIE24H & 72 D ARE
FEIL. BRI REHC S W =B 21T, A
AHIDOR—=AT A VREEIT> T2, ZOFERBE
1 7 H LAPNIZ ZERS I 3P 4 ok U T2 B O BETE 2 F¢
ORRELNT, BIRT 2724 (8.0%) THY,

FI-AREOY ZAEWRITIIR D 1 X727,

E. #im

HEHF e REHT S W= BIM 24T S AR
D= T A CFEZATV, BREOE RIFHICIH
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F. fEREERIEHR
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G. BrEFER

L. FCFERR

1. Oshima Y, Miyoshi K, Mikami Y, Nakamoto H,
Tanaka S. Long-Term Outcomes of Cervical
Laminoplasty in the Elderly. Biomed Res Int.
2015;2015:713952. doi:10.1155/2015/713952.

2. OhyaJ, Miyoshi K, Kitagawa T, Sato Y, Maehara
T, Mikami Y. Combined Video-Assisted Thoracic
Surgery and Posterior Spinal Surgery for the
Treatment of Dumbbell Tumor of the First
Thoracic Nerve Root. Asian Spine J 9:595-9,
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Matsudaira K, Kawaguchi M, Isomura T, Inuzuka
K, Koga T, Miyoshi K, Konishi H. Assessment of
psychosocial risk factors for the development of
non-specific chronic disabling low back pain in
Japanese workers-findings from the Japan
Epidemiological Research of Occupation-related
Back Pain (JOB) study. Ind Health 53:368-77,
2015

Kato S, Oshima Y, Oka H, Chikuda H, Takeshita
Y, Miyoshi K, Kawamura N, Masuda K, Kunogi
J, Okazaki R, Azuma S, Hara N, Tanaka S,
Takeshita K. Comparison of the Japanese
Association (JOA)
modified JOA (mJOA) score for the assessment
of myelopathy: a
observational study. PLoS One 10:¢0123022,
2015.

Orthopaedic score and

cervical multicenter

Matsudaira K, Konishi H, Miyoshi K, Isomura T,
Inuzuka K. Potential risk factors of persistent low
back pain developing from mild low back pain in
urban Japanese workers. PLos One, 2014 ApeS;
9(4): €93924
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9, 3R TIBEEM OMEREE R 21T 28, LED 3 A2 BRE L. R, 1.
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C, Physical Consultant #F%¢ (PCo HF7E) W) OBMREEEEBTHICHY,
S L7z, SRR 26 AEFEIZRB VW TIEL, PCo D VAT AORBEBLELEZ 2 b
WRDT —H _X—=2ZHNT, TAKT To. iz, PERERESEIZIT BRI
BIHEE B LOHEE AT 27 v ELEoFEKR WX, Lo BOWEW T
— MEREZHITL, 2 Pa—4—X BELTAETRELEERT D) &
Mim AR 2 M L7z L0 2R eo%) B2 5 BT, EEHPRIEDOSERICK
RV A—NAEEDH Y FIZTET HER T 2B PRIE L OHF OO EERITHE
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Abstract

Objective

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

Materials and Methods

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

Results

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

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

Introduction

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

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

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

Materials and Methods
Study design

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

Patient population

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

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

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

Study interventions

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

Study measures

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

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

Statistical analysis

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

Results

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

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

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

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

up.
Participants Drop-outs P-value
(n =185) (n=89)
Age (years), mean (SD) 70.7 (7.4) 71.7 (7.6) 0.28
BMI (kg/m?), mean (SD) 23.4 (3.1) 23.2(3.1) 0.53
Gender (%)
Female 77 (41.6) 46 (51.7) 0.12
Educational background
At least a high school graduate 134 (72.4) 64 (71.9) 0.93
Cauda equina symptoms 78 (42.2) 44 (49.4) 0.26
Degenerative spondylolisthesis/scoliosis 99 (53.5) 47 (47.5) 0.91
Duration of illness (months)
<12 48 (26.0) 23 (25.8) 0.99
12-59 80 (43.2) 38 (42.7)
>60 57 (30.8) 28 (31.5)
Hypertension 120 (64.9) 57 (64.0) 0.89
GDS score (tertiles)
02 73 (39.5) 27 (30.3) 0.13
3-6 64 (34.6) 29 (32.6)
>7 48 (25.9) 33 (37.1)
BMI, body mass index; SD, standard deviation; GDS, Geriatric Depression Scale
The values are reported as n (%), unless indicated.
doi:10.1371/journal.pone.0148584.t1001
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Fig 1. Response to the self-administered survey in 185 patients with lumbar spinal stenosis 3 years after treatment.

doi:10.1371/journal.pone.0148584.g001

Discussion

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

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

Age (years)

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

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

doi:10.1371/journal.pone.0148584.t002

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

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

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

Cauda equina symptoms

Yes 1.00

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

Yes 1.00

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

<12 3.81 (1.46-9.98) 0.007

12-59 1.87 (0.77-4.54) 0.17

>60 1.00
Hypertension

Yes 1.00

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

0-2 2.05 (0.80-5.25) 0.14

3-6 1.80 (0.70-4.68) 0.23

>7 1.00

GDS, Geriatric Depression Scale; Cl, confidence interval

doi:10.1371/journal.pone.0148584.t003

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

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

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

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

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

Conclusion

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

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

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

(184/200 words)

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

In recent years, scholars have argued that not only on-job experiences (how
employees spend their working time) but also off-job experiences (how they spend their
private or leisure time) are crucial for understanding employee well-being”. More
specifically, better knowledge of off-job recovery from the demands experienced during
working time is imperative?. Recovery can be defined as a process during which
individual functional systems that have been called upon during a stressful experience
return to their initial, pre-stressor level®. Recovery can be regarded a process opposite
to the strain process, during which the detrimental effects of stressful situations are
alleviated or eliminated. Recovery is also regarded as an explanatory mechanism in the
relation between acute stress reactions and chronic health impairment®. Certain
experiences outside of work can help in alleviating reactions to work demands®”). These
so-called recovery experiences consist of psychological detachment, relaxation, mastery,
and control®. Psychological detachment; i.e., the ability of individuals to mentally
“switch off” from work by not doing work-related tasks and not thinking about work
during non-work time, is considered the most crucial recovery experience for protecting
one’s well-being regarding job-related recovery? 9.

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

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

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

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

Regarding positive aspects of employee well-being, the present study focuses on
work engagement, which refers to a positive, fulfilling, work-related state of mind that
is characterized by vigor, dedication, and absorption®. Previous studies have shown
that psychological detachment is positively associated with work engagement 68,
because detachment may contribute to the prevention of continued resource drain and
restoration of resources'®. If employees do not unwind from one’s work, depleted
resources can lead to low work engagement. Thus, we can assume that low levels of
psychological detachment are associated with low work engagement.

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

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

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

detachment and work engagement, which is in line with Warr’s (1994) assumptions on
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work ??, mental health and well-being. Accordingly, we expect that psychological
detachment will have a curvilinear relation (inverted U-shaped pattern) with work

engagement (Hypothesis 2).

Method
Study population

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

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

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

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

In our respondents, the proportion of respondents working within primary
industries (e.g., agriculture, forestry, and fisheries) and secondary industries (e.qg.,
mining, manufacturing, and constructions) was extremely low (0.1% and 7.6%
respectively). Therefore, we analyzed responses only from those individuals working in
tertiary industries (e.g., transport and postal activity, wholesale and retail trade,
accommodations, eating and drinking services, finance and insurance, advertising,
education and learning support, and medical, health care and welfare). Individuals with
a reported age of either < 20 years or > 65 years, those with non-regular employment, or
shift workers were excluded® 242> A total of 2,234 participants were retained and
included in the analysis. The mean age of the participants was 41.7 years (SD = 11.3).
Of the participants, 63.9% were male, 54.4% were married, 55.9% had a university

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

Measures
Psychological detachment

Psychological detachment was assessed using the corresponding subscale of the
Japanese version of the Recovery Experience Questionnaire® *¥, consisting of four
items (i.e., “I forget about work,” “I don’t think about work at all,” “I distance myself
from my work,” and “I get a break from the demands of work™). All items were scored
on a five-point Likert scale, ranging from 1 (do not agree at all) to 5 (fully agree).
Responses for the 4 items were summed to get a scale score. Cronbach’s alpha

coefficient was .86.
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Mental health

Mental health was assessed using the corresponding subscale of the SF-36 version
1.2%62® consisting of five items (i.e., “Have you been a very nervous person?”, “Have
you felt so down in the dumps that nothing could cheer you up?”, “Have you felt calm
and peaceful? (reversed) ”, “Have you felt downhearted and blue?”, and “Have you
been a happy person? (reversed)”). All items were scored on a six-point Likert scale,
ranging from 1 (all of the time) to 6 (none of the time). We used the SF-36 mental
health summary score as a measure of mental health (Range: 0-100)*%. Cronbach’s

alpha coefficient was .84.

Work engagement

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

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

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

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

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

questionnaire.

Data analyses

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

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

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

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

acceptable fit®.

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

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

Results

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

was positively correlated with mental health (r = .22, p <.001), and negatively
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correlated with vigor (r = -.04, p < .05), dedication (r =-.06, p < .01), and absorption (r

=-.14, p < .001).

Results of MSES analyses

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

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

As can be seen in Figure 2, linear psychological detachment was significantly and
11
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positively related to mental health (8 = .22, p < .001) whereas curvilinear psychological
detachment was also significantly but negatively related to it (4 = -.10, p < .001). In
addition, both linear and curvilinear psychological detachment were significantly and
negatively related to work engagement (f = -.11, p < .001 and g = -.09, p < .01,
respectively). Please note that the results regarding the curvilinear relationship between
psychological detachment and work engagement were similar in all three sub

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

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

further and remained at a high level.

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

U-shaped pattern).
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In a final step, we conducted additional analysis to control for potential
confounders (i.e., age, gender, marriage, education, working hours, job demands, job
control, and workplace support). Specifically, each control variable was included in the
alternative model (Model 2) as a manifest variable simultaneously and was allowed to
relate to all variables in the model. After controlling for confounding variables, the path
coefficients were virtually the same as those of the alternative model (Model 2), but the
model fit decreased (x2 (35) = 1538.06, p < .001, GFI = .91, NNFI = .53, CFI = .82,
RMSEA = .14). These results indicate that the added relations of the control variables to
the model variables were weak. Importantly, many control variables did not
significantly affect the structural paths in the model (i.e., 18 out of 48 paths were not
statistically significant). Therefore, the control variables were removed from the final

model in Figure 2.

Discussion

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

on work engagement is inconsistent in this respect

As far as the relation between psychological detachment and mental health is
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concerned, MSEM revealed that not only linear psychological detachment (5 = .22, p
<.001) but also curvilinear detachment (8 = -.10, p < .001) was significantly related to
mental health. This result was contrary to our expectation. Examining Figure 3, the
positive relation between psychological detachment and mental health flattened after
higher levels of psychological detachment. This pattern of findings suggests that mental
health initially improves when people psychologically detach. However, employee
mental health does not benefit any further from extremely high levels of psychological
detachment. It is important to note that mental health does not suffer at such very high
levels of psychological detachment. Although most previous studies showed that higher
levels of psychological detachment during non-work time were associated with better
employee mental health® & %® our result suggests that the favorable effect of
psychological detachment may have an upper limit on mental health, at least among our
participants. Future research needs to examine under which conditions and for whom
psychological detachment has such a curvilinear relation with mental health.

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

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

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

Limitations and suggestions for future research

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

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

at day-level®**?. They support our causal inferences from both theoretical and empirical
15
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viewpoints.

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

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

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

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

have more favorable effects.

Implications for practice

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

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

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

It is also important for employees who are at risk for workaholism (i.e., working
excessively with an obsessive manner®®) to modify this tendency, since it inhibits
psychological detachment?. Training programs that focus on time management and
problem solving skills might be helpful, because workaholic employees take on more
work than they can handle and accept new tasks before completing previous ones®?.

Rational emotive therapy®?

might be also helpful, since workaholic people suffer from
the belief that they should be perfect®®.
With regard to work engagement, the relation with psychological detachment is

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

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

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

Conclusion

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

to achieve both better employee mental health and greater work engagement.
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[Abstract]

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

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

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

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

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

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

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

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

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

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

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

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

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

the workplace is important to prevent severe Katakori.

[Key words]

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

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

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

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

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

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

Katakori since Katakori is a common symptom among Japanese workers.

Subjects and methods

Data from a 1-year prospective cohort of the CUPID study were used for this analysis. The CUPID
study is an international joint research project, which has involved 18 countries. In Japan, ethical
approval for the study was obtained from the ethics committees of the University of Tokyo Hospital
and review board of the Japan Labour Health and Welfare Organization. All participants provided
written informed consent.

The workers around Tokyo including office workers, sales and marketing personnel, transportation
workers, and nurses were recruited.
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The board of each participating organization was asked to distribute a self-administrated

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

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

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

follow-up purposes.

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

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

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

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

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

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

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

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

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

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

measured by NRS.

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

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

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

7119

102



have in your work?” These items had four response options: often, sometimes, seldom, and

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

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

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

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

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

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

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

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

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

longer.

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

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

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

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

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

excluded from the analysis if they had changed their job.

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

to explore the associations between risk factors and onset of severe Katakori. Results of logistic
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regression analyses were summarized by odds ratios (ORs) and the respective 95% confidence

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

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

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

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

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

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

Results

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

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

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

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

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

present analysis (Fig. 2).

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

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

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

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

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

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

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

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

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

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

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

instead of interpersonal stress at work, because of its strong correlation (o0 = 0.4137, p < 0.0001).

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

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

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

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

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

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

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

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

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

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

severe Katakori.

Discussion

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

In our results, females showed higher odds (adjusted odds ratio= 2.18) as a potential risk factor
for onset of severe Katakori. According to the supplemental analysis, being female is potential risk
factor of Katakori as it eliminates the possibility of nurses to affect the main result of this study. Based
on these results, this study suggests the association of gender as a potential risk factor of severe
Katakori. This finding is similar to those published previously® ® 9. We speculate this trend may be
attributable to gender differences in muscle strength. Estrogen may also be involved in the
pathogenesis of Katakori, although there is no scientific evidence for this assertion. Further studies
will be required to explain the reason for gender differences in the manifestation of Katakori.
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Being in a depressed frame of mind with some issues at work showed 3.1 times more increased
risk of severe Katakori than those who are not. Previous cross-sectional studies suggest the
association of Katakori and work stress, which was classified as a psychosocial factor* ®. Krantz et al.
have reported that emotional stress and psychologically stressful tasks are associated with
increased electrographic activity in the trapezius muscle™, and Hallman et al. have reported that
autonomic imbalance is associated with neck shoulder pain, the Japanese definition of Katakori*.
We suggest that psychosocial stress can progress to sympathetic and muscle stress, which may
lead to the onset of Katakori.

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

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

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

to discover other potential risk factors, instead of the logistic regression models assessed for the

present analysis.

In conclusion, being female, short sleep duration and depressed mood with some issues at work

were associated with onset of severe Katakori. We suggest that mental health support including the

lack of sleep is important to prevent severe Katakori, especially for females.
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[Figure titles and legends]

Fig. 1. Diagram showing pain area for Katakori.

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

l

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

l

| Follow-up questionnaires retumned (n = 1,809) |

Sample for the present analysis

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

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

Table 1. Characteristics of responders

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

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

Male 73.8 1.00

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

<30 255 1.00

30-39 37.3 1.79(0.74-4.33) 0.197

40-49 22.6 1.64(0.62-4.35) 0.324

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

No 97.2 1.00

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

No 92.7 1.00

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

No 83.8 1.00

Yes 16.2 1.76(0.85-3.65) 0.130
Visual fatigue

No 56.3 1.00

Yes 43.7 2.20(1.15-4.21) 0.017
BMI

<25 kg/m? 84.0 1.00

> 25 kg/m* 16.0 1.50(0.71-3.19) 0.291
Current smoking

No 56.4 1.00

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

220 62.4 1.00

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

Yes 20.2 1.00

No 79.8 1.50(0.62-3.60) 0.367
Marital status

Married 56.4 1.00

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

25h 56.4 1.00

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

21yr 90.6 1.00

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

Low 59.2 1.00

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

Not inadequate 45.6 1.00

Inadequate 54.4 3.16(1.50-6.66) 0.003
VDT

Not VDT 75.3 1.00

VDT 24.7 1.23(0.62-2.42) 0.557
Finger repetition

No 77.7 1.00

Yes 22.3 1.09(0.53-2.25) 0.811
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Lifting
No
Yes
Driving
No
Yes
Standing
No
Yes
Work shift
Regular shift
Irregular shift
Job satisfaction
Satisfied
Not satisfied
Job control
Controlled
Not controlled
Worksite support
Supported
Not supported

Interpersonal stress at work

Not stressed
Stressed

Depressed mood with some issue at work
Not feeling depressed

Depressed

47.4
52.6

64.5
35.5

43.1
56.9

60.8
39.2

43.4
56.6

46.4
53.6

91.3
8.7

51.2
48.8

50.0
50.0

1.00
1.09(0.59-2.03)

1.00
1.01(0.53-1.91)

1.00
1.93(0.98-3.80)

1.00
1.73(0.94-3.21)

1.00
1.38(0.74-2.57)

1.00
0.64(0.35-1.19)

1.00
1.15(0.40-3.27)

1.00
1.93(1.02-3.66)

1.00
4.15(1.89-9.07)

0.777

0.980

0.058

0.058

0.310

0.528

0.800

0.045

<0.001

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

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

Gender

Male 1.00

Female 2.39 (1.18 -4.86) 0.016
Sleep duration

25h 1.00

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

Not feeling depressed 1.00

Depressed 3.11 (1.38- 7.03) 0.006

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

Objectives

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

Materials and Methods

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

Results

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

Conclusions

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

Introduction

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

Materials and Methods
Sources of data

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

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

Assessment

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

Statistical analysis

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

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

Results

Table 1 shows the demographic characteristics of the participants. When we compared the case
and control groups, we observed significant differences in the severity of the collision, poor
expectations of recovery, dizziness, upper extremity numbness or pain, and lower back pain.
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127,956 participants were recruited
for the initial survey

A

A

traffic collision

4,164 had experienced a

1,698 subjects were randomly selected
for the secondary survey
from the traffic collision population

A

A

questionnaire

724 did not return the

974 subjects returned
the secondary survey

A

A

44 subjects were excluded
for driving without a seatbelt

| 930 subjects |

/\

183 cases (intractable)

WAD treated over
a period of 6 months

333 controls (minor neck pain)

WAD treated
within 3 months

Fig 1. Study flow chart. WAD, whiplash-associated disorders.

doi:10.1371/journal.pone.0132191.g001

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

of education.

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

Table 1.

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

Odds ratio 95% ClI p-value
Age, +1 year 1 0.99-1.02 0.6209
Female (vs. male) 1.26 0.85-1.87 0.2417
BMI (+1 kg/m?) 0.97 0.92-1.02 0.1983
Smoking 0.92 0.64-1.33 0.6566
Education level: not college 1.06 0.72-1.58 0.7376
Severity of collision: high 2.76 1.88-4.08 <0.0001
Poor expectation of recovery 6.89 4.48-10.76 <0.0001
Victim mentality 1.44 0.92-2.28 0.1114
Dizziness 4.84 3.30-7.17 <0.0001
Numbness or pain in arms 4.2 2.76-6.54 <0.0001
Lower back pain 5.65 3.824.82 <0.0001

Cl, confidence interval; BMI, body mass index.

doi:10.1371/journal.pone.0132191.t002

arms, and lower back pain were significantly associated with a poor recovery from WAD.

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

Discussion

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

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

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

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

Cl, confidence interval; BMI, body mass index.

doi:10.1371/journal.pone.0132191.t003

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

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

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

Author Contributions

Conceived and designed the experiments: H. Oka KM ST. Performed the experiments: TF H.
Okazaki. Analyzed the data: H. Oka KM. Contributed reagents/materials/analysis tools: YS YT
RK. Wrote the paper: H. Oka KM.

References

1. Cassidy JD, Carroll LJ, C6té P, Lemstra M, Berglund A, Nygren A. Effect of eliminating compensation
for pain and suffering on the outcome of insurance claims for whiplash injury. N Engl J Med 2000; 342:
1179-1186. PMID: 10770984

2. YayamaT, Kokubo Y, Uchida K, et al. Pathophysiology of the traumatic cervical spine syndrome. Sei-
keigeka 2012; 63: 797-801. [Japanese]

3. Radanov BP, Sturzenegger M, Di Stefano G, Schnidrig A, Aljinovic M. Factors influencing recovery
from headache after common whiplash. BMJ 1993; 307: 652—655. PMID: 8401050

4. Radanov BP, Begres, Sturzenegger M, Augustiny KF. Course of psychological variables in whiplash
injury—a 2-year follow-up with age, gender and education pair-matched patients. Pain 1996; 64: 429—
434. PMID: 8783306

5. Ozegovic D, Carroll LJ, Cassidy JD. Factors associated with recovery expectations following vehicle
collision: a population-based study. J Rehabil Med 2010; 42: 66—73. doi: 10.2340/16501977-0466
PMID: 20111847

6. Ozegovic D, Carroll LJ, Cassidy JD. What influences positive return to work expectation? Examining
associated factors in a population-based cohort of whiplash-associated disorders. Spine 2010; 35:
E708-E713. doi: 10.1097/BRS.0b013e3181d12432 PMID: 20535047

7. Wiles NJ, Jones GT, Silman AJ, Macfarlane GJ. Onset of neck pain after a motor vehicle accident: a
case-control study. J Rheumatol 2005; 32: 1576—-1583. PMID: 16078337

8. Carroll LJ. Beliefs and expectations for recovery, coping, and depression in whiplash-associated disor-
ders: lessening the transition to chronicity. Spine (Phila Pa 1976) 2011; 36: S250-S256.

9. Treleaven J. Dizziness, unsteadiness, visual disturbances, and postural control: implications for the
transition to chronic symptoms after a whiplash trauma. Spine (Phila Pa 1976) 2011; 36: S211-S217.

10. Scott D, Jull G, Sterling M. Widespread sensory hypersensitivity is a feature of chronic whiplash-associ-
ated disorder but not chronic idiopathic neck pain. Clin J Pain 2005; 21: 175-181. PMID: 15722811

11. BohmanT, C6té P, Boyle E, Cassidy JD, Carroll LJ, Skillgate E. Prognosis of patients with whiplash-
associated disorders consulting physiotherapy: development of a predictive model for recovery. BMC
Musculoskelet Disord 2012; 13: 264. doi: 10.1186/1471-2474-13-264 PMID: 23273330

12. Crutebo S, Nilsson C, Skillgate E, Holm LW. The course of symptoms for whiplash-associated disor-
ders in Sweden: 6-month followup study. J Rheumatol 2010; 37: 1527—-1533. doi: 10.3899/jrheum.
091321 PMID: 20472922

13. Walton DM, Macdermid JC, Giorgianni AA, Mascarenhas JC, West SC, Zammit CA. Risk factors for
persistent problems following acute whiplash injury: update of a systematic review and meta-analysis. J
Orthop Sports Phys Ther 2013; 43: 31-43. doi: 10.2519/jospt.2013.4507 PMID: 23322093

PLOS ONE | DOI:10.1371/journal.pone.0132191 July 6, 2015 7/8

127


http://www.ncbi.nlm.nih.gov/pubmed/10770984
http://www.ncbi.nlm.nih.gov/pubmed/8401050
http://www.ncbi.nlm.nih.gov/pubmed/8783306
http://dx.doi.org/10.2340/16501977-0466
http://www.ncbi.nlm.nih.gov/pubmed/20111847
http://dx.doi.org/10.1097/BRS.0b013e3181d12432
http://www.ncbi.nlm.nih.gov/pubmed/20535047
http://www.ncbi.nlm.nih.gov/pubmed/16078337
http://www.ncbi.nlm.nih.gov/pubmed/15722811
http://dx.doi.org/10.1186/1471-2474-13-264
http://www.ncbi.nlm.nih.gov/pubmed/23273330
http://dx.doi.org/10.3899/jrheum.091321
http://dx.doi.org/10.3899/jrheum.091321
http://www.ncbi.nlm.nih.gov/pubmed/20472922
http://dx.doi.org/10.2519/jospt.2013.4507
http://www.ncbi.nlm.nih.gov/pubmed/23322093

@'PLOS | ONE

Risk Factors for Prolonged Treatment of WAD

14.

15.

16.

17.

18.

19.

20.

21.

22,

Dionne CE, Dunn KM, Croft PR, Nachemson AL, Buchbinder R, Walker BF, et al. A consensus
approach toward the standardization of back pain definitions for use in prevalence studies. Spine (Phila
Pa 1976) 2008; 33: 95-103.

Hair JF, Anderson RE, Tatham RL, Black WC. Multivariate Data Analysis with Readings. 5th edition.
Englewood Cliffs, NJ: Prentice-Hall; 1998.

Hair JF, Anderson RE, Tatham RL, Black WC. Multivariate Data Analysis. 3rd edition. New York: Mac-
millan; 1995.

Berglund A, Alfredsson L, Jensen |, Cassidy JD, Nygren A. The association between exposure to a
rear-end collision and future health complaints. J Clin Epidemiol 2001; 54: 851-856. PMID: 11470396

Miettinen T, Lindgren KA, Airaksinen O, Leino E. Whiplash injuries in Finland: A prospective 1-year fol-
low-up study. Clin Exp Rheumatol 2002; 20: 399-402. PMID: 12102479

Barsky AJ, Borus JF. Functional somatic syndromes. Ann Intern Med 1999; 130: 910-921. PMID:
10375340

World Health Organization: The ICD-10 Classification of Mental and Behavioural Disorders: Diagnostic
Criteria for Research. Geneva: World Health Organization; 1993.

De Gucht V, Fischler B, Heiser W. Job stress, personality, and psychological distress as determinants
of somatization and functional somatic syndromes in a population of nurses. Stress Heal 2003; 19:
195-204.

Japan’s Population Census and Labour Force Survey. 2007. Available: http://www.stat.go.jp/data/
index.htm. Accessed 4 October 2011. [Japanese]

PLOS ONE | DOI:10.1371/journal.pone.0132191

July 6,2015 8/8

128


http://www.ncbi.nlm.nih.gov/pubmed/11470396
http://www.ncbi.nlm.nih.gov/pubmed/12102479
http://www.ncbi.nlm.nih.gov/pubmed/10375340
http://www.stat.go.jp/data/index.htm
http://www.stat.go.jp/data/index.htm

AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 58:1300-1310 (2015)

Disabling Low Back Pain Associated With Night
Shift Duration: Sleep Problems as a Potentiator

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

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

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

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

symptoms

INTRODUCTION

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

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

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

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

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

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

Measures
Work schedules

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

Disabling LBP

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

Sleep problems
Sleep problems were evaluated using questions about

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

Covariates

We collected self-reported data on age, gender,
employment (permanent, other), occupation (white-collar
[managers, professionals, clerical workers, sales workers],
blue-collar [service, production, security, transportation,
and communications workers], other), main work contents
(work with video display terminals [VDT], physically
repetitive work, neither), weekly work hours (<40, 40—49,
50-59, >60 hr), education (high school or lower, universi-
ty, or higher), regular exercise (no, yes), smoking status
(never smoker, former smoker, current smoker), chronic
conditions requiring doctor visits (present, not present),
height, and weight. The questionnaire also measured
psychosocial work characteristics with the Brief Job Stress
Questionnaire [Shimomitsu et al., 2000] for job demand,
job control, and worksite (supervisor and coworker) social
support.

Statistical Analysis

The duration of a night shift was re-classified as 0
(permanent day work; n=4,691), <8 (n=100), 8-9.9
(n=90), 10-15.9 (n =82), and >16 (n =45) hr according to
its distribution. Associations between night shift duration
and the study variables were examined using a chi-square test
and analysis of variance. Joint associations of night shift
duration and sleep problems with disabling LBP were
analyzed using logistic regression models with a reference
group of permanent day workers without sleep problems.
The first model provided crude odds ratios (ORs) and 95%
confidence intervals (ClIs) for the joint associations. The
second model adjusted for age, gender, employment,
occupation, main work contents, weekly work hours,
education, and smoking status. The third model further
adjusted for psychosocial work characteristics. In addition,
tests for linear trend were conducted to examine the dose-
response relationship between the categories of night shift
duration and disabling LBP. Given the small sample size in
each group of shift workers, those four groups were collapsed
into a single, shift-working group. Data from the shift work
group have been listed in parallel. All statistical analyses
were conducted using IBM SPSS Statistics version 20 (IBM
Corporation, New York).

RESULTS
Characteristics of Study Sample

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

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

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

Disabling LBP Associated With Night
Shift Duration by Sleep Problem

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

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

Duration of a night shift

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

Day:Permanent day workers. Shift: All shift workers. BMI: Body mass index.

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

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

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

(N=15,008)
Disabling LBP Model1 Model 2 Model 3

n (%) OR 95%CI OR 95%GCI OR 95%GCI
Day,n 481 (18.3) 1.00 1.00 1.00
<8h,n 10 (17.9) 097 0.49-194 0.96 0.48-1.93 1.01 0.50-2.03
—10h,n 1 (21.6) 1.23 0.63-2.42 1.16 0.59-2.30 1.08 0.55-2.15
—16h,n 10 (25.0) 149 0.72-3.07 1.34 0.64-2.78 1.28 0.61-2.66
>16h,n 5 (25.0) 149 0.54-4.12 1.37 0.49-3.81 1.20 0.43-3.39
P for linear trend 0.172 0.287 0.437
Shift,n 36 (21.6) 1.23 0.84-1.80 1.15 0.78-1.70 112 0.75-1.65
Day,y 434 (21.0) 1.19 1.03-1.37 1.16 1.00-1.35 112 0.97-1.31
<8h,y 8 (18.2) 0.99 0.46-2.15 0.95 0.44-2.08 0.95 0.43-2.09
—10h,y 10 (25.6) 1.54 0.75-3.19 1.32 0.63-2.75 1.18 0.56—2.46
—16h,y 6 (14.3) 0.75 0.31-1.78 0.66 0.27-1.58 0.58 0.24-1.40
>16h,y 14 (56.0) 5.69 2.57-12.62 513 2.29-11.49 490 2.18-11.03
P for linear trend 0.025 0.097 0.135
Shift,y 38 (25.3) 1.52 1.04-2.22 1.36 0.92-2.01 127 0.86—1.87

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

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

Model1. Crude.

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

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

Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%Cl OR 95%Cl OR 95%CI
Day,n 648 (18.0) 1.00 1.00 1.00
<8h,n 8 (12.1) 0.63 0.30-1.33 0.64 0.30-1.35 0.67 0.31-1.42
—10h,n 14 (21.9) 1.28 0.70-2.33 1.20 0.65—-2.19 1.10 0.60-2.01
—16h,n 13 (21.0) 1.22 0.66—2.25 1.12 0.60-2.09 1.06 0.56-1.98
>16h,n 9 (31.0) 2.06 0.93-4.55 1.89 0.85-4.21 1.72 0.77-3.86
P for linear trend 0.119 0.281 0408
Shift,n 44 (19.9) 1.14 0.81-1.60 1.08 0.76-1.53 1.03 0.73-1.47
Day,y 267 (24.6) 1.49 1.26-1.75 146 1.24-1.72 1.42 1.20-1.68
<8h,y 10 (29.4) 191 0.91-4.01 1.81 0.86-3.84 1.83 0.86-3.88
—10h,y 7 (26.9) 1.69 0.71-4.03 149 0.62—-3.60 141 0.58-3.41
—16h,y 3 (15.0) 0.81 0.24-2.77 0.66 0.19-2.29 0.59 0.17-2.04
>16h,y 10 (62.5) 763 2.76-21.08 6.80 2.43-18.97 6.59 2.35-18.49
P for linear trend 0.045 0.078 0.140
Shift,y 30 (31.3) 2.08 1.34-3.23 1.86 1.19-2.92 1.78 1.13-2.80

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

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

Model1. Crude.

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

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

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

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

DISCUSSION

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

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

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

Disabling LBP Model 1 Model 2 Model 3
n (%) OR 95%CI OR 95%CI OR 95%CI

Day,n 720 (18.6) 1.00 1.00 1.00

<8h,n 13 (16.9) 0.89 0.49-1.62 0.89 0.48-1.64 0.94 0.51-1.73
—10h,n 14 (20.9) 1.16 0.64-2.10 1.07 0.59-1.96 1.00 0.55-1.83
—16h,n 13 (19.4) 1.06 0.57-1.94 0.96 0.52-1.77 0.89 0.48-1.65
>16h,n 11 (35.5) 2.41 1.15-5.05 2.22 1.05-4.69 1.99 0.93-4.24
P for linear trend 0.104 0.290 0453

Shift, n 51 (21.1) 1.17 0.85—1.61 1.10 0.79-1.53 1.06 0.76-1.47
Day,y 195 (23.6) 1.35 1.13-1.61 1.35 1.12-1.62 1.32 1.10-1.59
<8hy 5 (21.7) 1.22 0.45-3.29 119 0.44-3.24 1.18 0.43-3.22
—10h,y 7 (30.4) 1.92 0.79-4.68 1.75 0.71-4.30 1.56 0.63-3.86
—16h,y 3 (20.0) 1.10 0.31-3.89 0.94 0.26-3.38 0.89 0.25-3.18
>16h,y 8 (57.1) 5.84 2.02-16.89 5.26 1.80-15.39 5.35 1.82-15.68
P for linear trend 0.038 0.048 0.091

Shift,y 23 (30.7) 1.94 1.18-3.19 1.78 1.07-2.95 1.70 1.02-2.82

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

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

Model1. Crude.

Model 2. Adjusted for age, gender, employment, occupation, main work contents, weekly work hours, education, and smoking status.
Model 3. Adjusted for Model 2+-job demand, job control, and workplace social support.
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TABLE V. Joint Associations of Night Shift Duration/Shift Work and Difficulty Maintaining Sleep (no, yes) With Disabling Low Back Pain (N = 5,008)

Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%CI OR 95%Cl OR 95%Cl
Day,n 808 (18.5) 1.00 1.00 1.00
<8h,n 10 (12.0) 0.61 0.31-1.18 0.60 0.31-1.18 0.62 0.31-1.21
—10h,n 16 (20.0) 1.10 0.64-1.92 1.02 0.58-1.78 0.94 0.54-1.65
—16h,n 14 (18.7) 1.01 0.56-1.82 0.92 0.51-1.67 0.88 0.49-1.60
>16h,n 15 (37.5) 2.65 1.39-5.05 2.42 1.26—4.66 2.28 1.18-4.41
P for linear trend 0.080 0.223 0.381
Shift, n 55 (19.8) 1.09 0.80-1.48 1.02 0.75-1.39 0.98 0.72-1.35
Day,y 107 (32.6) 2.14 1.68-2.73 2.02 1.58-2.58 1.92 1.50-2.46
<8h,y 8 (47.1) 3.93 1.51-10.21 3.70 1.41-9.73 3.96 1.50-10.43
—10h,y 5 (50.0) 442 1.28-15.30 3.59 1.03-12.56 3.59 1.01-12.68
—16h,y 2 (28.6) 177 0.34-9.13 1.32 0.25-6.89 1.00 0.19-5.26
>16h,y 4 (80.0) 17.67 1.97-158.34 14.61 1.62-131.67 13.85 1.50-127.83
P for linear trend 0.046 0.171 0.179
Shift,y 19 (48.7) 4.20 2.23-790 3.60 1.90-6.83 349 1.83-6.66

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

Model1. Crude.

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

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

multiple characteristics of shift schedules, in addition to shift

duration [Ferguson et al., 2012; Harris et al., 2015].
Extension of a night shift would be allowed as long as a

variety of conditions inside and outside the workplace are

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

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

Disabling LBP Model 1 Model 2 Model 3

n (%) OR 95%CI OR 95%CI OR 95%CI
Day,n 823 (18.8) 1.00 1.00 1.00
<8h,n 13 (15.1) 0.77 0.43-140 0.76 0.42—-1.39 0.78 0.43-143
—10h,n 18 (21.4) 1.18 0.70-2.00 1.08 0.64—1.85 1.00 0.59-1.71
—16h,n 14 (18.2) 0.96 0.54-1.72 0.86 0.47-1.55 0.81 0.45-1.47
>16h,n 16 (39.0) 277 1.47-5.21 2.52 1.33—-4.79 2.36 1.24-4.51
P for linear trend 0.046 0.178 0.313
Shift,n 61 (21.2) 1.16 0.87-1.56 1.08 0.80-1.46 1.04 0.76-1.40
Day,y 92 (29.1) 1.76 1.36-2.27 1.65 1.27-2.13 1.59 1.23-2.07
<8h,y 5 (35.7) 240 0.80-7.19 2.26 0.75-6.82 243 0.80-7.38
—10h,y 3 (50.0) 433 0.87-21.48 3.17 0.63-15.88 3.1 0.61-15.93
—16h,y 2 (40.0) 2.89 0.48-17.30 2.36 0.39-14.20 1.80 0.30-10.90
>16h,y 3 (75.0) 12.99 1.35-124.99 10.36 1.07-100.33 9.75 0.99-95.57
P for linear trend 0.038 0.058 0.077
Shift,y 13 (44.8) 3.52 1.69-7.34 3.00 1.42-6.30 2.92 1.38v6.19

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

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

Model1. Crude.

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

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

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

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

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

In the present study, participants working a night shift of
16 hr or more (16+h group) reported higher job demand,
lower job control, and higher social support at work
compared to the other groups (Table I). The fact that the
16+h group showed greater LBP despite increased social
support is contradictory to the common notion of increased
LBP with low social support [Lang et al., 2012; Lundberg,
2015]. Possibly, the 164+h group may have managed the
longer night shift while receiving more support from their
supervisors and colleagues.

Our present results need to be considered in view of the
study’s limitations. As an initial stage of investigation, a
cross-sectional design was used in this study to examine the
associations among night shift duration, sleep problems, and
disabling LBP. Thus, it was not possible to test the temporal
relationship of the study variables. The study sample, derived
from workers registered with a market research company,
was not representative of the general working population in
Japan. Hence, particular caution is required in generalizing
our findings. Data collection by an online survey also may
have caused several types of bias. Clearly, workers without
access to the internet are never able to become participants.
Potential candidates are less likely to participate in the survey
if they suffer from severe LBP. Individuals with long and/or
demanding work also tend to miss the opportunity to
respond. This sampling bias may have been reflected in the
smaller proportion of shift workers (6%, n=317) in the
current study than that reported by the national survey (18%)
[Japanese Ministry of Health, Labour and Welfare, 2007]. In
particular, the shift group working a night shift of 16 hr or
more consisted of only 45 workers. The low number of shift-
work participants may have resulted in missed clear dose-
response relationships between night shift duration (four
categories) and disabling LBP. Tests for linear trend were not
found to be statistically significant among the groups with
sleep problems (P=0.077-0.179 in Model 3), although
consistently increased ORs of disabling LBP were observed
for the 16+h group with sleep problems. It was unable to
identify the duration of night shift shorter than 16 hours at
which the risk of disabling LBP increased in our study. Given
the bias and confounding due to the small sample sizes, the
joint associations of night shift duration and sleep problems
with disabling LBP found here can be taken as selected and
preliminary, and less reliable (i.e., wide confidence intervals
for the 16+h group). Furthermore, recall time frames were
different between sleep problems (the past month) and
disabling LBP (the past year). Prevalence has been reported
to be higher at 1 year than at one month for both variables
[Matsudaira et al., 2011; Morin et al., 2014]. The longer time



1308 Takahashi et al.

frame of recall on the sleep scale may have identified more
cases, which in turn may have resulted in increased stability
of estimates. At the same time, however, an increased
possibility of recall error has to be traded off. Alternatively, if
disabling LBP was asked to be reported in the frame of the
same past month as sleep problems, the risk estimates of the
sleep problems might have been attenuated due to fewer
cases of disabling LBP than the present ones. It is thus
preferable to use the same time frames of recall among the
scales employed in the future study. All data were self-
reported, and it is desirable to assess sleep using an objective
method such as wrist actigraphy, even in a subsample
[Schuh-Hofer et al., 2013; Alsaadi et al., 2014a]. Addition-
ally, while our previous study excluded participants who had
worked in their current job for less than one year [Matsudaira
et al., 2013], the present study did not. The associations
reported here were found to be consistent with those obtained
from the dataset when we excluded the participants with less
than one year of work experience (n=4,222, data not
shown). This fact implies that the current results were not
confounded by the effects of those specific participants.

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

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

Key words: Chronic disabling low back pain, Nonspecific low back pain, Psychosocial factors, Risk factors,
Japanese workers
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Introduction

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

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

In previous research, individual factors as well as ergo-
nomic factors related to work have been well-investigated.
In recent decades, an increasing body of evidence,
however, has revealed that psychosocial factors play an
important role in chronic non-specific LBP. In particular,
distress (i.e., psychological distress, depressive mood,
and depressive symptoms)'> 'Y, low job satisfaction'* 1%,
emotional trauma in childhood such as abuse'”, and pain
level'® affect the development of chronic LBP.

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

Subjects and Methods

Data source
Data were drawn from a 1-yr prospective cohort of the
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Fig. 1.
for low back provided in the baseline

Diagram showing pain area

and follow-up questionnaires.

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

The baseline questionnaires contained questions on the
presence of LBP, severity of LBP, individual characteris-
tics (e.g., gender, age, obesity, smoking habit), ergonomic
work demands (e.g., manual handling at work, frequency
of bending, twisting), and work-related psychosocial fac-
tors (e.g., interpersonal stress at work, job control, reward
to work, depression, somatization). LBP was defined in the
questionnaire as pain localized between the costal margin
and the inferior gluteal folds'”. A diagram showing these
areas was provided in the questionnaire to facilitate work-
ers’ understanding of the LBP area (Fig. 1). To evaluate
the severity of LBP, Von Korff’s grading'®
following manner: grade 0 was defined as no LBP; grade

was used in the

1 as LBP that does not interfere with work; grade 2 as
LBP that interferes with work but no absence from work;
and grade 3 as LBP that interferes with work, leading to
sick-leave. For the assessment of the psychosocial factors,
the Brief Job Stress Questionnaire (BJSQ) developed by
the MLHW?* 21 was used. The BJSQ contains 57 ques-
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tions and assesses 19 work-related stress factors: mental
workload both quantitative- and qualitative-wise, physical
workload, interpersonal stress at work, workplace environ-
ment stress, job control, utilization of skills and expertise,
job fitness, reward to work, vigor, anger, fatigue, anxiety,
depressed mood, somatic symptoms, supports by supervi-
sors, supports by coworkers, supports by family or friends,
and daily-life (work and life) satisfaction. These work-
related factors were rated on a 5-point Likert scale ranging
from the lowest score of 1 to the highest of 5.

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

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

Data analysis

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

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

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

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

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

Results

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

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

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

Baseline characteristics of the study participants

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

l

Baseline questionnaires returned (n=5,310) |

l

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

Sample for the present analysis

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

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

Incidence of chronic disabling LBP

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

Association between chronic disabling LBP and potential
risk factors

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

Discussion

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

Risk factor n % Odds ratio 95%ClL p value

Age (yr) 171

<40 78 45.6 1.00

40-49 51 29.8 0.95 0.36-2.48 0.909

>50 42 24.6 1.17 0.44-3.12 0.746
Sex 171

Male 122 71.4 1.00

Female 49 28.7 1.26 0.53-3.03 0.601
Obesity? 169

< BMI 25 kg/m? 129 76.3 1.00

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

Heavy smoker 112 73.2 1.00

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

College/Junior college 105 63.6 1.00

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

Flexibility 98 60.5 1.00

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

No manual handling (desk work) 79 48.8 1.00

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

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

working as a caregiver
Bending 169

Not frequent 121 71.6 1.00

Frequent 48 28.4 1.40 0.58-3.40 0.454
Twisting 168

Not frequent 140 83.3 1.00

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

Not frequent 111 66.5 1.00

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

Not stressed 66 38.8 1.00

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

Not stressed 71 41.8 1.00

Stressed 99 58.2 0.63 0.28-1.42 0.267
Physical workload 171

Not stressed 75 43.9 1.00

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

Not stressed 118 69.0 1.00

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

Not stressed 102 59.7 1.00

Stressed 69 40.4 1.95 0.87-4.38 0.105
Job control 169

Controlled 4 32.0 1.00

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

Utilization of skills and expertise 131 77.1 1.00

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

Feeling fit 114 66.7 1.00

Not feeling fit 7 333 2.04 0.91-4.60 0.086
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Table 1. Continued

Risk factor n % Odds ratio 95%CI p value
Reward to work 171
Feel rewarded 120 70.2 1.00
Not feeling rewarded 51 29.8 3.59 1.57-8.20 0.002
Vigor 170
Vigorous 123 72.4 1.00
Not vigorous 47 27.7 2.12 0.92-4.88 0.078
Anger 170
Not angry 75 44.1 1.00
Angry 95 55.9 2.79 1.12-6.97 0.028
Fatigue 171
No fatigue 69 40.4 1.00
Fatigue 102 59.7 2.45 0.98-6.11 0.055
Anxiety 171
Not anxious 95 55.6 1.00
Anxious 76 44.4 2.75 1.19-6.35 0.018
Depressed mood 169
Not feeling depressed 79 46.8 1.00
Depressed 90 53.3 2.16 0.92-5.08 0.078
Somatic symptoms 168
Not somatic symptoms 58 345 1.00
Somatic symptoms 110 65.5 1.81 0.72-4.55 0.206
Supports by supervisors 167
Supported 103 61.7 1.00
Not supported 64 383 2.00 0.88-4.55 0.098
Supports by coworkers 168
Supported 93 55.4 1.00
Not supported 75 44.6 0.97 0.43-2.18 0.946
Supports by family or friends 169
Supported 128 75.7 1.00
Not supported 41 243 1.13 0.44-2.90 0.801
Daily-life satisfaction 171
Satisfied 96 56.1 1.00
Not satisfied 75 439 4.98 1.99-12.47  0.001
Hours of sleep 168
<5h 151 89.9 1.00
>5h 17 10.1 1.56 0.47-5.21 0.466
Experience of current job 171
<Syr 55 322 1.00
>5yr 116 67.8 1.02 0.43-2.42 0.970
Working hours per wk 171
<60 h 131 76.6 1.00
>60 h 40 234 0.63 0.22-1.78 0.385
Work shift 171
Daytime shift 115 67.3 1.00
Nighttime shift 56 32.8 2.90 1.28-6.58 0.011
Emotional trauma in childhood 143
No 136 95.1 1.00
Yes 7 49 7.93 1.64-38.26  0.010
Pain level 155
Not painful (NRS >8) 140 90.3 1.00
Painful (NRS <8) 15 9.7 4.11 1.31-12.85  0.015

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

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

Risk factor Odds ratio 95%CI p value

Reward to work

Feel rewarded 1.00

Not feeling rewarded 3.62 1.17-11.2 0.025
Anxiety

Not anxious 1.00

Anxious 2.89 0.97-8.57 0.056
Daily-life satisfaction

Satisfied 1.00

Not satisfied 4.14 1.18-14.58 0.027

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

chronic disabling LBP in Japanese workers, especially
office workers, nurses, sales/marketing personnel, and
manufacturing engineers. Similarly, an increasing body of
evidence, mostly in Western countries, has indicated that
psychosocial factors affect the development of chronic
disabling LBP"*"'7,

The present study suggests that exposure to not one,
but a combination of psychosocial factors, such as daily-
life satisfaction and reward to work, may trigger the
development of chronic disabling LBP with an 8-fold
increased risk, compared to those who were satisfied with
psychosocial aspects. Given that daily-life satisfaction in
the BJSQ consists of the extent of being content with not
only life, but also work, the results in the present study
are consistent with Western studies indicating that job
dissatisfaction predisposes the development of chronic
disabling LBP'* 133739 Another psychosocial factor,
reward to work, can also be considered to be relevant to
the magnitude in job satisfaction. The association between
chronic disabling LBP and a combination of such psycho-
social factors may possibly be explained by dysfunction in
mesolimbic dopaminergic activity. In recent years, there
has been an assumption that exposure to chronic, rather
than acute, stress could result in a state of hyperalgesia

K MATSUDAIRA et al.

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

In the past, the occupational health of the Japanese
worker has mainly focused on an ergonomic approach in
the management and prevention of LBP. Consistent with
Western studies, the present study suggests, however,
that we should be more alert to a psychosocial approach
to reduce the risk of developing chronic disabling LBP.
Although our earlier prospective study indicated that both
ergonomic and work-related psychosocial factors were
associated with new-onset of disabling LBP in symptom-

free Japanese workers®®

, no ergonomic factors seemingly
affect the development of chronic disabling LBP in the
present study probably because workers who already
experienced disabling LBP at baseline were the focus
of the present study. The results are consistent with the
guidelines stating that the development of chronic pain
and disability results more from work-related psychosocial
issues than from physical features®?.

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

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

and reward to work

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

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

In conclusion, the present study suggests that psycho-
social factors could play a key role in the development of
chronic disabling LBP in Japanese workers. Therefore,
the occupational health of the Japanese worker should be
focused not only on ergonomic interventions but also on
psychosocial ones to reduce the impact on the workplace
from the repercussions of developing chronic disabling
LBP.
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Abstract We investigated the incidence of disability and
its risk factors in older Japanese adults to establish an
evidence-based disability prevention strategy for this pop-
ulation. For this purpose, we used data from the Longitu-
dinal Cohorts of Motor System Organ (LOCOMO) study,
initiated in 2008 to integrate information from cohorts in
nine communities across Japan: Tokyo (two regions),
Wakayama (two regions), Hiroshima, Niigata, Mie, Akita,
and Gunma prefectures. We examined the annual occur-
rence of disability from 8,454 individuals (2,705 men and
5,749 women) aged >65 years. The estimated incidence of
disability was 3.58/100 person-years (p-y) (men: 3.17/100
p-y; women: 3.78/100 p-y). To determine factors associ-
ated with disability, Cox’s proportional hazard model was
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used, with the occurrence of disability as an objective
variable and age (+1 year), gender (vs. women), body
build (0: normal/overweight range, BMI 18.5-27.5 kg/m?;
1: emaciation, BMI <18.5 kg/mz; 2: obesity, BMI
>27.5 kg/m?), and regional differences (0: rural areas
including Wakayama, Niigata, Mie, Akita, and Gunma vs.
1: urban areas including Tokyo and Hiroshima) as
explanatory variables. Age, body build, and regional dif-
ference significantly influenced the occurrence of disability
(age, +1 year: hazard ratio 1.13, 95 % confidence interval
1.12-1.15, p < 0.001; body build, vs. emaciation: 1.24,
1.01-1.53, p = 0.041; body build, vs. obesity: 1.36,
1.08-1.71, p = 0.009; residence, vs. living in rural areas:
1.59, 1.37-1.85, p < 0.001). We concluded that higher age,
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both emaciation and obesity, and living in rural areas
would be risk factors for the occurrence of disability.

Keywords Nation-wide population-based cohort study -
Epidemiology - Incidence - Disability - Body build

Introduction

In Japan, the proportion of the population aged 65 years or
older has increased rapidly over the years. In 1950, 1985,
2005, and 2010, this proportion was 4.9, 10.3, 19.9, and
23.0 %, respectively [1]. Further, this proportion is esti-
mated to reach 30.1 % in 2024 and 39.0 % in 2051 [2]. The
rapid aging of Japanese society, unprecedented in world
history, has led to an increase in the number of disabled
elderly individuals requiring support or long-term care. The
Japanese government initiated the national long-term care
insurance system in April 2000 in adherence with the
Long-Term Care Insurance Act [3]. The aim of the national
long-term care insurance system was to certify the level of
care needed by elderly adults and to provide suitable care
services to them according to the levels of their long-term
care needs. According to the recent National Livelihood
Survey by the Ministry of Health, Labour and Welfare in
Japan, the number of elderly individuals certified as
needing care services increases annually, having reached 5
million in 2011 [4].

However, few prospective, longitudinal, and cross-
national studies have been carried out to inform the devel-
opment of a prevention strategy against disability. To
establish evidence-based prevention strategies, it is critically
important to accumulate epidemiologic evidence, including
the incidence of disability, and identify its risk factors.
However, few studies have attempted to estimate the inci-
dence of the disability and its risk factors by using popula-
tion-based cohorts. In addition, to identify the incidence of
disability, a study should have a large number of subjects.
Further, to determine regional differences in epidemiologi-
cal indices, a survey of cohorts across Japan is required.

The Longitudinal Cohorts of Motor System Organ
(LOCOMO) study was initiated in 2008, through a grant
from Japan’s Ministry of Health, Labour and Welfare, for
the prevention of knee pain, back pain, bone fractures, and
subsequent disability. It aimed to integrate data gathered
from cohorts from 2000 onwards and follow-up surveys
from 2006 onwards, using a unified questionnaire, with an
ultimate goal being the prevention of musculoskeletal
diseases. The present study specifically aims at using
LOCOMO data, which is based on the long-term care
insurance system, to investigate the occurrence of disability
in order to clarify its incidence and risk factors, especially
in terms of body build and regional differences.
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Materials and methods

Participants were residents of nine communities located in
Tokyo (two regions: Tokyo-1, principal investigators (PIs):
Shigeyuki Muraki, Toru Akune, Noriko Yoshimura, Kozo
Nakamura; Tokyo-2, PIs: Yoko Shimizu, Hideyo Yoshida,
Takao Suzuki), Wakayama [two regions: Wakayama-1
(mountainous region) and Wakayama-2 (coastal region),
PIs: Noriko Yoshimura, Munehito Yoshida], Hiroshima
(PI: Saeko Fujiwara), Niigata (PI: Go Omori), Mie (PL:
Akihiro Sudo), Akita (PI: Hideyo Yoshida), and Gunma
(PI: Yuji Nishiwaki) prefectures [5]. Figure 1 shows the
location of each cohort in Japan.

Disability in the present study was defined as ‘cases
requiring long-term care’, as determined by the long-term
care insurance system. The procedure for identifying these
cases is as follows: (1) each municipality establishes a long-
term care approval board consisting of clinical experts,
physicians, and specialists at the Division of Health and
Welfare in each municipal office; (2) The long-term care
approval board investigates the insured person by using an
interviewer-administered questionnaire consisting of 82
items regarding mental and physical conditions, and makes
a screening judgement based on the opinion of a regular
doctor; (3) ‘Cases requiring long-term care’ are determined
according to standards for long-term care certification that
are uniformly and objectively applied nationwide [6].

In order to identify the incidence of disability, data were
collected from participants aged 65 years and older within the
above-mentioned cohorts. In Japan, most individuals certified
as ‘cases requiring long-term care’ are 65 years and older.
Table 1 shows the number of subjects per region, as well as
the data obtained within the first year of the observation. The
smallest cohort consisted of 239 subjects, residing in Mie,
while the largest consisted of 1,758, who resided in Gunma.

The earliest baseline data were collected in 2000 in
Hiroshima, while the latest were obtained in 2008 in Tokyo-
2. The cohorts were subsequently followed until 2012. Data
regarding participants’ deaths, changes of residence, and
occurrence or non-occurrence of certified disability were
gathered annually from public health centres of the partic-
ipating municipalities. As an index of body build, baseline
data on participants’ height and weight were collected, and
used to calculate body mass index (BMI, kg/mz). Partici-
pants were classified as follows: normal or overweight
(BMI = 18.5-27.5), obese (BMI >27.5), or emaciated
(BMI <18.5). These cut-off points were determined
according to a WHO report [7]. From 2008 onwards, fol-
low-up data was obtained using the unified questionnaire.

All participants provided written informed consent, and
the study was conducted with the approval of the ethics
committees of the University of Tokyo (nos. 1264 and
1326), the Tokyo Metropolitan Institute of Gerontology
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Fig. 1 Location of nine regions from which the study cohorts were selected

Table 1 Number of subjects classified by regions of each cohort

Region Start year Total Men  Women
Tokyo-1 2005 1,332 461 871
Tokyo-2 2008 1,453 59 1,394
Wakayama-1 (Mountainous) 2005 610 239 371
Wakayama-2 (Coastal) 2006 357 129 228
Hiroshima 2000 1,341 351 990
Niigata 2007 805 343 462
Mie 2001 239 95 144
Akita 2006 559 223 336
Gunma 2005 1,758 805 953
Total 8,454 27705 5,749

(no. 5), Wakayama (no. 373), the Radiation Effects Research
Foundation (RP 03-89), Niigata University (no. 446), Mie
University (nos. 837 and 139), Keio University (no. 16-20),
and the National Center for Geriatrics and Gerontology (no.
249). Careful consideration was given to ensure the safety of
the participants during all of the study procedures.

Statistical analysis

All statistical analyses were performed using STATA
(STATA Corp., College Station, Texas, USA). Differences
in proportions were compared using the chi-squared test.
Differences in continuous variables were tested using an
analysis of variance (ANOVA) with Scheffe’s least signif-
icant difference test for post-hoc pairwise comparisons. To
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test the association between the occurrence of disability and
other variables, Cox’s proportional hazard regression ana-
lysis was used. Hazard ratios (HRs) were estimated using
the occurrence of disability as an objective variable (0: non-
occurrence, 1: occurrence) and the following explanatory
variables: age (+1 year), gender (vs. female), body build (0:
normal and overweight vs. 1: emaciation vs. 2: obesity), and
regional differences (0: rural areas, including Wakayama-1,
Wakayama-2, Niigata, Mie, Akita, and Gunma vs. 1: urban
areas, including Tokyo-1, Tokyo-2, and Hiroshima). All
p values and 95 % confidence intervals (CI) of two-sided
analyses are presented.

Results

Table 2 shows the number of participants classified by age
and gender. The majority of participants were 75-79 years
old; two-thirds of the participants were women.

Selected characteristics of the study population,
including age, height, weight, and BMI, are shown in
Table 3. The mean values of age, height, and weight were
significantly greater in women than in men (p < 0.001),
but BMI did not significantly differ between men and
women (p = 0.479).

The estimated incidence of disability is shown in Fig. 2.
In total, the incidence of disability among individuals aged
65 years and older was 3.58/100 person-years (p-y) (p-y;
men: 3.17/100 p-y; women: 3.78/100 p-y). The incidence
of disability was 0.83/100 p-y, 1.70/100 p-y, 3.00/100 p-y,
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Table 2 Number of subjects classified by age and gender

Age strata (years) Total (%) Men (%) Women (%)
65-69 1,390 (16.4) 555 (20.5) 835 (14.5)
70-74 1,704 (20.2) 668 (24.7) 1,036 (18.0)
75-79 2,923 (34.6) 812 (30.0) 2,111 (36.7)
80-84 1,810 (21.4) 463 (17.1) 1,347 (23.4)
>85 627 (7.4) 207 (7.7) 420 (7.3)
Total 8,454 (100.0) 2,705 (100.0) 5,749 (100.0)

Table 3 Baseline characteristics of subjects classified by age and
gender

Variables Men Women p (men vs.
women)
Age (years) 75.3 (6.4) 76.5 (6.0)  <0.001
Height (cm) 160.5 (6.5) 147.7 (6.1)  <0.001
Weight (kg) 58.7 (9.1) 49.8 (84) <0.001
BMI (kg/m?) 22.7 (2.9) 22.8 (3.5) 0.479
Living in rural area (%) 84.8 58.5 <0.001
Values are represented as mean (standard deviation)
BMI body mass index
Men Women
(/100 person-years) (/100 person-years)
15 1 15 -
10 A 10 -
) ) H
0 = 0 [‘ﬁ m m T T
65 70 75 80 85+ 65 70 75 80 85+
Age [y] Age [y]

Fig. 2 Incidence of disability according to age and gender

6.36/100 p-y, and 13.54/100 p-y in 65-69-, 70-74-, 75-79-,
80-84-, and >85-year-old men, respectively. In women,
the incidence of disability was 0.71/100 p-y, 1.40/100 p-y,
3.25/100 p-y, 6.85/100 p-y, and 12.01/100 p-y in the age
ranges of 65-69, 70-74, 75-79, 80-84, and 85 or more
years, respectively (Table 4).

Cox’s proportional hazard regression analysis showed that
occurrence of disability was significantly influenced by age,
body build, and regional differences, but not gender (age,
+1 years: hazard ratio 1.13, 95 % confidence interval
1.12-1.15, p < 0.001; sex, vs. female: 1.13, 0.97-1.31,
p = 0.125; body build: emaciation: 1.24, 1.01-1.53, p =
0.041; body build; obesity: 1.36, 1.08-1.71, p = 0.009; res-
idence, vs. living in rural areas: 1.59, 1.37-1.85, p < 0.001).

Discussion

Using the data of the LOCOMO study, we determined the
incidence of disability and identified age, emaciation,
obesity, and residence in rural areas as risk factors for the
occurrence of disability. More specifically, we integrated
data collected from subjects aged 65 and older in individual
cohorts established in nine regions across Japan to deter-
mine the incidence of disability in the specified regions.
We found an association between various risk factors and
disability; these include age, emaciation, and obesity, as
well as residence in rural areas.

The LOCOMO study was the first nation-wide pro-
spective study to track a large number of the subjects from
several population-based cohorts. The LOCOMO study
aimed to integrate information from these cohorts, to pre-
vent musculoskeletal diseases and subsequent disability.
The data shed light on the prevalence and characteristics of
targeted clinical symptoms such as knee pain or lumbar
pain, or defined diseases such as knee osteoarthritis (KOA),
lumbar spondylosis (LS), and osteoporosis (OP), as well as
their prognosis in reference to either mortality or chances
of developing a disability. In the present study, we also

Table 4 Hazard ratios (HRs) of potential risk factors for the occurrence and non-occurrence of disability

Disability (occurrence vs. non-occurrence)

Explanatory variable Reference HR 95 % confidence interval D
Age (years) +1 year 1.13 1.12-1.15 <0.001%#%*%*
Gender 0: men, 1: women 1.13 0.97-1.31 0.125
Body build 0: 18.5 < BMI < 27.5, 1: BMI < 18.5 1.24 1.01-1.53 0.041*
0: 18.5 < BMI < 27.5, 2: BMI >27.5 1.36 1.08-1.71 0.009%%*
Type of residential area 0: urban area, 1: rural area 1.59 1.37-1.85 <0.0071#**
BMI body mass index
*p <0.05, ** p <0.01, #* p < 0.001
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compared the above-mentioned symptoms, diseases, and
prognoses between regions.

The overall incidence of disability among individuals
aged 65 years and older was 3.58/100 person-years. When
results from the present study are applied to the total age-
sex distribution derived from the Japanese census in 2010
[1], it could be assumed that 1,110,000 people (410,000
men and 700,000 women) aged 65 years and older are
newly affected by disability and require support. It has
been reported that the total number of subjects who were
certified as needing care increases annually [4]; however,
few of these reports estimate the number of newly certified
cases through a population-based cohort. Clarifying the
incidence of disability and its risk factors was viewed as
the first step toward preventing its occurrence.

Emaciation and obesity were both identified as risk
factors for disability; thus, there appears to be a U-shaped
association between BMI and disability as well as between
BMI and mortality [8, 9]. According to the recent National
Livelihood Survey, the leading cause of disabilities that
require support and long-term care is cardiovascular dis-
ease (CVD), followed by dementia, senility, osteoarthrosis,
and fractures [4]. Obesity is an established risk factor for
chronic diseases, including hypertension, dyslipidemia, and
diabetes mellitus, which increase the risk for CVD [10]; in
turn, CVD causes ADL-related disabilities in older adults.
In addition, numerous reports have shown an association
between overweight or obesity and KOA [11-17]. In pre-
vious reports, we found a significant association between
BMI and not only the presence of KOA, but also the
occurrence and progression of KOA [18, 19]. In addition,
emaciation is an established risk factor for OP and OP-
related fractures [20]. OP might be related to low nutrition
due to chronic wasting diseases.

The current study also found an association between
living in a rural area and the occurrence of disability. There
have been reports of regional differences in the certification
rate of disability in Japan. For instance, Kobayashi reported
a prefectural difference in the certification rate of disabil-
ity, which was particularly prominent among individuals
aged 75 years and older at lower nursing care levels in the
long-term care insurance system [21]. In addition, Shi-
mizutani et al. [22] pointed out that the financial condition
of the insurer influenced the certification rate of disability.
Further, Nakamura found that the certification of lower
care levels was influenced by social and/or individual
factors, such as the type of service provider, the application
rate, and number of medical treatment recipients. However,
certification of advanced nursing care levels was influenced
by CVD and lifestyle-related diseases [23].

Other than differences in the social backgrounds of
individuals in each prefecture, we posited that regional
differences (rural or urban) in the occurrence of disability
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might be due to differences in the frequency of diseases
and ailments that cause disability in each area. The prev-
alence of musculoskeletal diseases, such as KOA and LS,
differs among mountainous, coastal, and urban areas [24].
Evidence also exists for regional differences in the inci-
dence of hip fractures [25-27]. It was also found that
mortality and incidence of ischemic stroke, which is related
to CVD, was higher in the northeastern than in the south-
western part of Japan [28]. However, there is currently no
information on regional differences in dementia prevalence
and incidence in Japan. In general, differences in the fre-
quency of diseases causing disability might influence
regional differences in disability rates. In relation to this, in
a future study on follow-up data from the LOCOMO study,
it might be necessary to collect information on the preva-
lence and frequency of diseases that cause disability, such
as musculoskeletal diseases, CVD, and dementia. This
future study should also attempt to clarify mutual associ-
ations among risk factors for disability, so as to inform the
development of measures for its primary prevention.

Despite its contribution to existing knowledge, the present
study has several limitations. First, its sample does not truly
represent the entire Japanese population, because our cohorts
were not drawn from the northernmost and southernmost
parts of Japan (e.g., Okinawa prefecture or Hokkaido pre-
fecture). This limitation must be taken into consideration,
especially when determining the generalisability of the
results. However, the LOCOMO study is the first large-scale,
population-based prospective study with approximately
9,000 participants aged 65 years and older. Second, data
collected from the cohorts were not uniform, as certain
information was obtained from some participants, but not
others. For example, the X-ray examinations of subjects’
knees were performed in Tokyo-1, Wakayama-1, Wakay-
ama-2, Niigata, and Mie; lumbar spine X-ray examinations
were performed in Tokyo-1, Wakayama-1, Wakayama-2,
Hiroshima, and Mie. Therefore, we could not evaluate the
presence or absence of KOA, LS, or OP as a possible cause of
disability by using the data of the entire LOCOMO study.
Further investigation following the integration of information
on musculoskeletal disorders would enable us to evaluate all
the factors that are associated with disability.

Nevertheless, our study has several strengths. As men-
tioned above, the large sample size is the study’s biggest
strength. The second strength is that we collected data from
nine cohorts across Japan, which enabled us to compare
regional differences in the incidence of disability. In
addition, the variety of measures and assessments used in
this study enabled us to collect a substantial amount of
detailed information. However, given the fact that not all of
the measures were administered in all cohorts, regional
selection bias in the analysis should be considered when
interpreting the results.
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Abstract The objective of the present longitudinal study was
to clarify whether osteophytosis and joint space narrowing
predict quality of life (QOL) decline using a longitudinal
population-based cohort of the Research on Osteoarthritis/
osteoporosis Against Disability (ROAD) study. The present
study analyzed 1,525 participants who completed the radio-
graphic examination at baseline and questionnaires regarding
QOL at a 3-year follow-up (546 men and 979 women; mean
age, 67.0+11.0 years). This study examined the associations
of osteophyte area (OPA) and minimum joint space width
(mJSW) in the medial compartment of the knee at baseline
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with pain and physical functional disability measured by the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC). OPA and mJSW in the medial compart-
ment of the knee were measured using a knee osteoarthritis
(OA) computer-aided diagnosis system. Overall, OPA inde-
pendently predicted physical functional disability after 3 years
of follow-up. When analyzed in men and women separately,
OPA, rather than mJSW, was an independent predictor for
pain and physical functional disability after 3 years of follow-
up in men. OPA, rather than mJSW, also predicted worsening
of pain in men during the 3-year follow-up, whereas in wom-
en, mJSW, rather than OPA, predicted worsening of pain. In
conclusion, the present longitudinal study using a large-scale
population from the ROAD study found gender differences in
the association of osteophytosis and joint space narrowing
with pain and physical functional disability.

Keywords Epidemiology - Longitudinal Studies -
Osteoarthritis - Pain - WOMAC

Introduction

Knee osteoarthritis (OA) is a major public health issue causing
chronic pain and disability [1-3]. The prevalence of radio-
graphically confirmed knee OA is high in Japan [4], with
25,300,000 persons aged 40 years and older estimated to
experience radiographic knee OA [5]. According to the recent
Japanese National Livelihood Survey of the Ministry of
Health, Labour and Welfare, osteoarthritis is ranked fourth
among diseases that cause disabilities that subsequently re-
quire support with activities of daily living [6].

The principal clinical symptoms of knee OA are pain and
physical functional disability [7], but the correlation of these
symptoms with radiographic severity of knee OA is contro-
versial [4, 8—10]. In terms of disease-specific scales for
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estimating pain and physical functional disability due to knee
OA, the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) has been used for
Caucasians [11] and Asians [12, 13], although these reports
were not population-based studies. Furthermore, there is little
information on the impact of knee OA on incident pain and
physical functional disability using WOMAC in Japan, al-
though reports from a population survey suggest that the
disease pattern differs among races [14—16].

Knee OA is characterized by the pathological features of
osteophytosis and joint space narrowing, but there is controver-
sy regarding the importance of osteophytes. Nevertheless, hand
and hip joint researchers and clinicians have argued that sepa-
rate radiographic features should be recorded and may be more
meaningful than overall composite scores such as the Kellgren-
Lawrence (KL) scale [17]. Furthermore, a previous study
showed that osteophytes performed better as a primary diag-
nostic feature than joint space narrowing in cross-sectional knee
OA epidemiologic studies [18]. However, most conventional
systems for grading radiographic severity have been categorical
grades, such as KL grading [19], which is unable to assess
osteophytosis and joint space narrowing individually. Several
studies have shown that knee OA had a strong effect on quality
of life (QOL) [13, 20-22], but in these studies, knee OA was
defined by categorical grades such as KL score or American
College of Rheumatology grade, total knee arthroplasty, and
self-administered questionnaires. In addition, osteophytosis and
joint space narrowing were separately evaluated using a radio-
graphic atlas of individual features published by the
Osteoarthritis Research Society International in 1995 [23] and
revised in 2007 [24]. However, the grading is still limited in
reproducibility and sensitivity due to the subjective judgment of
individual observers and the categorical classification into four
grade scales (0-3). To overcome this problem, osteophyte area
(OPA) or joint space width should be evaluated using a fully
automatic system [25].

The objective of this study was to clarify whether
osteophytosis and joint space narrowing at the knee indepen-
dently predict decline of QOL measured by WOMAC pain
and physical function score during a 3-year follow-up among
Japanese men and women using a fully automatic system to
measure OPA and joint space width in the longitudinal,
population-based cohort from the Research on Osteoarthritis/
osteoporosis Against Disability (ROAD) study.

Materials and methods

Study sample The ROAD study is a nationwide prospective
study designed to establish epidemiologic indices for the
evaluation of clinical evidence to allow for the development
of disease-modifying treatments for bone and joint disorders
(with OA and osteoporosis as the representative bone and
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joint diseases). The ROAD study consists of population-
based cohorts in several Japanese communities. A detailed
profile of the ROAD study has been published previously [4,
5, 26]; therefore, only a brief summary is provided here. To
date, the ROAD study has completed the creation of a baseline
database including clinical and genetic information for 3,040
inhabitants (1,061 men and 1,979 women) ranging in age
from 23 to 95 years (mean, 70.6 years). Participants were
recruited from resident registration listings in three communi-
ties: an urban region in Itabashi, Tokyo; a mountainous region
in Hidakagawa, Wakayama; and a seacoast region in Taiji,
Wakayama. All participants provided written informed con-
sent, and the study was conducted with the approval of the
ethics committees of the University of Tokyo and the Tokyo
Metropolitan Institute of Gerontology. Anthropometric mea-
surements, including height and weight and body mass index
(BMI) (weight [kg]/height® [m?]), were calculated. Grip
strength was measured on bilateral sides using a TOEI
LIGHT handgrip dynamometer (TOEI LIGHT CO., LTD,
Saitama, Japan), and the better measurement was used to
characterize maximum muscle strength.

Radiographic assessment All participants underwent radio-
graphic examination of both knees using an anterior-
posterior view with weight-bearing and foot map positioning
by experienced radiological technologists. The beam was
positioned parallel to the floor with no angle and aimed at
the joint space. We used fluoroscopic guidance with an
anterior-posterior X-ray beam to properly visualize the joint
space and to centralize the patella over the lower end of the
femur. The images were downloaded into Digital Imaging and
Communication in Medicine (DICOM) format files. A single
experienced orthopedist (S.M.) read the knee radiographs
without knowledge of participant clinical status using the
KL radiographic atlas for overall knee radiographic grades
[19]. Knee OA was defined as KL >2. Medial compartment
minimum joint space width (mJSW) and medial tibial OPA
were measured with the knee osteoarthritis computer-aided
diagnosis (KOACAD) system bilaterally. The knee with the
least mJSW was defined as the designated knee for each
participant. The KOACAD system has been previously de-
scribed in detail [25, 27, 28]. The KOACAD system is a fully
automatic system capable of quantifying the major features of
knee OA on standard radiographs. This system allows for
objective, accurate, and simple assessment of the structural
severity of knee OA in general clinical practice. The
KOACAD system was programmed to measure OPA at the
medial tibia and mJSW in the medial and lateral compartments
using digitized knee radiographs. The KOACAD system was
applied to the DICOM data by the experienced orthopedist
who developed this system (H.O.), and there is strong reliabil-
ity for this measurement [25]. Reference values for OPA and
mJSW by gender and age strata in Japan using the KOACAD
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system have been published previously [28]. Lateral OA was
defined as being present when a knee had a KL grade >2 [19]
and lateral joint space narrowing score >1 on a 0-3 scale
according to the Osteoarthritis Research Society
International atlas [24].

Instruments All 3,040 subjects were invited to attend a
follow-up interview between 2008 and 2010. We used the
WOMAC at the follow-up study to evaluate QOL. The
WOMAC is a 24-item OA-specific index consisting of three
domains: pain, stiffness, and physical function. Each of these
24 items is graded on either a 5-point Likert scale or a 100-mm
visual analog scale [11, 29]. The Likert scale (version LK 3.0)
was used in the present study. The domain score ranges from 0
to 20 for pain, 0 to 8 for stiffness, and 0 to 68 for physical
function. Japanese versions of the WOMAC have also been
validated [30].

Statistical analysis Differences in age, height, weight, BMI,
grip strength, OPA, mJSW, and WOMAC scores between
men and women were examined using a non-paired student ¢
test. The associations of mJSW and OPA with pain and phys-
ical functional disability after 3 years were determined by
using multiple regression analysis after adjustment for age,
BMI, gender, grip strength, and pain score at baseline; after
adjustment for age, BMI, gender, grip strength, and physical
function score at baseline, respectively, in the overall popula-
tion; and after adjustment for age, BMI, grip strength, and pain
score at baseline and after adjustment for age, BMI, grip
strength, and physical function score at baseline, respectively,
in men and women. In addition, to determine the independent
association of OPA and mJSW with pain and physical func-
tion scores, multiple regression analysis was used with age,
BMI, gender, grip strength, pain score at baseline, OPA, and
mJSW and with age, BMI, gender, grip strength, physical
function score at baseline, OPA, and mJSW, respectively, as
explanatory variables in the overall population, and with age,
BMI, grip strength, pain score at baseline, OPA, and mJSW
and with age, BMI, grip strength, physical function score at
baseline, OPA, and mJSW, respectively, as explanatory vari-
ables in men and women. We classified men and women
separately into three groups based on grip strength: <20, >20
to <30, and >30 and examined the associations of BMI, OPA,
and mJSW with pain, using multiple regression analysis with
age, BMI, OPA, mJSW, and pain score at baseline as explan-
atory variables. We also calculated changes of scores as fol-
lows: “scores at follow-up—scores at baseline” and deter-
mined the association of OPA and mJSW with changes of
pain and physical function scores after adjustment for age,
BMI, gender, grip strength, and pain score at baseline; after
adjustment for age, BMI, gender, grip strength, and physical
function score at baseline, respectively, in the overall popula-
tion; and after adjustment for age, BMI, grip strength, and pain
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score at baseline and after adjustment for age, BMI, grip
strength, and physical function score at baseline, respectively,
in men and women. In addition, to determine independent
associations of OPA and mJSW with changes of pain and
physical function scores, multiple regression analysis was
used with age, BMI, gender, grip strength, pain score at
baseline, OPA, and mJSW and with age, BMI, gender, grip
strength, physical function score at baseline, OPA, and mJSW,
respectively, as explanatory variables in the overall population
and with age, BMI, grip strength, pain score at baseline, OPA,
and mJSW and with age, BMI, grip strength, physical function
score at baseline, OPA, and mJSW, respectively, as
explanatory variables in men and women. Data analyses
were performed using SAS version 9.0 (SAS Institute
Inc., Cary, NC).

Results

Of the 3,040 subjects in the baseline study in 2005-2007, 125
had died by the time of the review 3 years later, 123 did not
participate in the follow-up study due to bad health, 69 had
moved away, 83 declined the invitation to attend the follow-up
study, and 155 did not participate in the follow-up study for
other reasons. Among the 2,485 subjects who did participate
in the follow-up study, we excluded 39 subjects younger than
40 years at baseline. Those participating in the follow-up
study were younger than those who did not survive or who
did not participate for other reasons (responders 68.6 years,
non-responders 75.1 years; P<0.0001). The follow-up study
participants also were significantly more likely to be women
(responders 66.3 % women, non-responders 61.8 % women;
P=0.03) and were significantly more likely to have knee OA
at the baseline examination than either those who did not
survive to follow-up or those who did not participate for other
reasons (responders 51.5 %, non-responders 60.9 %;
P<0.0001). Among them, 1,578 subjects provided complete
questionnaires of WOMAC both at baseline and follow-up.
We excluded 3 subjects who did not undergo plain radiogra-
phy at the knee and 17 subjects who underwent total knee
arthroplasty before the follow-up study. We also excluded 12
subjects whose X-rays were too obscure to measure mJSW
and OPA and 21 subjects who had lateral knee OA, leaving a
total of 1,525 subjects (546 men and 979 women). The mean
duration between baseline and follow-up was 3.3+0.6 years.

Characteristics of the 1,525 participants in the present study
are shown in Table 1. BMI was higher in men than women.
The prevalence of knee OA was significantly higher in women
than men. The OPA was significantly larger and mJSW was
significantly narrower in women than men. The WOMAC
pain score was similar in men and women, whereas the
WOMAC physical function score was worse in women than
men, both at baseline and follow-up.
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Table 1 Characteristics of subjects

Overall Men Women p value

N 1,525 546 979
Age (years) 67.0£11.0 68.2+10.7 66.3+11.1 0.001
Height (cm) 1553+8.8 163.3£6.4 150.8+6.4  <0.0001
Weight (kg) 555104 62.2+103 51.848.5 <0.0001
BMI (kg/m?) 229433  23343.1 22.7+33 0.0027
Grip strength (kg)  27.2+9.4 354487 22.7+64 <0.0001
Knee OA (%) 48.8 38.5 54.5 <0.0001
OPA (mm?) 3.56+8.43 1.794547 4.54+9.56  <0.0001
mJSW (mm) 2.67+0.94 2.99+0.88 2.50+0.92  <0.0001
WOMAC at baseline

Pain 1.1342.20 1.03+2.06 1.18+2.27 0.1753

Physical function 3.05+6.68 2.59+5.74 3.30+7.14 0.0328
WOMAC at follow-up

Pain 1.82+2.81 1.74+2.69 1.87+2.88 0.3881

Physical function 5.56+9.61 4.79+834 599+10.22  0.0137

Knee OA was defined as Kellgren-Lawrence grade >2 at baseline; except
where otherwise indicated, the values at baseline was shown

BMI body mass index, OA osteoarthritis, OPA osteophyte area, mJSW
minimum joint space width, WOMAC Western Ontario and McMaster
Universities Osteoarthritis Index

First, we analyzed the associations of age, BMI, and grip
strength with WOMAC pain and physical function scores in
men and women (Table 2). Age and grip strength were sig-
nificantly associated with pain and physical function in men
and women, while BMI was significantly associated with pain
and physical function in women, but not in men.

Multiple regression analysis after adjustment for age, BMI,
grip strength, and pain score at baseline showed that, overall,
OPA and mJSW were significant predictors for pain (Table 3).
To assess whether OPA and mJSW independently predicted
pain, we used multiple regression analysis with age, BMI, grip
strength, pain score at baseline, OPA, and mJSW as explana-
tory variables and found that the association of OPA with pain

score after 3 years disappeared, whereas mJSW was an inde-
pendent predictor for pain after 3 years. When analyzed in
men and women, separately, OPA was an independent predic-
tor for pain in men, but mJSW was not. In women, mJSW was
an independent predictor for pain, but OPA was not.

In terms of physical function, multiple regression analysis
after adjustment for age, BMI, grip strength, and physical
function score at baseline showed that OPA and mJSW were
significant predictors for physical functional disability
(Table 4). To assess whether OPA and mJSW independently
predicted physical functional disability, we used multiple re-
gression analysis with age, BMI, grip strength, physical func-
tion score at baseline, OPA, and mJSW as explanatory vari-
ables and found that OPA and mJSW were independent pre-
dictors for physical functional disability. When analyzed in
men and women separately, OPA was an independent predic-
tor for physical functional disability in men, but mJSW was
not. In women, mJSW was an independent predictor for
physical functional disability, but OPA was not.

To clarify the association of OPA, mJSW, and BMI with
pain according to muscle strength, men and women were
separated into three groups based on grip strength: <20, >20
to <30, and >30 and the associations of BMI, OPA, and mJSW
with pain were examined, using multiple regression analysis
with age, BMI, OPA, mJSW, and pain score at baseline as
explanatory variables (Supplementary Table 1). In women
with grip strength <20, mJSW was significantly associated
with pain and BMI tended to be associated with pain, but OPA
was not. In men with grip strength <20, BMI, OPA, and
mJSW were not significantly associated with pain, likely
because only nine men had a grip strength <20. In women
with grip strength >20 to <30, mJSW and BMI was signifi-
cantly associated with pain, while OPA was not. In men with
grip strength >20 to <30, BMI was significantly associated
with pain, while OPA and mJSW were not. In men and
women with grip strength >30, OPA was significantly associ-
ated with pain, while mJSW and BMI were not. We also

Table 2 Effect of age, BMI, and grip strength at baseline on WOMAC pain and physical function scores after 3 years

Pain Physical function
Regression coefficient (95 % CI) P value Regression coefficient (95 % CI) P value
Men
Age (years) 0.05 (0.03 to 0.07) <0.0001 0.23 (0.17 t0 0.29) <0.0001
BMI (kg/m?) 0.05 (-0.02 t0 0.12) 0.1616 0.17 (-0.06 to 0.39) 0.1459
Grip strength (kg) —0.05 (—=0.07 to —0.02) 0.0003 —0.26 (-0.34 to —0.19) <0.0001
Women
Age (years) 0.06 (0.05 to 0.08) <0.0001 0.33 (0.28 t0 0.39) <0.0001
BMI (kg/m?) 0.20 (0.14 to 0.25) <0.0001 0.66 (0.47 to 0.85) <0.0001
Grip strength (kg) —0.10 (-0.12 to —0.07) <0.0001 —0.44 (-0.54 to —0.35) <0.0001

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, CI confidence interval, BMI body mass index
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Table 3 Effect of OPA and mJSW at baseline on WOMAC pain scores after 3 years
Crude regression Pvalue  Adjusted regression Pvalue  Adjusted regression Pvalue  Standardized beta
coefficient® (95 % CI) coefficient® (95 % CI) coefficient® (95 % CI)
Overall
OPA (mm?)  0.08 (0.06 to 0.09) <0.0001 0.02 (0.006 to 0.04) 0.0051  0.01 (—0.003 to 0.03) 0.1036  0.04
mJSW (mm) —0.76 (-0.90 to —0.61)  <0.0001 —0.30 (-0.44 to —0.16) <0.0001 —0.26 (-0.41to—0.12)  0.0005 —0.09
Men
OPA (mm?)  0.09 (0.04 to 0.13) <0.0001  0.05(0.01 to 0.08) 0.0078  0.05 (0.01 to 0.09) 0.0127 0.1
mJSW (mm) —0.45(-0.71t0—-0.20)  0.0005 —0.11 (-0.33 t0 0.12) 0.3466  0.02 (—0.22 t0 0.27) 0.8574  0.007
‘Women
OPA (mm?)  0.08 (0.06 to 0.09) <0.0001  0.02 (—0.0008 to 0.03) 0.0623  0.006 (—0.01 to 0.02) 04789  0.02
mJSW (mm) —0.96 (-1.15t0—0.78) <0.0001 —0.41 (-0.58 to —0.23) <0.0001 —0.39 (-0.57 to —0.20) <0.0001 —0.12

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, C/ confidence interval, OPA4 osteophyte area, mJSW minimum joint space width
 Adjusted regression coefficients for pain scores were calculated by multiple regression analysis after adjustment for age, BMI, gender, grip strength, and
pain score at baseline in the overall population and after adjustment for age, BMI, grip strength, and pain score at baseline in men and women

® Adjusted regression coefficients for pain scores were calculated by multiple regression analysis with age, BMI, gender, grip strength, pain score at
baseline, OPA, and mJSW as explanatory variables in the overall population and with age, BMI, grip strength, pain score at baseline, OPA, and mJSW as
explanatory variables in men and women

examined the association of OPA, mJSW, and BMI with
physical function disability according to muscle strength
(Supplementary Table 2). Results were similar to findings

for pain.

To examine whether OPA and mJSW predicted worsening
of pain during the 3-year follow-up, we calculated differences
of the WOMAC pain scores between baseline and follow-up
(Table 5). In the overall population, mJSW was a significant
predictor for worsening of pain after adjustment for age, BMI,
gender, and pain score at baseline, whereas OPA was not.

women.

Table 4 Effect of OPA and mJSW at baseline on WOMAC physical function scores after 3 years

When analyzed in men and women separately, OPA was a
significant predictor for worsening of pain in men, whereas
mJSW was a significant predictor for worsening of pain in

We also examined whether OPA and mJSW predicted
worsening of physical functional disability during the 3-year
follow-up (Table 6). In the overall population, OPA and
mJSW were significant predictors for worsening of physical
functional disability after adjustment for age, BMI, gender,
grip strength, and physical function score at baseline. To

Crude regression Pvalue  Adjusted regression Pvalue  Adjusted regression Pvalue  Standardized beta
coefficient® coefficient” coefficient®
(95 % CI) (95 % CI) (95 % CI)
Overall
OPA (mm?) 0.34 (0.29 to 0.40) <0.0001 0.09 (0.04 to 0.14) 0.0002  0.05 (0.0004 to 0.10) 0.0480  0.04
mJSW (mm) —3.24 (-3.73 to —2.75) <0.0001 -1.36(-1.80t0—0.92) <0.0001 —1.22 (-1.68t0—0.76) <0.0001 —0.12
Men
OPA (mm?) 0.35(0.23 to 0.48) <0.0001 0.19 (0.08 to 0.30) 0.0008  0.14 (0.02 to 0.26) 0.0204  0.09
mJSW (mm) —2.21(-2.99to—-1.44) <0.0001 -1.07(-1.77t0—-0.37)  0.0027 —0.69 (—1.46 to 0.07) 0.0758 -0.07
Women
OPA (mm?) 0.34 (0.27 to 0.40) <0.0001 0.06 (0.009 to 0.12) 0.0225 0.03 (—0.03 to 0.08) 0.3305 0.03
mJSW (mm) —3.86 (—4.51to —3.20) <0.0001 —1.49 (-2.05t0 —0.92) <0.0001 —1.41(-2.00to—0.82) <0.0001 —0.13

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, CI confidence interval, OPA osteophyte area, mJSW minimum joint space
width

 Adjusted regression coefficients for physical function score were calculated by multiple regression analysis after adjustment for age, BMI, gender, grip
strength, and physical function score at baseline in the overall population and after adjustment for age, BMI, grip strength, and physical function score at
baseline in men and women

® Adjusted regression coefficients for physical function score were calculated by multiple regression analysis with age, BMI, gender, grip strength,
physical function score at baseline, OPA, and mJSW as explanatory variables in the overall population and with age, BMI, grip strength, physical
function score at baseline, OPA, and mJSW as explanatory variables in men and women
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examine whether OPA and mJSW independently predicted
worsening of physical functional disability, we used multiple
regression analysis with age, BMI, gender, grip strength,
physical function score at baseline, OPA, and mJSW as ex-
planatory variables and found that mJSW was an independent
predictor for worsening of physical functional disability, but
the significant association of OPA disappeared. When ana-
lyzed in men and women separately, after adjustment for age,
BMI, grip strength, and physical function scores at baseline,
OPA and mJSW were significant predictors for worsening of
physical functional disability in men; in women, mJSW was a
significant predictor for worsening of physical functional
disability, but OPA was not. To examine whether OPA and
mJSW independently predicted worsening of physical func-
tional disability in men, we used multiple regression analysis
with age, BMI, grip strength, physical function score at base-
line, OPA, and mJSW as explanatory variables and found that
the significant association of OPA and mJSW with worsening
in physical function disappeared.

Discussion

This is the first large-scale study to examine whether
osteophytosis and joint space narrowing independently pre-
dict QOL decline measured by WOMAC pain and physical
function score in a longitudinal model. In addition,
osteophytosis and joint space narrowing were estimated not
by categorical grade but by continuous values such as OPA
and mJSW at the knee. In the present study, OPA, rather than
mJSW, was an independent predictor for pain and physical
functional disability after 3 years of follow-up in men. OPA,
rather than mJSW, also predicted worsening of pain in men

during the 3-year follow-up, whereas mJSW, rather than OPA,
predicted worsening of pain in women.

Previous studies have shown that knee OA has a strong
effect on QOL [13, 20-22]; however, the knee OA was de-
fined by KL grade or other categorical methods. KL grade is
the most conventional system to grade radiographic severity
of knee OA, but in this categorical system, osteophyte forma-
tion and joint space narrowing are not assessed separately.
Thus, we cannot clarify whether osteophytosis and joint space
narrowing have distinct effects on QOL. In addition, our
previous cross-sectional study showed that osteophytosis
was not strongly related to joint space narrowing on plain
radiographs [31]. Furthermore, our experimental mouse mod-
el for OA identified a cartilage-specific molecule, carminerin,
that regulates osteophytosis without affecting joint cartilage
destruction during OA progression [32, 33]. This accumulat-
ing evidence indicates that osteophytosis and joint space
narrowing may have distinct etiologic mechanisms and their
progression may be neither constant nor proportional. Thus, to
examine factors associated with knee OA, these two OA
features should be assessed separately. Furthermore, because
categorical methods are statistically less powerful than con-
tinuous methods, the association between knee OA and QOL
might have been underestimated in previous studies. In
addition, most studies regarding the association of knee
OA with QOL were cross-sectional designs; thus, a
causal relationship could not be clarified. So far, the
role of the osteophytes in OA is controversial, with
several researchers believing that osteophytes are merely
a reflection of age and not associated with any of the
clinical symptoms of OA, though few reported data
support or refute this argument. This study was the first
longitudinal model to report that osteophytosis, rather
than mJSW, predicted QOL decline in men.

Table 5 Effect of OPA and mJSW at baseline on worsening of WOMAC pain scores after 3 years

Crude regression coefficient” (95 % CI) P value Adjusted regression coefficient (95 % CI) P value

Overall

OPA (mm?) 0.01 (-0.004 to 0.03) 0.1443 - -

mJSW (mm) —0.16 (—-0.29 to —0.03) 0.0132 —0.30 (—0.44 to —0.16) <0.0001
Men

OPA (mm?) 0.04 (0.006 to 0.08) 0.0209 0.05 (0.01 to 0.08) 0.0078

mJSW (mm) —0.06 (-0.28 to 0.15) 0.5684 - -
‘Women

OPA (mm?) 0.006 (—0.01 to 0.02) 0.48380 - -

mJSW (mm) —0.24 (-0.41 to —0.07) 0.006 —0.41 (-0.58 to —0.23) <0.0001

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, C/ confidence interval, OPA osteophyte area, mJSW minimum joint space

width

 Adjusted regression coefficients for change of scores were calculated by multiple regression analysis after adjustment for age, BMI, gender, grip
strength, and pain score at baseline in the overall population and after adjustment for age, BMI, grip strength, and pain score at baseline in men and

women
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Table 6 Effect of OPA and mJSW at baseline on worsening of WOMAC physical function scores after 3 years
Crude regression Pvalue  Adjusted regression Pvalue  Adjusted regression Pvalue  Standardized beta
coefficient® (95 % CI) coefficient® (95 % CI) coefficient® (95 % CI)
Overall
OPA (mm?) 0.10 (0.05 to 0.14) <0.0001 0.05 (0.002 to 0.10) 0.0393 0.01 (—0.04 to 0.06) 0.6078  0.01
mJSW (mm) —1.44 (-1.84t0—1.04) <0.0001 —1.14(-1.58to —0.69) <0.0001 —1.10(-1.57 to —0.63) <0.0001 —0.14
Men
OPA (mm?) 0.18 (0.07 to 0.29) 0.0012  0.14 (0.03 to 0.26) 0.012 0.10 (—0.02 to 0.23) 0.1095 0.08
mJSW (mm) —1.27 (-=1.95 to 0.59) 0.0003 —-0.93(-1.65t0—0.21)  0.0113 —0.66 (—1.4510 0.13) 0.1021 —0.08
Women
OPA (mm?) 0.08 (0.03 to 0.13) 0.0024  0.03 (—0.02 to 0.09) 0.2521 - - -
mJSW (mm) -1.58 (-2.10to —1.05) <0.0001 —1.25(-1.82to —0.68) <0.0001 - -

WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, CI confidence interval, OPA osteophyte area, mJSW minimum joint space

width

 Adjusted regression coefficients for changes in physical function scores were calculated by multiple regression analysis after adjustment for age, BMI,
gender, grip strength, and physical function score at baseline overall and after adjustment for age, BMI, grip strength, and physical function score at

baseline in men and women

® Adjusted regression coefficients for changes in physical function scores were calculated by multiple regression analysis with age, BMI, gender, grip
strength, OPA, mJSW, and physical function score at baseline as overall explanatory variables and with age, BMI, grip strength, OPA, mJSW, and

physical function score at baseline as explanatory variables in men

The association of osteophytosis with QOL may be com-
plex. Osteophytes may not have any primary effect them-
selves but rather serve as markers for factors that strongly
affect QOL decline. First, osteophytosis appears to start from
activation of periosteal layers, with initial generation of
chondrophytes and subsequent calcification to real
osteophytes. The process is probably an adaptive reaction of
the joint to cope with joint instability, and thus, OPA may
indicate the severity of joint instability [34], which might lead
to pain and physical functional disability, particularly in men.
In addition, it is possible that osteophytosis is strongly
associated with patellofemoral disease [35], which is
associated with knee pain [36]. This is an area where
further research would be useful. Nevertheless, our re-
sults indicate that the presence or absence of
osteophytosis, rather than joint space narrowing, is an
appropriate method to predict QOL decline in men.

The present study revealed gender differences in the asso-
ciations of osteophytosis and joint space narrowing with pain
and physical functional disability. Joint space narrowing was
an independent predictor for QOL decline measured by
WOMAC pain and physical function scores in women, but
not in men. Our previous cross-sectional study also showed
that the odds ratio of knee pain for KL grade 3 or 4 knee OA
was approximately twice as high in women as in men [4].
Considering the definition of KL grade [19], this finding may
indicate that joint space narrowing is more strongly associated
with pain in women than men. At the same time,
osteophytosis is an independent predictor for QOL decline
measured by the WOMAC pain and physical function scores
in men, but not in women. As mentioned above, osteophytosis
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may represent joint instability or patellofemoral disease,
which may be more strongly associated with pain and physical
function than joint space narrowing due to cartilage loss in
men. These findings may be partly explained by the lower
muscle mass in women compared with men. Previous reports
have shown that muscle mass is also associated with QOL [37,
38]. BMI also has different effect on QOL between men and
women. To clarify the effect of muscle strength on the asso-
ciation of OPA, mJSW, and BMI with QOL, we classified
subjects according to grip strength and examined the associ-
ation of OPA, mJSW, and BMI with WOMAC pain score. In
both men and women with strong muscle strength, OPA was
associated with pain rather than mJSW or BMI, whereas in
those with weaker muscle strength, mJSW and BMI were
associated with pain rather than OPA. We also examined the
association of OPA, mJSW, and BMI with WOMAC physical
function score according to grip strength, and results were
similar to those for pain. This means that muscle strength,
rather than gender itself, may affect differences between men
and women in the association of mJSW and OPA with QOL.

There is a limitation in the present study. We did not
include other weight-bearing joints that can have OA, such
as hip OA, in the analysis, although such disorders may also
affect QOL decline. However, the prevalence of KL grade 3 or
4 hip OA is 1.4 and 3.5 % in Japanese men and women [39],
respectively, which is much less than the prevalence of KL
grade 3 or 4 knee OA (13.5 and 24.6 % in Japanese men and
women, respectively) [4]. Thus, it is possible that hip OA
would not strongly affect the results of the present study.

In conclusion, the present longitudinal study using a
large-scale population from the ROAD study revealed
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that osteophytosis is a predictor for QOL decline in men. We also
revealed gender differences in the association of osteophytosis
and joint space narrowing with QOL decline. Future studies,
along with longitudinal surveys in the ROAD study,
will help further the understanding of osteophytosis
and joint space narrowing mechanisms at the knee and
their relationship with QOL.
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Abstract

Summary Assessment of serum 25-hydroxyvitamin D levels
in association with the occurrence of musculoskeletal diseases
using a population-based cohort study design revealed that serum
25-hydroxyvitamin D levels could predict the occurrence of
osteoporosis at the femoral neck within 3 years, but not the
occurrence of knee osteoarthritis or lumbar spondylosis.
Introduction The aim of this study is to clarify the association
between serum 25-hydroxyvitamin D (25D) levels and occur-
rence of osteoporosis and osteoarthritis in the general
population.

Methods The Research on Osteoarthritis/Osteoporosis
Against Disability study, a large-scale population-based co-
hort study, was performed during 2005-2007. Serum 25D
levels were measured in 1,683 participants. Of these, 1,384
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individuals (81.9 %) completed a second follow-up survey
3 years later. Osteoporosis was defined according to World
Health Organization criteria, in which osteoporosis is diag-
nosed by T-scores of bone mineral density (BMD) that are 2.5
standard deviations (SD) less than normal BMD. Knee oste-
oarthritis and lumbar spondylosis were defined as Kellgren—
Lawrence grade >2, using paired X-ray films. Cumulative
incidences were determined according to changes in measure-
ments using World Health Organization criteria for osteopo-
rosis or Kellgren—Lawrence grades for osteoarthritis between
the baseline and second survey.

Results The mean (SD) serum 25D level of the 1,384 partic-
ipants in both surveys was 23.4 ng/mL (6.5). The annual
cumulative incidences of osteoporosis at L2—4 and the femo-
ral neck were 0.76 and 1.83 %/year, respectively. The inci-
dences of knee osteoarthritis and lumbar spondylosis were 3.3
and 11.4 %lyear, respectively. After adjusting for potential
associated factors, logistic regression analyses revealed that
the odds ratio for the occurrence of femoral neck osteoporosis
significantly decreased as serum 25D levels increased (+
1 SD; odds ratio 0.67; 95 % confidence interval 0.49-0.92;
p=0.014).

Conclusions Higher serum 25D levels may prevent the oc-
currence of osteoporosis at the femoral neck, but not knee
osteoarthritis, lumbar spondylosis, or osteoporosis at L.2—4.

Keywords 25-Hydroxyvitamin D - Epidemiology -
Incidence - Osteoarthritis - Osteoporosis - Population-based
cohort study

Introduction

As the average age of the human population is rapidly in-

creasing, the development of methods to prevent musculo-
skeletal disorders that impair activities of daily life (ADLs)
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and quality of life (QOL) in the elderly has become an urgent
need. Osteoporosis and osteoarthritis are major bone and joint
health problems that cause impairment of ADL and QOL
among the elderly and lead to increased morbidity and mor-
tality in this population. The recent National Livelihood
Survey performed by the Ministry of Health, Labour and
Welfare in Japan [1] found that arthritis is ranked fourth, and
falls and osteoporotic fractures are fifth among the diseases
that cause disabilities requiring support and long-term care.
Therefore, developing approaches to prevent osteoporosis and
osteoarthritis could reduce the impairment of ADL and QOL
and subsequent disabilities among the elderly.

Vitamin D influences bone quality and is important in
maintaining bone density [2, 3]. A number of studies have
reported an association between inadequate vitamin D intake
and osteoporosis [4—7]. In contrast, no clear association has
been found between vitamin D and osteoarthritis. An associ-
ation between low levels of 25-hydroxyvitamin D (25D) and
prevalent hip osteoarthritis was observed in cross-sectional
studies [8, 9]. In addition, it has been shown that low serum
25D levels increased the risk of knee osteoarthritis progres-
sion [10] and incident hip joint space narrowing [11].
However, it has also been reported that serum 25D levels
did not predict joint space narrowing or loss of cartilage
volume of the knee [12] or clinically diagnosed knee or hip
osteoarthritis [13].

In the present study, we performed a population-based
cohort survey using the Research on Osteoarthritis/
Osteoporosis Against Disability (ROAD) study cohorts. The
second ROAD survey, a 3-year follow-up survey that repeated
the baseline examinations performed in the original ROAD
study, has been completed. The aim of our study was to
determine whether vitamin D inadequacy affects the occur-
rence of musculoskeletal diseases, including osteoporosis,
knee osteoarthritis, and lumbar spondylosis.

Methods
Study participants

The present study was performed using the ROAD study
cohorts established in 2005. The ROAD study is a national,
prospective study of osteoarthritis that is made up of
population-based cohorts from several communities in
Japan. Details of the cohort profile have been reported else-
where [14, 15]. In brief, between 2005 and 2007, a baseline
database was created that included clinical and genetic infor-
mation for 3,040 residents (1,061 men, 1,979 women; mean
age, 70.3 years (SD 11.0), 71.0 years (10.7) in men, 69.9 years
(11.2) in women) of Japan. The subjects were recruited from
resident registration listings in three communities with differ-
ent characteristics: 1,350 subjects from an urban region in
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Itabashi, Tokyo; 864 subjects from a mountainous region in
Hidakagawa, Wakayama; and 826 subjects from a coastal
region in Taiji, Wakayama. In the present study, we enrolled
all 1,690 subjects (596 men, 1,094 women; mean age
65.2 years (12.0), 66.3 years (11.7) in men, 64.7 years (12.1)
in women) from the mountainous and coastal regions who
participated in the ROAD study. Bone mineral density (BMD)
measurements and blood and urinary examinations were per-
formed on the participants from the mountainous region and
the coastal region.

The study participants provided written informed consent.
The study was conducted with the approval of the ethics
committees of the University of Tokyo (no. 1264 and no.
1326) and the University of Wakayama Medical University
(no. 373).

Baseline assessment
Interviewer-administered questionnaire

Participants completed an interviewer-administered question-
naire that consisted of questions related to lifestyle, including
occupation, smoking habits, alcohol consumption, family his-
tory, medical history, physical activity, reproductive history,
and health-related QOL.

Dietary assessment

A brief diet history questionnaire (BDHQ) was administered
to assess the diet of the participants, and nutrient intakes from
the preceding month were determined. The BDHQ is a four-
page structured questionnaire that includes questions about
the frequency of consumption of 80 principal foods. The
serving sizes of the foods are described as normal portions
that are the standard weight and volume of servings common-
ly consumed by the general Japanese population. The BDHQ
was modified from a comprehensive, 16-page validated self-
administered diet history questionnaire [16]. A total of 141
variables, including dietary energy and nutrient intakes, were
calculated using an ad hoc computer algorithm for the BDHQ.
Detailed explanations accompanied each questionnaire. Well-
trained interviewers clarified any unclear sections of the ques-
tionnaire, which was completed by the participants at their
leisure.

Anthropometric measurements and medical history

Anthropometric measurements, including height and weight,
were measured in all participants. Body mass index (BMI)
was calculated as weight in kilograms divided by height in
meters squared. Handgrip strength was measured using a Toei
Light handgrip dynamometer (Toei Light Co., Ltd., Saitama,
Japan). Both hands were tested and the larger value used to
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determine the maximum muscle strength of the subject.
Experienced orthopedic surgeons collected medical informa-
tion about pain, swelling, and range of motion of the knee.

Blood and urinary examinations

Samples were collected between the end of October and the
middle of January from participants in the mountainous and
coastal areas. All blood and urine samples were extracted
between 09:00 and 15:00. After blood samples were centri-
fuged, the sera and urine samples were immediately placed on
dry ice and transferred to a deep freezer within 24 h. Samples
were stored at —80 °C until assayed.

Serum levels of 25D were measured using a radioimmu-
noassay with a 1251 labeled tracer (DiaSorin, Stillwater, MN,
USA) [17]. Intact parathyroid hormone (iPTH) levels were
measured using an electrochemiluminescence immunoassay
(Roche Diagnostics GmbH, Manheim, Germany). Serum N-
terminal propeptide of type I procollagen (PINP), a marker of
bone formation, was measured using a radioimmunoassay
(Orion Diagnostics, Espoo, Finland). Urinary levels of f3-
isomerized C-terminal telopeptide cross-links of type I colla-
gen (3-CTX), a marker of bone resorption, were determined
using an enzyme-linked immunosorbent assay (Fujirebio,
Inc., Tokyo, Japan). Urinary 3-CTX values were standardized
to urinary creatinine concentrations.

BMD examination

Lumbar spine and proximal femur BMD values were deter-
mined using dual-energy X-ray absorptiometry (DXA;
Hologic Discovery; Hologic, Waltham, MA, USA)

X-ray examination

Plain radiographs of the lumbar spine in the anteroposterior
and lateral views and both knees in the anteroposterior view
with weight bearing and foot map positioning were obtained.

Three-year follow-up

Between 2008 and 2010, the 1,690 participants were invited
to participate in the 3-year follow-up of the ROAD survey,
which repeated the baseline examinations.

Definition of osteoporosis and osteoarthritis

Osteoporosis was defined according to World Health
Organization criteria; osteoporosis was diagnosed when
BMD T-scores were lower than peak bone mass by 2.5 stan-
dard deviations (SD) [18]. The mean (SD) for the L2-4 BMD
in young adult men and women, as measured by the Hologic
DXA in Japan, is 1.011 g/cm?® (0.119) [19]. Therefore,
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osteoporosis of the lumbar spine was defined as an L2—4
BMD <0.714 g/cmz. The mean (SD) BMDs of the femoral
neck in young adult men and women are 0.863 g/cm? (0.127)
and 0.787 g/em? (0.109), respectively [19]. Therefore, osteo-
porosis at the femoral neck in men and women was defined as
a femoral neck BMD <0.546 and <0.515 g/cm?, respectively.

Knee and lumbar radiographs were read by a single expe-
rienced orthopedist who was blinded to participants’ clinical
status and were categorized using the Kellgren—Lawrence
grading scale [20]: grade 0, normal; grade 1, slight
osteophytes; grade 2, definite osteophytes; grade 3, disk space
narrowing with large osteophytes; and grade 4, bone sclerosis,
disk space narrowing, and large osteophytes. In the present
study, a subject with at least one knee and at least one lumbar
spine with a Kellgren—Lawrence grade >2 was defined as
having radiographic knee osteoarthritis and lumbar
spondylosis, respectively. When a different grade was
assigned to each knee, the participant was classified to the
higher grade. To examine intra-observer variability of
Kellgren—-Lawrence grading, 100 randomly selected radio-
graphs of the knee were scored by the same observer 1 month
after the initial reading. To determine inter-observer variabil-
ity, 100 radiographs were scored by two experienced orthope-
dic surgeons using the same atlas. The Kellgren—Lawrence
grade (0—4) intra- and inter-variabilities were confirmed by
kappa analysis to be sufficient for assessment (k=0.86 and k=
0.80, respectively).

Incidence of osteoporosis and osteoarthritis

Cumulative incidence of osteoporosis and osteoarthritis was
determined on the basis of changes in measurements between
the baseline and second survey. A new case of osteoporosis
was identified if an individual’s BMD values at baseline were
not indicative of osteoporosis, but at follow-up, BMD T-
scores were lower than peak bone mass by 2.5 SD. A new
case of radiographic knee osteoarthritis was identified if the
Kellgren—Lawrence grade at baseline was <2 for both knees
and one or both knees were assigned a grade >2 at follow-up.
A new case of radiographic lumbar spondylosis was identified
if the Kellgren—Lawrence grade at baseline was <2 for all
lumbar spines and at least one spine was assigned a grade
>2 at follow-up.

Statistical analysis

All statistical analyses were performed using STATA statisti-
cal software (STATA Corp., College Station, TX, USA).
Differences in proportions were compared using the chi-
squared test. Differences in continuous variables were tested
for significance using analysis of variance for comparisons
among multiple groups or Scheffe’s least significant differ-
ence test for pairs of groups.
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Logistic regression analysis was used to test the association
between serum levels of 25D and the occurrence of osteopo-
rosis at L2—4, osteoporosis in the femoral neck, knee osteoar-
thritis, and lumbar spondylosis. In the analysis, we used the
occurrence of musculoskeletal diseases, such as osteoporosis,
knee osteoarthritis, and lumbar spondylosis, as the objective
variable and serum levels of 25D (ng/mL, +1 SD) as an
explanatory variable, after adjusting for age (+1 year), sex
(0, men; 1, women), BMI (+1 kg/mz), and regional differences
(0, mountainous area; 1, coastal area). In addition, we adjusted
for factors associated with serum levels of 25D that were
identified previously [21]: month of examination (0,
October, November, or December; 1, January), smoking (0,
never; 1, current), alcohol consumption (0, never; 1, current),
serum levels of iPTH (0, <65 pg/mL; 1, >65 pg/mL), and total
energy from daily amount of intake (+100 kcal/day) and
vitamin D (+10 pg/day), calculated based on the BDHQ
questionnaire. Furthermore, we adjusted for potential risk
factors, including variables regarding exercise, past history,
and pain that showed a significant (»p<0.05) association with
the occurrence of each musculoskeletal disease in the simple
linear analysis.

Results
Eligible participants

Of the 1,690 study participants, 25D levels were measured at
baseline in 1,683 individuals (595 men, 1,088 women; mean
age 65.3 years [12.0], 66.3 years [11.7] in men, 64.7 years
[12.1] in women). A total of 1,384 individuals (81.9 %; 466
men, 918 women; mean age 66.8 years [11.8], 67.8 years
[11.6] in men, 66.4 years [11.8] in women) completed the
second follow-up survey that included BMD measurements
and X-ray radiography. A total of 251 individuals (14.9 %;
104 men, 147 women) dropped out of the follow-up study.
The reasons for the dropouts were as follows: 40 individuals
(27 men, 13 women) died, 97 individuals (32 men, 65 women)
were ill, 16 individuals (5 men, 11 women) moved away, 8
individuals (4 men, 4 women) were absent, 51 (24 men, 27
women) declined to participate in the second survey, and 39
(12 men, 27 women) had other reasons for not participating in
the second survey, including lack of response to the invitation.
In addition, 55 individuals (3.3 %; 26 men, 29 women)
participated in the second survey, but not all measurements
were obtained.

Annual incidence of musculoskeletal diseases

In order to estimate cumulative incidence of osteoporosis and
osteoarthritis, participants who had previously been diagnosed
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with osteoporosis and osteoarthritis at baseline were
excluded from the estimation for the incidence of each
musculoskeletal disease. Of the 1,384 participants who
completed both the baseline and follow-up surveys, 204
individuals who had been diagnosed with osteoporosis
at L2—4 or who had been prescribed medication for the
treatment of osteoporosis at baseline were excluded.
Thus, cumulative incidence of osteoporosis at L2-4
was estimated using data from 1,179 participants.
Similarly, cumulative incidence for osteoporosis of the
femoral neck, knee osteoarthritis, and lumbar spondylosis was
estimated using data from 1,187; 728; and 530 participants,
respectively (Table 1).

In those participants who completed both the baseline and
follow-up surveys, the annual cumulative incidence of osteo-
porosis of the lumbar spine and femoral neck was estimated to
be 0.76 and 1.83 %/year, respectively. The annual cumulative
incidence of knee osteoarthritis and lumbar spondylosis was
estimated as 3.3 and 11.4 %/year, respectively. The age and
sex distribution of the incidence for each musculoskeletal
disease is shown in Fig. 1.

Baseline characteristics of participants and occurrence
of musculoskeletal diseases during 3-year follow-up periods

The measured baseline characteristics of the study par-
ticipants, including serum levels of 25D; anthropometric
measurements; lifestyle factors such as residence,
smoking, alcohol consumption, and exercise; and medi-
cal history of fractures, hip pain, and knee pain, are
shown in Table 1.

Serum 25D values categorized according to the occurrence
or non-occurrence of musculoskeletal diseases are shown in
Table 1. The mean levels of serum 25D were significantly
lower in the subjects with femoral neck osteoporosis than
those who did not develop femoral neck osteoporosis (p=
0.0088). In contrast, serum 25D levels did not differ signifi-
cantly between the groups with or without the occurrence of
osteoporosis at L2—4 (p=0.16). Serum 25D levels were higher
in subjects with knee osteoarthritis and lumbar spondylosis
when compared to those who did not have knee osteoarthritis
or lumbar spondylosis, although there were no significant
differences (knee osteoarthritis, p=0.15; lumbar spondylosis,
p=0.10).

When the osteoporosis at L2—4 occurrence group was
compared to the non-occurrence group, participants in the
occurrence group tended to have lower BMI (p=0.031), were
more likely to be women (p=0.011), and did not exercise
frequently (p=0.017). Serum PINP and urinary 3-CTX and
CTX-II levels were significantly higher in the osteoporosis at
L2—4 group than in the non-occurrence group (PINP, p=
0.0001; B-CTX, p=0.004; CTX-II, p=0.006). Serum levels
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=530)

Population at risk (n

=728)

Population at risk (n

1,187)

Population at risk (n

1,179)

Population at risk (n

Table 1 (continued)
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Non-

Occurrence

Non-

Occurrence

Non-

Occurrence

Non-

Occurrence

occurrence

(n

occurrence

(n

occurrence

(n

occurrence

(n

(Occurrence
VS non-

=348)

182)

(Occurrence (n

=657)

=71)

(n

(Occurrence
VS non-

1,122)

=65)

(n

(Occurrence
VS non-

1,152)

=27)

(n

VS non-occurrence

occurrence)

occurrence)

occurrence)

0.31

193.6 (154.5)

207.6 (138.4)

0.0059%*

189.3 (135.2)

237.5 (175.0)

0.29

248.9 (126.3)  223.1(193.0)

0.0060%*

224.8 (173.3)

327.4 (568.9)

Urinary levels of CTX-IT

(ng/mmol Cr)
Means (standard deviations) of daily nutrition intake

1,815.9 0.0069**

1,945.9

0.08 1,800.2 1,982.5 0.0172* 1,963.6 1,964.9 0.99

1,980.9

1,778.1

Total energy (kcal/day)

(581.3)

(595.4)

(631.4)

(597.4)

(535.3)

(600.0)

(458.6)

(489.3)
18.0 (11.3) 0.12

19.6 (11.0)

20.4 (12.5) 0.51 20.7 (11.0) 20.3 (12.5) 0.77 23.9 (12.3) 18.5 (11.7) 0.0003***

18.8 (9.3)

Vitamin D (ug/day)

N number of subjects, KL Kellgren—Lawrence grade, BMI body mass index, 25D 25-hydroxyvitamin D, iPTH intact parathyroid hormone, PINP procollagen type I N-terminal propeptide, 5-CTX f3-

isomerized C-terminal telopeptide cross-links of type I collagen, CTX-/I C-terminal cross-linked telopeptide type II collagen

#p<0.05; **p<0.01; **¥p<0.001
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of iPTH were not significantly associated with osteoporosis at
L2-4.

When the osteoporosis at the femoral neck occurrence
group was compared to the non-occurrence group, the partic-
ipants who had osteoporosis at the femoral neck tended to be
older (p<0.0001), tended to have lower BMI (p<0.0001),
were more likely to be female (p<0.001), did not consume
alcohol regularly (p<0.001), did not exercise regularly
(»=0.032), and consumed less calories (p=0.017) than
those in the non-occurrence group. Serum PINP and
urinary (3-CTX levels were significantly higher in the
participants with osteoporosis at the femoral neck than
in those who did not have osteoporosis at the femoral
neck (p<0.0001). Serum levels of iPTH and urinary
levels of CTX-II were not significantly associated with
osteoporosis at the femoral neck.

When participants in the knee osteoarthritis occurrence
group were compared to those who did not have knee osteo-
arthritis, those with knee osteoarthritis were older, had a
higher BMI, were less likely to be female, resided in
a coastal area, smoked less, consumed more alcohol,
exercised less regularly, were more likely to have a
history of osteoporotic fractures, and were more likely
to have a history of medical visits because of knee pain.
In addition, vitamin D levels were significantly higher
in the participants with knee osteoarthritis than those in
the non-occurrence group (p=0.0003). Although iPTH
and PINP serum levels did not differ between the oc-
currence and non-occurrence groups, urinary (3-CTX and
CTX-II levels were significantly higher in the knee osteoar-
thritis occurrence group than those in the non-occurrence
group (3-CTX, p=0.045; CTX-IIL, p=0.000).

Participants with lumbar spondylosis were older, had a
higher BMI, were less likely to be female, and were more
likely to have a history of past pain in either knee than the
participants in the non-occurrence group. Although iPTH,
PINP, 3-CTX, and CTX-II levels were not different between
those with lumbar spondylosis and those without, total daily
energy intake was higher in the lumbar spondylosis group
than in the non-occurrence group.

Logistic regression analysis between the occurrence
of musculoskeletal disease and serum 25D levels

Logistic regression analysis was performed with the occur-
rence of musculoskeletal diseases, including osteoporosis,
knee osteoarthritis, and lumbar spondylosis, as the objective
variable and serum 25D levels (ng/mL, +1 SD) as the explan-
atory variable, after adjusting for age (+1 year), sex (0, men; 1,
women), BMI (+1 kg/m?), and regional differences (0, moun-
tainous area; 1, coastal area). In addition, adjustments were
made for factors previously shown to be associated with
serum levels of 25D [20], including month of examination
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Osteoporosis at lumbar spine L2-4

Osteoporosis at the femoral

(%/y) (%/y) (%/y) neck (%/y)
10.0; Men 100 Women 10.01 Men 100 Women
8.0 8.04 8.0 8.0 1
6.0 6.0 6.0 6.0 1
4.01 4.04 4.04 4.0 1
2.3
2.01 0.9 2.04 1.1 1.5 1.3 11 204 2.0 1
0- 0. 0} 04
30 40 50 60 70 80+ 30 40 50 60 70 80+ 30 40 50 60 70 80+ 30 40 50 60 70 80+
Age (y) Age (y) Age (y) Age (y)
Knee osteoarthritis Lumbar spondylosis
(%/y) (%/y) (%/y) 333 (%/Y)
20.0- en 2001 Women 3001 Men 30.0" Women
16.7 | i
15.0 150l O 25.0 25.0
20.0 15.6 20.04 159 17.5
100, 10.0. 9.0 15.01 15.04 12.1
9.1
4.2 4.6 10.0 4 10.04
5.0 2.9 9850 3.6 50 solas
0.4 |_| : 1
0. olem 1 11 11 1 0l 0.
40 50 60 70 80+ 40 50 60 70 80+ 40 50 60 70 80+ 40 50 60 70 80+
Age (y) Age (y) Age (y) Age (y)

Fig. 1 Cumulative incidence (%/year) of musculoskeletal diseases (osteoporosis at the lumbar spine, osteoporosis at the femoral neck, osteoarthritis of

the knee, and lumbar spondylosis) stratified by age and sex

(0, October, November, or December; 1, January), smoking
(0, never; 1, current), alcohol consumption (0, never; 1, cur-
rent), serum iPTH levels (0, <65 pg/mL; 1, >65 pg/mL), total
daily energy intake (+100 kcal/day), and vitamin D (+10 pg/
day) calculated according to responses on the BDHQ ques-
tionnaire. Furthermore, we adjusted for potential risk factors
that showed a significant (p<0.05) association with the oc-
currence of each musculoskeletal disease in the simple linear
analysis described in Table 2. Selected potential factors in
each analysis were as follows: osteoporosis at L2—4, regularly
exercising outdoors (0, yes; 1, no), serum levels of PINP (+1
SD), and urinary levels of 3-CTX (+1 SD) and CTX-II (+1
SD); osteoporosis at femoral neck, regularly exercising out-
doors (0, yes; 1, no), and urinary levels of 3-CTX (+1 SD) and
CTX-II (+1 SD); knee osteoarthritis, regularly exercising out-
doors (0, yes; 1, no), history of osteoporotic fractures (0, no; 1,
yes), history of knee pain (0, no; 1, yes), and urinary levels of
f-CTX (+1 SD) and CTX-II (+1 SD); and lumbar
spondylosis, history of knee pain (0, no; 1, yes).

After adjusting for potential risk factors, serum 25D levels
were significantly associated with the occurrence of osteopo-
rosis at the femoral neck (odds ratio 0.67; 95 % confidence
interval 0.49-0.92; p=0.014). However, serum 25D levels
were not significantly associated with the occurrence of knee
osteoarthritis, lumbar spondylosis, or osteoporosis at L2—4.
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Discussion

In the present study, using information from the population-
based cohort ROAD study, we estimated the incidence of
osteoporosis at L2—4 and at the femoral neck and found that
higher serum 25D levels decreased the risk of future occur-
rence of osteoporosis at the femoral neck, but not the risk of
osteoporosis at L2—4 or osteoarthritis, including knee osteo-
arthritis and lumbar spondylosis.

Previously, we have estimated the age—sex stratified cumu-
lative incidence of knee osteoarthritis and lumbar spondylosis
in the Japanese population, using the ROAD study of more
than 2,200 subjects who participated at baseline and at the 3-
year follow-up study and for whom paired radiographs and
complete pain histories were obtained [22, 23]. In contrast,
there are few reports estimating the incidence of osteoporosis
diagnosed by BMD in the Japanese population [24, 25]. In the
present study, we established the population-based cohorts of
the ROAD study in identical areas to the previous studies and
performed a baseline study between 2005 and 2007 and a
follow-up study between 2008 and 2010. Using the data of
1,384 participants from both the baseline and follow-up stud-
ies, we estimated the annual cumulative incidence of osteo-
porosis at the spine L2—4 and at the femoral neck to be 0.76
and 1.83 %l/year, respectively. Using the total age and sex

@ Springer
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population distributions from the Japanese 2010 census
[26], our results indicate that approximately 450,000
people (50,000 men and 400,000 women) aged
>40 years are affected by osteoporosis at L2—4 and that
approximately 1,180,000 people (130,000 men and 1,050,000
women) aged >40 years are affected by osteoporosis at the
femoral neck.

An association between inadequate vitamin D and osteo-
porosis has been reported previously. Deficiency of vitamin D
results in decreased bone mineralization and secondary hy-
perparathyroidism and increased cortical bone loss and has
been linked to the pathogenesis of osteoporosis and hip frac-
tures [2, 3]. In addition, vitamin D supplementation may help
to decrease fractures and falls [27, 28]. In a primary care
cohort study of 1,470 postmenopausal Japanese women, there
were trends of decreasing incidence of proximal femur
and long bone fractures as serum 25D levels increased
[29]. However, there are few reports that have assessed
the predictive ability of serum 25D levels and the oc-
currence of osteoporosis itself. In the present study, we
confirmed that higher serum 25D levels are associated
with the prevention of osteoporosis occurrence, especial-
ly at the femoral neck.

There is conflicting information about the association of
vitamin D and the occurrence of osteoarthritis. Few longitu-
dinal studies have identified vitamin D deficiency as a risk
factor for occurrence or progression of osteoarthritis.
Specifically, Lane et al. reported that an increased risk of hip
joint space narrowing is associated with low baseline serum
25D levels [11]. McAlindon et al. reported that an increased
risk of knee osteoarthritis progression is associated with a low
vitamin D intake or low serum 25D levels [10]. Bergink et al.
reported that low dietary vitamin D intake increases the risk of
progression of radiographic knee osteoarthritis [30]. In addi-
tion, cross-sectional studies have shown an association be-
tween low 25D levels and prevalent hip osteoarthritis [8, 9].
However, it has also been reported that low serum 25D levels
do not increase the incidence of knee osteoarthritis. Felson
et al. reported, using data from the Framingham Osteoarthritis
Study cohort, that vitamin D status is unrelated to the risk of
joint space or cartilage loss in knee osteoarthritis [12]. In
addition, Kostari et al. followed a population of 805 subjects
who participated in national health examination surveys held
in 1978-1980 and 2000-2001 and found no significant asso-
ciation between serum 25D levels and the risk of incident knee
or hip osteoarthritis [13]. Our study found no association
between serum 25D levels and incident knee osteoarthritis.
In addition, although no reports have examined the association
between 25D and onset of lumbar spondylosis, we found no
association between 25D and incident lumbar spondylosis.

In our previous report examining the association of vitamin
D and musculoskeletal diseases at baseline [21], we found that
the prevalence of osteoporosis at the L2—4 or at the femoral
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neck tended to be highest in the vitamin D deficiency group,
followed by the vitamin D insufficiency and normal groups,
although the groups did not differ significantly. The preva-
lence of knee osteoarthritis and lumbar spondylosis did not
differ between vitamin D levels. In the present follow-up
study using the same population, we found that higher levels
of serum 25D prevented the occurrence of osteoporosis at the
femoral neck, but not knee osteoarthritis or lumbar
spondylosis, after adjusting for associated factors. This is the
first study to confirm the association between 25D levels and
the occurrence of musculoskeletal disorders, using the same
population. Therefore, we concluded that the serum 25D
levels would be useful in assessing the risk of future osteopo-
rosis, but not the risk of future osteoarthritis.

There are several limitations to this study. First, although
the ROAD study includes a large number of participants, these
participants may not be representative of the general popula-
tion. To address this, we compared the anthropometric mea-
surements and smoking frequency and alcohol consumption
between the study participants and the general Japanese pop-
ulation. No significant differences were found, with the ex-
ception that male ROAD study participants aged 7074 years
were significantly smaller than the overall Japanese popula-
tion (»p<0.05) [14]. This difference should be considered when
evaluating potential risk factors for men aged 70-74 years.
Second, we used Kellgren—Lawrence grade >2 as a criterion
for the diagnosis of knee osteoarthritis and lumbar
spondylosis. The Kellgren—Lawrence scale is a categorical
index in which grade 2 is defined as definite osteophytes
and grade 3 is defined as disk space narrowing with large
osteophytes. Based on this scale, it would be difficult to
evaluate osteophytosis and joint space narrowing separately.
Thus, all cases of joint space narrowing, with and without the
presence of osteophytosis, are categorized into the grade 3.
Therefore, to evaluate the severity of knee osteoarthritis using
quantitative parameters, a knee osteoarthritis computer-
assisted diagnostic system [31] measuring minimum joint
space width and area of osteophytosis is under development.
In addition, a lumbar spondylosis computer-assisted diagnos-
tic system is also under development. These systems will
provide further accuracy in determining the association be-
tween the components of osteoarthritis including joint space
and osteophytes and serum levels of 25D for early prevention
of osteoarthritis. Finally, the measurement of the 25D level in
the present study was measured on a single occasion. Thus,
we could not exclude the effect of incidental life changes of
participants, such as holidays or dietary changes that occurred
around the examination date. Owing to budget and lack of
manpower, we could not perform recurrent measurements of
serum 25D levels to minimize fluctuations in 25D levels due
to the effect of environmental factors. However, the large
number of participants of the study means that the individual
variance in serum 25D levels is diluted.
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Importantly, the strength of the present study is that the
participation rate in the follow-up survey was very high
(81.9 %).

In conclusion, the present study revealed that serum 25D
levels could predict the occurrence of osteoporosis at the
femoral neck within 3 years, but not the occurrence of knee
osteoarthritis or lumbar spondylosis. Raising serum 25D
levels may be useful in the prevention of osteoporosis occur-
rence in the near future.
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Abstract We aimed to assess the prevalence of diffuse
idiopathic skeletal hyperostosis (DISH) and its association
with lumbar spondylosis (LS) and knee osteoarthritis
(KOA) using a population-based cohort study entitled
Research on Osteoarthritis/osteoporosis Against Disability
(ROAD). In the baseline ROAD study, which was per-
formed between 2005 and 2007, 1,690 participants in
mountainous and coastal areas underwent anthropometric
measurements and radiographic examinations of the whole
spine (cervical, thoracic, and lumbar) and both knees. They
also completed an interviewer-administered questionnaire.
Presence of DISH was diagnosed according to Resnick
criteria, and LS and KOA were defined as Kellgren-Law-
rence (KL) grade >3. Among the 1,690 participants,
whole-spine radiographs of 1,647 individuals (97.5 %; 573
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men, 1,074 women; mean age, 65.3 years) were evaluated.
Prevalence of DISH was 10.8 % (men 22.0 %, women
4.8 %), and was significantly higher in older participants
(presence of DISH 72.3 years, absence of DISH
64.4 years) and mainly distributed at the thoracic spine
(88.7 %). Logistic regression analysis revealed that pre-
sence of DISH was significantly associated with older age
[+1 year, odds ratio (OR): 1.06, 95 % confidence interval
(CI): 1.03-1.14], male sex (OR: 5.55, 95 % CI: 3.57-8.63),
higher body mass index (41 kg/mz, OR: 1.08, 95 % CI:
1.02-1.14), presence of LS (KL2 vs KLO: 1, OR: 5.50,
95 % CI: 2.81-10.8) (KL >3 vs KLO: 1, OR: 4.09, 95 %
CI: 2.08-8.03), and presence of KOA (KL >3 vs KLO: 1,
OR: 1.89, 95 % CI: 1.14-3.10) after adjusting for smoking,
alcohol consumption, and residential area (mountainous vs
coastal). This cross-sectional population-based study clar-
ified the prevalence of DISH in general inhabitants and its
significant association with LS and severe KOA.

Keywords Prevalence - Diffuse idiopathic skeletal
hyperostosis - Knee osteoarthritis - Lumbar spondylosis -
ROAD study

Introduction

Diffuse idiopathic skeletal hyperostosis (DISH) is charac-
terised by calcification and ossification of soft tissue such
as entheses and joint capsules [1]. Resnick and Niwayama
specifically defined DISH as the radiographic finding of
calcification or ossification along the anterolateral aspects
of at least 4 contiguous vertebral levels (across 3 disc
spaces), with relative preservation of disc height in the
involved vertebral segments and without degenerative disc
disease [2]. In 1998, Mata and co-workers [3] developed a
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scoring system such that the presence of DISH could be
assessed reproducibly. This system scores individuals who
fulfill the Resnick criteria by numerically classifying each
vertebral level based on the amount of ossification and
whether partial or complete bridging of the disc space is
present [3].

Although some reports have indicated a significant
association between DISH and ossification of the posterior
longitudinal ligament (OPLL) [4-7], DISH is thought to be
an asymptomatic condition in many affected individuals;
however, several clinical symptoms have been described
including pain, limited range of spinal motion, and
increased susceptibility to unstable spinal fractures after
trivial trauma [8]. In addition, dysphagia and airway
obstruction at the cervical levels [8, 9], as well as radicu-
lopathy and spinal injury after spinal fracture [10-12], have
been reported as clinical manifestations of DISH.

Although the condition is recognised in many parts of
the world [13-20], there are relatively few population-
based studies concerning its prevalence. Such data are
important in order to characterise the burden of the disease.
In addition, regarding its characteristics, several epidemi-
ologic studies have reported that DISH is observed mainly
in the elderly, and that prevalence increases with age [18,
19]. Men are affected by DISH much more frequently than
women [20]. Although metabolic disturbance is hypothe-
sised to be a factor [21, 22], the aetiology of the condition
remains unknown.

Based on the definition of DISH as the radiographic
finding of calcification or ossification, it appears that the
condition might be associated with osteoarthritis (OA) of
the spine. The severity of OA, as observed on radiography,
was determined according to Kellgren-Lawrence (KL)
grading as follows [23]: KLO, normal; KL1, slight osteo-
phytes; KL2, definite osteophytes; KL3, joint or interver-
tebral space narrowing with large osteophytes; and KL4,
bone sclerosis, joint or intervertebral space narrowing, and
large osteophytes. KL2 is commonly used as the diagnostic
criterion for lumbar spondylosis (LS) or OA at other sites.
Thus, LS—defined as KL2 (defined as the definite presence
of osteophytes)—could easily be associated with DISH.
However, there are few reports to confirm the association
between DISH and severe LS with the criterion of KL3
(defined as the presence of intervertebral space narrowing)
or KL4 (defined as the presence of bone sclerosis). In
addition, there are few reports to clarify the association
between DISH and OA at other sites, such as the knees.

We conducted a survey, known as the Research on
Osteoarthritis/osteoporosis  Against Disability (ROAD)
study, using a population-based cohortto determine the
prevalence of DISH using lateral whole-spine radiography
in recently examined subjects, which included men and
women in Japan. Another aim of our study was to clarify
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the association of DISH with LS and knee osteoarthritis
(KOA) based on KL grade.

Materials and methods
Outline of the ROAD study

We conducted the present study using the cohorts estab-
lished in 2005 for the ROAD study—a nationwide, pro-
spective study of OA comprising population-based cohorts
in several communities in Japan. Details of the cohort
profile have been reported elsewhere [24, 25]. Briefly, from
2005 to 2007, we developed a baseline database that
included clinical and genetic information of 3,040 residents
of Japan (1,061 men, 1,979 women) with a mean age of
70.3 (SD, 11) years [men: 71 (SD, 10.7) years, women:
69.9 (SD, 11.2) years]. Subjects were recruited from resi-
dent registration listings in three communities with differ-
ent characteristics: 1,350 subjects (465 men, 885 women)
from an urban region in Itabashi, Tokyo; 864 (319 men,
545 women) from a mountainous region in Hidakagawa,
Wakayama; and 826 (277 men, 549 women) from a coastal
region in Taiji, Wakayama.

Participants completed an interviewer-administered
questionnaire of 400 items that included lifestyle infor-
mation, such as occupation, smoking habits, alcohol con-
sumption, family history, medical history, physical
activity, reproductive variables, and health-related quality
of life. The questionnaire was prepared by modifying the
questionnaire used in the Osteoporotic Fractures in Men
Study (MrOS) [26]; some new items also were added to the
modified questionnaire. Participants were asked whether
they took prescription medication daily or nearly every day
(no = 0, yes = 1). If the participants did not know the
reason for the prescribed medication, they were asked to
bring their medication to the medical doctor (NY).

Anthropometric measurements, including height (cm),
body weight (kg), arm span (cm), bilateral grip strength
(kg), and body mass index (BMI, kg/mz) were recorded for
each patient. Medical information was recorded by expe-
rienced orthopaedic surgeons on systematic, local, and
mental status, including information on back, knee, and hip
pain; swelling and range of motion of the joints; and
patellar and Achilles tendon reflexes.

Eligible subjects of the present study

In the ROAD study, radiographic examination of the tho-
racic spine was performed only in subjects in mountainous
and coastal regions. These subjects also underwent blood
and urinary examinations. In the present study, among
1,690 subjects (596 men, 1,094 women) in mountainous and
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coastal regions in the ROAD study, we excluded 43 whose
radiograph quality was so poor that it was difficult to
observe the sites of thoracic—lumbar junction and lumbo-
sacral junction; thus, we analysed 1,647 participants (573
men, 1,074 women) ranging in age from 23 to 94 years
(mean: 65.3 years, men: 66.3 years, women: 64.7 years).

Study participants provided written informed consent,
and the study was approved by the ethics committees of the
University of Wakayama Medical University (No. 373) and
the University of Tokyo (No. 1264 and No. 1326).

Radiographic assessment

Plain radiographs of the cervical, thoracic, and lumbar
spine in the anteroposterior and lateral views, and bilateral
knees in the anteroposterior view with weight-bearing and
foot-map positioning were obtained. DISH was diagnosed
according to the following criteria, defined by Resnick and
Niwayama [2]: (1) flowing ossification along the lateral
aspect of at least 4 contiguous vertebral bodies, (2) relative
preservation of intervertebral disc height in the involved
segments, and (3) absence of epiphyseal joint bony
enclosing and sacroiliac joint erosion. In the assessment of
lateral radiographs, since it was difficult to read the C7/Th1
to T3/4 vertebral levels, ‘whole spine’ in the present study
implies radiographs assessed from the C0/1 to C6/7, Th4/5
to Th12/L1, and L1/L2 to L5/S1 levels.

The radiographic severity of OA was determined
according to the above-mentioned KL grade [20]. Radio-
graphs of each site (i.e., vertebrae and knees) were exam-
ined by a single experienced orthopaedic surgeon (SM)
who was blinded to the participants’ clinical status. In the
present study, the maximum grade, diagnosed in at least 1
intervertebral level of the lumbar spine or at least 1 knee
joint, was regarded as the subject’s KL grade.

Statistical analysis

All statistical analyses were performed using STATA sta-
tistical software (STATA Corp., College Station, TX,
USA). Differences in proportions were compared using the
Chi-square test. Differences in continuous variables were
tested for significance using analysis of variance for com-
parisons among multiple groups or Scheffe’s least signifi-
cant difference test for pairs of groups.

To test the association between the presence of DISH
and LS and/or KOA, we used logistic regression analysis.
In the analysis, we used presence of DISH as the objective
variable (absence = 0, presence = 1), and severity of
prevalent LS (KLO, 1 =0 vs. KL2 = 1; KLO, 1 = 0 vs.
KL3 or 4 = 2) and KOA (KLO, 1 = 0 vs. KL2 = 1; KLO,
1 =0 vs. KL3 or 4 =2) as explanatory variables, in
addition to basic characteristics such as age (+1 year), sex
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(men = 1, women = 0), BMI (+1 kg/mz), and regional
differences (mountainous area = 0, coastal area = 1).
Other potential associated factors were selected with sig-
nificant or marginal (p < 0. 1) association with DISH sta-
tus in a simple linear analysis. The selected explanatory
variables for logistic regression analysis are described in
the Results section.

Results

Prevalence of DISH was 10.8 % (men: 22.0 %, women:
4.8 %), and was significantly higher in men than in women.
Figure 1 shows the prevalence of DISH according to age
and sex. Prevalence increased with age in both men and
women. Prevalence in subjects classified by age-strata—
<50, 50-59, 60-69, 70-79, and >80 years—was 1.8, 11.7,
15.4, 32.6, and 39.6 % in men, and 0.7, 1.5, 3.5, 7.6, and
11.8 % in women, respectively.

Table 1 shows the baseline characteristics of the 1,647
participants with and without DISH. In total, subjects with
DISH tended to be older, taller, heavier, and have higher
BMI than those without DISH (p < 0.0001). In the com-
parison classified by sex, age was significantly higher in
those with DISH in both men and women (p < 0.0001). In
women, mean weight and BMI were significantly higher in
those with DISH than in those without DISH (weight:
p < 0.05, BMI: p < 0.0001).

Prevalence of DISH was lower in individuals residing in a
coastal area. Individuals with DISH had a higher frequency
of smoking and alcohol consumption (p < 0.05). The dif-
ference in the residing area was significantly observed in
men. However, in the comparison classified by sex, differ-
ences in smoking and drinking were diluted (Table 1).

% _
e
30
20
0 _L T T T T 1
<50 50-59 60-69 70-79 <80
(yrs)

Fig. 1 Prevalence of diffuse idiopathic skeletal hyperostosis (DISH)
according to sex and age
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Table 1 Mean values (standard deviations) of the anthropometric measurements and the prevalence of lifestyle factors for the participants

classified by presence or absence of DISH

Total (n = 1647) Men (n = 573) Women (n = 1074)
DISH (—) DISH (+) p DISH(-) DISHH) p DISH(-) DISHH) p
n=1470 n=177 n = 447 n =126 n=1023 n=>5l1
Age (years) 64.4 (12.1) 723 (84) <0.0001*** 64.6 (12.1) 72.4 (8.2) <0.0001*** 64.3 (12.2) 71.9 (8.8) <0.0001%***
Height (cm) 154.7 (9.2) 158.6 (8.8) <0.0001*** 163.7 (7.3) 162.5 (6.7) 0.0918 150.8 (7.0) 148.9 (5.5) 0.0589
Weight (kg) 55.9 (10.6) 60.1 (10.5) <0.0001*** 623 (11.0) 62.1 (10.0) 0.8806 51.9 (8.8) 55.0 (10.3) 0.0126*
BMI (kg/m?) 229 (3.4) 23.8(3.3) 0.0005%*%* 232 (3.2) 23529 0.3378 22.8 (3.4) 2477 (3.9) 0.0001%%**
Residing in the 50.48 40.11 0.009** 50.3 35.7 0.004%%* 50.5 51.0 0.951
coastal area (%)
Current smoking  11.9 21.3 <0.001%#** 299 29.0 0.858 3.8 2.0 0.506
habit (regularly,
>1 month) (%)
Current alcohol 38.7 48.0 0.017* 68.5 61.1 0.122 25.7 15.7 0.108
consumption
(regularly,
>1 month) (%)
Presence of LS 59.1 93.8 <0.001***  72.0 944 <0.001*** 534 92.2 <0.001%#**
(KL grade >2)
(%)
Presence of LS 35.6 48.0 0.001 % 354 45.2 0.043%* 35.7 54.9 0.005%3
(KL grade >3)
(%)
Presence of KOA 48.2 65.5 <0.001%*** 355 58.7 <0.001***  53.8 83.3 <0.001%*%*
(KL grade >2)
(%)
Presence of KOA 184 34.5 <0.001#**  11.0 27.0 <0.001%**  21.7 54.2 <0.001%*%*

(KL grade >3)
(%)

DISH diffuse idiopathic skeletal hyperostosis, BMI body mass index, LS lumbar spondylosis, KOA knee osteoarthritis, KL grade Kellgren-

Lawrence grade
DISH (—) absence of DISH, DISH (+) presence of DISH
* p < 0.05, ** p <0.01, ** p < 0.001

Table 1 also shows the prevalence of LS and KOA
defined by KL grade >2 and grade >3, according to DISH
status. In total, the prevalence of LS was higher in those
with DISH than in those without DISH (p = 0.001). A
similar tendency was observed in the prevalence of KOA
(p < 0.001). This tendency also was noted in the compar-
ison classified by sex.

We classified subjects with DISH into 4 types: (1) cer-
vical, ossification along the lateral aspect of at least 4
contiguous vertebral bodies only in the cervical region (C0/
1-C6/7); (2) thoracic, ossification along the lateral aspect
of at least 4 contiguous vertebral bodies only in the thoracic
region (Th4/5-Th12/L1); (3) lumbar, ossification along the
lateral aspect of at least 4 contiguous vertebral bodies only
in the lumbar region (L1/2-L5/S1); and (4) diffuse, ossi-
fication along the lateral aspect of at least 4 contiguous
vertebral bodies in more than 2 regions or through more
than 2 regions. Table 2 shows the prevalence of DISH
classified by location in the spine. A total of 89 % was
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shown to be thoracic, whereas the remaining was diffuse;
there were no subjects with cervical-type or lumbar-type
DISH.

Figure 2 shows the distribution of DISH classified by
vertebral level (Th4/5-LS/S1). Among diffuse-type DISH,
although 2 subjects had ossification in the cervical region,
the cervical site is excluded from the figure. Figure 2
shows that ossification was observed mainly in the middle-
lower thoracic sites (Th7/8-Th9/10).

Logistic regression analysis was performed with DISH
as the objective variable, LS and KOA as explanatory
variables, and patient characteristics including age, sex,
BMI, regional differences, smoking, and alcohol con-
sumption as potential risk factors. Presence of DISH was
significantly associated with presence of LS (KL2 vs KLO:
1, KL >3 vs KLO: 1) and KOA (KL >3 vs KLO: 1). Among
other potential associated factors, older age, male sex, and
higher BMI remained as significantly associated with the
presence of DISH (Table 3).
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Table 2 Number (proportion, %) of DISH (+) patients classified by
spinal ossification site

Type of DISH  Total Men Women
Cervical type 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Thoracic type 157 (88.7 %) 111 (88.1 %) 46 (90.2 %)
Lumbar type 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Diffuse type 20 (11.3 %) 15 (11.9 %) 59.8 %)

Total 177 (100.0 %) 126 (100.0 %) 51 (100.0 %)

Cervical type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing only in the cervical region (C0/
1-C6/7)

Thoracic type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing only in the thoracic region (Th4/
5-Th12/L1)

Lumbar type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing only in the lumbar region (L1/2—
L5/S1)

Diffuse type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing in more than 2 regions or through
more than 2 regions

(%)
100

Finally, to clarify the association of DISH with LS and
KOA, we performed logistic regression analysis using
DISH as an objective variable, LS and KOA as explanatory
variables, and patient characteristics including age, sex,
BMI, regional differences, smoking, and alcohol con-
sumption as potential risk factors. Presence of DISH was
significantly associated with presence of LS (KL2 vs KLO:
1, KL >3 vs KLO: 1) and KOA (KL >3 vs KLO: 1)
independently (Table 4).

Discussion

In the present study, using lateral whole-spine radiographs
of recently examined population-based samples, we esti-
mated that the prevalence of DISH was one-tenth of the
population, which consisted of participants from the
ROAD study. The subjects with DISH tended to be older
and had bigger body build than those without DISH. In
addition, DISH was observed more frequently in men than
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Fig. 2 Prevalence of diffuse idiopathic skeletal hyperostosis (DISH) in each vertebral level, classified by sex
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Table 3 Odds ratios of lumbar spondylosis or knee osteoarthritis, and potentially associated factors for the presence of DISH vs. absence of

DISH

Explanatory variables Category OR 95 % CI p

Lumbar spondylosis
Presence of LS 0: KL grade = 0, 1, 1: KL grade = 2 5.80 297-11.3 <0.001 ***

0: KL grade = 0, 1, 2: KL grade >3 4.54 2.34-8.84 <0.001%#%%*

Age (years) +1 year 1.07 1.05-1.09 <0.0071%#**
Gender 1: men, 0: women 4.61 3.05-6.99 <0.0071 #**
Region 0: mountainous area, 1: coastal area 0.88 0.61-1.26 0.475
BMI (kg/m?) +1 kg/m? 1.11 1.05-1.17 <0.0071 %5
Smoking 0: ex or never smoker, 1: current smoker 1.65 1.04-2.63 0.034*
Alcohol consumption 0: ex or never drinker, 1: current drinker 0.82 0.56-1.22 0.329

Knee osteoarthritis
Presence of KOA 0: KL grade = 0, 1, 1: KL grade = 2 1.34 0.85-2.10 0.211

0: KL grade = 0, 1, 2: KL grade >3 2.15 1.32-3.52 0.002%*

Age (years) +1 year 1.07 1.04-1.09 <0.001%#%*
Gender 1: men, 0: women 6.90 4.48-10.6 <0.0071 #**
Region 0: mountainous area, 1: coastal area 0.95 0.65-1.37 0.771
BMI (kg/m?) +1 kg/m> 1.09 1.03-1.15 0.002:%
Smoking 0: ex or never smoker, 1: current smoker 1.52 0.95-2.42 0.079
Alcohol consumption 0: ex or never drinker, 1: current drinker 0.85 0.58-1.26 0.431

DISH diffuse idiopathic skeletal hyperostosis, BMI body mass index, LS lumbar spondylosis, KOA knee osteoarthritis, KL grade Kellgren-

Lawrence grade

OR odds ratios, 95 % CI 95 % confidence interval
* p <0.05, ** p < 0.01, *** p < 0.001

Table 4 Odds ratios of lumbar spondylosis and knee osteoarthritis, and potentially associated factors for the presence of DISH vs. absence of

DISH

Explanatory variables Category OR 95 % CI p
Presence of LS (KL grade = 2) vs. KL grade = 0, 1 5.50 2.81-10.8 <0.001%#%*
Presence of LS (KL grade >3) vs. KL grade = 0, 1 4.09 2.08-8.03 <0.001 ***
Presence of KOA (KL grade = 2) vs. KL grade = 0, 1 1.22 0.77-1.92 0.404
Presence of KOA (KL grade> 3) vs. KL grade = 0, 1 1.89 1.14-3.10 0.013%%*
Age (years) +1 year 1.06 1.03-1.14 <0.001%#%*
Gender 1: men, 0: women 5.55 3.57-8.63 <0.001 #**
Region 0: mountainous area, 1: coastal area 0.88 0.60-1.29 0.522
BMI (kg/m?) +1 kg/m? 1.08 1.02-1.14 0.008%*
Smoking 0: ex or never smoker, 1: current smoker 1.59 1.00-2.55 0.052
Alcohol consumption 0: ex or never drinker, 1: current drinker 0.81 0.54-1.21 0.298

DISH diffuse idiopathic skeletal hyperostosis, BMI body mass index, LS lumbar spondylosis, KOA knee osteoarthritis, KL grade Kellgren-
Lawrence grade

OR odds ratios, 95 % CI 95 % confidence interval
* p <0.05, ** p < 0.01, *** p < 0.001

in women, and the most common site was the thoracic
vertebrae. Presence of DISH was significantly associated
with the presence of KOA and LS, after adjusting for
potential associated factors.

There have been several epidemiologic studies on DISH
in many parts of the world [12—-19]. The results indicate

that DISH is observed mainly in men and the elderly;
prevalence increases with age, and it is distributed mostly
in the thoracic spine. These results are supported by the
results of the present study. However, there are consider-
able differences in the prevalence. Weinfeld et al. [20]
reported that genetic or hereditary differences are
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important predisposing factors for DISH. Their previous
study involved patients from ethnic populations, including
667 white, 144 black, 72 Native American, 11 Hispanic,
and 30 Asian patients. They showed that the Asian, black,
and Native American populations had a remarkably lower
prevalence of DISH; however, their study population was
small. In a recent study, Kim et al. [18] reported that race
influences the prevalence of DISH. Their prevalence of
DISH was 5.4 % in men and 0.8 % in women aged over
80 years in a Korean population, which is remarkably
lower than the prevalence in our study, despite the similar
race. Our prevalence was similarly high as the white
population in Weinfield’s report. Therefore, it is believed
that genetic factors influence the prevalence of DISH more
than race.

The present study clarified that most cases of DISH were
observed in the thoracic vertebrae. There were no cases of
DISH located in only the cervical or lumbar region. All
cases of DISH in the cervical region were categorised as
diffuse-type. Even if subjects were categorised into diffuse-
type DISH, thoracic vertebrae were found to be the most
affected. In addition, among the thoracic vertebrae, we
found the predilection site to be the middle thoracic ver-
tebrae (Th7-Th9). Holton et al. [27] reported that the dis-
tribution of the lowest level of DISH in 298 male subjects
aged >65 years was 38 % in the thoracic region, 49 % in
the thoracolumbar region, and 13 % in the lumbar region.
It is interesting that DISH has predilection sites, which
might be due to anatomic alignment of the vertebrae. For
example, the middle thoracic vertebrae are likely to be
affected by compressive mechanical stress because the Th8
is located nearly at the top in physiologic kyphosis. DISH
originates mainly from the thoracic spine and extends to
the cervical and/or lumbar spine by mechanical stress. In
the present cross-sectional study, we could not evaluate
whether DISH tends to occur in the thoracic vertebrae and
then forms in the lumbar spine secondarily; however, we
were able to follow-up on the ROAD study and clarify the
disease course of thoracic DISH.

Regarding the definition of DISH, it might be easy to
imagine that LS, defined by KL2 (defined as radiographi-
cally definite osteophytes), is associated with DISH.
However, there are few reports to confirm the association
between DISH and severe LS with the criterion of KL3 or
4. In the present study, we confirmed the significant asso-
ciation between DISH and LS, not only with the criterion
of KL2, but also with KL >3. In addition, there are few
reports to clarify the association between DISH and OA of
other sites. In the present study, we also confirmed the
significant association between DISH and KOA. In fact, the
OR of the presence of DISH for KOA significantly
increased according to the severity of KOA. The effects of
LS and KOA coexisted independently. This result suggests
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that DISH and OA might be in a similar vein of disease, for
example, the so-called ‘bone proliferative group’. There
have been several reports regarding the association
between DISH and OPLL [4-7]. Resnick et al. [4]
described 4 patients with coexisting DISH and cervical
OPLL, and found OPLL in 50 % of 74 additional patients
with DISH after reviewing their cervical spine radiographs.
However, there has been no report on the association of
DISH and OA; thus the etiology of ossification might not
be similar to that of OA. Therefore, with only the results of
the present study, we cannot definitely claim that DISH and
OA are in a similar disease group, even though DISH tends
to have similar associated factors, such as age, overweight
(bigger BMI), and mechanical stress, as OA.

Another hypothesis is that there might be hidden asso-
ciated factors that might affect both DISH and OA. We
considered risk factors for metabolic syndrome as potential
confounders. Several constitutional and metabolic abnor-
malities have been reported to be associated with DISH
including obesity, large waist circumference, hypertension,
diabetes mellitus, hyperinsulinemia, dyslipidemia, and
hyperuricemia [21, 28-30]. In addition, both LS and KOA
are well known to be associated with obesity [31]. We have
already reported on the presence of hypertension and
impaired glucose tolerance, and shown that the accumu-
lation of metabolic risk factors is associated with the pre-
sence and occurrence of KOA [32, 33]. In addition, we
found that current smoking, a known risk factor for car-
diovascular disease as well as metabolic risk factors, was
significantly associated with DISH. These findings may
indicate that DISH is a candidate surrogate index for
metabolic risk factors as a predictor of OA, or vice versa.
We could not evaluate this hypothesis at present, but we
would clarify the association including the causal rela-
tionships between DISH, OA, and metabolic risk factors in
a further study.

Alternatively, we considered associated factors for
inflammation or cartilage metabolic turnover as potential
confounders between DISH and OA. These factors might
coexist as risk factors for DISH and OA. Thus, there might
be a direct or indirect pathway between DISH and OA via
hidden associated factors, which should be investigated in a
further study.

This study has several limitations. First, although the
ROAD study includes a large number of participants, these
subjects may not truly represent the general population. To
address this, we compared the anthropometric measure-
ments and frequencies of smoking and alcohol consump-
tion between study participants and the general Japanese
population; no significant differences were found, with the
exception that male ROAD study participants aged
70-74 years were significantly smaller in terms of body
structure than the overall Japanese population (p < 0.05)
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[25]. This difference should be considered when evaluating
potential risk factors in men aged 70-74 years; factors such
as body build, particularly greater weight, are known to be
associated with LS and KOA. Therefore, our results may
be an underestimation of the prevalence of these condi-
tions. Second, in the present study, we used only the data of
the baseline study. Thus, we were not able to confirm a
causal relationship between DISH status and other associ-
ated factors, as mentioned above. Nevertheless, we have
performed a follow-up study, so we will be able to clarify
the causal relationship between DISH status and OA in the
near future. Third, this study could not evaluate the cer-
vicothoracic junction (C7-Th4) because we assessed only
radiographs. Although most cases of DISH existed in the
inferior thoracic spine, as Fig. 2 shows, the lack of findings
in the C7/C1-Th3/Th4 levels might have underestimated
the prevalence of DISH. To evaluate the cervicothoracic
junction, it would be necessary to use computed tomog-
raphy or magnetic resonance imaging of the whole spine,
which appeared impossible to perform on more than 1,600
subjects. Fourth, LS defined by KL2 may have been
included in cases of DISH, but there is no method to
confirm the overlap of the presence of DISH and LS of
KL2 using the radiographic diagnostic criteria. DISH is
observed mainly in the thoracic region, and only the diffuse
type expands partly into the lumbar region. Therefore,
there is a small possibility that LS of KL2 might be con-
taminated into DISH. Finally, in the present study, we
could not evaluate other sites of OA besides the knee and
lumbar spine, such as the hands or hip. To evaluate DISH
and other sites of OA, we should evaluate the presence or
occurrence of OA at other sites in a further study.

In conclusion, in the present population-based study, we
found that the prevalence of DISH was 10.8 % in the
overall population. Prevalence was significantly higher in
older subjects, and mainly distributed at the thoracic spine.
Logistic regression analysis revealed that the presence of
DISH was significantly associated with older age, male sex,
higher BMI, and presence of severe KOA.
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Abstract

Objectives: We investigated the effect of cartilage degeneration on ultrasound speed in human

articular cartilage in vitro.

Methods: Ultrasound speed was calculated by the time-of-flight method for 22 femoral condyle

Keywords

Cartilage degeneration, Cartilage thickness,
Osteoarthritis, Ultrasonography,
Ultrasound speed

osteochondral blocks obtained from osteoarthritis patients. In parallel, histological evaluation

of specimens was performed using the modified Mankin and OARSI scores.

Results: The mean ultrasound speed was 1757 £ 109 m/s. Ultrasound speed showed significant
negative correlation with OARSI score, and a decreasing tendency with high Mankin scores.
Good correlation was found between the optically measured and the calculated cartilage

thickness.

History
Received 19 February 2015

Accepted 14 September 2015
Published online 30 October 2015

Conclusion: Our results show that articular cartilage degeneration has relatively little influence
on ultrasound speed. In addition, morphological evaluation of articular cartilage using a preset

value of ultrasound speed seems to offer relatively accurate results.

Introduction

Osteoarthritis (OA) of the knee is a condition characterized by
morphological, biochemical, molecular, and biomechanical
changes in both cells and the extracellular matrix, resulting in
softening, fibrillation, ulceration, and eventual loss of articular
cartilage [1]. In clinical practice, plain radiography is typically
used to evaluate the stage of OA [2,3]. However, this method does
not allow direct imaging of the cartilage, because it only evaluates
the distance between the femoral and tibial bone surfaces, and the
presence of osteophytes and sclerosis of the subchondral bone.
Direct imaging of cartilage has been achieved using magnetic
resonance imaging (MRI), which allows morphological evaluation
of articular cartilage, including the determination of cartilage
thickness and volume [4], and identification of cartilage degen-
eration [5].

In addition to MRI, ultrasonography has also been investigated
for applications allowing the direct evaluation of articular
cartilage, including degenerative changes in cartilage [6] and
cartilage surface roughness [7]. Ultrasonography was also used in
previous investigations to visualize articular cartilage and evaluate
cartilage thickness, either directly on the surface of cartilage [8,9]
or percutaneously [10-12]. In these studies, the set-up speed value
of the diagnostic ultrasound device (1540 m/s) was used for the
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calculation of cartilage thickness [13]. Theoretically, however, for
quantification of cartilage thickness or volume using ultrasonog-
raphy, the actual ultrasound speed in each articular cartilage
should be measured, since the speed of sound might differ among
tissues, and thus affect the calculations [14].

Studies have been performed in articular cartilage to investigate
the effect of degeneration and other factors on ultrasound speed,
mostly using animal samples [15]. These studies have shown that
the speed of sound in cartilage can be affected by composition
[16,17], material properties [17,18], or mechanical strain [19-21],
as well as by orientation of collagen fibrils [22] or anisotropy [23]
of articular cartilage. Cartilage ultrasound speed can also be
affected by external factors, such as the ultrasound beam angle
against the cartilage surface [24], and temperature or saline
concentration [23].

Some studies have investigated ultrasound speed in human
articular cartilage. Based on experimental results on bovine
cartilage and the results of a previous study on human cartilage,
Toyras et al. [17] performed simulations investigating the
relationship between the speed of sound, cartilage thickness, and
the error in dynamic modulus; they suggested that a constant speed
of sound can be utilized to obtain a clinically acceptable accuracy
for cartilage thickness and modulus. However, relatively variable
mean values for ultrasound speed have been reported in human
articular cartilage (1658 m/s [25], 1892 m/s [26], ca. 1580 m/s
[20]). In bovine cartilage, ultrasound speed decreases as the
cartilage degenerates through chemical treatment [17]. In addition,
ultrasound speed in cartilage of OA patients was reported to be
lower than in normal cartilage [25]. Since it would be difficult to
measure a patient-specific value of ultrasound speed in cartilage
and apply this value for each patient during clinical morphological
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evaluation of cartilage, the relationship between ultrasound speed
and the degree of degeneration in human cartilage warrants further
investigation.

The aim of this study was to perform measurements of
ultrasound speed, histologically score the degeneration in human
cartilage samples, and to investigate the correlation between
cartilage degeneration and ultrasound speed, in order to investigate
the feasibility of using a constant value of speed in morphological
evaluation of articular cartilage by ultrasound.

Methods
Cartilage sample preparation

All procedures used in this investigation were approved by the
institutional review board at our university. Subjects comprised 11
OA patients who planned to undergo total knee arthroplasty and
provided written informed consent prior to participation in the
study. All the patients were female, with an average age of
73.2 +8.0 years (range: 56-83 years). Pre-operation plain radio-
graphs showed that the Kellgren—Lawrence score [27] of all the
patients was grade 4. Osteochondral blocks removed from the
medial and lateral femoral condyles during operation were
wrapped in gauze moistened with normal saline, packed in plastic
bags, manually degassed, hermetically sealed, and stored
at—60°C. A total number of 22 osteochondral blocks from
femoral condyles were acquired from the patients through
operations. On the day of the experiment, the osteochondral
samples were thawed in normal saline solution (Otsuka
Pharmaceutical, Tokyo, Japan) at room temperature (20°C).
Osteochondral blocks from the femoral condyle were trimmed
by a band saw (SWD-250; Fuijiwara Sangyo, Miki, Japan),
achieving a surface size of approximately 18 mm x 18 mm for
cartilage samples. Trimming was performed to obtain a sample
containing sufficient quantities of cartilage for the acoustic and
microscopic measurements, preferably from the part of the block
closest to the weight-bearing area. Samples were then fixed on a
custom-made acryl sample holder (30 mm x 30 mm X 13 mm;
Murai & Co., Tokyo, Japan) with resin (GC-Ostron; GC
Corporation, Tokyo, Japan) (Figure 1). During preparation,
samples were continuously cooled at 20 °C and moistened using
normal saline solution.

Acoustic measurements

Acoustic measurements were performed using a custom-made
apparatus (Figure 1). The acryl holder with the human
osteochondral block affixed was positioned in a water tank
containing normal saline (20 °C), so that the cartilage surface faced
upward. A stage underneath, with three micrometers (accuracy,
10 pm), allowed horizontal movement of the sample. Two
micrometers, perpendicular to each other in the horizontal plane,
were used for position adjustment by linear movement (x- and y-
axes). The third micrometer enabled circular movement in the
horizontal plane (rotation movement in the x—y-plane). An
ultrasound transducer was placed over the sample in the water
tank, and the holder of the transducer had a z-adjustment device so
that the distance between the cartilage surface and the transducer
could be kept at the transducer focus distance (2.5”=63.5 mm).
Ultrasound measurements were performed using the A-mode
pulse-echo method and a focused non-contact ultrasound trans-
ducer (V311-SU; Olympus NDT, Waltham, MA) (center
frequency =7.3 MHz, 3.4-11.2 MHz,—3 dB; transducer tip
diameter = 16 mm; element diameter =13 mm; radius of curva-
ture = 63.5 mm). Acoustic pulses were excited electrically using a
pulser/receiver board (NDT-5800; Olympus NDT). Echoes of the
transmitted pulse were recorded with the transducer and
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pulser/receiver board. A bandpass filter (1.0-20.0 MHz) was
used to enhance the ultrasound signal-to-noise ratio. The signal
was digitized at a 1000-MHz sampling frequency using an
oscilloscope (DPO4034; Tektronix Japan, Tokyo, Japan).

For acoustic measurements, the edges and the center point of
the 30 mm x 30 mm acryl sample holder surface were first
identified by moving the stage horizontally under the fixed
ultrasound beam. The cartilage surface was then scanned with the
ultrasound transducer by moving the stage to identify the top
cartilage surface point (point C) (Figure 2). The ultrasound beam
was, theoretically, perpendicular to the cartilage surface at this
point, as the cartilage of the femoral condyle has a convex surface.
After identifying the coordinates for this point as (a, b), two
additional points at 1 mm apart on each side of this point were set
as radiofrequency signal acquisition points, along with point C.
The x—y coordinates of the two points were thus (a+1, b), (a—1, b)
using units of 1 mm.

RF signals at these three points were acquired and output from
the oscilloscope device as comma-separated values data. Time of
flight was measured in each sample using the peak envelope
method previously described [28] (Figure 3). The envelope of each
RF signal was calculated using a Hilbert transform [29]. Peaks of
the envelope signal were attributed to reflections occurring at the
cartilage surface and at the cartilage-bone interface. Time of flight
was defined as the duration (Af) between peaks, corresponding to
the travel time of the ultrasound pulse back and forth between the
cartilage surface and the cartilage-bone interface of the specimen.

Microscopic optical thickness measurement and calculation of
ultrasound speed

In order to measure cartilage thickness, direct optical measurement
using microscopy was performed on a cross-section of the sample.
The acryl holder with the osteochondral sample was attached to
the holding arm of a diamond saw device (Minitom; Struers,
Cleveland, OH) such that the saw blade was vertical to the holder
top surface, that is, vertical to the x-y plane of the sample
coordinates and parallel to the y-axis. By adjusting the position of
the arm within an accuracy of 10 pm, cut planes were created, each
containing 3 RF signal acquisition points. Subsequently, each cut
sample was mounted on a glass slide and covered with a cover
glass after dripping normal saline onto the sample surface, to keep
the cartilage moist and inhibit deformation due to drying during
measurement.

Cartilage thickness [4] was measured using an optical measuring
microscope (x30 magnification) (MM-400; Nikon, Tokyo, Japan)
containing an eyepiece with adjustable crosshairs, and an adjustable
stage system (MHS 2 x 2; Nikon) (Figure 4). With the optical
measuring microscope and the stage, the center point of the sample
holder could be identified by measuring the distance from both
edges of the sample holder, and then the RF signal acquisition
points could be determined in a similar manner. The microscope
could also align the sides of the sample holder, which were parallel
to the direction of the ultrasound beam in RF signal acquisition, to
the direction of thickness measurement. After these adjustments,
cartilage thickness (dc) along the beam direction was measured at
each RF acquisition point, and the speed of sound in cartilage
(SOSc) at each point was calculated as follows:

2dc

Histological evaluation

Each osteochondral sample was fixed in 4% paraformaldehyde
phosphate buffer solution (Wako Pure Chemical Industries, Osaka,

191



Downloaded by [University of Tokyo] at 20:06 14 March 2016

DOI: 10.3109/14397595.2015.1097012

Effect of cartilage degeneration on ultrasound speed 3

Temperature
Gauge
- Transducer
b
B
63.5 mm
Normal Saline
z T, . E—
Sample > ﬁ
Resin
Sample Holder >
X

Y

Stage with x, y and Bxy
adjustment micrometers

Figure 1. Custom-made apparatus for acoustic measurements. A human cartilage sample with subchondral bone was immersed in normal saline and
fixed on the sample holder by resin. The water tank has a stage underneath with three micrometers (x-, y- directions and rotation movement in the x—y

plane) to allow horizontal movement of the sample.

Japan) for 4 days, followed by decalcification with Plank-Rychlo’s
Solution composed of 0.3 M aluminum chloride, 3% hydrochloric
acid, and 5% formic acid for 36 h. After decalcification, all
specimens were dehydrated with ethanol, embedded in paraffin
and sectioned by microtome with a thickness of 4 pm. Fast Green
and Safranin O stainings were performed, and specimens were
histologically evaluated using the modified Mankin score [30,31]
and the Osteoarthritis Research Society International (OARSI)
score [32] by two well-experienced examiners (Tables 1 and 2)
(Figure 5). Histological evaluation was carried out twice by each
examiner with an interval of two weeks and the mean score was
used for statistical analysis.

Statistical analysis

SOS(¢ was defined as the mean ultrasound speed of the three
acoustic measurement points in each sample. In order to assess the
reliability of the histological evaluation, intraclass correlation
coefficients (ICCs) comparing the first and second histological
scores of each examiner were evaluated for intraobserver reliabil-
ity. In addition, ICC calculation and linear regression analysis
were performed to assess interobserver reliability, comparing the
mean of the first and second histological scores of the specimens
between the two examiners.

Spearman’s rank correlation coefficient between SOSc and the
histological scores of the first examiner’s first scoring as well as
the correlation coefficient between SOSc and d- were calculated
to investigate the influence of cartilage degeneration and cartilage
thickness on ultrasound speed. Correlation analysis was also
performed between dc and histological scores to investigate the
degree of confounding between them. In addition, to investigate
the feasibility of using a preset value of ultrasound speed in
thickness measurements of articular cartilage using ultrasound,
linear regression analysis and Bland—Altman plot analysis were
performed between optical thickness measurement values

(A)
[J Osteochondral sample
[ Resin
[0 Sample holder
Y
x
C(ab)
. iy
z x @
—A (a-1,b) C(a,b) (a+1, b)
(B)
I & - Ultrasound
: transducer

Figure 2. (A) The cartilage surface point closest to the transducer (point
C) was acoustically identified. (B) With point C as the center point,
radiofrequency signals were acquired at three points, each 1 mm apart.
Units in the figure are 1 mm.

(dc-optical) and thickness values calculated from time of flight
using the average ultrasound speed of this study (dc-US).

Statistical analysis was performed using IBM SPSS Statistics
version 21.0 software (IBM, Armonk, NY), and results were
considered significant for values of p <0.05.

Results

In all RF signals, peaks of the reflected ultrasound wave envelopes
from the cartilage surface and the cartilage-bone interface were
clear enough to be identified. The mean SOSc of all articular
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Figure 3. The graph shows an example of the radiofrequency [30] signal
wave and the envelope wave calculated from the RF signal. Time of flight
(Ar) was defined as the duration between peaks of the envelope wave.

cartilage samples was 1757 +£109 m/s. The mean standard
deviation calculated from the standard deviation of the three-
point ultrasound speed values of individual samples was 55.2 m/s.
The mean coefficient of variance calculated from each sample’s
SOSc and standard deviation of the three-point ultrasound speed
values was 3.2%.

ICC:s for intraobserver reliability of examiner 1 and examiner 2
were 0.888 [95% confidence interval (CI), 0.753-0.952] and 0.914
(95% CI, 0.807-0.963) [overall, 0.904 (95% CI, 0.832-0.947)] for
the modified Mankin score, and 0.927 (95% CI, 0.834-0.969) and
0.945 (95% CI, 0.874-0.977) [overall, 0.935 (95% CI,
0.885-0.964)] for the OARSI score, respectively. ICCs for
interobserver reliability were 0.717 (95% CI, 0.438-0.871) for
the modified Mankin score, and 0.965 (95% CI, 0.919-0.985) for
the OARSI score. Significant linear correlation was noted between
the histological scores of the two examiners by linear regression
analysis (r=0.783; root mean square error, 1.87; p<0.01; slope,
1.24 for the modified Mankin score and r=0.967; root mean
square error, 0.310; p<0.01; slope, 1.05 for the OARSI score).

The scatter plots for SOS¢ and histological scores are shown as
Figure 6. SOS¢ showed a decreasing tendency with high modified
Mankin scores (r= —0.330; p=0.134), and significantly corre-
lated with the OARSI score (r= —0.483; p<0.05). In addition,
SOSc showed a significant positive correlation with cartilage
thickness (r=10.484, p<0.05). There were no significant correl-
ations between cartilage thickness and the modified Mankin score
(r=—0.253; p=0.256) or OARSI score (r= —0.420;
p=0.052).

Using the average SOSc value, linear regression analysis
showed a significant correlation between cartilage thickness
measured optically and cartilage thickness calculated by time of
flight (Figure 7A) (r=0.959; root mean square error, 0.194 mm;
p<0.01; slope, 1.053). Bland—Altman plots showed a mean
difference of 0.0478 mm with a standard deviation of 0.188 mm
between dc-optical and dc-US (Figure 7B).

Discussion

Several studies have measured ultrasound speed in human articular
cartilage, reporting a relatively wide range of values (1658 and
1581 m/s for normal and OA femoral cartilage, respectively [25];
1892 m/s for the ankle joint and hip joint cartilage of one patient
[26]; and ca. 1580 m/s for patellar cartilage [20]). Since cartilage
degeneration has been reported to influence ultrasound speed in
articular cartilage in animal studies, degeneration might be one of
the reasons behind the observed differences [17,33]. We per-
formed ultrasound speed measurements in human articular cartil-
age and investigated the influence of cartilage degeneration on
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ultrasound speed. As a result, we obtained a mean ultrasound
speed of 1757 m/s, which is comparable to values reported for
human articular cartilage in a previous study [26], but is higher
than measurements in two other studies [20,25], including one
conducted on femoral cartilage. A possible reason accounting for
this discrepancy could be swelling of the cartilage during cross-
sectioning. Moreover, the cartilage sample preparation steps, such
as freezing, storage, thawing, and immersion in saline, could also
have contributed to the discrepancy. Although we confirmed that
cartilage thickness did not change after cross-sectioning, by
covering the cross-section surface with a cover glass and
performing the same procedures on all the samples, we cannot
exclude the possibility that swelling of the cartilage during cross-
sectioning, or change of propagation properties through sample
preparation, might have occurred, resulting in higher ultrasound
speed values.

Since we wanted to evaluate the reliability of our method on
human cartilage, we performed cartilage thickness measurements
by acquisition of RF signals at three points. The mean standard
deviation and the mean coefficient of variance calculated for each
osteochondral sample were relatively low (55.2 m/s and 3.2%,
respectively) compared with the coefficient of variance of this
method published for animal cartilage (3.4% for a 6-month-old pig
and 6.4% for a 3-year-old pig) [28]. However, although we
validated the accuracy of the cartilage thickness measurements by
cross-sectioning using the custom-made devices described in a
previous study involving micro-CT [28], it would be ideal to use a
less invasive method, such as the needle probe method [33-35] or
the custom-made ultrasound probe method [20,21], with which
more ultrasound speed measurement points can be acquired and
SOS¢ could be more accurate.

Ultrasound speed showed a significant negative correlation
with OARSI scores used for the histological evaluation, decreasing
with higher degrees of cartilage degeneration. The present study is
the first to report these findings in human cartilage samples.
Ultrasound speed also decreased with cartilage degeneration
assessed by the modified Mankin score, although the trend was
not significant. The trend between the ultrasound speed and
cartilage degeneration was compatible with results of previous
studies on animal cartilage [17,33]. Treatment of bovine articular
cartilage with trypsin for 4 h, resulting in the digestion of
proteoglycan and minor cleavage of collagen, decreased ultra-
sound speed [33]. In bovine articular cartilage samples obtained
from different locations, ultrasound speed decreased with Mankin
score and water content but increased with uronic acid and
hydroxyproline levels [17]. Nevertheless, a constant speed of
sound was suggested to provide a clinically acceptable accuracy
for cartilage thickness (error: 7.8%) in that study.

Several factors could have affected ultrasound speed in the
present study. Uronic acid and hydroxyproline levels have been
reported to be lower in degenerated cartilage than in normal
cartilage [36]. Amide I-rich areas in the superficial layer and
carbohydrate-rich areas in the whole layer have been observed to
be decreased in the human OA samples [37]. These factors might
have caused changes in the acoustic properties of cartilage with
age, as was also observed in a study using rat articular cartilage
[38].

Instead of evaluating individual components of cartilage
degeneration, we performed histological scoring, in order to
ensure that we investigate the overall effect of cartilage degener-
ation on ultrasound speed. Mankin score has been previously
reported to negatively correlate with the uronic acid and hyalur-
onic acid content of articular cartilage [39]. In the present study,
however, the OARSI score showed a better correlation with
ultrasound speed than the modified Mankin score, which we
believe is an interesting finding of the two different histological
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Figure 4. Images showing cartilage thickness measurement using a microscope. After registration of the RF signal acquisition points on the articular
cartilage, the cut plane was created (A), containing three measurement points (B). Cartilage thickness was measured optically using a microscope (C) at

the RF signal acquisition points.

Table 1. Modified Mankin score.

Grade
1 Structure
Normal 0
Surface irregularities 1
Pannus and surface irregularities 2
Clefts to transitional zone 3
Clefts to radial zone 4
Clefts to calcified zone 5
Complete disorganization 6
I Cells
Normal 0
Diffuse hypercellularity 1
Cloning 2
Hypocellularity 3
11 Safranin-O staining
Normal 0
Slight reduction 1
Moderate reduction 2
Severe reduction 3
No dye noted 4

evaluations. A possible reason for this discrepancy could be that
the OARSI score comprises not only a qualitative evaluation of
articular cartilage, but also evaluation of morphological damage, a
feature of advanced cartilage degeneration. In contrast, the
modified Mankin score does not contain evaluation of morpho-
logical change and captures relatively early degenerative changes
of articular cartilage. Indeed, we found that ultrasound speed
showed a significant positive correlation with cartilage thickness,
and that cartilage thickness did not correlate with the histological
scores. We assume that not only cartilage degeneration, but also
cartilage wear, which generally occurs in advanced OA, could
have influenced the ultrasound speed. However, articular cartilage
thickness can differ even between healthy individuals [40]. Thus,
we assumed that cartilage wear or decrease in cartilage thickness
could not be quantified in the patients in the present study because
the original cartilage thickness (i.e. before OA had started) is
unknown in each patient, and the positive correlation between the
ultrasound speed and cartilage thickness in this study did not prove
the correlation between ultrasound speed and cartilage wear.

In the present study, we found that both the modified Mankin
score and the OARSI score were precise and reliable, as judged by
intraobserver and interobserver reliability values, corroborating the
findings of previous studies [31,41-43]. The correlation coeffi-
cient between the two scoring systems was 0.942 (p <0.001), but
ICCs for both intraobserver reliability and interobserver reliability
were lower for the modified Mankin score than for the OARSI
score. The OARSI score covers a relatively wide range of cartilage
change, from early to advanced degeneration, while the modified
Mankin score evaluates relatively early degenerative changes of
articular cartilage. Thus, samples showing advanced degeneration
might have resulted in a lower reliability for the modified Mankin
score.

In a study using animal cartilage samples [17], a constant speed
of sound was shown to provide a clinically acceptable accuracy for
cartilage thickness. In addition, a good correlation (r=0.78) was
observed between the cartilage thickness calculated acoustically
and the thickness measured optically in a study using human
osteochondral samples [25]. Our results show an even better
correlation (r=0.959) between these values, although this might
be due to differences in patient populations. Ultrasound intensity
of the cartilage surface has been reported to significantly decrease
as degeneration or OA develops, both in animals and in humans,
and is suggested to have the potential to detect early osteoarthritic
changes at the preclinical stage [37]. In the present study,
ultrasound speed had a significant correlation with the OARSI
score but not with the modified Mankin score. In addition, since it
is technically difficult to measure the ultrasound speed in cartilage
and apply this value for each patient during clinical morphological
evaluation of cartilage, using a specific preset value of ultrasound
speed seems justifiable based on our findings.

An MRI study on OA patients with OARSI grade 1, 2, and 3
medial joint space narrowing (JSN) has shown a reduced cartilage
thickness (with differences of 0.190, 0.630, and 1.560 mm in the
respective groups) in weight-bearing medial femorotibial com-
partments compared to cartilage in knees without JSN [44]. In
addition, the mean annual loss of cartilage thickness in the center
of the medial femoral condyle was over 0.180 mm in the grade 2
and 3 patient groups [45]. Clinical morphological evaluation of

194



Downloaded by [University of Tokyo] at 20:06 14 March 2016

6 8. Ohashi et al.

Table 2.

OARSI score.
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Grade (key feature)

Subgrade

Grade 0:
Grade 1:

Grade 2:

Grade 3:
Grade 4:
Grade 5:

Grade 6:

surface intact, cartilage morphology intact
surface intact

surface discontinuity

vertical fissures (clefts)
erosion
denudation

deformation

No subgrade

1.0 Cells Intact

1.5 Cell death

2.0 Fibrillation through superficial zone
2.5 Surface abrasion

with matrix loss within superficial zone
3.0 Simple fissures

3.5 Branched/complex fissures

4.0 Superficial zone delamination

4.5 Mid zone excavation

5.0 Bone surface intact

5.5 Reparative tissue surface present
6.0 Joint margin osteophytes

6.5 Joint margin and central osteophytes

(A)

(B

Figure 5. Representative images of histological sections stained with Fast Green and Safranin O. (A) Relatively healthy cartilage exhibits slight
reduction in Safranin O staining. Histological scores were graded as 2 based on the modified Mankin score and 1 based on the OARSI score. (B)
Moderately degenerated cartilage exhibits pannus/surface irregularities, diffuse hypercellularity, and moderate reduction in Safranin O staining.
Histological scores were graded as 5 based on the modified Mankin score and 2.5 based on the OARSI score.
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articular cartilage using ultrasound is performed either percutan-
eously [46,47] or arthroscopically [48,49]. The ultrasound fre-
quency used in our study is relatively close to the ultrasound
frequency used clinically (5-15 MHz), and we believe that our

Modified Mankin score

195

r=-0.483,n=22,p<0.05

2 3
OARSI score

Figure 6. Scatter plots of ultrasound speed (SOS¢) and histological scores. (A) Modified Mankin score; (B) OARSI score. Spearman’s rank correlation
coefficients (r) are shown. The regression line and the 95% ClIs for the population (dashes) are also shown.

results could be applied to both percutaneous and arthroscopic
evaluation of cartilage thickness. The mean and standard deviation
(0.0478 +0.188 mm) of the differences between ultrasonic and
optical thickness in the present study assures that cartilage
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Figure 7. (A) Correlations between optical thickness measurement values (dc-optical) and thickness values calculated using the average ultrasound speed
(dc-US). The 95% Cls for regression (short dashes) and the population (long dashes) are shown. Root mean square errors (RMSE) and Pearson’s correlation
coefficients (r) are also shown. (B) Bland—Altman plot analysis of the difference in dc-optical and dc-US compared with the mean thickness of dc-optical
and dc-US. The line corresponding to the mean difference of dc-optical and dc-US and lines for mean + 1.96 x SD (dashes) are shown.

evaluation using a specific ultrasound speed can detect clinically
important differences or changes in articular cartilage thickness,
considering the results of the past MRI studies.

We are aware of several limitations of our study that will
require further exploration. First, we were able to collect
specimens only from OA patients who underwent total joint
arthroplasty. Although we performed measurements on samples
with various degrees of degeneration, from relatively normal areas
to degenerated lesions on the femoral condyles, probably none of
the samples could be considered fully normal cartilage in this
study. Ideally, normal cartilage samples are acquired from
cadavers without OA of the knee. Second, we performed
evaluation only on samples acquired from the knees, but not
from other joints. In animal studies, ultrasound speed could differ
among samples obtained from different sites [17,50]. Thus, our
results cannot be automatically extrapolated to ultrasonic evalu-
ation of cartilage of other joints, although we assume that the
effect of degeneration on ultrasound speed will be similar. Finally,
we did not perform a biochemical evaluation of cartilage
degeneration. As mentioned before, our aim was to investigate
the overall effect of cartilage degeneration on ultrasound speed.
Nevertheless, performing biochemical evaluations could reveal
which component of the cartilage affects ultrasound speed.

The present study has several strengths. To our knowledge, this
is the first study investigating the effect of the degree of cartilage
degeneration on ultrasound speed using human samples. We
believe that a relatively broad range of samples, representing
different degrees of degeneration, was covered in our study and
that the findings of the present study support the usage of a preset
ultrasound speed value in clinical morphological evaluations of
cartilage. In conclusion, our results show that cartilage degener-
ation has relatively little influence on ultrasound speed in articular
cartilage. In addition, morphological evaluation of articular
cartilage using a preset value of ultrasound speed seems to offer
relatively accurate values of cartilage thickness.
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Abstract

Background We aimed to clarify the association between
new indices in a locomotive syndrome risk test and decline
in mobility.

Methods In the third survey of the Research on Osteo-
arthritis/osteoporosis Against Disability (ROAD) study,
data on the indices were obtained from 1575 subjects (513
men, 1062 women) of the 1721 participants in mountain-
ous and coastal areas. As outcome measures for decline in
mobility, we used the five-times-sit-to-stand test (FTSST)
and walking speed with cutoff values of 12 s and 0.8 m/s,
respectively.
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Results  We first estimated the prevalence of the indices
in locomotive syndrome risk test stage 1, including two-
step test score <1.3, difficulty with one-leg standing from
a 40-cm-high seat in the stand-up test, and 25-question
GLFS score >7, which were found to be 57.4, 40.6, and
22.6 %, respectively. Next, we investigated the prevalence
of the indices in locomotive syndrome risk test stage 2,
including two-step test score <1.1, difficulty with standing
from a 20-cm-high seat using both legs in the stand-up test,
and 25-question GLFS score >16, which were found to
be 21.1, 7.9, and 10.6 %, respectively. Logistic regression
analysis using slow FTSST time or slow walking speed
as the objective factor, and presence or absence of indices
as the independent factor, after adjusting for confound-
ers, showed all three indices in both stages 1 and 2 were
significantly and independently associated with immobil-
ity. Finally, we clarified the risk of immobility according
to an increasing number of indices in both stages 1 and 2
and found that the odds ratio for both slow FTSST time and
slow walking speed increased exponentially.

Conclusion We found that the three indices indepen-
dently predicted immobility and that accumulation of indi-
ces increased the risk of immobility exponentially.

Introduction

According to the most recent National Livelihood Survey
by the Ministry of Health, Labour, and Welfare in Japan,
osteoporotic fracture and falls is ranked fourth and osteoar-
thritis is ranked fifth among conditions that cause disability
and subsequently require support with regard to activities of
daily living [1]. Given the increasing proportion of elderly
individuals in the Japanese population, a comprehensive
and evidence-based prevention strategy for musculoskeletal
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diseases is urgently required. In 2007, the Japanese Ortho-
paedic Association (JOA) proposed that the term “locomo-
tive syndrome” should be adopted to designate a condition
requiring nursing care, or being at risk of developing such a
condition, because of a decline in mobility resulting from a
disorder of the locomotive system, which consists of bones,
joints, muscles, and nerves [2]. Weakness of such locomo-
tive components causes difficulty in mobility—defined as
the ability to stand, walk, run, climb stairs, and perform
other physical functions essential to daily life.

As candidate indices to assess the risk of locomotive
syndrome, in 2013, the JOA proposed the following three
tests: two-step test, stand-up test, and 25-question geriatric
locomotive function scale (GLFS) [3]. With regard to the
stand-up test, more than 50 % of subjects younger than
70 years old can stand up on one leg from a 40-cm-high
seat [3]. The 25-question GLFS has already been assessed
regarding its sensitivity and specificity for prediction of
disability and was assigned a cutoff value of 16 by Seichi
et al. [4]. However, there is little information regarding ref-
erence and/or cutoff values for the two-step test.

Recently, the JOA determined clinical decision limits
of these three indices for assessing risk of locomotive syn-
drome [5]. In their proposal, clinical decision limits were
established in two stages as follows:

Stage 1:
1. Two-step test score <1.3.
Difficulty with one-leg standing from a 40-cm-high

seat in the stand-up test (either leg).
25-question GLFS score >7.

When a subject meets any of the above-mentioned
conditions, he/she is diagnosed as starting to decline in
mobility.

Stage 2:
1. Two-step test score <1.1.
Difficulty with standing from a 20-cm-high seat using

both legs in the stand-up test.
A 25-question GLFS score >16.

When a subject meets any of the above-mentioned con-
ditions, he/she is diagnosed as progressing to a decline in
mobility.

However, no report has evaluated such indices using data
of the general population. From 2005 to 2007, we started
a large-scale, population-based cohort investigation enti-
tled the Research on Osteoarthritis/osteoporosis Against
Disability (ROAD) study, consisting of 3040 participants
in three communities located in urban, mountainous, and
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coastal areas. Following the baseline study, we performed a
second survey in the same communities from October 2008
to January 2010, followed by a third survey from October
2012 to December 2013. In the third survey, participants
completed the two-step test, stand-up test, and 25-question
GLFS. In the present report, using data from the third sur-
vey of the ROAD study, we assessed the usefulness of these
new indices for predicting immobility, which causes subse-
quent disability.

Participants and methods
Participants

Measurements were obtained from participants of the
third survey of the ROAD study. The ROAD study, which
began in 2005, is a nationwide prospective study compris-
ing population-based cohorts established in several com-
munities in Japan. Recruitment methods for this study have
been described in detail elsewhere [6, 7]. To date, we have
created a baseline database including clinical and genetic
information of 3040 inhabitants (1061 men; 1979 women)
aged 23-95 years who were recruited from listings of resi-
dent registrations in three communities. All participants
provided written informed consent, and the study was con-
ducted with approval from the ethics committees of the
participating institutions.

The third survey of the ROAD study began in 2012 and
was completed in 2013. All participants in the baseline
study and second survey were invited to participate in the
third survey. Besides former participants, inhabitants aged
>40 years who were willing to attend the ROAD survey
performed in 2012-2013 also were included as participants
in the third survey. As a result, a total of 2566 (837 men,
1729 women; urban area, 845 individuals; mountainous
area, 769 individuals; coastal area, 952 individuals) resi-
dents participated in the third survey.

In the present study, we used data from 1575 subjects
(513 men; 1062 women) who completed the stand-up test,
two-step test, and 25-question GLFS for disability among
all 1721 participants in mountainous and coastal areas in
the third survey.

At the third survey, participants completed an inter-
viewer-administered questionnaire. Five interviewers, who
had been trained by an expert (NY), were provided for
this study. The questionnaire consisted of 200 items that
included lifestyle information, such as primary occupation,
smoking habits, alcohol consumption, physical activity,
medical history, and prescription medication. Anthropo-
metric measurements included height (cm), weight (kg),
body mass index [BMI, weight (kg)/height (m)?], and hand
grip strength (kg).
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Indices for risk of decline in mobility resulting
from locomotive syndrome

In the present study, participants performed the following
tests for assessment of decline in mobility.

Two-step test

This test measures the stride length to assess walking abil-
ity, including muscle strength, balance, and flexibility of
the lower limbs. The two-step test was performed using the
following procedure [3, 8, 9]: (1) subjects determined the
starting line and stood with the toes of both feet behind it;
(2) subjects were instructed to take two long steps (as long
as possible) and then align both feet; (3) the length of the
two steps from the starting line to the tips of the subject’s
toes where he/she stopped was measured. The two-step test
score was calculated using the following formula: length of
the two steps (cm) = height (cm).

Stand-up test

This test assesses leg strength by having the subject stand
up on one or both legs from a specified height. After prep-
aration of four seats of different heights—40, 30, 20, and
10 cm—the subject stood up from each seat (in descend-
ing height order), first with both legs then with one leg.
If the subject could stand up without leaning back to gain
momentum and maintain the posture for 3 s, then he/she
was diagnosed as having passed that height level [3, 9]. In
the present study, if the subject was unable to stand up on
one leg (right or left) from a height of 40 cm, then his/her
stand-up test was considered failed.

The 25-Question GLFS

As mentioned above, the 25-question GLFS was devel-
oped by Seichi et al. [4]. It is a self-administered, com-
prehensive measure, consisting of 25 items that include
four questions regarding pain during the last month, 16
questions regarding activities of daily living during the last
month, three questions regarding social functions, and two
questions regarding mental health status during the last
month. These 25 items are graded with a five-point scale,
from no impairment (0 points) to severe impairment (4
points), and then arithmetically added to produce a total
score (minimum = 0, maximum = 100). Thus, a higher
score is associated with worse locomotive function. Valid-
ity of the scale has been assessed, and a cutoff point of 16
was determined to have the highest sensitivity and speci-
ficity for indication of disability resulting from locomotive
syndrome [3, 4].
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Indices for decline in mobility resulting
from locomotive syndrome

Because the present study utilized a cross-sectional design,
not a longitudinal follow-up design, we could not evalu-
ate the ability of the stand-up test or two-step test for pre-
diction of disability resulting from locomotive syndrome.
Therefore, in the present study, we used the following out-
come measures as indices for decline in mobility.

Five-times-sit-to-stand test

There are several reports that inability to rise from a chair
five times within a determined time is associated with
increased disability and morbidity [10-12]. We have also
reported that the longer the standing time is, the higher the
incidence of disability [13]. The five-times-sit-to-stand test
(FTSST) was performed according to the following pro-
cedure: (1) using a straight-back chair with a solid seat,
participants were asked to sit on the chair with their arms
folded across their chest; (2) participants were instructed
to stand up and sit down as quickly as possible five times,
keeping their arms folded across their chest; (3) the time
when the participant stood for the fifth time was measured.
In the present study, we used a cutoff value of 12 s to indi-
cate a decline in mobility [14].

The 6-m walking time

As another outcome measure for decline in mobility, par-
ticipants walked a 6-m course at their usual speed. The
method of measurement of walking time was identical
to that performed in the large-scale cohort study entitled
Osteoporotic Fractures in Men (MrOS), which started prior
to the ROAD study [15]. In the present study, we used a
cutoff value of 0.8 m/s to indicate a decline in mobility
[16].

In the present study, among the above-mentioned indi-
ces, mean scores and SDs for the two-step test were cal-
culated according to participants’ sex and age strata (<40,
40s, 50s, 60s, 70s, and >80 years). Then, we estimated
the prevalence of each index in stages 1 and 2. Finally, we
assessed the association between the cumulative number of
indices and decline in mobility using multivariate analysis.

Statistical analysis

All statistical analyses were performed using STATA statis-
tical software (STATA, College Station, TX, USA). Differ-
ences in proportions were compared using the chi-square
test. The significance of differences in continuous variables
was evaluated using analysis of variance for comparisons
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among multiple groups or Scheffe’s least significant differ-
ence test for pairs of groups. All p values and 95 % confi-
dence intervals are two-sided. A p value of <0.05 was con-
sidered statistically significant.

Logistic regression analysis was used to test the associa-
tion of each factor with the presence or absence of a decline
in mobility. In the analysis, we used presence of immobil-
ity according to the FTSST time (>12 s = 1; <12 s = 0)
and usual walking speed (<0.8 m/s = 1; >0.8 m/s = 0)
as the objective variable, and presence or absence of new
indices in stages 1 and 2 as explanatory variables, after
adjusting for age (41 year), sex (men = 0, women = 1),
BMI (+1 kg/mz), and regional difference (mountainous
area = 0; coastal area = 1). Other factors were considered
in the multivariate model after simple linear analysis; those
used as explanatory factors are described in “Results.”

Results

Summary characteristics, including age and BMI of the
participants, are shown in Table 1. Two-thirds of the 1575
participants were women, and the mean age of women
participants was 1 year less than that of men participants;
however, this difference was not significant. By contrast,
there was a significant difference in BMI between sexes

(p < 0.0001). Table 1 also shows the age and sex distribu-
tions of mean FTSST time and walking speed. Both val-
ues tended to be significantly slower in participants aged
in their 70s and 80s in both men and women, and there
were no significant differences between sexes. Table 1
also shows the age and sex distributions of mean two-step
test scores. Mean two-step test score was 1.25 (SD 0.20)
in men and 1.23 (SD 0.21) in women; this difference was
significant (p < 0.0001). Age differences indicated that the
two-step test score was significantly lower according to age
in both men and women (p < 0.05).

First, the prevalence of the indices in stage 1 and
their association with decline in mobility described by
slow FTSST time and slow walking speed were assessed
(Table 2). Overall, the prevalence of two-step test score
<1.3, difficulty with one-leg standing from a 40-cm-high
seat in the stand-up test, and 25-question GLFS score >7
were 57.4, 40.6, and 22.6 %, respectively.

Prevalence of two-step test score <1.3 in subjects aged
in their 30s and younger, 40s, 50s, 60s, 70s, and 80 years
and older were 17.0, 28.5, 32.6, 51.5, 76.2, and 90.0 %,
respectively, indicating that the prevalence increased
according to age; even in subjects aged in their 40s and
50s, the prevalence was more than 30 %. Prevalence of
subjects who could not stand with one leg from a 40-cm-
high seat who were aged in their 30s and younger, 40s, 50s,

Table 1 Mean (SD) values for age, body mass index (BMI), five-times-sit-to-stand test (FTSST) time, walking speed, and two-step test score of

participants classified by age and sex

Age strata (years) n Age (years) BMI (kg/mz) FTSST time (s) Walking speed (m/s) Two-step test score

Men
<40 23 32.8 (4.8) 24.5 (3.3) 6.96 (1.33) 1.26 (0.22) 1.49 (0.14)
40-49 38 44.7 (3.1) 254 (5.1) 6.79 (2.41) 1.25 (0.25) 1.41 (0.15)
50-59 82 552 (2.5) 24.2 (3.3) 7.11 (1.47) 1.25 (0.26) 1.36 (0.13)?
60-69 137 64.3 (2.7) 23.8 (3.4) 8.10 (2.51) 1.16 (0.26) 1.29 (0.15)®
70-79 139 743 (2.8) 23.4(2.9) 8.72 (2.18)* 1.02 (0.24)<d 1.20 (0.16)*%4
>80 94 83.8 (3.1) 223 (3.0) 11.48 (4.72)bcde 0.81 (0.28)bcde 1.06 (0.22)cde
Total 513 66.2 (13.7) 23.6 (3.4) 8.57 (3.17) 1.08 (0.30) 1.25 (0.20)

Women
<40 36 34.4 (4.8) 20.7 (3.0) 7.11 (1.26) 1.28 (0.17) 1.40 (0.14)
40-49 85 44.9 (2.9) 219 (3.2) 7.19 (1.64) 1.25(0.22) 1.35(0.11)
50-59 195 54.7 (2.9) 23.0 (4.1) 7.10 (1.94) 1.26 (0.22) 1.35 (0.13)
60-69 309 64.7 (2.9) 22.8 (3.4) 7.90 (2.31) 1.18 (0.23)¢ 1.28 (0.18)%°
70-79 303 74.3 (2.9) 23.3(3.3) 9.44 (3.57)%cd 1.02 (0.28)<d 1.16 (0.18)cd
>80 134 83.1 (3.0) 22.0 (3.4) 11.89 (4.60)bcde 0.75 (0.28)3bcde 0.97 (0.23)cde
Total 1062 65.3 (12.6) 22.7(3.5) 8.58 (3.31) 1.11 (0.30) 1.23 (0.21)

@ Significantly different (p < 0.05) from values of those aged <40 years

b Significantly different (p < 0.05) from values of those aged in their 40s

¢ Significantly different (p < 0.05) from values of those aged in their 50s

4 Significantly different (p < 0.05) from values of those aged in their 60s

¢ Significantly different (p < 0.05) from values of those aged in their 70s
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Table 2 Prevalence of indices in the locomotive syndrome risk test
(stage 1): two-step test score <1.3, difficulty with one-leg standing
from 40-cm-high seat in the stand-up test (either leg), and 25-ques-

tion geriatric locomotive function scale (GLFS) score >7 in partici-
pants classified by age and sex

Age strata Age (years) Two-step test Difficulty with one-leg standing 25-question GLFS
(years) mean (SD) score <1.3 (%) from 40-cm-high seat (either leg) (%) score >7 (%)
Men

<40 32.8 (4.8) 13.0 4.4 4.4

40-49 447 (3.1) 21.1 15.8 10.8

50-59 55.2 (2.5) 34.6 15.9 74

60-69 64.3 (2.7) 493 30.7 12.0

70-79 74.3 (2.8) 71.7 47.8 19.9

>80 83.8 (3.1) 84.6 78.0 44.0

Total 66.2 (13.7) 55.6 39.1 18.8
‘Women

<40 34.4 (4.8) 19.4 11.1 0.0

40-49 44.9 (2.9) 31.8 12.9 8.3

50-59 54.7 (2.9) 31.8 23.6 13.0

60-69 64.7 (2.9) 524 339 19.7

70-79 74.3 (2.9) 78.3 56.2 31.6

>80 83.1 (3.0) 93.8 78.1 543

Total 65.3 (12.6) 58.2 41.3 24.5%

* Significantly different (p < 0.05) from values of men

Table 3 Effect of presence of indices in the locomotive syndrome risk test (stage 1) for decline in mobility described by slow five-times-sit-to-

stand test (FTSST) time and slow walking speed

Indices for decline in mobility Reference OR (95 % CI) p value
FTSST time >12 s
Two-step test score <1.3 Yes vs. no 3.28 (1.81-5.97) <0.001
Difficulty with one-leg standing from 40-cm-high seat (either leg) Yes vs. no 1.78 (1.17-2.69) 0.007
25-question GLFS score >7 Yes vs. no 2.51(1.73-3.62) <0.001
Walking speed <0.8 m/s
Two-step test score <1.3 Yes vs. no 4.24 (2.18-8.22) <0.001
Difficulty with one-leg standing from 40-cm-high seat (either leg) Yes vs. no 2.01 (1.35-3.16) 0.001
25-question GLFS score >7 Yes vs. no 2.65 (1.82-3.86) <0.001

After adjusting for age, sex, body mass index, and regional difference. Presence or absence of indices for stage 1 also was mutually adjusted

CI confidence interval, GLFS geriatric locomotive function scale, OR odds ratio

60s, 70s, and 80 years and older were 8.5, 13.8, 21.3, 32.9,
53.5, and 78.1 %, respectively, indicating that the preva-
lence increased according to age, similar to the two-step
test; even in subjects aged in their 40s and 50s, the preva-
lence was around 20 %. Prevalence of 25-question GLFS
score >7 in participants aged in their 30s and younger, 40s,
50s, 60s, 70s, and 80 years and older were 1.7, 9.1, 11.4,
17.4, 27.9, and 50.0 %, respectively, indicating the overall
prevalence was lower than that of the other two indices, but
it increased synergistically in those in their 80s and older.
Regarding the sex difference of the indices in stage 1,
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although there were no significant differences between men
and women with regard to two-step test score <1.3 and dif-
ficulty with one-leg standing from a 40-cm-high seat in the
stand-up test, the prevalence of 25-question GLFS score
>7 in women was significantly higher than that in men
(p <0.05).

Table 3 shows the results of logistic regression analysis
using immobility described by slow FTSST time or slow
walking speed as the objective factor and the presence or
absence of new indices in stage 1 for a decline in mobil-
ity as explanatory factors, after adjusting for age (41 year),
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sex (men = 0; women = 1), BMI (+1 kg/mz), and regional
difference (mountainous area = 0; coastal area = 1). The
analysis revealed that all three indices in stage 1 indepen-
dently predicted immobility described by both slow FTSST
time and slow walking speed.

Table 4 shows the association between accumulation of
the indices in stage 1 and decline in mobility described by
slow FTSST time or slow walking speed, after adjusting for
age (41 year), sex (men = 0; women = 1), BMI (+1 kg/
m?), and regional difference (mountainous area 0;

Table 4 Effect of accumulation of indices (stage 1) for decline in
mobility

No. of indices OR (95 % CI) p value
Five-times-sit-to-stand test time >12 s
0 = reference 1.0 -
1 2.19 (0.98-4.87) 0.055
2 2.90 (1.30-6.47) 0.009
3 11.59 (5.18-25.93) <0.001
Walking speed <0.8 m/s
0 = reference 1.0 -
1 5.73 (1.71-19.16) 0.005
2 9.82 (2.96-32.52) <0.001
3 32.21 (9.64-107.7) <0.001

After adjusting for age, sex, body mass index, and regional difference

CI confidence interval, OR odds ratio

Table 5 Prevalence of indices in the locomotive syndrome risk test
(stage 2): two-step test score <l.1, difficulty with standing from
20-cm-high seat using both legs in the stand-up test, and 25-question

coastal area = 1). The analysis revealed that accord-
ing to an increasing number of indices, the odds ratio of
both slow FTSST time and slow walking speed increased
exponentially.

Next, the prevalence of the indices in stage 2 and
their association with decline in mobility described by a
slow FTSST time and slow walking speed were assessed
(Table 5). Overall, the prevalence of two-step test score
<1.1, difficulty with standing from a 20-cm-high seat using
both legs in the stand-up test, and 25-question GLFS score
>16 were 21.1, 7.9, and 10.6 %, respectively.

Prevalence of two-step test score <1.1 in subjects aged
in their 30s and younger, 40s, 50s, 60s, 70s, and 80 years
and older were 0.0, 1.6, 3.3, 11.3, 28.4, and 65.8 %,
respectively, indicating that the prevalence was less
than 5 % in those aged in their 50s and younger, around
10 % in those aged in their 60s, but more than 50 % in
those aged 80 years and older. Prevalence of subjects
who could not stand from a 20-cm-high seat using both
legs who were aged in their 30 s and younger, 40s, 50s,
60s, 70s, and 80 years and older were 0.0, 0.8, 0.7, 5.0,
9.9, and 25.1 %, respectively, indicating that the preva-
lence was less than 5 % in those aged in their 60s and
younger, around 10 % in those aged in their 70s, but
dramatically increased in those aged 80 years and older.
Prevalence of 25-question GLFS score >16 in partici-
pants aged in their 30s and younger, 40s, 50s, 60s, 70s,
and 80 years and older were 0.0, 1.7, 3.3, 5.0, 12.9, and

geriatric locomotive function scale (GLFS) score >16 in participants
classified by age and sex

Age strata Age, mean (SD) Two-step test Difficulty with standing 25-question GLFS
(years) years score <1.1 (%) from 20-cm-high seat (%) score >16 (%)
Men

<40 32.8 (4.8) 0.0 0.0 0.0

40-49 447 (3.1) 2.6 2.6 0.0

50-59 55.2(2.5) 3.7 0.0 1.2

60-69 64.3 (2.7) 8.8 3.7 6.0

70-79 74.3 (2.8) 23.9 2.9 8.1

>80 83.8 (3.1) 58.2 16.5 27.5

Total 66.2 (13.7) 20.1 4.9 9.0
Women

<40 344 (4.8) 0.0 0.0 0.0

4049 449 (2.9) 1.2 0.0 2.4

50-59 54.7 (2.9) 3.1 1.0 4.2

60-69 64.7 (2.9) 12.4 5.5 4.6

70-79 74.3 (2.9) 304 13.1 15.1

>80 83.1 (3.0) 71.1 31.3 394

Total 65.3 (12.6) 21.6 9.4 11.4

* Significantly different (p < 0.01) from values of men
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Table 6 Effect of presence of indices in the locomotive syndrome risk test (stage 2) for decline in mobility described by slow five-times-sit-to-

stand test (FTSST) time and slow walking speed

Indices for decline in mobility Reference OR (95 % CI) p value
FTSST time >12 s
Two-step test score <1.1 Yes vs. no 3.03 (1.97-4.66) <0.001
Difficulty with standing from 20-cm-high seat % Yes vs. no 5.87 (3.48-9.89) <0.001
25-question GLFS score >16 Yes vs. no 2.83 (1.77-4.54) <0.001
Walking speed <0.8 m/s
Two-step test score <1.1 Yes vs. no 4.19 (2.75-6.39) <0.001
Difficulty with standing from 20-cm-high seat % Yes vs. no 3.40 (1.99-5.82) <0.001
25-question GLFS score >16 Yes vs. no 3.49 (2.15-5.65) <0.001

After adjusting for age, sex, body mass index, and regional difference. Presence or absence of indices for stage 2 also was mutually adjusted

CI confidence interval, GLFS geriatric locomotive function scale, OR odds ratio

34.4 %, respectively, indicating that the overall preva-
lence increased according to age; the prevalence was
less than 5 % in subjects aged in their 60s and younger,
around 10 % in those aged in their 70s, but dramatically
increased in those aged 80 years and older. Regarding the
sex difference of the indices in stage 2, although there
were no significant differences between men and women
with regard to two-step test score <1.1 and 25-question
GLFS score >16, the prevalence of difficulty with stand-
ing from a 20-cm-high seat using both legs in the stand-
up test in women was significantly higher than that in men
(p <0.01).

Table 6 shows the results of logistic regression analysis
using immobility described by a slow FTSST time or slow
walking speed as the objective factor and the presence or
absence of new indices in stage 2 for decline in mobility
as explanatory factors, after adjusting for age (+1 year),
sex (men = 0; women = 1), BMI (41 kg/mz), and regional
difference (mountainous area = 0; coastal area = 1). The
analysis revealed that all three indices in stage 2 inde-
pendently predicted immobility described by both a slow
FTSST time and slow walking speed. The odds ratios of all
indices in stage 2 for slow FTSST time and slow walking
speed were greater than those of all indices in stage 1.

Table 7 shows the association between accumulation
of the indices in stage 2 and decline in mobility described
by slow FTSST time or slow walking speed, after adjust-
ing for age (+1 year), sex (men = 0; women = 1), BMI
(+1 kg/mz), and regional difference (mountainous
area = 0; coastal area = 1). The analysis revealed that
according to an increasing number of indices, the odds
ratio of both slow FTSST time and slow walking speed
increased exponentially. The odds ratios of accumulation
of the indices in stage 2 for slow FTSST time and slow
walking speed were greater than those of accumulation of
the indices in stage 1.
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Table 7 Effect of accumulation of new indices (stage 2) for decline
in mobility

No. of new indices OR (95 % CI) p value
Five-times-sit-to-stand test time >12 s
0 = reference 1.0 -
1 2.99 (1.85-4.84) <0.001
2 12.35 (7.08-21.54) <0.001
3 46.87 (19.37-113.45) <0.001
Walking speed <0.8 m/s
0 = reference 1.0 -
1 3.50 (2.19-5.59) <0.001
2 12.52 (7.08-22.13) <0.001
3 61.93 (24.92-153.87) <0.001

After adjusting for age, sex, body mass index, and regional difference

CI confidence interval, OR odds ratio

Discussion

In the present study, we clarified the associations of three
new indices for immobility, including the two-step test,
stand-up test, and 25-question GLFS, represented by slow
FTSST time and slow walking speed. We first tested the
associations among the three indices by using the clinical
decision limits for locomotive syndrome risk test stage 1.
Next, we tested the three indices in stage 2. We clarified the
age and sex distributions of the prevalence of these three
indices and found that the three indices in both stages 1
and 2 significantly and independently predicted a decline
in mobility and that the accumulation of such indices
increased the risk of immobility exponentially.

First, we used both FTSST time and 6-m walking speed
as outcome measures of immobility. As mentioned in
“Methods”, these two indices are both regarded as predic-
tors for morbidity and disability [10-12, 16]. In the ROAD
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study, we reported that the longer the standing time, the
higher the incidence of disability [13] and that slow walk-
ing speed was also a predictor for the occurrence of dis-
ability [13]. Although we could not clarify the direct
associations between these new indices and occurrence of
disability because this study design was cross-sectional,
these surrogate indices could help predict disability in the
near future. Therefore, if we could clarify the significant
associations between these new indices and FTSST time
and 6-m walking speed, we might clarify the ability to pre-
dict disability indirectly. Based on this hypothesis, we used
cutoff values of 12 s for FTSST time [13] and 0.8 m/s for
6-m walking speed [16].

The two-step test was developed to assess walking abil-
ity, including muscle strength, balance, and flexibility of
the lower limbs. This test was first developed by Muranaga
and Hirano in 2003 [3, 8]. They compared two-step test
scores of 108 healthy volunteers (38 men, 70 women; mean
age 59.0 years) with those of 108 hospital outpatients (56
men, 52 women; mean age 60.3 years) and found that the
two-step test score was significantly associated with the
risk of falling and degree of independence in daily life [7].
In the present study, we clarified mean two-step test scores
in participants classified by age and sex and found mean
scores of 2.07 in men and 1.87 in women. Scores of men
were significantly higher than those of women, and age
differences indicated that scores were significantly lower
according to age in both men and women. These age and
sex tendencies are consistent with those reported in a previ-
ous study [3].

Regarding the prevalence of the indices in locomo-
tive syndrome risk test stages 1 and 2, we found that all
prevalences increased with age. However, the distribution
of each index seemed to differ. In stage 1, the prevalence
was highest for a two-step test score <1.3, followed by dif-
ficulty with one-leg standing from a 40-cm-high seat in the
stand-up test and 25-question GLFS score >7. By contrast,
in stage 2, the prevalence also was highest for a two-step
test score <1.1, but the prevalence of a 25-question GLFS
score >16 was higher than that of difficulty with standing
from a 20-cm-high seat using both legs in the stand-up test.
The different age distributions of these three indices in both
stages 1 and 2 might be conducive to their mutually inde-
pendent associations with immobility. Our result that these
three indices in both stages 1 and 2 independently predicted
immobility shows that all three are important for predicting
immobility. Furthermore, because these indices indepen-
dently predicted immobility, risk severity may be classi-
fied by a positive number of indices present. In fact, in our
study, accumulation of indices increased the risk of immo-
bility exponentially, especially accumulation of indices in
stage 2, which suggests the possibility of categorizing the
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severity of risk for immobility, such as 0, normal; 1, mild,;
2, moderate; 3, severe.

With regard to the 25-question GLFS, there might be
some concern that it is too cumbersome for older people to
answer 25 questions. Seichi et al. also proposed a short ver-
sion of the test using only five questions with a cutoff score
of >6, on behalf of a 25-question GLFS score >16. They
selected five questions from the 25-question GLFS using
the Akaike information criterion (AIC) [17-19]. They
determined that a cutoff score of 6 had the lowest AIC
value, representing the model with the best fit, and finally
concluded that the five-question GLFS can be applied as
a rapid self-check tool for locomotive syndrome [4]. We
compared the results of 1535 individuals who completed
both the 25-question GLFS and five-question GLFS. Sup-
plementary Table 1 shows that these two indices (five-ques-
tion GLFS and 25-question GLFS) have a strong associa-
tion (sensitivity 0.859; specificity 0.985). This result shows
the possibility of using the five-question GLFS instead of
the 25-question GLFS as a rapid-check tool for the predic-
tion of immobility.

There are several limitations in the present study. First,
as mentioned above, our study assessed the usefulness of
three indices in locomotive syndrome risk test stages 1 and
2 for predicting immobility using FTSST time and walking
speed as outcome variables. Although there has been sig-
nificant evidence regarding these outcome measures, such
as slow FTSST time and slow walking speed, and disabil-
ity [8, 10-13, 16], including our report, the direct associa-
tions of these new indices and occurrence of disability are
unclear. The proposal of these new indices was published
in 2013 [3], so there was not enough time to observe future
occurrence of disability in our cohort. Therefore, we should
continue to observe our cohort and assess the ability of such
indices to predict disability directly. Second, although the
ROAD study includes a large number of participants, these
participants do not truly represent the general population,
since the subjects in the present study were recruited from
only two areas. However, we have already confirmed the
representativeness of the participants of the ROAD base-
line study to the Japanese population by comparing anthro-
pometric measurements and frequencies of smoking and
alcohol consumption between participants and the general
Japanese population [5]. Values for the general population
were obtained from the 2005 National Health and Nutrition
Survey conducted by the Ministry of Health, Labour and
Welfare in Japan [20]. Regarding anthropometric measure-
ments, we found no significant differences between our par-
ticipants and the total Japanese population, except that men
participants aged 70-74 years in the ROAD study were sig-
nificantly smaller in terms of body structure than the over-
all population (p < 0.05). In addition, proportions of current
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smokers and current drinkers were significantly higher in
the general Japanese population than in the study popula-
tion [5], suggesting that participants of the ROAD study
have healthier lifestyles than the general population. This
“healthy” selection bias should be taken into consideration
when using reference values obtained in the ROAD study.

In conclusion, we have assessed whether the proposed
clinical decision limits of the indices in locomotive syn-
drome risk test stages 1 and 2 could predict immobility
represented by a slow FTSST time and slow walking speed
using data from a population-based cohort of the third sur-
vey of the ROAD study. We found that all the indices in the
locomotive syndrome risk test—the two-step test, stand-up
test, and 25-question GLFS—could significantly and inde-
pendently predict a decline in mobility and that the accu-
mulation of such indices increased the risk of immobility
exponentially.
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Objective: Although hip osteoarthritis (OA) is a major cause of hip pain and disability in elderly people,
few epidemiologic studies have been performed. We investigated the prevalence of radiographic hip OA
and its association with hip pain in Japanese men and women using a large-scale population of a
nationwide cohort study, Research on Osteoarthritis/osteoporosis Against Disability (ROAD).
Methods: From the baseline survey of the ROAD study, 2975 participants (1043 men and 1932
women), aged 23—94 years (mean 70.2 years), living in urban, mountainous, and coastal communities
were analyzed. The radiographic severity at both hips was determined by the Kellgren/Lawrence (K/L)
grading system. Radiographic hip OA was defined as K/L > 2, and severe radiographic hip OA as
K/L > 3.
Results: The crude prevalence of radiographic hip OA was 18.2% and 14.3% in men and women,
respectively, that of severe radiographic hip OA was 1.34% and 2.54%, and that of symptomatic K/L > 2 OA
was 0.29% and 0.99%, respectively. The crude prevalence of hip OA, including severe OA, was not age-
dependent in men or women. Male sex was a risk factor for radiographic hip OA, whereas female sex
was a risk factor for severe radiographic hip OA and hip pain. Compared with K/L = 0/1, hip pain was
significantly associated with K/L > 3, but not with K/L = 2.
Conclusion: The present cross-sectional study revealed the prevalence of radiographic hip OA and severe
hip OA in Japanese men and women. Hip pain was strongly associated with K/L > 3.

© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

previous population-based epidemiologic studies"* . This may be
due to limitations in sample size or variability in age, ethnicity, and

Hip osteoarthritis (OA) is a major public health issue causing
chronic disability of elderly people in most developed countries"?.
Despite the urgent need for strategies to prevent and treat this
condition, epidemiologic data on hip OA are sparse. The reported
prevalence of radiographic hip OA differs considerably among

* Address correspondence and reprint requests to: S. Muraki, Department of
Clinical Motor System Medicine, 22nd Century Medical & Research Center, Faculty
of Medicine, The University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8655,
Japan. Tel: 81-3-5800-9178; Fax: 81-3-5800-9179.

E-mail address: murakis-ort@h.u-tokyo.ac.jp (S. Muraki).

http://dx.doi.org/10.1016/j.joca.2015.07.017

radiologic acquisition. In particular, previous studies suggested that
the prevalence of OA at other sites, such as the knee, differed among
races. In addition, anthropometric measurements and environ-
mental situations vary substantially in different countries. Thus
findings in Caucasians cannot be applied to different ethnic groups.
In Japan, our previous study in 1998 was the only population-based
study to examine the prevalence of hip OA. With the aging popu-
lation, there have been dramatic changes in number of elderly
people; this aging may have affected the prevalence of hip OA. To
the best of our knowledge, no population-based cohort studies for
hip OA have been performed in Japan since our previous study.

1063-4584/© 2015 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Hip pain is the principal clinical symptom of hip OA’, but the
reported prevalence of hip pain and symptomatic hip OA also
differs among previous population-based epidemiologic stud-
ies"> %, In addition the impact of hip OA on pain remains
controversial.

With the goal of establishing epidemiologic indices to evaluate
clinical evidence for the development of disease-modifying treat-
ment, we set up a large-scale nationwide cohort study for bone and
joint disease called ROAD (Research on Osteoarthritis/osteoporosis
Against Disability) in 2005. We have to date created a baseline
database with detailed clinical and genetic information on three
population-based cohorts in urban, mountainous, and coastal
communities of Japan.

The objective of this study was to examine the prevalence of
radiographic hip OA as well as hip pain and symptomatic hip OA by
gender and age strata in Japanese men and women in a large-scale,
population-based cohort from the ROAD study. We also examined
the association of the severity of hip OA with the presence of hip
pain.

Subjects and methods

The ROAD study is a nationwide prospective study of bone and
joint diseases (with osteoarthritis and osteoporosis as the
representative bone and joint diseases) constituting population-
based cohorts established in several communities in Japan. As a
detailed profile of the ROAD study has already been described
elsewhere'® '? a brief summary is provided here. From 2005 to
2007, we created a baseline database that included clinical and
genetic information for 3040 inhabitants (1061 men, 1979
women) in the age range of 23—95 years (mean 70.6 years),
recruited from listings of resident registrations in three commu-
nities: an urban region in Itabashi, Tokyo, with a population of
529,400/32 km? with 0.1, 25, and 75% of jobs in the primary in-
dustry (agriculture, forestry, fishing, and mining), the secondary
industry (manufacturing and construction), and the tertiary in-
dustry (service industry), respectively, and residents >65 years
constituted 19.1% of the population; a mountainous region in
Hidakagawa, Wakayama, with a population of 11,300/330 km?
with 29, 24, and 47% of jobs in the three industries above, and
30.5% were >65 years; and a coastal region in Taiji, Wakayama,
with a population of 3500/6 km? with 13, 18, and 69% of jobs in
the three industries, and those >65 years accounted for 34.9% of
the total. Participants in the urban region were recruited from a
cohort study'® in which the participants were randomly drawn
from the Itabashi-ward residents register database, and the
response rate in the age groups of >60 years was 75.6%. Partici-
pants in the mountainous and coastal regions were recruited
from listings of resident registration and the response rates in the
age group of >40 years were 57.3% and 33.1%, respectively.
However, those inhabitants aged <60 years in the urban region
and <40 years in the mountainous and coastal regions who were
interested in participating in the study were invited to be
examined. The inclusion criteria, apart from residence in the
communities mentioned above, were the ability to walk to the
survey site, report data, and understand and sign an informed
consent form. All participants provided written informed consent,
and the study was conducted with the approval of the ethics
committees of the University of Tokyo and the Tokyo Metropol-
itan Geriatric Medical Center.

Participants completed an interviewer-administered question-
naire of 400 items that included lifestyle information such as
smoking habits, alcohol consumption, family history, medical
history, and previous hip injury history. Anthropometric mea-
surements included height and weight, from which the body mass

index (BMI) (weight [kg]/height [m?]) was calculated. Further-
more, all participants were interviewed by well-experienced or-
thopedists regarding pain in both hips, who asked “Have you
experienced right hip pain on most days in the past month, in
addition to now?” and “Have you experienced left hip pain on
most days in the past month, in addition to now?” Subjects who
answered “yes” were defined as having hip pain. We defined an
individual as having hip pain if at least one of the hip joints was
affected.

Radiographic assessment

All participants underwent radiographic examination of both
hips using an anteroposterior view with weight-bearing and feet
internally rotated. Fluoroscopic guidance with a horizontal ante-
roposterior X-ray beam was used to properly visualize the joint
space. Hip radiographs at baseline were read without knowledge of
the participant's clinical status by a single, well-experienced
orthopedist (TI), and the Kellgren/Lawrence (K/L) grade was
defined using the K/L radiographic atlas for overall hip radiographic
grades'”. In the K/L grading system, radiographs are scored from
grade 0 to grade 4, with higher grades being associated with more
severe OA. To evaluate intraobserver variability of K/L grading, 100
randomly selected radiographs of the hip were scored by the same
observer more than 1 month after the first reading. One hundred
other radiographs were also scored by two experienced orthopedic
surgeons (TI and SM) using the same atlas for interobserver vari-
ability. The intra- and intervariabilities evaluated for K/L grade
(0—4) were confirmed by kappa analysis to be sufficient for
assessment (x = 0.87 and «k = 0.85, respectively).

Radiographic hip OA was defined as a K/L radiographic severity
grade >2 (i.e., presence of at least probable joint space narrowing
[JSN] in either the superolateral or superomedial hip joint, as well
as presence of an osteophyte) and severe radiographic hip OA was
defined as K/L > 3. We defined an individual as having radiographic
hip OA if at least one of the hip joints was affected. In addition,
symptomatic hip OA was defined as having hip pain with corre-
sponding radiographic OA in the same hip. Prevalence of total
prevalence of hip OA (%) = (total number of subjects who were
diagnosed as radiographic hip OA/total subjects who participated in
the X-ray examination) x 100.

Individuals who had undergone a total hip arthroplasty (THA)
were defined as having severe radiographic hip OA in that joint
(n = 13 subjects; 18 hips). However at the time of analysis of the
association with hip pain, we excluded all subjects who had un-
dergone a THA.

Statistical analysis

0dds ratios (ORs) and 95% confidence intervals (95% Cls) are
provided. Differences of age and BMI between men and women
were examined by non-paired t-test. Differences in age, height,
weight, and BMI among the urban, mountainous, and coastal
communities were determined using one-way analysis of covari-
ance and Tukey's honestly significant difference test. We used the
chi square test to compare the prevalence of radiographic hip OA
between men and women. Association of prevalence with age was
determined by logistic-regression analysis after adjustment for
BMI. Association of the variables such as age, BMI, gender, and
community with radiographic hip OA was evaluated by multivar-
iate logistic-regression analysis. Logistic-regression analyses were
used to estimate OR and the associated 95% Cl of K/L=2 and K/L >3
hip OA for pain compared with K/L = 0/1 after adjustment for age,
BMI, and community. Data analyses were performed using SAS
version 11.0 (SAS Institute Inc., Cary, NC).
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Results
Characteristics of participants

Of the 3040 subjects in the present study, 62 (2.0%) did not
undergo plain radiography, 1 (0.03%) had just experienced bilateral
hip fractures, and 2 (0.07%) could not read; these subjects were
excluded. The remaining 2975 subjects (95.8%) (1043 men and 1932
women), aged 23—94 years (mean 70.2 years), were included in this
study (Table I). Men were significantly older than women in the
overall population and in the urban population. Although the
coastal residents tended to show higher body height and weight
than residents in the other two communities, BMI was comparable
among the three communities.

Prevalence of radiographic hip OA, hip pain, and symptomatic hip
OA

Table 11 shows the prevalence of radiographic hip OA, severe
radiographic hip OA, including unilateral and bilateral hip OA, hip
pain, and symptomatic hip OA in the overall population and sub-
groups classified by gender and community. In the overall popu-
lation, the prevalence of radiographic hip OA was 15.7%, severe
radiographic hip OA was 2.12%, and that of hip pain was 1.86%. The
prevalence of K/L > 2 and K/L > 3 symptomatic hip OA was 0.75%
and 0.64%. The prevalence of radiographic hip OA was significantly
higher in men than in women, but that of severe radiographic hip
OA, hip pain, and symptomatic hip OA was significantly higher in
women than in men. The prevalence of radiographic hip OA and hip
pain were not significantly associated with age in either gender
[Fig. 1]. Table II also shows the prevalence of radiographic hip OA
classified by the regions. In the urban region, the prevalence of K/
L > 2 hip OA was 9.4% in men and 6.0% in women, respectively, and

that of K/L > 3 was 0.89% and 2.13%, respectively. In the moun-
tainous region, the prevalence of K/L > 2 hip OA was 16.4% in men
and 16.1% in women, respectively, and that of K/L > 3 was 0.63% and
2.59%, respectively. In the coastal region, the prevalence of K/L > 2
hip OA was 34.7% in men and 25.4% in women, respectively, and
that of K/L > 3 was 2.89% and 3.11%, respectively. In the urban and
mountainous regions, the prevalence of K/L > 2 hip OA was
significantly higher in men than in women, and in the coastal re-
gion, the prevalence of K/L > 3 hip OA was significantly higher in
women than in men.

Characteristics of participants classified by presence or absence of
hip OA and hip pain

Mean age of subjects with and without radiographic hip OA was
70.4 + 10.4 and 70.2 + 11.2 years, respectively (P = 0.68). Mean age
of subjects with and without severe radiographic hip OA was
72.5 + 9.3 and 70.1 + 11.1 years, respectively (P = 0.05), and that of
subjects with and without hip pain was 67.6 + 13.6 and 70.2 + 11.1
years, respectively (P = 0.16).

Association of radiographic hip OA with hip pain

Table III shows the association of age, BMI, gender, and com-
munity with radiographic hip OA, severe radiographic hip OA, and
hip pain. BMI was classified as normal (18.5 < BMI < 25.0), thin
(BMI < 18.5), obesity (25.0 < BMI < 27.5), and high obesity
(BMI > 27.5). BMI > 27.5, female sex, and community were signif-
icantly associated with radiographic hip OA. Female sex and coastal
community were significantly associated with severe radiographic
hip OA. Only female sex was significantly associated with hip pain.
We then determined independent associated factors using a mul-
tiple logistic regression analysis that included the above significant

Table I
Characteristics of participants
Men Women
Overall Urban Mountainous Coastal Overall Urban Mountainous Coastal
Number of subjects 1043 449 317 277 1932 845 540 547
Age (years) 71.0 + 10.7 772 +4.2 69.5 + 9.11 62.6 + 13.21 69.8 + 11.3* 76.3 + 5.0* 68.6 + 10.41 60.8 + 12.51
Height (cm) 162.5 + 6.7 161.3 £5.9 161.3 + 6.9 165.8 + 6.8 149.8 + 6.5 148.6 + 5.6* 148.2 + 6.7* 153.2 + 6.2%,
Weight (kg) 61.3 + 10.0 60.1 + 8.7 60.0 + 10.2 64.8 + 11.0+ 51.5 + 8.6* 50.7 + 8.4* 50.5 + 8.6* 53.5 + 8.8%,1
BMI (kg/m?) 232 +31 23.1+29 23.0+3.0 235+34 229 + 3.5% 23.0+35 23.0+33 22.8 + 3.6*
Data are means + SD.
BMI, body mass index.
* P < 0.05 vs men in the corresponding group by non-paired t-test.
T P < 0.05 vs urban residents in the corresponding group by Tukey's honestly significant difference test.
Table II
Number (percentage) of participants with radiographic hip osteoarthritis, hip pain, and their combination
Total (n = 2975) Men (n = 1043) Women (n = 1932)
Overall Urban Mountainous Coastal Overall Urban Mountainous Coastal
K/L > 2 hip OA
Total 467 (15.7) 190 (18.2) 42 (9.4) 52 (16.4) 96 (34.7) 277 (14.3)* 51 (6.0)* 87 (16.1) 139 (25.4)*
Unilateral 278 (9.3) 103 (9.9) 29 (6.5) 30(9.5) 44 (15.9) 175 (9.1) 36 (4.3) 55(10.2) 84 (15.4)
Bilateral 189 (6.4) 87 (8.4) 13 (2.9) 22 (7.1) 52 (19.0) 102 (5.3)* 15(1.8) 32 (6.0) 55 (10.1)*
K/L > 3 hip OA
Total 63 (2.12) 14 (1.34) 4(0.89) 2 (0.63) 8 (2.89) 49 (2.54)* 18 (2.13) 14 (2.59)* 17 (3.11)
Unilateral 37 (1.24) 7 (0.67) 2 (0.45) 1(0.32) 4(1.44) 30 (1.55) 13 (1.54) 10 (1.85) 7 (1.28)
Bilateral 26 (0.88) 7 (0.68) 2 (0.45) 1(0.32) 4 (1.46) 19 (0.99) 5 (0.60) 4(0.75) 10 (1.84)
Hip pain 55 (1.86) 6 (0.58) 3(0.68) 0 3(1.08) 49 (2.56)* 23 (2.77)* 11 (2.05)* 15 (2.75)
Symptomatic hip OA
K/L>2 22 (0.75) 3(0.29) 1(0.23) 0 2(0.72) 19 (0.99)* 8 (0.96) 5(0.93) 6 (1.10)
K/L>3 19 (0.64) 2 (0.20) 1(0.23) 0 1(0.36) 17 (0.89)* 6(0.72) 5(0.93) 6(1.10)

" P < 0.05 vs men in the corresponding group by chi-squared test.
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Fig. 1. (A) Prevalence (percentage) of subjects with radiographic hip osteoarthritis in each age stratum (<50, 50—59, 60—69, 70—79, >80). (B) Prevalence (percentage) of subjects

overall with hip pain in each age stratum.

factors in the univariate model. The results were similar to the
crude odds ratios.

When we considered hip pain in 5891 hips, we evaluated the
association between K/L grade and hip pain in the designated hip.
Figure 2 shows the percentage of subjects with hip pain in sub-
groups classified by radiographic hip OA severity: K/L = 0/1, K/L =2,
and K/L > 3. In the overall population, the percentage of K/L = 0/1
was 0.75% (0.17% in men and 1.05% in women, respectively), that of
K/L = 2 was 0.71% (0.78% and 0.64%, respectively), and that of K/
L > 3 was 36.2% (11.1% and 45.1%, respectively). In the urban
community, the percentage of K/L = 0/1 was 0.79% (0.24% in men
and 1.07% in women, respectively), that of K/L = 2 was 2.17% (0%
and 4.65%, respectively), and that of K/L > 3 was 42.1% (25.0% and
46.7%, respectively). In the mountainous community, the percent-
age of K/L = 0/1 was 0.40% (0% in men and 0.63% in women,
respectively), that of K/L = 2 was 0%, and that of K/L > 3 was 33.3%
(0% and 40.0%, respectively). In the coastal community, the per-
centage of K/L = 0/1 was 1.08% (0.25% in men and 1.45% in women,
respectively), that of K/L = 2 was 0.66% (1.47% and 0%, respectively),
and that of K/L > 3 was 34.4% (9.1% and 47.6%, respectively).
Although the percentage with pain was positively correlated with
radiographic severity, the difference between K/L = 2 and K/L > 3
appeared to be greater than that between K/L = 0/1 and K/L = 2 in
the overall population and all communities. Compared with K/
L =0/1, the OR of K/L > 3 hip OA for hip pain was high, whereas that
of K/L = 2 was not significantly associated with hip pain, even after
adjustment for age, BMI, and community (Table 1V).

Discussion

This is the first large-scale, population-based study to examine
the prevalence of radiographic hip OA in Japanese men and women.
We found that 15.7% of subjects had radiographic hip OA, 2.12% of
subjects had severe radiographic hip OA, and 0.75% of subjects had
symptomatic hip OA in at least one hip. We also examined the
relation between the prevalence of radiographic hip OA, sex, and
age. The present study showed factors associated with hip OA and
the association of hip OA with hip pain.

Few studies have examined the prevalence of radiographic hip
OA in Japan®'°. In 2000, Inoue et al. estimated the prevalence of K/
L > 3 hip OA among Japanese aged 20—79 years to be 1.4% in men
and 3.5% in women, but their subjects were patients who under-
went intravenous urography, who may not be representative of a
general Japanese population. To the best of our knowledge, our
previous study was the only population-based study to estimate
the prevalence of hip OA among Japanese subjects; results showed
that the prevalence of Croft grade >3 hip OA was 0% in men and 2%
(95% CI 0.04—4.0) in women aged 60—79 years, but this study was
published in 1998, Because of the increasing number of elderly
subjects in Japan, it is likely that these data have changed since our
previous study. Furthermore, in Japan, previous studies showed
only the prevalence of severe radiographic hip OA, but the preva-
lence of radiographic hip OA (e.g., K/L > 2) was not reported. In the
present study, we examined the prevalence of radiographic hip OA
and severe radiographic hip OA using a large-scale, population-

Table III
Association factor for radiographic hip osteoarthritis and hip pain*
Radiographic hip OA Hip pain
K/L grade >2 K/L grade >3
No. of Crude OR (95%Cl)  Adjust OR (95%Cl) No. of Crude OR (95%Cl)  Adjust OR (95%Cl)  No. of Crude OR (95%Cl)
subjects (%) subjects (%) subjects (%)
Age (+1 years) — 1.00 (0.99-1.01) — - 0.98 (0.95-1.004) — - 1.02 (0.996—1.04)
BMI (kg/m?)
18.5<,<25.0 297 (14.9) Reference Reference 37 (1.86) Reference — 33 (1.66) Reference
<185 28(13.1)  0.86(0.56—1.28)  0.80 (0.51—1.22) 5(2.34) 1.26 (043—2.97) — 5(2.34) 1.42 (0.48—3.36)
25.0<, <27.5 74 (16.3) 1.11 (0.83—1.45) 1.09 (0.81-1.45) 9 (1.98) 1.07 (0.48—2.13) — 12 (2.64) 1.61 (0.79—-3.05)
>275 66 (23.0) 170 (1.25-2.29)  1.83 (1.32—2.51) 10 (3.48) 1.91(0.89-3.73) — 5(1.75) 1.06 (0.36—2.50)
Sex
Men 189 (18.2) Reference Reference 13 (1.25) Reference Reference 6 (0.58) Reference
Women 276 (14.5) 0.76 (0.62—0.93) 0.76 (0.62—0.95) 48 (2.51) 2.03 (1.13-3.92) 2.11 (1.17—-4.09) 49 (2.57) 4.53 (2.09-11.85)
Community
Urban 91 (7.18) Reference Reference 20 (1.58) Reference Reference 26 (2.06) Reference
Mountainous  139(16.2) 251 (1.90-3.32)  3.45 (2.59—4.62) 16 (1.87) 1.19(0.60-2.30)  1.62(0.81-3.19)  11(1.29) 0.62 (0.29-1.23)
Coastal 235(28.6) 5.16(3.99-6.74)  10.08 (7.48—13.68) 25 (3.04) 1.95(1.08—3.58)  3.47(1.78—-6.74)  18(2.19) 1.07 (0.57—1.95)

" Adjusted odds ratios (ORs) were calculated by multiple logistic regression analysis after adjustment for all other variables in addition to regions. We show all variables we
analyzed in the present study. K/L = Kellgren/Lawrence; 95%Cl = 95% confidence interval; BMI = body mass index.
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Fig. 2. Proportion (percentage) of subjects with hip pain in each subgroup classified by
K/L grade in the overall population and communities. The number of subjects in each
subgroup is shown under the bars. K/L, Kellgren/Lawrence.

based study and found that the prevalence of radiographic hip OA
was 18.2% in men and 14.3% in women.

Although strict comparisons may be limited because the defi-
nitions of hip OA differ among studies and interobserver reliability

for categorical methods is not good, the prevalence of hip OA in the
present study is much lower than that seen in studies of Caucasians.
In the Framingham study, the prevalence of K/L > 2 hip OA was
24.7% (95% CI 20.6—28.7) and 13.6% (95%CI 10.7—16.5) in men and
women, respectively®. The Johnston County prevalence study, a
prevalence survey of a rural community in the United States, re-
ported that the prevalence of K/L > 2 hip OA was 27.6% (95%Cl
26.3—28.9) and that of severe radiographic hip OA was 2.5% (95%Cl
2.2—3.0)%; African Americans had a higher prevalence of hip OA
than Caucasians. In the Rotterdam study, the prevalence of K/L > 2
hip OA was 15.0% and that of K/L > 3 hip OA was 4.3%". In contrast,
in a Beijing study, the prevalence of radiographic hip OA was 1.1% in
men and 0.9% in women, which are similar or lower than values in
the present study’. It is thought that the prevalence of hip OA is low
in Asia>”'>1718 and that of severe radiographic hip OA is lower in
Asians than in Caucasians; however, the presence of radiographic
hip OA was not as low in the present study. These findings suggest
that some ethnic factors may affect hip OA.

In the present study, coastal residency was significantly asso-
ciated with radiographic hip OA, including severe radiographic hip
OA, even after adjustment for age and BMI, indicating the
involvement of environmental factors like nutrition or occupation.
Both rural community backgrounds and farming have long been
documented to be risk factors for hip OA. In England and India, rural
male farmers were shown to have a higher risk of hip OA compared
to rural male non-farmers'®?’. The principle industries in the
coastal residency are farming and fishing, which demand physical
activity and repetitive laborious use of the hip joints, which may
partly explain the higher prevalence of hip OA in the coastal region.
We also found that the prevalence of radiographic hip OA was not
associated with age in either gender. In the Copenhagen study, the
prevalence of radiographic hip OA was age-dependent in both
genders”, whereas in the Beijing study, it slightly increased with
age in men, but it did not increase with age in women’. These
findings may also indicate a distinct etiology of hip OA among races.
In addition, we also found that the prevalence of lumbar spondy-
losis (LS) and knee OA was significantly associated with age in the
ROAD study'®?!, which may indicate that the etiology of hip OA
may be different from that of LS and knee OA.

The association of gender with hip OA is controversial. Several
studies in Caucasians showed that radiographic hip OA was more
prevalent in men than in women®??, whereas in the Johnston
County study and Rotterdam study, it was more prevalent in
women than in men"®. Previous studies in Japan showed that hip
OA was significantly more prevalent in women than in men®'. In
the present study, interestingly, radiographic hip OA was more
prevalent in men than in women, whereas, severe radiographic hip
OA was more prevalent in women. In addition, the prevalence of
radiographic hip OA was much higher than that of severe radio-
graphic hip OA in the present study. This may be because a greater
number of subjects in this study had osteophytosis than JSN. We
have reported that osteophytosis of the lumbar spine was more

Table IV
Association of Kellgren/Lawrence grade with hip pain*
Overall Men Women
No. of Crude OR Adjust OR (95%Cl) No. of Crude OR (95%Cl) Adjust OR (95%Cl) No. of Crude OR Adjust OR (95%Cl)
subjects (%) (95%Cl) subjects (%) subjects (%) (95%Cl)
K/L grade
0/1 39(0.75) Reference Reference 3(0.17) Reference Reference 36 (1.05) Reference Reference
2 4(0.71) 0.9 (0.28—2.35) 1.36 (0.40—3.53) 2 (0.78) 4.68 (0.61-28.38) 4.50(0.53—31.15) 2(0.64) 0.6 (0.10—-2.01) 0.79 (0.13—2.68)
>3 25 (37.3) 80 (43.7-141.9) 123.4(62.1-250.5) 2 (11.1) 74.3 (9.33—478.6) 57.3 (6.06—476.9) 23 (46.9) 83 (43.4-160.3) 129.1 (61.7—279.4)

We show all variables we analyzed in the present study. K/L = Kellgren/Lawrence; 95%Cl = 95% confidence interval; BMI = body mass index.
" Adjusted odds ratios (ORs) were calculated by multiple logistic regression analysis after adjustment for age, BMI and communities.
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prevalent in elderly Japanese men in the ROAD study?'. In Japan, it
appears that osteophytosis is more common in men than
women”>?%, However, this may indicate that the etiology of hip OA
may be different from that of LS, because of the prevalence and the
association were different between hip OA and LS. BMI was asso-
ciated with radiographic hip OA, but not with severe radiographic
hip OA in the present study. Several studies have reported that
obesity has a low association with hip OA”'¢, whereas a multi-
institutional study in Japan showed that obesity was a major
cause for hip OA in women”°. The discrepancy regarding the effect
of obesity on hip OA may partly explain the distinct prevalence of
various severities of hip OA%°.

Like the prevalence of severe radiographic hip OA, that of hip
pain and symptomatic hip OA were low in both genders in the
present study compared with previous studies, which showed that
prevalence of hip pain was 7—40%, and that of symptomatic hip OA
was 3—11%"° . The present study also showed that the percent-
age of subjects with hip pain was less than 1% in subjects with K/
L = 0/1 and 2, whereas it was more than 10% in men and more
than 40% in women with K/L > 3 hip OA. Furthermore, the OR of K/
L > 3 hip OA for hip pain was approximately 80 in both genders,
which is much higher that of knee OA for knee pain in our pre-
vious study (K/L > 3, OR 8.55, 95% CI 5.00—14.84 vs K/L = 0/1)'°.
This finding suggests that the prevalence of severe radiographic
hip OA, hip pain, and symptomatic hip OA is low, but the associ-
ation of hip pain with hip OA is much stronger than that for the
knee.

Although the prevalence of radiographic hip OA was much
higher than that of severe radiographic hip OA in the present study,
the prevalence of symptomatic K/L > 2 and K/L > 3 hip OA was very
low, and the difference in prevalence rates was small (0.75% and
0.64%, respectively). This finding indicates that subjects with K/
L = 2 hip OA mostly did not have hip pain. This finding suggests that
JSN, rather than osteophytosis, was associated with hip pain. We
think that it is important to clarify the association of hip OA and hip
pain to examine the prevalence of both K/L > 2 and K/L > 3.

There are several limitations to this study. First, regarding the
selection bias of all participants of the ROAD study, we have already
confirmed that participants of the ROAD study are representative of
the Japanese population after comparison of anthropometric
measurements and frequency of smoking and alcohol drinking
between the participants and the general Japanese population.
Thus, the values for the general population were obtained from the
report on the 2005 National Health and Nutrition Survey conducted
by the Ministry of Health, Labour and Welfare, Japan. No significant
differences were identified between our participants and the total
Japanese population, except that the male participants aged 70—74
years in the ROAD study were significantly smaller in terms of body
structure than the overall Japanese population'?. Unfortunately, we
could not avoid the difference in the selection methods used in the
three areas including the urban area, and both mountainous and
coastal areas, performed during surveys in the ROAD study.
Therefore, although coastal residency was significantly associated
with radiographic hip OA in the present study, this factor might be
affected by selection bias. Second, in the present report, we
described the prevalence of hip OA with no mention of acetabular
dysplasia.

In conclusion, this cross-sectional study using a large-scale
population from the ROAD study clarified the prevalence of radio-
graphic hip OA in Japanese men and women. The prevalence of
radiographic hip OA was significantly higher in men than in
women, but that of severe radiographic hip OA was significantly
higher in women than in men and was not age-dependent in either
gender. In addition, hip pain was strongly associated with K/L > 3
hip OA. Further progress, along with continued longitudinal

surveys of the ROAD study, will elucidate the backgrounds of hip OA
and its relation with hip pain.

Author contributions

All authors have made substantial contributions to all three of
the following sections:

(1) the conception and design of the study, or acquisition of data,
or analysis and interpretation of data;

(2) drafting the article or revising it critically for important
intellectual content; and

(3) final approval of the version to be submitted.

Conlflict of interests
There are no conflicts of interest.

Role of funding source

This work was supported by a Grant-in-Aid for H17-Men-eki-009
(Director, Kozo Nakamura), H20-Choujyu-009 (Director, Noriko
Yoshimura), H23-Choujyu-002 (Director, Toru Akune), H-25-
Choujyu-007 (Director, Noriko Yoshimura), and H25-Nanchitou
(Men)-005 (Director, Sakae Tanaka) of the Ministry of Health, La-
bour and Welfare; and Scientific Research B23390172, B20390182,
and Challenging Exploratory Research 24659317 to Noriko Yoshi-
mura; B23390356, (20591774, and Challenging Exploratory
Research 23659580 to Shigeyuki Muraki; Challenging Exploratory
Research 24659666 and 21659349 and Young Scientists A18689031
to Hiroyuki Oka; B23390357 and C20591737 to Toru Akune; and
Collaborating Research with NSF 08033011-00262 (Director, Noriko
Yoshimura) from the Ministry of Education, Culture, Sports, Science
and Technology in Japan. This study also was supported by grants
from the Japan Osteoporosis Society (2006-1) (Noriko Yoshimura,
Shigeyuki Muraki, Hiroyuki Oka, and Toru Akune), and research aid
from the Japanese Orthopaedic Association (2010-2) (JOA-Subsi-
dized Science Project Research 2006-1 & 2010-2; Director, Hiroshi
Kawaguchi).

Acknowledgments

The authors wish to thank Dr Takako Nojiri and Mr Kazuhiro
Hatanaka of the Gobo Public Health Centre; Dr Naoki Hirabayashi of
the Kawakami Clinic in Hidakagawa Town; Mrs Tomoko Takijiri,
Mrs Rie Takiguchi, Mrs Kyoko Maeda, and other members of the
public office in Hidakagawa Town; Dr Shinji Matsuda of the Shingu
Public Health Centre; and Mrs Tamako Tsutsumi, Mrs Kanami
Maeda, Mrs Megumi Takino, Mrs Shuko Okada, Mrs Kazuyo Setoh,
Mrs Chise Ryouno, Mrs Miki Shimosaki, Mrs Chika Yamaguchi,
Mrs Yuki Shimoji, and other members of the public office in Taiji
Town for their assistance in locating and scheduling participants for
examinations. We also thank Ms Kyoko Yoshimura, Mrs Toki
Sakurai, Mrs Saeko Sahara, and Mr Noriyuki Oe for their assistance
in data reduction and administration.

References

1. Odding E, Valkenburg HA, Algra D, Vandenouweland FA,
Grobbee DE, Hofman A. Associations of radiological osteoar-
thritis of the hip and knee with locomotor disability in the
Rotterdam Study. Ann Rheum Dis 1998;57:203—8.

2. Lane NE, Nevitt MC, Hochberg MC, Hung YY, Palermo L. Pro-
gression of radiographic hip osteoarthritis over eight years in a
community sample of elderly white women. Arthritis Rheum
2004;50:1477—-86.

214


http://refhub.elsevier.com/S1063-4584(15)01260-1/sref1
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref1
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref1
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref1
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref1
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref2
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref2
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref2
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref2
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref2

10.

11.

12.

13.

. Yoshimura N, Campbell

T lidaka et al. / Osteoarthritis and Cartilage 24 (2016) 117—123

L, Hashimoto T, Kinoshita T,
Okayasu T, Wilman C, et al. Acetabular dysplasia and hip
osteoarthritis in Britain and Japan. Br ] Rheumatol 1998;37:
1193-7.

. Jacobsen S, Sonne-Holm S, Sgballe K, Gebuhr P, Lund B.

Radiographic case definitions and prevalence of osteoarthrosis
of the hip: a survey of 4151 subjects in the Osteoarthritis
Substudy of the Copenhagen City Heart Study. Acta Orthop
Scand 2004;75:713—20.

. Reijman M, Hazes JM, Pols HA, Bernsen RM, Koes BW, Bierma-

Zeinstra SM. Validity and reliability of three definitions of hip
osteoarthritis: cross sectional and longitudinal approach. Ann
Rheum Dis 2004;63:1427—33.

. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD,

Woodard J, et al. Prevalence of hip symptoms and radiographic
and symptomatic hip osteoarthritis in African Americans and
Caucasians: the Johnston County Osteoarthritis Project.
J Rheumatol 2009;36:809—15.

. Nevitt MC, Xu L, Zhang Y, Lui LY, Yu W, Lane NE, et al. Very low

prevalence of hip osteoarthritis among Chinese elderly in
Beijing, China, compared with whites in the United States: the
Beijing Osteoarthritis Study. Arthritis Rheum 2002;46:1773-9.

. Kim C, Linsenmeyer KD, Vlad SC, Guermazi A, Clancy MM, Niu J,

et al. Prevalence of radiographic and symptomatic hip osteo-
arthritis in an urban United States community: the Framingham
osteoarthritis study. Arthritis Rheumatol 2014;66:3013—7.

. van Dijk GM, Dekker ], Veenhof C, van den Ende CH, Carpa

Study Group. Course of functional status and pain in osteoar-
thritis of the hip or knee: a systematic review of the literature.
Arthritis Rheum 2006;55:779—85.

Muraki S, Oka H, Akune T, Mabuchi A, En-yo Y, Yoshida M,
et al. Prevalence of radiographic knee osteoarthritis and its
association with knee pain in the elderly of Japanese
population-based cohorts: the ROAD study. Osteoarthritis
Cartilage 2009;17:1137—43.

Yoshimura N, Muraki S, Oka H, Mabuchi A, En-yo Y, Yoshida M,
et al. Prevalence of knee osteoarthritis, lumbar spondylosis and
osteoporosis in Japanese men and women: the research on
osteoarthritis/osteoporosis against disability study. ] Bone Min
Metab 2009;27:620-8.

Yoshimura N, Muraki S, Oka H, Kawaguchi H, Nakamura K,
Akune T. Cohort profile: research on Osteoarthritis/osteopo-
rosis Against Disability (ROAD) study. Int ] Epidemiol 2010;39:
988—95.

Shimada H, Lord SR, Yoshida H, Kim H, Suzuki T. Predictors of
cessation of regular leisure-time physical activity in

215

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

123

community-dwelling elderly people. Gerontology 2007;53:
293-7.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 1957;16:494—502.

Inoue K, Wicart P, Kawasaki T, Huang ], Ushiyama T, Hukuda S,
et al. Prevalence of hip osteoarthritis and acetabular dysplasia
in French and Japanese adults. Rheumatology (Oxford)
2000;39:745-8.

Croft P, Cooper C, Wickham C, Coggon D. Defining osteoar-
thritis of the hip for epidemiologic studies. Am ] Epidemiol
1990;132:514—-22.

Lau EM, Lin F, Lam D, Silman A, Croft P. Hip osteoarthritis and
dysplasia in Chinese men. Ann Rheum Dis 1995;54:965—9.
Felson DT, Zhang Y. An update on the epidemiology of knee
and hip osteoarthritis with a view to prevention. Arthritis
Rheum 1998;41:1343—55.

Croft P, Coggon D, Cruddas M, Cooper C. Osteoarthritis of the
hip: an occupational disease in farmers. BM] 1992;304:
1269-72.

Thelin A, Holmberg S. Hip osteoarthritis in a rural male pop-
ulation: a prospective population-based register study. Am ]
Ind Med 2007;50:604—7.

Muraki S, Oka H, Akune T, Mabuchi A, En-yo Y, Yoshida M,
et al. Prevalence of radiographic lumbar spondylosis and its
association with low back pain in elderly subjects of
population-based cohorts: the ROAD study. Ann Rheum Dis
2009;68:1401—6.

Jacobsen S, Sonne-Holm S, Sgballe K, Gebuhr P, Lund B. Hip
dysplasia and osteoarthrosis: a survey of 4151 subjects from
the Osteoarthrosis Substudy of the Copenhagen City Heart
Study. Acta Orthop 2005;76:149—58.

O'Neill TW, McCloskey EV, Kanis JA, Bhalla AK, Reeve ],
Reid DM, et al. The distribution, determinants, and clinical
correlates of vertebral osteophytosis: a population based sur-
vey. ] Rheumatol 1999;26:842—8.

Yoshimura N, Dennison E, Wilman C, Hashimoto T, Cooper C.
Epidemiology of chronic disc degeneration and osteoarthritis
of the lumbar spine in Britain and Japan: a comparative study.
J Rheumatol 2000;27:429—33.

Jingushi S, Ohfuji S, Sofue M, Hirota Y, ltoman M, Matsumoto T,
et al. Multiinstitutional epidemiological study regarding oste-
oarthritis of the hip in Japan. ] Orthop Sci 2010;15:626—31.
Cooper C, Inskip H, Croft P, Campbell L, Smith G, McLaren M,
et al. Individual risk factors for hip osteoarthritis: obesity, hip
injury, and physical activity. Am ] Epidemiol 1998;147:
516—22.


http://refhub.elsevier.com/S1063-4584(15)01260-1/sref3
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref3
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref3
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref3
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref3
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref4
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref4
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref4
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref4
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref4
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref4
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref4
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref5
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref5
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref5
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref5
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref5
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref6
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref6
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref6
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref6
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref6
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref6
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref7
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref7
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref7
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref7
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref7
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref8
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref8
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref8
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref8
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref8
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref9
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref9
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref9
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref9
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref9
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref10
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref10
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref10
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref10
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref10
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref10
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref11
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref11
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref11
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref11
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref11
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref11
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref12
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref12
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref12
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref12
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref12
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref13
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref13
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref13
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref13
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref13
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref14
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref14
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref14
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref15
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref15
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref15
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref15
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref15
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref16
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref16
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref16
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref16
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref17
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref17
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref17
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref18
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref18
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref18
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref18
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref19
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref19
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref19
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref19
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref20
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref20
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref20
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref20
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref21
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref21
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref21
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref21
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref21
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref21
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref22
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref22
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref22
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref22
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref22
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref22
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref23
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref23
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref23
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref23
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref23
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref24
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref24
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref24
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref24
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref24
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref25
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref25
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref25
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref25
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref26
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref26
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref26
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref26
http://refhub.elsevier.com/S1063-4584(15)01260-1/sref26




Spine

SPINE Volume 40, Number 23, pp 1807-1815
© 2015 Wolters Kluwer Health, Inc. All rights reserved

CERVICAL SPINE

Efficacy of Posterior Segmental Decompression
Surgery for Pincer Mechanism in Cervical
Spondylotic Myelopathy: A Retrospective Case-
controlled Study Using Propensity Score Matching

Akihito Minamide, MD, PhD,” Munehito Yoshida, MD, PhD,* Hiroshi Yamada, MD, PhD,*
Hiroshi Hashizume, MD, PhD,” Yukihiro Nakagawa, MD, PhD," Hideto Nishi, MD, PhD,*
Hiroshi Iwasaki, MD, PhD," Shunji Tsutsui, MD, PhD," Otohiro Okada, MD, PhD,*

Sae Okada, MD,* and Hiroyuki Oka, MD, PhD'

Study Design. Retrospective case-controlled study using pro-
pensity score matching.

Objective. We aimed to evaluate the efficacy of cervical
microendoscopic laminoplasty (CMEL) of the articular segment
in patients with cervical spondylotic myelopathy (CSM) by
comparing the clinical results of CMEL with conventional
expansive laminoplasty (ELAP) for CSM.

Summary of Background Data. A total of 259 patients
undergoing CMEL or ELAP surgery for CSM at authors’ institute
were reviewed.

Methods. The patients were matched according to calculated
propensity scores in a logistic regression model adjusted for age,
sex, and preoperative severity of disorders and divided into the
CMEL and ELAP groups. All patients were followed postopera-
tively for more than 2 years. The preoperative and 2-year
follow-up evaluations included neurological assessment (Japa-
nese Orthopaedic Association [JOA] score), recovery rates, the
JOA Cervical Myelopathy Evaluation Questionnaire JOACMEQ),
axial pain (visual analog scale), and the Short Form 36
questionnaire (SF-36).
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Results. There were 71 patients in each group (47 males and
24 females each). The mean ages of the CMEL and ELAP groups
were 63.8 and 62.8 years, respectively. There was no significant
difference in the preoperative JOA score between groups. The
mean numbers of surgically affected levels in the ELAP and
CMEL groups were 3.2 and 1.8 discs, respectively (P<0.05).
The groups exhibited similar recoveries of JOA, JOACMEQ), and
SF-36 scores postoperatively. Sagittal alignment was maintained
in both groups. However, postoperative neck axial complaints
were significantly reduced in the CMEL group.

Conclusion. CMEL may be a useful and effective surgical
procedure for CSM, providing similar results as ELAP. CMEL for
CSM is indicated for posterior decompression of the articular
segment along with a pincer mechanism. This minimally
invasive technique may have potential advantages compared
with conventional ELAP, and may provide an alternative surgical
option.

Key words: articular segment, cervical laminoplasty, cervical
spine, cervical spondylotic myelopathy, clinical outcome,
endoscopic spinal surgery, minimum invasive surgery, pincer
mechanism, propensity score matching, retrospective case-
controlled study.

Level of Evidence: 4
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ervical expansive laminoplasty (ELAP) for cervical

myelopathy is a posterior decompression surgery

that is reported to have favorable results.' = How-
ever, some problems after conventional expansive laminec-
tomy or laminoplasty have also been reported due to
damage to the cervical posterior soft tissues including
muscles and ligaments,>'°~!° including persistent axial
pain, restriction of neck motion, and loss of lordotic curva-
ture. For the treatment of multisegment cervical myelop-
athy, the posterior arches of the cervical vertebrae and
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attached deep extensor muscles are extensively comprom-
ised by consecutive laminectomy or laminoplasty through-
out the affected levels.

Endoscopic surgery poses several challenges for endo-
scopic surgeons, particularly in terms of mastering hand-eye
coordination. After training in live animal and cadaver
surgery was introduced, technical progress has reduced
some postoperative morbidities such as dural tear, neural
deficit, etc.'® Microendoscopic decompressive techniques
were recently developed and applied to various spine path-
ologies including lumbar spinal stenosis and cervical radi-
culopathy and myelopathy."*7*13:16=21 " Qyer 3000
patients with lumbar spinal canal stenosis have undergone
microendoscopic decompression surgery at the authors’
institution. The authors have performed cervical microen-
doscopic laminoplasty (CMEL) as a minimally invasive
strategy for cervical posterior decompression surgery of
the articular segment with a pincer mechanism.*! This
procedure is also a spinal cord decompression procedure
that maintains the posterior structures.

Therefore, in the present study, we aimed to evaluate the
efficacy of CMEL for the articular segment with pincer
mechanism in patients with cervical spondylotic myelopathy
(CSM) by comparing the clinical results of CMEL with
conventional ELAP for patients with CSM.

MATERIALS AND METHODS

Study Design

This retrospective case-control study of the clinical out-
comes of CMEL and ELAP for the treatment of CSM used
the propensity score matching method.”> A one-to-one
matching analysis was performed between patients who
underwent ELAP and CMEL on the basis of the estimated
propensity scores of each patient.

CMEL Technique
First, the patient is secured in a Mayfield headholder and is
turned to the prone position. The neck is fixed in a neutral
position. The operator generally stands on the side of the
approach, usually the left, with the video monitors opposite
him/her. Under fluoroscopic guidance held lateral to the
patient, the targeting level is marked on the side of the
approach. A skin incision approximately 16-mm long is
made at the spinal level to be decompressed. After splitting
into the paravertebral muscles, a set of serial dilators from
the METRx endoscopic system (Medtronic Sofamor Danek,
Memphis, TN) is passed to gently dilate the cervical mus-
culature. The tubular retractor lies on the lamina and facet
joints, and is tilted to parallel to the intervertebral disc
(Figure 1A). The endoscope is then attached to the tubular
retractor. With the bony edges well visualized, the inter-
laminar space and medial edge of the fact complex
are confirmed.

To begin the partial laminectomy, a high-speed drill with
a long curved endoscopic bit (e.g., Midas-Rex Legend;
Medtronic, Fort Worth, TX) is used to thin the lamina to
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near the attachment of the ligamentum flavum. The endo-
scope is then swung medially to obtain a contralateral view
(Figure 1B). After the basement of spinal process is drilled,
the laminotomy is performed using a long curved high-speed
drill with an endoscopic bit. Thus, the laminotomy is
performed with the drilling and tunneling of the internal
plate of the lamina through the spinal canal side. The scope
is rotated to a lateral position to make use of its 25° viewing
angle. As a result of these maneuvers, an excellent viewing
angle of approximately 60° to 75° is usually obtained with
good contralateral visualization.

The superior attachment of the ligamentum flavum is
exposed, and the procedure is then continued to the superior
portion of the inferior lamina. The inferior attachment of
the ligamentum flavum is subsequently exposed. It is
important to continue the contralateral procedure without
removing the ligamentum flavum in order to protect the
spinal cord.

When the spinal cord is completely decompressed, the
floated ligamentum flavum is observed (Figure 1C). The
ligamentum flavum is subsequently completely removed,
revealing the dural pulsation (Figure 1D). When decom-
pression surgery is required for an adjacent level, the tubular
retractor is inclined cranially or caudally. Then, the same
procedure is repeated at the adjacent level (Figures 1E, 2A—
C). For cases requiring operation of more than 3 levels,
another skin incision is added. For example, in a case of C3—
C7 CMEL, the skin incisions are made at the C4 and Cé6
levels. A drain is placed at each level to prevent postoper-
ative epidural hematoma. Finally, the tubular retractor and
endoscope are removed, and the fascia and skin are closed
using standard techniques.

Patient Population

This study was approved by the institutional review board of
the authors’ institution. Between 2004 and December 2011,
consecutive patients diagnosed with CSM were enrolled. All
patients presented with symptoms of cervical myelopathy,
such as clumsiness, numbness of the upper and lower
extremities, gait disturbance, and urinary disturbance. Cer-
vical spinal cord compression was confirmed by magnetic
resonance imaging (MRI), myelography and postmyelogra-
phy computed tomography. The exclusion criteria were
cervical myelopathy with tumor, trauma, ossification of
the posterior longitudinal ligament, rheumatoid arthritis,
pyogenic spondylitis, destructive spondyloarthropathies,
and other combined spinal lesion.

A total of 259 patients underwent posterior decompres-
sion surgery using either CMEL?! (Figure 1) or conventional
cervical ELAP (French-door**or open-door type**) at the
authors’ institution. Postoperatively, the use of a neck brace
was left to the patients’ discretion. All patients were fol-
lowed postoperatively for more than 2 years.

Assessment
Neurological evaluation and recovery rates were assessed
postoperatively by using Hirabayashi’s method with the
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Figure 1. Cervical microendoscopic laminoplasty (CMEL) procedure. (A) The tubular retractor lies on the lamina and facet joints, and is tilted
parallel to the intervertebral disc. The decompression surgery is performed using a high-speed air drill. (B) The hemilaminectomy
is performed on the approaching side, followed by the laminotomy on the contralateral side done. Finally, the expansive laminotomy is
completed to enlarge the spinal canal. (C) When the spinal cord is completely decompressed from all attachments of the ligamentum flavum,
the floated ligamentum flavum is observed. (D) When the ligamentum flavum is completely removed, the ural pulsation is observed. The
decompression is performed until the lateral edge of dural tube. (E) For an adjacent level, the tubular retractor is inclined cranially or
caudally, and the above procedure is repeated.
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Figure 2. lllustrative case. A 74-yr-old female with cervical spondylotic myelopathy presented with clumsiness, numbness in the hands, crutch
walking owing to spasticity, and urinary disturbance. (A) MRI showing spinal cord compression with spondylosis at the C3—-C4, C4-C5, and
C5-C6 levels, particularly severe spinal cord compression due to calcification of ligamentum flavum at C4-C5. The patient underwent CMEL
from the C3-C6 levels. Her JOA score improved from 12 points preoperatively to 16 points 2 yr postoperatively. (B, C) MRI and CT yr
postoperatively showing the success of spinal cord decompression. Axial images also show the successfully decompressed spinal cord at each
level. By the unilateral approach, the partial hemilaminectomy and the laminotomy on the contralateral side are done at each level.

criteria proposed by the Japanese Orthopaedic Association
scoring system (JOA score, maximum score: 17 points),zs
the JOA Cervical Myelopathy Evaluation Questionnaire
(JOACMEQ),® the visual analog scale (VAS) for the assess-
ment of axial pain, and the Short Form 36 (SF-36) survey.
On the basis of JOACMEQ severity score points pre- and
postoperatively, we investigated the effectiveness of treat-
ment for cervical spine function, upper extremity function,
lower extremity function, bladder function, and QOL. As
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for patient evaluations, we judged a treatment as effective
when either of the following conditions was met: (1) post-
operative score was increased by 20 or more compared with
preoperative score or (2) preoperative score less than 90
reached 90 or more postoperatively. Furthermore, the effec-
tive rate of a group was calculated by dividing the number of
subjects for whom treatment was judged as effective by the
number obtained by subtracting the number of subjects with
scores of 90 or more before surgery that remained 90 or
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Characteristics of Each Group on Matching by the Calculated Propensity Score

ELAP* CMEL' P
Patients 71 71
Sex Male 47, female 24 Male 47, female 24 0.645
Age 63.8+11.7 62.8+13.7 0.96
Preoperative JOA 10.1+2.4 10.242.6 <0.0001
Surgical levelsT 3.2+0.6 1.84+0.8

*Conventional cervical expansive laminoplasty.

iCervical microendoscopic laminoplasty.

1P <0.05 is statistically significant.

SJapanese Orthopaedic Association scoring system (JOA); full score 17 points.
YThe number of surgically affected levels.

more postoperatively from the total number of subjects con-
stituting a group. Lateral radiographs were taken in the
neutral position preoperatively and 2-years postoperatively.
The lordotic angle was determined to be between the C2 and
C7 angles at the neutral position using Cobb method.

Statistical Analysis

A one-to-one matching analysis was performed between the
ELAP and CMEL groups on the basis of the estimated
propensity scores of each patient. The propensity score
approach addresses the selection bias inherent to retrospec-
tive observational studies, in which outcomes can reflect a
lack of comparability in treatment groups rather than the
actual effects of treatment.**

The matching procedure matched cases in the 2 groups
according to the similarity of their propensity scores. A
nearest-neighbor matching procedure was used, with the
restriction that the propensities matched had to be within
0.05 units of each other. The application of propensity score
matching involves the estimation of the propensity score
followed by the matching of patients according to their
estimated propensity score and comparison of outcomes
in matched patients. To estimate the propensity score, we
fitted a logistic regression model for the receipt of ELAP as a
function of patient demographic factors including age, sex,
and preoperative JOA score.

Demographic items were compared between surgical
methods preoperatively and at the 2-year follow-up. Student
t test was used to compare preoperative and postoperative
recovery rates as well as JOA, JOACMEQ), VAS, and SF-36
scores between the CMEL and ELAP groups. All statistical
analyses were performed using SPSS version 20.0 (SPSS Inc.,
Chicago, IL). The level of significance was set at P < 0.05.

RESULTS
There were 71 patients each in the CMEL and ELAP groups;
each group comprised 47 males and 24 females. The mean
ages at surgery in the ELAP and CMEL groups were
63.8+£11.7 and 62.8 +13.7 years, respectively (P> 0.05).
The mean number of surgical levels involved in the ELAP
and CMEL groups were 3.2 and 1.8, respectively (P < 0.05).
The mean preoperative JOA scores in the ELAP and CMEL
groups were 10.142.4 and 10.2 £ 2.6 points, respectively
(P>0.05) (Table 1). The mean hospital stay was signifi-
cantly shorter in the CMEL group than the ELAP group
(P<0.01) (Table 1). The mean recovery rates in the ELAP
and CMEL groups were 56.3+22.2% and 58.2 +23.7%,
respectively; there was no significant difference in the JOA
recovery rate between groups (P =0.35) (Table 2).
Regarding perioperative complications, 1 patient each in
the ELAP and CMEL groups had C5 nerve root palsy post-
operatively and 2 patients developed postoperative epidural

Clinical Outcomes on Each Surgical Procedure at the 2-yr Follow-up

ELAP* CMEL' P
JOAS 13.94£2.1 14.1+£1.9 0.485
JOA recovery rate 56.3£22.2 62.8+13.7 0.349
VASY 42.84+32.4 24.5+25.6 0.001
Satisfaction!! 7.84+2.1 8.5+1.8 0.036

*Conventional cervical expansive laminoplasty.

iCervical microendoscopic laminoplasty.

1P <0.05 is statistically significant.

SJapanese Orthopaedic Association scoring system (JOA); full score 17 points.
YVisual analogue scale for axial symptoms; full scale 100 mm.

lsatistaction for each surgery; full scale 10 points.

Spine

1811

www.spinejournal.com

Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

221



OS] Crrvical SpinE

Posterior Segmental Decompression for Cervical Spondylotic Myelopathy e Minamide et al

120 1 OELAP Preop. OELAP2Y F/U
OCMEL Preop. BCMEL 2Y F/U
100 A T
80 - - [ -
60 1 |{NIM T |
a0 {[[Im® | 1 ! T ([
i n r Figure 3. SF-36 scores. There were no significant
20 - L [ 1] ] & | differences in any subscale (physical functioning
L B L [PF], role physical [RP], bodily pain [BP], social
- functioning 1 [SF], general health perceptions
[GH], vitality [VTI], role emotional [RE], and
0 ' ! ' ' ! ' ! mental health [MH]) between the CMEL and
PF RP BP GH VT SF RE MH ELAP groups. (Preop: preoperatively, 2Y F/U: 2-yr

hematoma in the CMEL group. All patients improved as a
result of conservative treatment and had returned to daily life
at the final follow-up. The VAS score for axial symptoms at
the 2-year follow-up was significantly lower in the CMEL
group than the ELAP group (P =0.001) (Table 2). Regarding
the JOACMEQ and SF-36 scores, there were no significant
differences in any subscale between groups (P> 0.05)
(Figure 3) (Table 3). The score on the patient satisfaction
scale (scored on 10 points) was significantly higher in the
CMEL group than the ELAP group (P =0.036) (Table 2).
In the ELAP group, the mean lordotic angle was 8.9°
preoperatively and 9.1° at the 2-year follow-up (Table 4);
that in the CMEL group was 12.3° preoperatively and 13.6°
at the 2-year follow-up. There were no significant differ-
ences in the lordotic angle pre- and postoperatively between
groups (P >0.05). 2 patients each in the ELAP and CMEL
groups had local kyphosis that was greater than 13°%7; 1
patient each in both groups exhibited improved local kypho-
sis after surgery, whereas the other patients still had

follow-up).

kyphosis. The recovery rate was 36.4% in the ELAP group
and 39.1% in the CMEL group. With regard to changes in
the alignment of the lateral neutral position, 2 patients each
in the ELAP and CMEL groups presented with preoperative
lordosis that changed to kyphosis at the 2-year follow-up.
Similarly, 8 (11.3%) and 4 (4.2%) of 71 patients in the
ELAP and CMEL groups, respectively, exhibited an increase
in the lordotic angle greater than10°. This suggests CMEL
maintained lordosis better than ELAP.

DISCUSSION

Axial symptoms after cervical ELAP have recently been
reported'°~1%; the frequency of such symptoms is reported
to be 3 times that following cervical anterior interbody
fusion.'® Postoperative complications including persistent
axial pain remain unresolved. Therefore, various modifi-
cations of surgical techniques as well as early neck mobil-
ization have been developed for conventional cervical
laminoplasty  to  prevent such  morbidities.?*?

Effective Rate of JOACMEQ™ in Each Group

JOACMEQ* ELAP' (%) CMEL¥ (%) Ps

Cervical spine function 47.5 56.4 0.405
Upper extremity function 46.3 48.1 0.834
Lower extremity function 45.5 44.9 0.835
Bladder function 46.3 45.5 0.836
Quality of life 45.7 43.5 0.845

fConventional cervical expansive laminoplasty.
iCervical microendoscopic laminoplasty.
$P<0.05 is statistically significant.

*Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire.
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Between C2 and C7 Angle at the Neutral Position Using Cobb Method on Lateral

Radiograph
ELAP* CMEL' P
Preoperation 8.9+£10.7 12.3£10.7 0.069
2-yr follow-up 9.1+9.8 13.6+£10.6 0.011

*Conventional cervical expansive laminoplasty.
iCervical microendoscopic laminoplasty.

1P <0.05 is statistically significant.

Intraoperative damage to the cervical posterior soft tissues
including muscles and ligaments is reported to be one of the
causes for these complications. Accordingly, the authors have
been applying CMEL as a minimally invasive strategy for
cervical posterior decompression surgery for cervical myelop-
athy.*! This microendoscopic procedure involves a small skin
incision that splits into the paravertebral muscles. CMEL also
involves the combination of endoscopic hemilaminectomy
and laminotomy. Compared with the conventional technique,
endoscopic surgery substantially differs with respect to the
influence on the soft tissues (Figure 4). In this study, the VAS
scores for the assessment of axial pain indicate that CMEL
resulted in less damage to the cervical soft tissues than ELAP.
This difference is due to the smaller skin incision and less
damage to the soft tissues, including muscle, incurred by the
minimally invasive CMEL technique.

The main indication for CMEL is myelopathy with
posterior factors such as calcification or ossification of
the ligamentum flavum and degenerative spondylosis with
a pincer mechanism.”” ' The procedure extends the adap-
tation for CSM to multiple levels. In patients with CSM, this
was possible with the decompression of the articular seg-
ment (Figure 5 A,B). This procedure can achieve the
posterior decompression of the spinal cord associated with
CSM by the decompression of the articular segment. The
surgical procedures of this concept for posterior decom-
pression include the segmental partial laminectomy and skip

laminectomy.?”*> However, the indication for articular
segment decompression is limited to the cervical myelopa-
thies excluding developmental spinal canal stenosis and
spinal canal stenosis with severe anterior factors such as
severe ossification of the posterior longitudinal ligament.
Compared with the conventional laminoplasty technique,
CMEL limits the enlarged area of the spinal canal because of
the laminotomy technique. The posterior shift of the spinal
cord with ELAP was thought to be necessary for patients
with ossification of the posterior longitudinal ligament.>
CMEL is indicated for the posterior decompression of the
articular segment when the posterior indentation of the
spinal cord is recognized with or without anterior com-
pression of a bony spur and a degenerative bulging disc.
In this study, the surgical disc levels differed between the
2 groups, although there was no difference in the surgical
selection criteria for the patients with CSM. Endoscopic
surgery poses several challenges for endoscopic surgeons,
particularly in terms of mastering hand-eye coordination.
The CMEL surgery also has a learning curve. Therefore, the
decision for the use of either ELAP or CMEL as the surgical
method for patients with CSM was made as per the
operator’s discretion. Moreover, based on the general con-
cept of the posterior shift of the spinal cord with ELAP,
ELAP at C3-C5, C3-C6, or C3—C7 was performed even in
patients with CSM in whom the main lesion responsible was
located at 1 or 2 disc levels; for example, a patient with CSM

Figure 4. Influence of surgical techniques on soft tissues. The influence of endoscopic surgery (left) on the soft tissues differs substantially from
that of conventional laminoplasty (right). MRI shows no changes of fatty degeneration in the paravertebral muscles after CMEL.
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B

Figure 5. The microendoscopic procedure extends adaptation for
patients of CSM. (A) Drilling and tunneling are performed from the
inferior edge of the upper lamina to the superior edge of the lower
lamina. The interlaminar space is enlarged until the attachment of
the ligamentum flavum. (B) The ligamentum flavum is removed, and
the spinal cord is decompressed, resulting in successful decompres-
sion of the articular segment.

with 1 lesion at the C4-CS5 level underwent C3-C5 ELAP
surgery, whereas a patient with CSM with 2 lesions at the
C4-CS5 and C5-C6 levels underwent C3—C6 ELAP surgery.
However, CEL surgery was performed at the affected levels
alone. Thus, it is possible that there may be another factor
correlated with the decompression of the articular segment,
besides the posterior shift of the spinal cord in CSM, unlike
that in clinical conditions such as the ossification of the
posterior longitudinal ligament.

The results of this study show that CMEL for CSM
achieved a similar clinical outcome as ELAP with respect
to the JOA, JOACMEQ, and SF-36 scores. Moreover,
CMEL preserved the sagittal alignment of the cervical spine.
This may indicate posterior decompression was sufficiently
achieved and that the pincer mechanism was resolved. In
addition to the recovery of spinal cord function, the invasion
to the extensor musculature in the CMEL group may reduce
postoperative axial neck pain.

The major limitation of this study is its retrospective case-
control design with the use of propensity score matching,
and the fact that it was not a randomized controlled trial,
which would have been more desirable. The propensity
score was estimated using preoperative clinical severity,
which did not include imaging factors such as the stages
of stenosis. Regardless, this study provides preliminary
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findings of this new surgical procedure, because the results
indicate CMEL for CSM may have some advantages com-
pared with laminoplasty. Nevertheless, further studies are
required to clarify the efficacy and safety of this procedure.

In conclusion, this study indicates the clinical outcomes
of CMEL for patients with CSM are similar to those of
conventional laminoplasty. Posterior decompression of the
articular segment with a pincer mechanism in CMEL can be
indicated for patients with CSM. This minimally invasive
technique may have potential advantages compared with
conventional ELAP, and may provide an alternative surgical
option.

> Key Points

@ Compression of the cervical spinal cord in cervical
spondylotic myelopathy (CSM) consists of a pincer
mechanism due to bulging discs and a
hypertrophied ligamentum flavum.

@ Cervical microendoscopic laminoplasty (CMEL), in
which the interlaminar space is enlarged until the
attachment of the ligamentum flavum, which is
then removed, exhibited comparable clinical
outcomes as conventional expansive
laminoplasty (ELAP) according to propensity
score matching analysis.

QO Posterior decompression of the cervical spinal
cord in CSM is sufficient to remove the elements
of the articular segment, such as the ligamentum
flavum and the superior or inferior edge of
the lamina.

O CMEL is promising for reducing postoperative
neck and shoulder complaints caused by ELAP-
induced soft-tissue damage.
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Abstract

Objectives

The Japanese Orthopaedic Association (JOA) score is widely used to assess the severity
of clinical symptoms in patients with cervical compressive myelopathy, particularly in East
Asian countries. In contrast, modified versions of the JOA score are currently accepted as
the standard tool for assessment in Western countries. The objective of the present study is
to compare these scales and clarify their differences and interchangeability and verify their
validity by comparing them to other outcome measures.

Materials and Methods

Five institutions participated in this prospective multicenter observational study. The JOA
and modified JOA (mJOA) proposed by Benzel were recorded preoperatively and at three
months postoperatively in patients with cervical compressive myelopathy who underwent
decompression surgery. Patient reported outcome (PRO) measures, including Japanese
Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ), the
Short Form-12 (SF-12) and the Neck Disability Index (NDI), were also recorded. The preop-
erative JOA score and mJOA score were compared to each other and the PRO values. A
Bland-Altman analysis was performed to investigate their limits of agreement.

Results

A total of ninety-two patients were included. The correlation coefficient (Spearman’s rho)
between the JOA and mJOA was 0.87. In contrast, the correlations between JOA/mJOA
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and the other PRO values were moderate (|rho| = 0.03 — 0.51). The correlation coefficient of
the recovery rate between the JOA and mJOA was 0.75. The Bland-Altman analyses
showed that limits of agreement were 3.6 to -1.2 for the total score, and 55.1% to -68.8% for
the recovery rates.

Conclusions

In the present study, the JOA score and the mJOA score showed good correlation with
each other in terms of their total scores and recovery rates. Previous studies using the JOA
can be interpreted based on the mJOA; however it is not ideal to use them interchangeably.
The validity of both scores was demonstrated by comparing these values to the

PRO values.

Introduction

Cervical compressive myelopathy is a common disorder that frequently results in impairment
of a patient’s motor, sensory and bladder function. Several scales that measure severity of phys-
ical disability have been developed to assess a patient’s pre- and post-treatment condition and
the effectiveness of intervention. For example, the Japanese Orthopaedic Association (JOA)
score was developed by the JOA in 1975. Since then, it has become one of the most frequently
used outcome measures to evaluate functional status in patients with cervical myelopathy. Fur-
thermore, and the concept of “recovery rate,” advocated by Hirabayashi et al., has been widely
accepted as an outcome measure [1]. Currently, the revised version of the JOA score (1994),
which includes an assessment of the shoulder and elbow function, is the most frequently used
[2,3].

One of the drawbacks of the JOA score is that it evaluates the degree of motor dysfunction
by assessing a patient’s ability to use chopsticks. The use of chopsticks is limited to East Asian
cultures including Japanese, Korean, Chinese and Vietnamese populations. The issues associat-
ed with using questionnaires related to cultural differences in eating methods have already
been reported [4, 5]. Although chopsticks are now more widely used for eating, even in West-
ern cultures, questionnaires using chopsticks cannot be readily applied to those who have not
used them, or who do not use them regularly. Therefore, the adaptation of the JOA score to a
Western population requires translation as well as modification [6]. Currently, there are three
different kinds of so-called “modified JOA (mJOA) scores” [7-9]. However, the translation of
these scores has not been validated and the scoring structure and content of evaluation items
are substantially different. Despite their differences, the JOA score and the various modified
scales are frequently confused with each other, and mistakenly discussed as being the same.
Few comparisons of these scales have been made in the literature and few studies have assessed
the validity of these scores. This causes confusion about which scale should be used in a certain
population, and prevents us from comparing results of studies that used different modifications
of the JOA score.

Therefore, it is very important to compare the properties of the JOA score and the mJOA
score for the assessment of cervical myelopathy; the JOA score and the mJOA score. The objec-
tive of this study is to investigate the differences in and interchangeability of the JOA score and
the mJOA score and to examine the validity of these scales by assessing correlations with other
patient-reported outcome measures.
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Materials and Methods

The study protocol was approved by the institutional review board of the Clinical Research
Support Center of the University of Tokyo Hospital. In order to secure a sufficient number of
participants, we called for volunteers from our research group, “The University of Tokyo Spine
Group,” and recruited five medical center institutions to participate in this prospective multi-
center observational study. Ten surgeons in total were involved in this study. All eligible pa-
tients provided their written informed consent to participate in this study. All patients who
underwent surgery for cervical compressive myelopathy between April 2013 and March 2014
were enrolled. Those with systemic diseases, including neurological disorders and rheumatoid
arthritis, that could potentially affect motor function were excluded. Preoperatively, the sur-
geons recorded the following two scores.

JOA score (Table Ain S1 File) [2, 3]

We used the latest version of the JOA score in Japanese. This scale consists of six domain scores
(motor dysfunction in the upper extremities, motor dysfunction in the lower extremities, sen-
sory function in the upper extremities, sensory function in the trunk, sensory function in the
lower extremities, and bladder function), scaled from 0 to 4, 4, 2, 2, 2, and 3, respectively, with
the minimum total score being 0 and the maximum total score being 17. Yonenobu et al. de-
fined the myelopathy severity as mild if the JOA score is larger than 13, as moderate if the JOA
score ranges from 9 to 13 and as severe if the JOA score is less than 9 [3]. Motor function in the
fingers was assessed based on the ability to use chopsticks and button clothing. Keller et al.
published the modified version in German [9, 10]. The authors did not mention the use of cut-
lery, but rather simply used the term “fine motor function” for the assessment of motor func-
tion in the upper extremities. The score proposed by Chiles et al. is similar, although the
authors mentioned the use of a knife and fork [8]. The recovery rate was calculated according
to the following formula (Hirabayashi method): Recovery rate (%) = (postoperative JOA
—preoperative JOA) / (17 [full score] —preoperative JOA) x 100 [1].

Modified JOA score (Benzel et al.) (Table Bin S1 File) [7]

This scale is the most commonly used among the so-called “mJOA” scores. Its scoring system
differs from that of the original JOA in that it assesses only motor dysfunction in the upper and
lower extremities, sensory function in the upper extremities, and bladder function, and does
not include a scale for sensory function in the trunk and lower extremities. Each scale ranges
from 0 to 7, 5, 3, and 3, respectively, with a total score of 0 to 18. Fehlings et al. defined the se-
verity of myelopathy as mild if the mJOA score is 15 or larger, moderate if the mJOA score
ranges from 12 to 14 or severe if the mJOA score is less than 12 [11]. This scale focused on the
use of a spoon instead of chopsticks to evaluate motor function in the upper extremities. The
recovery rate is calculated using the same formula as that applied for the original JOA, chang-
ing the full score from 17 to 18.

The differences between these scores are summarized in Table 1. The JOA score allocates 8
out of 17 (47%) points of the total score to motor function, while the mJOA score allocates 12
out of 18 (67%) points of the total score to motor function. These two scores were determined
by the responsible surgeons at each institution. In addition to these scores, the Japanese Ortho-
paedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ) [12], Short
Form-12 (SF-12) [13] and the Neck Disability Index (NDI) [14] were recorded as patient re-
ported outcome (PRO) measurements. These scales were completed by the patients in the form
of questionnaires. The postoperative scores were recorded whenever possible at follow-up visits
performed three months after surgery.
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Table 1. A summary of the differences between the JOA score and modified JOA score.

Structure Assessment of MU
MU ML SU+ ST SL BL Total
JOA [3] 4 4 2 2 2 3 17 Chopsticks
Modified JOA [7] 5 7 3 N/A N/A 3 18 Spoon

JOA: Japanese Orthopaedic Association score, MU: motor function in the upper extremities, ML: motor function in the lower extremities, SU: sensory
function in the upper extremities, ST: sensory function in the trunk, SL: sensory function in the lower extremities, BL: bladder function, N/A: not applicable

doi:10.1371/journal.pone.0123022.1001

The preoperative JOA and mJOA scores in each domain were compared with each other.
The total scores were also compared with each other and to the PRO measurements. Further-
more, we compared the JOA and mJOA after dichotomizing the patients according to severity
of motor function by the median of the JOA motor function scores. A prediction formula for
the mJOA score was created using the JOA to enable direct comparisons between studies using
these scores by converting the scores. We plotted the individual difference between the mJOA
total score and the JOA total score (mJOA-JOA) against the average between the mJOA and
JOA scores using a Bland—-Altman plot. Bland-Altman analyses are now widely used for com-
paring two methods of measurement [15-19]. According to Bland and Altman, the limits of
agreement can be estimated as the mean between duplicate measurements (the bias) +1.96 SD,
where the SD is the standard deviation of all of the paired differences [20]. This means that
95% of the differences will lie between these limits. Provided that differences within these lines
are not clinically important, we could use the two measurement methods interchangeably. Al-
though the minimally clinical important difference (MCID) of the JOA or mJOA has not been
established, experts have argued that a difference of at least two points of mJOA is clinically im-
portant [21]. Therefore, the limits of agreement below 2 suggests the interchangeability of the
two scores in the present study. Finally, among the patients whose postoperative scores at three
months were available, the recovery rates for the JOA and mJOA scores were compared, and a
Bland-Altman analysis was performed.

All analyses were carried out using the IBM SPSS Statistics Version 19 software package
(SPSS, Inc., Somers, NY, USA). Correlations between the scores were analyzed by calculating
the Spearman’s rank correlation coefficient rho. P-values less than 0.05 were considered to be
significant in all statistical tests. We defined the strength of the correlation according to the
general guideline (rho > 0.70: very strong, > 0.50: strong, > 0.30: moderate, > 0.10: weak)
[22].

Results

Ninety-two patients were included in the study. One patient whose bladder function could not
be assessed due to anuria resulting from chronic renal failure was excluded. The mean age was
63.3 years (standard deviation: 12.9). The most common diagnosis indicated for surgery was
cervical spondylotic myelopathy (58 patients), followed by ossification of the posterior longitu-
dinal ligament (28 patients) and cervical disc herniation (six patients).

Comparisons of the scores in each domain

The correlations between the JOA and mJOA scores in each domain were strong to very strong,
with correlation coefficients of 0.84 for motor function in the upper extremities (p <0.001),
0.93 for motor function in the lower extremities (p <0.001), 0.67 for sensory function in the
upper extremities (p <0.001) and 0.89 for bladder function (p <0.001). The correlation
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Fig 1. Scatterplot of the total scores for the JOA and mJOA scores (n = 92).
doi:10.1371/journal.pone.0123022.g001

between the total scores for motor function (the sum of the scores for the upper and lower ex-
tremities) was also very strong (rho = 0.90, p <0.001).

Total score

The mean preoperative JOA score was 11.2 (range: 3.0-16.5, standard deviation: 2.5), whereas
the mean mJOA score was 12.4 (range: 5-17, standard deviation: 2.5). A scatterplot of the JOA
and mJOA scores is shown in Fig 1, and the correlations between the preoperative scores are
summarized in Table 2. The JOA and mJOA scores were very strongly correlated with each
other (rho = 0.87, p <0.001). The median of the JOA motor function scores was 5. The correla-
tion was found to be weaker in those with a motor function score less than 5 (n = 37,
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Table 2. Correlations between the preoperative total scores among the JOA, modified JOA, JOACMEQ QOL score, SF-12 PCS, MCS and NDI

(n=92).
JOA
JOA 1
Modified JOA
JOACMEQ
SF-12 PCS
SF-12 MCS
NDI

* Statistical significance

doi:10.1371/journal.pone.0123022.t002

Modified JOA JOACMEQ QOL SF-12 PCS SF-12 MCS NDI
0.87* 0.41* 0.50* -0.05 -0.50*
1 0.41* 0.47* 0.03 -0.51*
1 0.29* 0.40* -0.66*
1 -0.29* -0.47*
1 -0.17

1

rho = 0.64) than in those with milder motor dysfunction (n = 55, rho = 0.77). On the other
hand, the correlations between the JOA/mJOA scores and the other PRO values were not as
strong. JOACMEQ QOL score, SE-12 PCS and NDI showed moderate correlations (|rhol:
0.41-0.51), whereas SF-12 MCS did not (|rho|: 0.03-0.05). While the very strong correlation
between the JOA and mJOA scores demonstrates convergent validity, the moderate correlation
with other PRO values suggests divergent validity. We created a prediction formula to calculate
the total scores for the mJOA from the score of the JOA using linear regression analysis. The
result is as follows:

mJOA total = 2.39 4 0.89 x (JOA total)

The R? of this equation was 0.78.

A Bland-Altman plot showing the differences between the two scores (mJOA-JOA) plotted
against the mean of the two scores is shown in Fig 2. The mean difference between the two
scores (the bias) was 1.2 (95% confidence interval: 0.9-1.5, standard deviation: 1.21). The
upper and lower limits of agreement were 3.6 and -1.2, respectively. This range was well above
the threshold we set based on an assumed MCID [21]; from this result, we were able to con-
clude that it is not ideal to interchange the JOA and mJOA.

Recovery rate (RR)

In 65 patients (71%) followed at three months postoperatively, the recovery rates were calculat-
ed using the Hirabayashi method and compared with each other. The mean JOA recovery rate
was 45.1% (range: -33%- 100%, standard deviation: 30.8%), whereas the mean mJOA recovery
rate was 38.2% (range: -200%- 100%, standard deviation: 43.0%). A scatterplot of the recovery
rates for the JOA and mJOA is shown in Fig 3. In this figure, one outlier whose JOA RR was 0
and mJOA RR was -2.0 (deterioration), was omitted. Their correlations were very strong (rho:
0.75, p <0.001). In two cases, one scale showed recovery while the other showed deterioration.
Both of these patients had urinary symptoms. We created a prediction formula to calculate the
mJOA RR from the JOA RR using linear regression analysis. The result is as follows:

mJOA RR = — 0.05 + 0.95 x (JOA RR)

The R” value of this equation was 0.46.

A Bland-Altman plot showing the differences between the two recovery rates plotted
against the mean of the two recovery rates is shown in Fig 4. The mean bias was -6.9% (95%
confidence interval: -14.7%- 1.0%, standard deviation: 31.6%). The upper and lower limits of
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Fig 2. A Bland—Altman plot comparing the JOA and mJOA scores. The bias is shown as a solid line, and the upper and lower limits of agreement are

shown as broken lines.

doi:10.1371/journal.pone.0123022.g002

agreement were 55.1% and -68.8%, respectively. This range is also substantial enough to con-
sider that it is not ideal to interchange the recovery rates of the JOA and mJOA.

Discussion
There are two major findings in the present study. First, the domain and total scores of the
JOA and mJOA were strongly correlated with each other. In addition, although the total scores
and the recovery rates of the mJOA can be accurately predicted by the conversion formulas
using the JOA score and its recovery rate, the Bland-Altman analyses showed they are not in-
terchangeable. Second, the validity of the two types of JOA scores was demonstrated in com-
parisons with the PRO values.

No previous studies have directly compared the JOA and its modifications. The present
study showed that the domain scores of the JOA and mJOA are strongly correlated, although
the scoring structures of these scales differ in many domains, and the linearity of the scale is
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Fig 3. Scatterplot of the recovery rates for the JOA and mJOA scores. This figure includes only cases with a recovery rate from -1.0 to +1.0. Only two
outliers were omitted (n = 63).

doi:10.1371/journal.pone.0123022.g003

not guaranteed. It is of note that the mJOA score exhibited a very strong correlation with the
JOA score, despite that the mJOA lacks scores for sensory function in the trunk and lower ex-
tremities. This finding may be due to the fact that severe sensory disturbances in the trunk or
lower extremities are relatively rare in operative candidates for cervical myelopathy. The corre-
lation between the scores for the sensory function in the upper extremities was lower than that
for the other domains. This result may be explained by the exaggerated construct differences in
which the JOA has two points and the mJOA has three points. The correlation in the subjects
with severer motor dysfunction was weaker. This finding is also understandable given that the
mJOA score gives a higher proportion to the motor function score. In the two patients with
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Fig 4. A Bland—Altman plot comparing the JOA and mJOA recovery rates. The bias is shown as a solid line, and the upper and lower limits of agreement

are shown as broken lines.

doi:10.1371/journal.pone.0123022.g004

urinary symptoms, the recovery was not properly reflected in one scale. The bladder function
score in the JOA tended to be exaggerated because the JOA criteria are more complicated than
those of the mJOA. For example, the sense of urinary retention can lead to the patients receiv-
ing a score of 1, and this symptom is very common even in the elderly generation without mye-
lopathy. These comparisons did not lead us to conclude that one scale had significant
advantages over the other, and any of them can be used as desired based on the patients’ cultur-
al background. The mJOA would be more easily accepted for Asian populations, since many of
them now use a spoon, than would the JOA for Western populations, although no validated
translations in Asian languages exist, and this would be an obstacle for raters who do not un-
derstand English. Using our conversion formulas, it is possible to interpret the results of previ-
ous studies that used the mJOA according to the original JOA score. For example, if a study set
a certain cut-off point to evaluate the effectiveness of a treatment using the recovery rate, we
speculate that the evaluation might be slightly stricter when using the mJOA instead of the
JOA.
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The present study showed that the scores for the mJOA and JOA are strongly correlated;
however, Anscombe suggested that data with nearly identical simple statistical properties may
appear very different when graphed [23]. A further understanding of the relationship between
the mJOA and JOA scores can be achieved by looking at the differences between the two meth-
ods plotted against the mean score for each subject. We therefore examined the two seemingly
compatible scores using Bland-Altman plots. Although Bland-Altman analyses were originally
developed to make comparisons of two methods using the same scale, many authors have since
applied this technique to the comparisons of two different scales [16, 19]. The range of the JOA
score and mJOA score differ slightly (0-17 vs. 0-18), but very few patients in the present study
achieved a nearly full score, which theoretically maximizes the difference between the two
scales. Since a Bland-Altman analysis is the best method for visualizing errors and because
there are no alternatives, we believe that the application of this method to the present dataset is
acceptable. In Fig 2, the error appears unbiased, as differences are spread evenly and randomly
above and below zero points. We examined the agreement between these two methods by look-
ing at the spread of differences. The variability between the two methods is reflected by the lim-
its of agreement, which were substantial in the present study. Based on this difference, a patient
can easily be categorized into different groups of severity by both the JOA and mJOA.

While the criterion validity of the JOA score has been discussed by comparing it to the re-
sults of multiple other scales, including the Cooper myelopathy scale (CMS) [10, 24], European
myelopathy scale (EMS) [10, 25] and Short Form-36 (SF-36) PCS [26, 27], few studies have dis-
cussed the validation of mJOA based on comparisons of these scores with the PRO values [28].
The mJOA score has been compared with the Nurick grade [29-31], NDI and SF-36 [31]. We
measured the concurrent validity by performing comparisons to the JOACMEQ, SF-12 and
NDIL. In the present study, we used the SF-12 instead of the SF-36 because the summary scores
for the SF-12 have been shown to mirror those of the SF-36 [13]. All of these results suggest di-
vergent validity. The PRO forms are completed by the patients, as opposed to the JOA and
mJOA, and these scales are substantially affected by the patients quality of life. Meanwhile, the
JOA and mJOA are more disease-specific for cervical myelopathy and likely measure a differ-
ent construct. These results are in accordance with the findings of the study by Kopjar et al.
that validated the mJOA score [31].

There are some limitations associated with the present study. First, the rate of follow-up was
not as high as expected. Many patients dropped out after the surgery as they were satisfied with
their postoperative results. Therefore, the analysis of the recovery rate may have been biased.
Second, because the assessment for the JOA score and mJOA were produced in different lan-
guages, the translational validity was not verified. Finally, the inter-observer reliability and test-
retest reliability were not investigated in the present study. However, the inter- and intra- ob-
server reliability of the JOA is reported to be high [3]. The inter-observer reliability of the
mJOA has also been reported to be high [32], although this finding should be interpreted with
caution since a translated version of the scale was used in this study. Unfortunately, the test-re-
test reliability of the mJOA has not yet been established. Further studies may make it possible
to compare the properties of these scores.

Conclusion

In conclusion, the mJOA score is very strongly correlated with the JOA, and previous studies
using the JOA can be interpreted based on the mJOA based on this speculation, especially by
using the conversion formulas advocated in this report. However, the Bland-Altman analysis
revealed that it is not ideal to use these scoring systems interchangeably.
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Abstract BACKGROUND CONTEXT: The phosphorylated neurofilament heavy subunit (pNfH) is an axon
fiber structural protein that is released into the cerebrospinal fluid (CSF) after nerve damage. Although
the previous studies have reported elevated CSF levels of pNfH in various neurological diseases, includ-
ing amyotrophic lateral sclerosis, these levels have not been examined in patients with spinal stenosis.
PURPOSE: The purpose of this study was to investigate the CSF levels of pNfH in patients with lumbar
spinal stenosis (LSS) and to examine the relationship between CSF levels of pNfH and the severity of LSS.
STUDY DESIGN: This is a prospective observational study.

PATIENT SAMPLE: We included consecutive patients with LSS who were undergoing myelography for
preoperative evaluation. The CSF samples from patients with idiopathic scoliosis were used as the controls.
OUTCOME MEASURES: Physiological measures: CSF levels of pNfH were measured using an
enzyme-linked immunosorbent assay. The Zurich Claudication Questionnaire (ZCQ) and the Nu-
merical Rating Scale (NRS) for sciatic pain were used to assess the clinical severity of LSS, and
patients were grouped into tertiles according to their symptom severity and pain grading. Axial
magnetic resonance imaging was used to evaluate the morphological severity of LSS, and patients
were classified into three groups based on their morphological grading (using the CSF/rootlet ratio).
METHODS: Analysis of variance was used to examine the relationship between the CSF levels of
pNfH and the severity of LSS.

RESULTS: Thirty-three patients with LSS were included (13 men and 20 women and mean age
73.2 [range 58-88] years). Most patients (n=32) were positive for pNfH in their CSF (mean
1,344 [149-9,250] pg/mL), whereas all control subjects were negative for pNfH in their CSE.
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Regarding the association with clinical severity, patients in the third tertiles of ZCQ and NRS
tended to have higher levels of pNfH compared with the other groups. There was no association
between the CSF level of pNfH and the morphological severity of LSS.

CONCLUSIONS: This study detected elevated pNfH levels in the CSF of patients with LSS.
Patients with severe clinical symptoms were more likely to exhibit high levels of pNfH. Our results

indicate the potential usefulness of pNfH as a biomarker for compressive spinal disorders.

Elsevier Inc. All rights reserved.
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Introduction

Lumbar spinal stenosis (LSS) is a common clinical con-
dition among elderly patients and is now the most common
diagnosis for patients 65 years and older who require spinal
surgery [1]. Although surgical treatment of LSS generally
produces favorable outcomes, 20% to 30% of patients
who undergo surgery are dissatisfied with the results be-
cause of residual symptoms [2-5]. Despite the importance
of surgical treatment, its indication typically relies on an
individual patient’s symptoms, as imaging results do not
always accurately reflect the severity of the disease [6-9].
Therefore, given the lack of objective indicators of LSS se-
verity, an optimal timing for surgical treatment of LSS has
not been established.

The phosphorylated neurofilament heavy subunit (pNfH)
is a type of neurofilament that is involved in maintaining
the structure and size of neurons and in conducting nerve
impulses along the axons [10]. After the destruction of
neural tissue, significant amounts of pNfH are released
into the cerebrospinal fluid (CSF). Previous studies have re-
ported that the CSF levels of pNfH were elevated in various
neurological disorders, including amyotrophic lateral scle-
rosis [11], multiple sclerosis [12], Guillain-Barre syndrome
[13], and aneurysmal subarachnoid hemorrhage [ 14]. Given
the relative stability of pNfH in CSF [15], it is considered
as a good candidate molecule for monitoring the magnitude
of neural damage [16]. For instance, a high pNfH level
in both the CSF and serum indicates a poor prognosis in
patients with amyotrophic lateral sclerosis (ALS) [11].
However, despite the potential usefulness of pNfH as a bio-
marker, no study has examined the CSF levels of pNfH in
patients with spinal stenosis. Therefore, the purpose of this
study was to investigate the CSF levels of pNfH in patients
with LSS and to examine the relationship between pNfH
levels and the severity of LSS.

Materials and methods
Data source

We included patients with LSS who were undergoing
myelography for preoperative evaluation between April
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2013 and March 2014. Our institution routinely performs
preoperative myelography as a part of our evaluation
for LSS patients with multilevel stenosis or spondylolis-
thesis, and this technique is used to determine the appro-
priate surgical procedure. Patients with concomitant
spinal stenosis at other regions (ie, cervical or thoracic
spine) (n=7) or previous spinal surgery (n=4) were ex-
cluded from the analysis. The CSF of patients with idio-
pathic scoliosis, who had no neurological symptoms, was
used as the control. Written informed consent was ob-
tained from each patient, and the study was approved
by the Institutional Review Board of the University of
Tokyo.

Measurement of pNfH

Two milliliters of each patient’s CSF were collected at
the time of the myelography. The pNfH assay was carried
out using a commercially available enzyme-linked immu-
nosorbent assay kit (Human Phosphorylated Neurofilament
H ELISA; BioVendor, Modrice, Czech Republic), as previ-
ously described [ 17]. Levels of pNfH that were less than the
limit of detection (less than 70 pg/mL) were considered as
negative results.

Clinical and magnetic resonance imaging evaluation

The Zurich Claudication Questionnaire (ZCQ) [18]
and Numerical Rating Scale (NRS) for sciatic pain
were used to assess the clinical severity of LSS. Patients
were categorized into tertiles based on the results
of the ZCQ and NRS tools. Axial magnetic resonance
imaging (MRI) was used to evaluate the morphological
severity of LSS, and patients were classified into three
groups based on their morphological grading, using the
CSF/rootlet ratio (as previously described) [19]. In Group
A/B, the rootlets could be recognized, and CSF was
present, giving the sac a grainy appearance. In Group
C, no rootlets could be recognized, the dural sac produced
a homogenous gray signal with no visible CSF signal, and
posterior epidural fat was present. In Group D, there
was no posterior epidural fat, and no rootlets could be
recognized.
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Statistical analyses

All statistical analyses were performed by using JMP
Pro 10 (SAS Institute, Cary, NC, USA). We used analysis
of variance to compare the pNfH levels from each group.
The threshold for significance was p value less than .05.

Results

This study included 33 patients with LSS who under-
went preoperative myelography (13 men and 20 women
and mean age 73.2 [range 58-88] years), and all but one
were positive for pNfH in the CSF (Table). The mean
CSF level of pNfH in these patients was 1,344 (range
149-9,250) pg/mL (Fig. 1), and all the 21 control subjects
were negative for pNfH in their CSF. The sensitivity and
specificity of pNfH presence as a predictor of LSS were
97% and 100%, respectively. There was no correlation be-
tween the CSF level of pNfH and age (p=0.10, p=.61).

Of the 32 patients with CSF positive for pNfH, 21
completed the ZCQ. Patients were categorized into ter-
tiles according to symptom severity: six patients in Tertile
1 (score less than 21), seven in Tertile 2 (score=21 or 22),
and eight in Tertile 3 (score greater than 22). Patients in
the third tertile were more likely to have higher CSF lev-
els of pNfH compared with the remaining groups,
although this result was not statistically significant
(p=.18) (Fig. 2).

Regarding sciatic pain, 19 patients were categorized
into tertiles according to NRS severity: 4 patients in Tertile
1 (score 0-5), 7 in Tertile 2 (6 or 7), and 8 in Tertile 3
(8-10). Patients in the third tertile were more likely to have
higher CSF levels of pNfH compared with the remaining
groups, although this result was not statistically significant
(p=.36) (Fig. 3).

With the exception of one patient, most patients with a
pacemaker underwent MRI (n=31). We categorized these
patients into 3 groups based on the extent of their stenosis:
9 patients in Group A/B (mild stenosis), 14 in Group C
(moderate stenosis), and 8 in Group D (severe stenosis).
There was no significant difference in the CSF levels of
pNfH among the three groups (p=.65) (Fig. 4).

Discussion

This pilot study had three main findings. First, the vast
majority of CSF samples from patients with LSS were
positive for pNfH, and CSF samples from the control sub-
jects were all negative for pNfH. Second, patients with
severe clinical symptoms (as assessed by ZCQ or NRS)
tended to have higher CSF levels of pNfH. Third, there
was no association between the pNfH levels and the mor-
phological severity of stenosis, as determined by axial
MRI.

The high sensitivity (97%) and specificity (100%) of
pNfH presence indicate that pNfH may be a useful tool
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EVIDENCE
METHODS
Context
The phosphorylated neurofilament heavy subunit

(pNfH) is an axon fiber structural protein that is a poten-
tial marker for nerve damage. The authors present infor-
mation regarding the capacity for pNfH to be used as a
tool in the evaluation of patients with spinal stenosis.

Contribution
This study included 33 patients with spinal stenosis who

were referred for myelography and subsequently had
pNfH levels analyzed in their CSF. Results were com-
pared against CSF samples from patients with AIS. Pa-
tients with spinal stenosis had detectable levels of pNfH
as compared to nondetectable levels in those with AIS.
There seemed to be some correlation between pNfH
levels and severity of stenosis symptoms, although not
with the anatomical severity of compression itself.

Implications
The results suggest the pNfH may prove to be a viable

biomarker for spinal stenosis. As the authors recognize,
this research can only be viewed as preliminary and may
be confounded by limitations associated with the patient
sample and its clinical context. The specificity of this bi-
omarker relative to spinal stenosis, and as compared to
other neurological disorders, will likely define the real
utility of the metric going forward.

—The Editors

for diagnosing LSS. There was no association between
age and CSF levels of pNfH, which agree with the findings
of a previous study [20]. We further investigated the asso-
ciation between pNfH and the severity of LSS and found
that patients with severe symptoms (as measured by ZCQ
or NRS) tended to have higher CSF levels of pNfH. In
contrast, there was no association between the pNfH levels
and the morphological severity of spinal stenosis, as as-
sessed by MRI. Although the mechanisms by which pNfH
increases in the CSF on entrapment neuropathy, such
as LSS, are unclear, disturbances in the axonal structure
(axonotmesis) or impaired axonal transport of cytoskeletal
molecules (pNfH) may result in the secretion of pNfH from
neurons, whereas their cell bodies in the lumber spinal cord
remain alive. Therefore, we assume that the elevation of
pNfH may reflect the state of the axons more directly than
the MR images. As in other neurodegenerative diseases, our
results suggest that pNfH can provide objective information
on clinical severity in patients with LSS, which MRI find-
ings are unable to do [6-9].

The clinical implication of the absolute value of pNfH
remains to be examined. Currently, there are several
commercial products of enzyme-linked immunosorbent
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Table
Patient demographics for the LSS and control groups

Patient Age (y) Sex CSF level of pNfH (pg/mL)
LSS group
1 84 F 973
2 78 M 1,650
3 74 F 476
4 68 F 1,060
5 76 M 1,000
6 65 F 266
7 80 F 615
8 71 M 480
9 72 M 2,380
10 74 F 1,700
11 70 F 1,680
12 78 M 293
13 79 M 1,250
14 60 F 1,110
15 69 M 740
16 85 M 369
17 71 F 739
18 88 F 277
19 58 M 951
20 70 F 881
21 65 F 172
22 68 M Negative
23 65 F 342
24 72 M 3,790
25 78 F 538
26 64 F 149
27 72 F 997
28 83 M 784
29 79 F 9,250
30 82 F 937
31 75 F 5,610
32 77 F 884
33 65 M 665
Control group
1 10 F Negative
2 14 F Negative
3 23 M Negative
4 19 F Negative
5 15 F Negative
6 12 F Negative
7 27 F Negative
8 16 M Negative
9 19 F Negative
10 13 F Negative
11 20 M Negative
12 15 M Negative
13 12 F Negative
14 19 M Negative
15 12 F Negative
16 15 F Negative
17 13 F Negative
18 15 M Negative
19 21 F Negative
20 13 F Negative
21 11 F Negative

CSF, cerebrospinal fluid; F, female; LSS, lumbar spinal stenosis; M,
male; pNfH, phosphorylated neurofilament heavy subunit.

Note: Negative results for the CSF level of pNfH indicate that the level
was less than the limit of detection (70 pg/mL).
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Fig. 1. A histogram of the cerebrospinal fluid (CSF) levels of the phos-
phorylated neurofilament heavy subunit (pNfH).

assay—based pNfH detection systems available only for ex-
perimental use. Boylan et al. [11] reported that the median
pNfH in the CSF of ALS patients was 4,380 pg/mL in their
case series [11]. Although this value is slightly higher in
ALS than in our LSS group (mean 1.344 pg/mL), it should
be noted that the difference in manufactural products for
the measurement of pNfH between their study and our
present study may have had an influence on the absolute
value. Further recognition of pNfH as a diagnostic tool will
provide an opportunity for the establishment of more stand-
ardized measuring methods.

There were three limitations that are relevant to this
study. First, the sample size of this study was quite small.
Although the present study indicates that there is an
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Fig. 2. The association between cerebrospinal fluid (CSF) levels of phos-
phorylated neurofilament heavy subunit (pNfH) and symptom severity
grading. ZCQ, Zurich Claudication Questionnaire.
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Fig. 3. The association between cerebrospinal fluid (CSF) levels of phos-
phorylated neurofilament heavy subunit (pNfH) and pain grading. NRS,
Numerical Rating Scale.

association between the CSF levels of pNfH and the clini-
cal severity of LSS, further research is needed to confirm
our findings. Second, there may be a selection bias affect-
ing the study population, as we only examined patients
who underwent preoperative evaluation. Further research
among patients with less severe disease would provide ad-
ditional information. Third, we only performed a single
measurement of pNfH for each patient; therefore, repeated
measurements may be warranted in the future research.

In conclusion, this study is the first to describe the
elevated CSF levels of pNfH in patients with compressive
spinal stenosis. Our results indicate that pNfH is a promis-
ing biomarker candidate for preoperative evaluation of LSS
patients. The use of pNfH in future clinical practice may

10000
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Fig. 4. The association between cerebrospinal fluid (CSF) levels of phos-
phorylated neurofilament heavy subunit (pNfH) and morphological
severity.

243

1591

have a significant positive effect on the management of
LSS patients.

References

[1] Herkowitz HN, Garfin SR, Eismont FJ, Bell GR, Balderston RA.
Rothman—Simeone the Spine. 6th ed. Philadelphia, PA: Saunders,
2006.

Aono H, Iwasaki M, Ohwada T, Okuda S, Hosono N, Fuji T, et al.
Surgical outcome of drop foot caused by degenerative lumbar dis-
eases. Spine 2007;32:E262-6.

Katz JN, Lipson SJ, Brick GW, Grobler LJ, Weinstein JN, Fossel AH,
et al. Clinical correlates of patient satisfaction after laminectomy for
degenerative lumbar spinal stenosis. Spine 1995;20:1155-60.

Katz JN, Stucki G, Lipson SJ, Fossel AH, Grobler LJ, Weinstein JN.
Predictors of surgical outcome in degenerative lumbar spinal steno-
sis. Spine 1999;24:2229-33.

Hara N, Oka H, Yamazaki T, Takeshita K, Murakami M, Hoshi K,
et al. Predictors of residual symptoms in lower extremities after
decompression surgery on lumbar spinal stenosis. Eur Spine J
2010;19:1849-54.

Haig AJ, Geisser ME, Tong HC, Yamakawa KS, Quint DJ, Hoff JT,
et al. Electromyographic and magnetic resonance imaging to predict
lumbar stenosis, low-back pain, and no back symptoms. J Bone Joint
Surg Am 2007;89:358—66.

Lohman CM, Tallroth K, Kettunen JA, Lindgren KA. Comparison of
radiologic signs and clinical symptoms of spinal stenosis. Spine
2006;31:1834-40.

Sirvanci M, Bhatia M, Ganiyusufoglu KA, Duran C, Tezer M,
Ozturk C, et al. Degenerative lumbar spinal stenosis: correlation with
Oswestry Disability Index and MR imaging. Eur Spine J 2008;17:
679-85.

Zeifang F, Schiltenwolf M, Abel R, Moradi B. Gait analysis does not
correlate with clinical and MR imaging parameters in patients with
symptomatic lumbar spinal stenosis. BMC Musculoskelet Disord
2008;9:89.

Petzold A. Neurofilament phosphoforms: surrogate markers for
axonal injury, degeneration and loss. J Neurol Sci 2005;233:
183-98.

Boylan KB, Glass JD, Crook JE, Yang C, Thomas CS, Desaro P,
et al. Phosphorylated neurofilament heavy subunit (pNF-H) in pe-
ripheral blood and CSF as a potential prognostic biomarker in
amyotrophic lateral sclerosis. J Neurol Neurosurg Psychiatry
2013;84:467-72.

Kuhle J, Leppert D, Petzold A, Regeniter A, Schindler C, Mehling M,
et al. Neurofilament heavy chain in CSF correlates with relapses and
disability in multiple sclerosis. Neurology 2011;76:1206—13.

[13] Yang YR, Liu SL, Qin ZY, Liu FJ, Qin YJ, Bai SM, et al. Compara-
tive proteomics analysis of cerebrospinal fluid of patients with Guil-
lain-Barré syndrome. Cell Mol Neurobiol 2008;28:737-44.

Lewis SB, Wolper RA, Miralia L, Yang C, Shaw G. Detection of
phosphorylated NF-H in the cerebrospinal fluid and blood of aneur-
ysmal subarachnoid hemorrhage patients. J Cereb Blood Flow Metab
2008;28:1261-71.

Goldstein ME, Sternberger NH, Sternberger LA. Phosphorylation
protects neurofilaments against proteolysis. J Neuroimmunol
1987;14:149-60.

Shaw G, Yang C, Ellis R, Anderson K, Parker Mickle J, Scheff S,
et al. Hyperphosphorylated neurofilament NF-H is a serum bio-
marker of axonal injury. Biochem Biophys Res Commun
2005;336:1268-717.

Hayakawa K, Okazaki R, Ishii K, Ueno T, Izawa N, Tanaka Y, et al.
Phosphorylated neurofilament subunit NF-H as a biomarker for eval-
uating the severity of spinal cord injury patients, a pilot study. Spinal
Cord 2012;50:493-6.

[2]

[3

—

[4]

[5]

[6]

[7]

[8

—

[9

—

[10]

[11]

[12]

[14]

[15]

[16]

(17]


http://refhub.elsevier.com/S1529-9430(15)00265-X/sref1
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref1
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref1
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref2
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref2
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref2
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref3
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref3
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref3
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref4
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref4
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref4
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref5
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref5
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref5
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref5
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref6
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref6
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref6
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref6
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref7
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref7
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref7
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref8
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref8
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref8
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref8
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref9
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref9
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref9
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref9
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref10
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref10
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref10
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref11
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref11
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref11
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref11
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref11
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref12
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref12
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref12
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref13
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref13
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref13
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref13
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref14
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref14
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref14
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref14
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref15
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref15
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref15
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref16
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref16
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref16
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref16
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref17
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref17
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref17
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref17

1592 J. Ohya et al. / The Spine Journal 15 (2015) 1587-1592

[18] Stucki G, Liang MH, Fossel AH, Katz JN. Relative responsiveness of
condition-specific and generic health status measures in degenerative
lumbar spinal stenosis. J Clin Epidemiol 1995;48:1369-78.

[19] Schizas C, Theumann N, Burn A, Tansey R, Wardlaw D, Smith FW,
et al. Qualitative grading of severity of lumbar spinal stenosis based

244

on the morphology of the dural sac on magnetic resonance images.
Spine 2010;35:1919-24.

[20] Petzold A, Keir G, Green AJ, Giovannoni G, Thompson EJ. A specif-
ic ELISA for measuring neurofilament heavy chain phosphoforms. J
Immunol Methods 2003;278:179-90.


http://refhub.elsevier.com/S1529-9430(15)00265-X/sref18
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref18
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref18
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref19
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref19
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref19
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref19
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref20
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref20
http://refhub.elsevier.com/S1529-9430(15)00265-X/sref20

£t






[ - SRS 31T 2 B DRI &

et 0 DEAERRVER O BEMIC B9 % AR A

245

E%L

gL



p—

DTIRELFEZZOTHATLIEZEN,

1. HRT7TOMEH - F i (1) 3. (2) & 53
2. #HEE (1) P (2) mies (3) HJMPE - mE - R
(4) K=z (5) KRBz
3. BUEDRIE DA (1) & (2) %
4. FELTWDLIFEE (1) HR - R B - 4 (2) fHACRE, AR

(3) JSlof - filitk, FEILoh - hlikk
(4) . QW5 ( AN @
Q/NFAEUT OB EFE L TOWET N
GNEVANERAAY-S
(5) —ANATE (6) HHEME
5. brl-OEHFE (1) EEtE (2) #tE  (3) \ERtHE
(4) JRiEFEE (5) EElF - 781 b (6) ZOfl ( )
6. ZTNETICAF 100K EEFIZ6 AU ERIZZ 2T o2 RBRH Y £

(1) 1EWv (1 B Z NI S i)
ZO1IABICER, e X2 2> TWET M
(1) iFw (2) Wiz
(2) Wiz

7. ZO10H, EMIC1E 3 0L EoER) (TA—F 7 EET) LTHETH
(1) I (OFHE2ELE @OFHE1E @ 1EIXTE TV
(2) Wz
8. HUE, BRESNTWAFERIZH Y 90
(1) BYR  (2) BEHEHERIHR A~ =7 (LERmAEEY D)
(3) ATEEERFE (OFifE OFRF OmiFMiE @FE ©®% D)
(4) A B~V ARGH
(5) Zoft ( )
9. Z D1 O IR R
(1) 5 REHIATM (2) 5EEFILLE 6 REEI A (3) 6RFLLE 7 REA
(4) 7HMLLE SHeMIAN  (5) SEFHEILLE 9RERIRM  (6) 9RFMLLE
10. Fi# - MEEHOBE CTORBRERITIENLS HWVTT D
(1) 14K (2) 19U E~28Km (3) 24Dl b~ 54K
(4) 5AELILE~T1 ORI (5) 1 0FLLE~2 05X
(6) 2 04ELLE
11. 5 1 22AHTo 1ERMS720 OF @R GRERR S ET) T8 b TT
o)

246



(1) 1~34 FffE]  (2) 35 HEfH~40 FFfH] (3) 41 Ffff~50 KR
(4) 51 E#FH?"GOﬁﬁFEﬁ (5) 61 E#F'Eﬁ’§65 BER (6) 66 EFff~70 FRFfE
(7) 71HFRILLE
1 2. BI{EOHSGITHE L TWETH
(1) ZomELTND  (2) DLELTND (3) &EbnTHARW
(4) HEVIRELTWHARY (5) 2R L Ty
1 3. BTk
(1) F#wmut (FEK) (2) mR—b~— (1~3%) (3) #T7TU—%
— (MEEfs) (4) HoéAh - REERT  (5) PT/OT (6) Zofh ()
I.20157BIZE3BBOKRICONT

1-1. BHIGBECAEHYELEN? |2 0E b 1E ¢ 28 d3E e O [

2. BHIF FAD BET

3. BHTIE, &% BOMAEE £ ThE
(fl, H&Z BOMAEE HTHEE)

9-1. BHFBISAEBYELEA? |2 0E b 1EH c 28 d3E e Z0OH_ @

2. BENE B AD BET

3. BYTIE BEE LOFAEE & THE

31, BHEBAESBYELEA? |2 0B b1E c 28 d3E e 20O H
2. B B BET
3. BT BT ZOFAEE & THE

RELSNDENTE (R, B, BH) THEARBRI SHEEDOARFX, FHTHEEDLNT
ERN

ETH EZ5) ETH

R\ + 4 =S ALY

1. BRZEHLEY, KHZEEIGE,
BAICZ(+AEE

1 2 3 4 5 6 7 8 9

2. FBZEEHLEY, HIlTHE,
FE el % =R i

3. BfEMTLySv— 1 2 3 4 5 6 7 8 9

4. BERAEFESY, #HEEIRYEDD
1l BB T AB T

41, BHEBAESYELSA? |a0E b 1EH c28 d3E e ZOH_ @

2. "EIE FFAD FET

3. WYTIF, &% HOFAEE £ThE

247



4. RENPIZEDREDRSIE, BLE 5

5. WENHRIRIRZENT-DI(X, TE ED>5% 1 [

B THEARBRIDHEZDOEME, FHIDHEEDLGNTIMN?

fE BRIt AEE

£TH =5 £TH
24 I £ & e
1. BAREEALEZY, AAEFESLHE, 1 2 3 4 5 6 7 8 9
 BIAIZR(TABE
2. FEBZEEHRLIY, 1T 5L, 1 2 3 4 5 6 7 8 9
FEL - db 2 %=
3. BRMTL Y v— 1 2 3 4 5 6 1 8 9
4. BRMNEFESY, HEEERVEDD 1 2 3 4 5 6 7 8 9

. BEREHICOLT

1. MEBLLTBOTLSDRREZEOHT ‘ET & 7 H

2. RREFBTHLTLSDIEFRAEZEHT HEHT F 7R

V. ROBETEYTALIARZFy 7 LTLEEN

Z 5 B Z95 /9
1 RO LS AROIREED NIk, KZEEL7=D 0 1
HEEIRNTH D Z LI L TEE LTV N
2 Bt 2 ERENE, DECENDICENS T EN 0 1
Zino itz
3 FOBRITOLEL, IRLTRLS ebRrne 0 1
KL 5

4 VIRNER LD L8, &l 2 IR LD 20 0 1
5 SEMICEZ T, 22 2l % 258 DL HEE LThH MmO T
EOREEDLIELCE L, 0 0 0 1 1

248




V. BRRYUTIREZ LZADOIRFT= Y7 LTLEE,
(1) fEFoAHEE

ol FhEOE OXEY O ED
1IEFICIEL SADEFEE L by OO0 @O ©ln

2 BN LR L X e OO @O ®0
3—ERGEN TR B W oo @O @0
APV EBEEETTOIVNERNDD @O @0 @0

5 15 FE D RGBT S B 7 i L ME R @O @O Ol
6 BRI TII VOB FED Z & 2F X TV RITIER B

oo @O @O
TRZE L fE S 2 OO QU @0

(2) HFEoay pa—LE
O FhEolE OXED
1 DOR_R—ATHENTE D o0 QO ©ln
2 B CHEDIEE - OV FZRODHZENTED
oo @O O
SHEoMtFEOHFHCASOERZKIKTES OO QO @O

(3) W5 OxE ABIfR
O FhEoE OREI O ED

1FLDEENTEROBEVENLRDH D @O @0 ©lN
2RO E EMOEE LT D ENEDRN DO @0 Ol
3SFADIES D FEAKIIAFTH 5 @O @0 ®0

(4) HEEDOIEHE
ZHE FEBEHE O0ED

1 B4 ORI ZEF TS Z &7 OO0 @0 ©ln
(5) WS ORE

1 FADRS DVESEEREE (B, BRI, IR, K2 8) T <20

o0 @O @0

(6) fEFE~OWELE - @250

LEFEONFIZASICAE > TS ®oO0 @O @0

2l & NN D B DHER OO @O @O
(7) WHoOZRE

@0
@0
@0
@0
@0

@0

fo
Y

@0
@0

@0
@0
@0

(o
Y

@0
@0

FEHFIT MRV E2) £ 7N

249



IKDOANTZHE EDL HWKERIZEEN TE 47

1 1+ @O0 @O @0 @0
2 Wetts ] 156 @O0 @O @0 @0
HIRT-BER ST, RO ANTZBIZEDL SWEY (220 30

3 k] @O @0 ©ln @
4 35 O R @O @O @0 @0
HIel- DN 72 BEZ R L6, ROATBITERLS BV TS uET )

5 k] @O0 @O ©n @0
6 k5 O [l 1 @O @O @0 @0

VI. &iE 1 MARDHLEF-DREICONTIMNNET, HoLLHTRFESLDIZOZEDIT
TLIEELY,

Faliahiots | Maborm | LIELIESo7 | ALV bH ol

O FENDNTL D 1 2 3 4
@ TTRNBNSIFENE 1 2 3 4
@ H£ExAExTD 1 2 3 4
@ R &KL D 1 2 3 4
® WLIESLZ L 1 2 3 4
® 1747 LT% 1 2 3 4
@ OELFENT 1 2 3 4
® ~&~Liz 1 2 3 4
@ =50 1 2 3 4
O KR DD TND 1 2 3 4
@ KL 1 2 3 4
@ HEHENRD 1 2 3 4
@ &5 -7 1 2 3 4
@ %920 w7z 1 2 3 4
® PEIEFTE RN 1 2 3 4
® KA 1 2 3 4
@ HFERFIZONRN 1 2 3 4
® ELWVWEEL S 1 2 3 4
@ DHENNRTD 1 2 3 4
@ KOS LS LR 1 2 3 4
QEEANE > 72 0 HETE 1 2 3 4
T5

250




QEHLENZ D 1 2 3 4
T 1 2 3 4
ed H 2 JEA D 1 2 3 4
BEESC BN TS 1 2 3 4
€0 H 15 D BA D3 D 1 2 3 4
TN AN 1 2 3 4
EMSTHZ T D 1 2 3 4
e9 & < HRALZ2 W 1 2 3 4

VI. EERoRR

ER(TROKEESIZ 1 BULEKEWEAT, fll(HL)DREA-LUNEF ERLE
©, =20, £EORIRICHESHIERCRABTEN S SRICRELBREIIROITONTS
HELFET.BE 1 NAZHRETHE HLE-ODERBEIIUTOEDKETLEN?HLHT
[FFDELDERA TS

1. BRZHEICLFaEhor

2. BRREMHSICEEFHoIN HRICXEFEEES-Y CLFhhof

3. BRED-HEEICKEEZE-LIE-2EEHo1=H, REITURR) (XLIEM T

4. BREDEORE (KB ZELECELHD

=2, 3, 4iCEE BRHY) & LcHICBEE LET,
R A RS THL 3MALE o TWET N2> F, Wz
B O, e LT 4 AU MRATERRIZH O 50—
SRR
A FETICRBR SN MR T, BIEND L2 D E T Do TR
DI BENSTZHDIEENL BV TT N
1. 2WEARN 2. 28 E~122AKE 3. 1AM E~3 7
ARG 4. 3D AL E~EFERmM 5. P E~1 FARm
6. 1L E~3 RN 7. 3L L
RO T DIZEREE 22 UE Licny (BRI WD)
O BN QEEAFLANORELE OFht @~ v ih—IF
OWRbE @A nTT7 7T 4y DFOM @z Ll Lidhk
l/\

251




VI. BEERICDLNVT
BE 1 yADOERIZOVTEEELET . HTETEDIBESIZOZEDIF TS, (REKENTFE
DAHITEEDEEZDEREDEBRZEZZ T, BBEALEESLY,)

1. SFA, RICfIEFRYET N ?

a. 5 BFfalRi#E  b. 5 B c. 6 BFfH d. 7 BRE e. 8 FEfiE f.9BEFRILLE

2. A, AEIZASTHLIRDETICEDLLVHRNANMNYET M ?

a. 10 7 LAR b.11~304% c.31~59% d. 1~2 B e. 2 BRI E

3. MEFRITEFTELARES T, RYICDFLGVNIEFEDLVHYFET A ?

a. [FEAERLY b, E#E c. B1ELE d B1~2E e B3ELUE f XZXEH

4. BIRCKENESD T, Z0HE, BNRENIEFEDLVNHYFET H ?

a. [REAERLY b, E#E c. A1ELUE d B1~2@E e BA3EULE f FIFEH

5. BAEEET-FF, MNZRLAHEFEDLVHYFET AN ?

a. [FEAEELY b, EHE c. A1ELUE d B1~2@E e BA3ERULE f ZIFEH

6. XEIC, BIRYLZSLEEBVERZERLHLFEDLVHYFET M ?

a. [FEAERLY b, F£#[A c. A1EMUE d B1~2E e BA3EUL f [FIEFEH

K.&HR7TDOBEZRLRFELE L TR D LY TEEL2HFIZOZSITF T EI N

DL ZoBbv | 2589 7 <
Z 5 B 59
HEIT 5 L EEFDTLEI S Lk 1 2 3 4
EREZITIRD
JRADHET O TS L7z< e 1 2 3 4
FLORIIIANIEFICENE Z AR D & 1 2 3 4
LT TWD
D> NIFFRLOAEDIREED Z & 72 EEANE 1 2 3 4
2T
TIUT b RBBEZ o E o0 1 2 3 4
DENWT, BO—ERANEZ Y 5 HIKIC
ol
ALK L DDIE, ROKRZRDI- 1 2 3 4
ZENFERETH D
RUBEREELITDRVWE S LITdK 1 2 3 4
AT D 2L, O A B SR
eI TELRBEERZLTHD

252



Z DFRNR BT RL DRI A I I O 1 2 3 4
BRI 5 TWVDMNBITEN RN

RERFDIRNTZDIT, FHAEE U= LRI 1 2 3 4
Efh 2L 5

AT E THEREFORLT VO T, +3TO 1 2 3 4
TEHEEEOANEFRILELOICTE DT
VA

AN H DL, ETHo TCHEEITD 2 1 2 3 4
LEBEINDARNXTRN

X. BEDHRT-DEEDRERBIZOVWTREELET,
BELHTUITEAHEHFICOZ DT TLIEE N,

1. KpCREBERRRIL
1 kol 2 wobiZEbblw 3 Eirol 4 FEFICEIo-
2~11131 @& hoic 2 HEVRI-E 3 Hole 4 W VHoT)

2. EHEEAEZRA T NE B o7 2 L 1 2 3 4
3. MRS TENZK I LT 1 2 3 4
4. HRIZEKR U= L0 1 2 3 4
5. RN L2 &% 1 2 3 4
6. BHNEWE KL LT 1 2 3 4
7. NAICTEINDDOTIZE W) RLENH -T2 L1 1 2 3 4
8. MHLEMIFTHIEY, RN LEZ &L 1 2 3 4
9. L<HFEMNS Z &I 1 2 3 4
10. FRE< BERRD TIRRLZRWZ L1 1 2 3 4
11. X 72R, To&% D LAV EE U &% 1 2 3 4
12. WOLEDTKTIEOEDE L TWEZ &M

1 7200k o7 2 WobeEbbhnhoT-
4 L TRDRNo T
(183~151F1 @< o 2 HEOVRolz 3 ol 4 O UHhoT)

w

TERINTL o T2

253



13. HWHICHZRFE LT, L<IRNho7zHIT : 1 2 3 4

14. RPICEZSET &0 1 2 3 4
15. BHENPRL TIRNAAWRZBI L2 Z i 1 2 3 4
(16~171X 1 =T VH o720 o h LB DO LRI T2 3ol 42 2o T7)
16. WO b X VICLITEBMRAEIRELEDL Z L8 1 2 3 4

17. WOBLEDFTRTRIES VS TNDHEELLZ &80 1 2 3 4
18. f#H L TWA T :
1 FEHIZOES Vo7 2 WObEEDLLRNoTE 3 HSEI W RhoT
4 Fol rEI WMot
(19~201F 1 CT&7= 2oL L EDLLRNolz 3 TERI) oz 48 TEhoi)

19. WObLXVEZBIIMFEERODL LN 1 2 3 4
20. WOL LY HEAEFEEZRLIEDZ LN 1 2 3 4

21. =W L TEHERZ2WOIZ, i tos7c, MVELZD 52 &3
1 <otz 2 HFE0hnolm 3 Holz 4 20N Udho7-
(22~23 131 &< ol 2O BN otz 3dol AU Ho)

22. WOL LV NWANWARZILEAFEMEK U EIT: 1 2 3 4

28. WOBLEVENELS TEIDICRD I LT 1 2 3 4
(24~27131 &<7Zzhrolz 2 HFEVR)olz 3 ol 47-VEVH-o7)
24. BIEZK-T2Z &% 1 2 3 4
25. NAICELSERrE KoLK T2 i 1 2 3 4

26, NEZZBEL, BRLILZ &1 1 2 3 4
27. EETWVWDLZ LIZERMPRNWEK L2 & 1 2 3 4

28. ZOWEMNBHA TLENZWEE L &I
1 &L R2hol 2 ehrolz 3 —WbHoT= 4 =BTz
29. FEATINEONELE EE 22 LIX

1 &< Rhol 2 HEVRMoT 3 ol 4 =N UHH-T2
30. HEZL XKD &&EX T LN

1 &< Rhol 2 ehrolz 3 —WboTo 4 OO Te

T — R HAVEREEE LT, RBITHYRE ) TEVE L,

254



RSB S SRR RS RS
[BI5(C B BB RIS AR AL ICRI T D%
__ SRmRFI—2J0VIHF
~BREZOMEERELET DIHDOT VT —~ JIEE) —

¥ % A B

FF. SHEEOEANEESPEIEEICOVTBEELEY. UT. BH~E
DBMAEICAEL. HFEIASINDD, LTI BDICVEDIFTFEL,

HBEEE [ ] Ha&i [ 1 =% E 45 % -0k
BsE [ 1 cm Bz | 1 ke @ OmEenss - 5k - 70t
X #RWETH ?

CIORHDEEL C@LFICIR> TOWEHBERYPHTVD  O®RS

Bl 01 2 AETO 1 iBREGD 0SB (BEREL2HET) ZHA TS
WOZIEEES (@40~BOBM*E (®50~BOR
[@60RsELU L

Bl EE4£50BETCORBREHMIENS SVTITH ?
O S C@14EMUE. 2FKE C(@2FEM . 5EXS
(@54 . 10FExS [(I®10&FL . 20FEF (®20&EU

IlE w=&ixsmbFETh ?
ROF% CJ@LWVWA

il EETIh?
CIOIE LY COJ@WLWLE

BB, ERaNTURESE (BE) PR (ER) RHbETH?

O [I@1D%% [1®2D8%% @32 £ D
=@~® (1 3”%3?522@5 L;L?':‘(«.BF‘EEJ* %ingi%izﬁ?dbliﬁ LTFELY (BHEZER),
LR RRMEERIRANILZ LB a1 E R
(4R BEWEE (FIE. *Eb?r\ SEEME. BEKE) [OXVFILNIVADAREHE
[1Zoft ( )
LEDAICHEEELET,

RE. HIRLTVLWEITH ?
OO OOz

255



B S DEFRDIREIC DLT I hHIVET,
CICIF. BB TRFIEBO—ORFICFTvIULTLIEEL,
p

.
BEEE. AEICRTHSIC AU BV EERT. Ho ||
BH - LUNE#-SIEDEZIHDTEZI TS, L. /) A
SRR ARCHNG5EECRUZEREREET. ﬁk
\ﬂ%ﬁb‘\‘%i&ﬂM?’iEMTB%i'Fémo | i._maoni JJ

BEITEET. oK DEZSTEREMR. HDIVITEBHEERIRNLV -7 DI, EEe (7.

2EM - OUZwy, BEREEOREARIIZSHELA) B, XCEFABRUCERESHDE

Igh?

[FLLWZ

—~[EV\WDA BNADFTIH., OBEFRUCEHZHZTLEEL) H
@ABUTeHEZHZA TLEEL H

* BEO, PODEZEEE. OLTERALIEEV

BEITFEDOHFDERZIDIRSE. UTOEDIRETULED ?

(o BT o T

[ Rl d o feh. EEICKER>ED oI

(e BROEOABICEEZE U EEH oI, KERIFLED DT
[z BRDHEREE LI EDDD ( H)

BTABDS T DERIAEZIRETDE. UTOEDRET LD ?

(o BRI o fe

[ BRElEdofeh. AEICKEFED o

(e BREOHABICTEZEEUTcC Ebhofeh. KEEE LT ofe
(s BREDHAREE UTIcC &g D

=1. 2. 3lCEE (BEHbD) LUEHICBEELET,
BEZEOTHS53ABULESOTEITN ? BREIHIEEFEDOLSVTIH ?

IO [@LWZ JOFEsH Le#E2BME OE1BUA

BI4BETH O IBRE (LUNZZV) ZHRENICEXT. BHDOBESZUTOHRFNSEAT
OZDIFTLEEL, O0ZZLBHDIEWVIRE, 10ZBBRLISDIERBDEHEEZTCHERILR

ral AR
Fore< BRULDS
RHDIELVIRRE EEDEH

0 1 2 3 4 5 6 7 8 9 1IO

15%, HIECOEREIE. BLOEEFPEHZT DI A CTHBICEODTVNDHLERNEITH ?

CIOREICIE B TELY L@BZ 5 <REICIE SR
C@BZ5 <K EREICKED C@MEEICRIEICIED

256




BE3OHDEICENK SL\DEEETRDZ EDSHDFI UL,
RBHCREXDHHFICOZDIFTLIEEL,

CENHD
IrtcC\e

1. MEEsICEU,.

TEEEMIE LR U,

ZhZh. BEDOOELREUT,
KADEIFANT, fAIHHEC > THIDBNEVK S [CREU T,
AZzg 208D IEERUT,
BRIXBEDEWVABILEREUT,

—_—

N D D N N N ckeckr
w

o0 AP
O O O O o o
A N DN DN N DN GUS

IE 8% 3 0 HE D& F e DEMRIFTEDOHRESF AR TRE T IH ? B DR
DD O CHRELOIEHDOEFRZ OF, —BUISEHNHERDIADPOIESZ 1 0RE
UTchs, SIEDEREARTRINETH ? ROHTETDBESICOZDIFTLIESLY,

RIK RS
0 1 2 3 4 5 6 7 8 9 10

RIC, TT2BEDORDT EZEZZ T, ROFNZEFNOERICXTDHERD
BZICE (M) #SEALTL L,

SN T
0 1
T 2EDM. BELEDIFSICELN BT ENDI O 0
T 2 AN, BOECHEIERLDT ENGBoT O 0
BREO), F0EE UHEFTLEL) O O
i 258MIE. BREOLD. Wbk DENIELE O 0
DL SEHROREDNG. FEBH LEBHNTHHT £l - -
ARUTEZEEIFVARL
DEBEDDISEDRC EHSBh T 0 0
HOERFVES. RUTEESHENEES O 0
MBTFEEUSIET S BFIFEE LS O 0
LWMICEZ T, TTEOMICEREEDREEP L RUE LN ?
2% U thasps ETH BT
. s ; ; ;

257



Enﬁuxﬁﬁgﬁjé%iﬁmomtmgﬁvvo%n%noﬁﬁcamt\
BEDEIME (RIBHICED. FHE LTS, H<L. BEHEITDHEFE) BHEeD
BREICENLEDEETSD. BULLRBRETSHTEEELSHD . OhS56D
BEHT, BRBHTCEFFTDIHAFIC—DOEIFTOZEDIFTLIEELY

- = £<
£2<%>5 EB5LE .
55007~ (1A W AV & ~ (A %gggb
1. BHEOEEX. ThAOEDEHEE(LEED 0 1 2 3 4 5 6
2. BAROEER. ThDEICEVLRERZSZ 5hH LNEN 0 1 2 3 4 5 6
3. hoEEZE(LEESD (BB LNEW) 0 1 5 3 4 5 6
KO EBIEDEHEZ T RETIHEWN
3 x x
4., hOERZELEIED (BEEDDHULNEW) 0 1 5 3 4 5 5

KO EFAEDEMEETEIEL

[E RE&IC. SEOEENEEBRIREBICDOVLWTHHEELET. UTDOZENEN
DEMTHFIEBEDSHOERREZE >EBHLLHE5DLTVDBD%ZE
1~3D3BUVEDRY. BEICOZEMIFTTEL,

BEIDIEEICOVWTCHOEELET

1. HEHEEBOCREREL)
2. EFHFEEBOICL SHEBENBS

3. WENRY K (F) CBEEDTHS

SOED DERCONTBEELET

1. FEDED QBRI L)

2. EFHECEEREESHTT DOICLIK SHEENSD

3. AEFHECEEREEHTTEGL

BIEAMEE (Bl HH. WA, Kk RESEE) (COVTHMELET
1. FMBBEADEEETS OICRBEEFEL

2. FFAZADEEETS DTV SOMEN DS

3. WEAEADEBESTS T EDTEML)

o/ TREIC DV THBHELET

1. FhFREH ORI

2. FFPREDREH OTHRED S D

3. BV EVEF P RRED B D

AR/ BEFAHCDODVLWTCBEELET

1. FWEARLRTHIETETRAATHLEL)
2. hFFEEICALDDIVEZETEAATLD
3. FVELARLHDVIEIETETAATWVD

* % % CRABDOHESTEIVNE U, TEREABNDEVLHZIESR IV, * % %

258



BEFHEE S KRR RIAREE
[R5 (C BT DERDINRIIE; ?%%E%?éﬁ%J
- SERF—22TOVIHE |
— R & ZDE %ﬁ%ﬁﬁ?éh@@z/# N (FFER) —

SRR BEES

HIE = DERDIREICDVNTIDDNET,
5-oEBHTIRFFHAIEHDLIIIC—DREIFF v IULUTLIEELY,

s
EESlE. SRICTTESIC] AU EREVN-EST. HoO
&dH - LUNZEHESTEBDEZSHTEZITL RSV, EL. S A
HEPEE. BICHNG?E=CRLIERREEET. ﬁﬁ
\ﬂ%ﬁb‘%ﬁUL\HEL‘Z\TBEZT*L\O )

BEFXFET, ToLKDEZZOEEEM. HDVIEBHEHERBIRNIL=7 D, EREiEER (R,

Eg’«_)}gﬁr)j OUZ vy, BEREEOEEAREISHEEBA) &, FICFARRUICEERESHD

(LY LW A

—~ELD7H BNADFTIH. O&ERLCABZHZATIEEN =
@ABUTeHEZHA T EEL) H

* BED. BODBEEF. O&ESEALTEEV

BEXFOSHETDERZIDIRDE, LTFOEDIREETLeH ?

(o BT o

[ Rl d o feh. EICKERFED oI

(e BREDHHASICTEZECUIcEDbHofeh. KREIELED o
(s BB LicZ &Ehdnd ( H)

BE4BDOSH e DRBIREZHRE T DE. UTOEDRET LD ?

(o EBRIE T o fe

L Rl d o feh. AEICKE>ED oI

(e BROEOABICEEZE U EDEH oI, KERIFLED DT
[z BB LIcC EDn D

=1. 2. 3lc@EZE (BEHbD) EUAICBEELET,

BREZEOTHS3HBULESTETH ? BRENHIBEFEDLSNTITH ?
CIOELY C@LWnz DOREEE HDeE2BME [DeOE18MUA

259



BIABEBTHOEEE (LOUNZZSD) ZHENICEZX T, BHFOBRSZUTOHFL SEAT
OZDIFTLEEV, OZ2LBHDEFEVREE. 10ZBELSOFBDEHEEZATHEZILL

ral AR
Fore< BEULDD
SR+ DXL VIREE REDREH

@ 1 2 3 4 5 6 7 8 9 10

SIFTCDEROINEIL. FIBRDOF VT— AR (FEFRD SHERU. ES3EDFLEN?
OOREICKLEofe  [OXZEHREL D@ LELT D@ZEDSEL
DA ULELE JOXRZEEBEL Lol [OSETICHLELLE oI
@R TN o fcDTHH 5FEL

HIFEBS. COXEE. MRZEFUHETIRBFHRRZEDOLSVRITLELEEN?

(JORITTE: (@FHERITTEE C@&pFEDRITUIED DI
J@IFEAERITUED DI

B LT, ﬂgr(uﬁﬂﬂ'é%xﬁlujb\twgﬂﬁlfﬂ'o ZNZNOERICDOWT,
SEDEE FEHCED, B5LF2. $<. EHEITZHE) HBHEED

BREICENEITRETDIh. BLLRERETSHOEEMEDLHDIH. 056D
EHT, ROHTCR>FTDIHFIC—DOEIFTOZEDIFTLIEELY.

- = £<
2473 EB5EL .
=oa T LAREL %gggb
1. BEOEEIE. DEDRBHZELLTED 0 1 2 3 4 5 6
2. BIEOEEL. TADEICEVEERSZ 2hH LN 0 1 2 3 4 5 6
3. fhoEREE(LETED (BB LNEW) 0 1 5 3 4 5 5
KO BFDEHEZ T RETIEWN
4. FOEFRZELEIED EbESEdhHLNEW) 0 1 o 3 4 5 5
KO IEBEIEDEHEIFTEIEW

El 82 3 0 HE D& DEMHIFHRDOHRESI AR TRE X TH ? ST DR
DD O CHRBEOIEHDOEFRZ OF. —BIEHHRDIADPOcHESZ 1 0RE
Ul HETCDOERIIARTRENEITH ? ROH TR T DBSICOZDIFTLIEELY,

M

=IK 1=

0 1 2 3 4 5 6 7 8 9 1

o




B S5 DBENERERIABICOVTHEEELT T, UTOZENZENOERMT
SIEcBEDSHOERIREZEH > EBHKLLHBS5DLTLDHDZ1~3DS
BUEDREU. BSICOZEMIFITTEL,

BEIDREEICDOVLWTCHBEEULET

1. IS EEDDICRIEIFTELY
2. hFHEMMBDICLIK SHE-ED G D
3. hiENv Kk () [CBEEDTHD

DR OEEICOVWTHEHEHELET

1. F(EFEDEID DEERICRIEIFIFL)

2. MFFXEPEEAZBDTIDDICLKSHEEN DD

3. AIFXEPEEZEAZED TTELEL

BIEADER (B 1 A%, 5E. Rik. RIGEE) [COVWTCHBEELET
1. FLEBEADESNZ1T S DICRIREFEL

2. AEDHIEADFENIZITODICLIK SOREED S D

3. WFBDEADFENZITD CEDHTELEL

BH S PRECOVWTHBEEULET

1. Fh[EFREAH OAREE(ETELY
2. IPIEEDREHSPRNRENG D
3. RFOEVEHFPREDSDD

L,/ BDEETAHCDODVLWTHBEITUET

1. EFFLZTHEIESEIAALTHLEL

2. IhFPIEEICAZHDVIEIETEAATLD
3. FWFOELREZHBHVNIEIETEAATULD

B, ERSNTUIEE (55 PEF (ER) EHDETH?

COEL (@125 [1®2D28%% @32 LEHD
=>@~® (1 DL,U;E@)U[;E L,LE(LBFEJ% Lﬁg Da%%g:ﬁﬂ?o)lcm LTTREL (BHEZED),
(g EMEERRANILZ (ESREEEIEEE
(EFZIEREE (SIE. *FJTJ‘ EREME. BELE) XV IILNILADAH
CJZ0fth ( )

* % % CRpABHDOHESTEVNE LU, CEARNDFEVDZEIERLEEL, % x *

261






L YA WAV T i o e

—Ba@hHH5013. 4ABBELOEFEBDEBOM (LA/SHMIR) ZDOTY! |

BRfe 2> LATIH?

EREEDEVNIRE
BB EEBICETENHBIRODICIE BU—IR
DEZ (TVDC) EVWSYED BUET,
BRI (B AL A) SV SEBULEEICEEN
THYSERHRIROPRICABLTNFT,
ZUT NN BRESORVRETT,

EtEENSRIcE

@+ ®

-

L4/51@9ITARS LY
(RIVFDfEIE) [CHVFET

EREEs. BERESITFUAT2AER
Bl BRI GERIRODPRICEUFET I FIDD G TOHBERITNDE
%5 (HPR) [CBBLET. NP EREE D5 RETT.,
COBRBESNIEHBRBE. BN BINT IR, o UED
NVZF EVSIETO2AFHMEE S TN E< B TLESDTT,

IEmia s BHBNEOVNT  BRNTRULT
FToKYEBEC  EEIRAL=FI(C

Al ) a}é‘;ﬁ"(uc,: J%JZA

P BNTNIRE Rt

B5&2EURERREBZICBUSES 5*?&)’33“‘%@'7?“
ERESDEOE? 9
HERSHIRICIE. BEEDAS BV EHECERODENAEE )

AP IIH>TVET,

DUBIND A ORI TH. LA/5DHBIRICE R A& ()
200kgEHD AN IIN>THY . BREESOBOFE
B&oEUEARBER(CHRVET>TVWSD T, (Wike HJ, 1999)

BEREEDIZCTRAF! [ChIZTKRI TR T Eh!

ES5P30?
asanEnss. PR EERS TG
FDIE|EZNCLTBRIC
HTC. BEZRINELULHT
AA=ITEDTDIZS (B

BOT<S ) EBBOMIFIR N
ZRIFICANYFUET,

[ A R A
w5
(RIAYL=TAY;
’ B5&5&
FIRBRICET,
1~2EHLAL

Ny
™
BEs X\

AINAND —
A=

BACTNIERE.
[EERSULTTOMNE
ICRY

CDEFZhIL!

QA BICEIEED D TER
ER5TOENGTH!

(BICRIBEEZD7AFER)

BHDERNS

ABBLUTICEL I
BEEPIEL.
BESNBEIIC

SRS, =
SERGEEY RIEIEEDULSDICE

MRIZHZDD?

FOV [CNREIFER | =R
USRI =N &SR Tl =hE
UIRD ofehEsR It BES A
LRI D lore
EVSERNESNTVET,

(Matsudaira K, 2015)

Lo nEFLLO?
Bi5 COE VB SFRITDETLU TV SFRIP RICBAREEZD 14~
15BICRELPTVTEN DD OTWVET . — 7. BB DR ERHAR R X
HBEMEECHRNE-FERNBLENIENMRESINTLET,

BIETO[EF>< VE| DRRIFERT (n=4,008) BERIIBREHARRIEE (n=1,206)
700 100% T
600
80%
500 [
400 60% [
300 40%
200
20%
100

0 0%
12345678910111R213141K161718102021222324 R RER EXR ENER
(B£5#a, 2013) (B8, 2015)

B EDTEDS [TNEIFAERIF IRDEKIITITIERNTULD,

DL FORAL CEIE (AOKS)
80, BHREICEE (BOKE)

FERITIBU Tt OB BHEEETF v5I295)

O©AIl rights reserved, Ko Matsudaira, 2015

263






EEEFHFRIEL] ICK DML EDOSEEE

265



‘pD
SPRICHTFRYZEAUYEECEPRIRIRE RO \¢—
LLYLAENEY—TYLRIU B BZED NEEF2IN A
CNRADINEA

T+ LELACZEE  NES TEIEG 2EZU2
RN L O—
LLYLACN2URAGZARYOREFEUREFE X PIOS
°f

Q CPNE\CY COYB RO —LLY AENYP
AR\ YRICU KT B AT G REEE G LPY
G2 VEZZHMIO—G2AR2N S 6 B D) FELL
CERORAN—LLY AL GRC ) (EMHS

OV ANVE ENEE O ZFE RO E RIS O F FEHH

° 6P URERNHENLLO>ERD S
BEUZZ D BUCPIIYEC\N\ D RO YEIIIEED/P T EEE WIMRG LY |
°6 P\ Y
R )G > £ O TR LM B EEE S (8 SRR THEL T T NHE HHERD L#
- TR 2 R -
BB L)) Erar L
(¥81ZUN)4)
T2 CERE L dOo#

OW3IW INIWWOD

LeL'Gl10¢e

NOILOV

L EN+F%

-6 U2 B - HE LAY |

266



‘62 8%

DK A HRFELI Y4 SO RIECS
CBEHCP\IR2NGC

PEH PN S @ EELIQUN N OHEEREZ IHC Y
B4 o XEXID P (P HIGIRE G RIHCE

iR AN E: A
FURNBZPEIFINLNRCN2LEZOERPIECS
SE&THYEE

ANEHFOZH2L PHOF G " KU ST E T " FIHC |
P RNUHZATOEB\NZANEILNES 2B @

PRORYBAC LS

—LONZHFHGRC TS LWF>NT 2GS 0E
OB L\GEISEEINEHZUTHOLE "R 62
IAACE SA N OIUINP|
ULCIRRUNEZPENS LI YR 2223

‘f
PUVLN2EEZR2CRE2NENGON—140LL L
Q2 PN EZOLLEE OGN "R 2LLE
Z%08OYUTEIS[2OY SRR 2N AT S S0 9
COHEF AL =140 GO "Shal & VG
YOI KR, "k = G QR HR ) T E
P12 LRI PV S @RI = | TRk O B ENN Oy =
BCL | 21 TN EE ) ZEBOHSE  RADE2RIS2
°p 0 LY

UED) R C RN FCRF2ASTHY B G 2/ WL NG B

NDIS OY14 a3y L
EENEZ RN EEEE L

ZEHOYCR QB LFESDE L

G—L14 3DVIHLL
< 6 1§ilk 2 G S 3 S D L

CIL—=NERRILREIE~0)
=B H T OHE O

%ir'c8 4 ZFEHRE O L
= EHHF O]

ORI
RO 2 2 L

LEFRZCRELILRERESE
.

13

PR URY

HOGHEO—LLYALN HEEOQ—LLYAL

O —LLY AL RIFEQO—LLYLALNE

CYARVNEIFOI NN EAE2R

°6

PVLURNED LJIBCO HEQ—LLY LS
SEOFHESC HEWHFOHE | RFIANJO2 1L

OW3IW INIWWOD

LeL'Gl10¢e

NOILOV

CEN£s -2 e Ups s - LML H]Y |

267



«90,C1

ERVERTEYAAUL, ZULZEYO2
e

RNE2NETNORF 2RI YT RIRIEYY 2

BRI 2CEN LB PEOIMEIFNAEN D
NIEG L EWCHBER C RN \NYWLEZ O EE D 2
Y—LLYALNNEAB O Y BE HETOEEL " RIY(4
MISREEAS(OE TRIIS) (22T AV~ N pa| = [t

C2ANR

2 AENHEBOCESALNE D CP2)TOd L) 2 FEE
B C Y OHREHENTEHEGE LN UL Y2 RIGAR
LRI CRUEZARIEY
yBCCOENME QR D VWA -2y HOET
OyH RVYREOTFEUQNIEE>ES EHTHEZ T
CCPNPNUBD I \NC ) FIH(EF PO 22

HE

EHORBE YA U2

(chDE W2 1V)
EHOHE

ENXOBYCI2EZoETN@ L

L OFHEE
RO L

© A

-mﬁeﬂﬁaal
BHZMY 14 81

268

ERE
RVARVLNUB>NEINC)E L OFEEE 02
CEEYFEEYACY PRI OUERIFO2 2R

O OYF Y HEIEHBOEEIUD

>\ C

IO 2 2y NN —ON A C 2 PG G L) 1 2 ([ 5
QEFHEEIHFEENS REIREE OEE 2L 2 Y
REENNT RIHESOHEB N CPEEFINER 202

62 O\NL QN HIEL
> QN MBS B L O L/ U R B R B 2 R G

FLAURNEZEZYFE \\RYDLERLLLO2 BHR

10

LJ7TN— O ZC QPR RIZE—A)L )

NU—ONZCOPEL

sEHEHE OREZI#EZ O

OW3IW INIWWOD

NOILOV

LeL'Gl10¢e

O kN+£=

-6 U2 B - HE LAY | -



o 6 L0
CIRASLINERINEESL oo maocnT 2 coMEn Y L
TR QBRI Y, T RO | R ROEAT R HEOWESE
SUY ZLO)HEHEE] L
(—WBHZASC)D) > CERIEY L
RS MGV PCE R
SECEZBYNEERWHEHRR02 - F Y EOMNY 7-078
CMRAYSINBBEGOSATY | T NORUOVRERELO L
80,5 %WMeﬁﬁww%ghﬁmmwﬂ.%_M_WWQ,.O“WP/)WMOE VN Gl TN O@2AQA IR E L
O/)WMNNVP:@ LB NCORAELICZANES
DNREEC 6 UHGUD SN EER EEE O
°6D LY < (BN 2
RS RPN T HROEE2 220 T HEE] L
B2 WHEEIUY 2 ME O ORISR R R2IN CeESZERE L
- 6O HEPIOS SEERPTHWE 2CPOD N S BB RYTHEE L L-0C#
CCTNRPINBE S EREZIZH - WHEIO2 "R 62 CARIIE 2K
DR PEE AN YT L
°6D OTK
T2 232 O BB B S KU 2 2 S YD S
PABLRIULCT ERETYIDSARIEGPR D
B2 320 YHER W WE S IR WRE WY R s o
S YRR OYNL LI VIR EEAEE °6 i
PV USEED CPAMBEL SNSRI FE R C B
ANEEHE -
o.m.bl,,b\,H|\_ JO®2AS RS A)EEEREE] Q) BEA L] EREE
ccrr | YERUEORYSARAZRE RIOS 6 UHPE BE LRm— AN R L 6L

OW3IW INIWWOD

NOILOV

LeL'Gl10¢e

Sl EnL£~

-6 U2 MR- LU LY | -



'r
o
- o
’.\

CFNRAEN
209U F2 A HAF2L HMP S 6 440

LAOQRM-4A00RY L _ ¥
°pPNTEYCN2LDOLE Y (64 A0ZHX 61.1€) _ m‘
NHZE TN >ENONE PPN ULEGHOEEN VN S oL AOTTHULARE L - e | b-LTH

HEEREHOH L

CCPNRRPOLACLE >R2ACTOBNORESZH L

INHHEFEBOHOZFENKRRO2
A == B LIy L

6P
ACTOBTNOPBANATHKFRIOREN 212
°CPNRNGE2ABCC Y YRS

PRNESVHLIHOHFZIHEYOREN 2 N e-Le#

N2 HHELY
L—TLOP\LLANRIOFS AN QRGN LT —L

SO YT—oL L
crnp |

B\ PINESEE KR Y INAL 212 SEZNYINAL L
s L

SRS DL LN R — 1L DN PO BHOF—L
(—YHE)SL) “
EELOEREEHOLNE L| [

e LabY
REVANG > EOSHEHOENEI NN AVRR02

.SL.0€ LRYHNEO]ANVZLNELR N

1Z'2'G102 LUV EN£7 [-S 6 B2 WS L- 2B LA K Y | -

270




CCPNRNVEIRGS\N i

2 KRG AOZHORE N HOYE 67 PISIOIESL iy

6 R NG COHF A E "G AGIL R L2 ZF CeBLA0QH L

YD QS DG GRALLALN RN LK TFNGUD VNEAND R4 AOOT LS L
Y AR KIS AOOTYULE PIECH N LY RENCEE L rech

"CPNRARBEOUCNZYT ORI MR 0lE FNAURGERZHROZEN

° 6 32 () £/ 5 O KB ¢ el

AN T X&) E O R EL RN ARBIEGY NP UGBS E L

CNZYT OEHEPIRRIOEHONV] ANVIY L \NEE SN2 UR YR ZH)E L
CYRRNDLNEIEO\ECNEY " RIHCE IN — L LY AEN2CEE L C-CTH

EE-‘% EfEIWE S
°CPRN2ACPS ; _

YERYD WET D AERY (G2 BE RRI B mwmmp%mwww |

°6 R O\ LY e

A 18\ D 3K 1

BE)BEL DL TV ESDIUSTYEYNLEZ , mywwwmww 1

CRAS\N LR AU EE YO EEL " SO SEOFYYALNIERY L
°6 D D\C OB E S PECZ N — LY RCN2YCEE L z-sTH

CCPIRMNGPVCFPORAR . NP

BE MR CPOECISNEIHORERN FIRR02 et

°6 R OGS @S

2E OGN B EUBHECEY OIS AT G4 IT % LGB E L

Log8 | YT ORENHOBHONVAANVIGLNE FIHS L N —LLYRENYCER L L-€7#

OW3IW INIWWOD

LeL'Gl10¢e

NOILOV

6l kN+L£~

-6 U asgl5is

2d

U

- LM LR KHY |

271



1 .ﬂw_m-ﬁowh?
| * e Au__.n.
| Py - _1...m_._
6 RYRIICPS LA e “ "8 F
= g SYRICPO 6 LA IRES | »
D2 C P S Y REFNIELETLYGGHT O et 1 | e e
FEMNO CEBML Y X ZYOEENS ORI FMEL SRS
CYEZHOMH L
°6D —dL YN
et | TmLLYACNOEHSYYGREICEGEER BN YN | OBHY VYN ENCBIEEHNO L 9vTh
CCTNERPONEHNE—CF R U2
PRACHARESH
ZEEN NGO IhE &R OLEREEL FO02>
S N Ich R+ 1 .
PROYT GENIRER¥E G 2weZHER) FE X . @
ROVDNGEANLFRVEGREL 2 EZORE02> N N B VENCPOHC|EL Bl
VPG
NP DYEBWGYL PN B AN L
AU>LYEZGCENNLANEHD B VYARNEEFIN
PG FINGLSGGT R ESYE R R0 COBREE L
°FPNBAEEECI D ROIMEEEEQE N . e -
BOREYL Y CYNTED £MBHMOEER 62 ZEHENG2EEL
onmt.p. .
628 [—LLYLAENORINGYGIZEZFHIGEREU PRI WN| LOLASNENHEGEEUS L

OW3IW INIWWOD

LeL'Gl10¢e

NOILOV

CC¥N+=

-6 U2 MR- LU LY |

272



«£0,5%

CYRARGAFEIR TR
D HEEUCH Y HETORUBT Y ERR

= 3N

X2 ARSI\ GEHDIZEUY2 22 A8 N2
LY Q—LLY AN N 2YRACGE IS E QN HO
Z RIS BN KR EUN L — 7 F2INC R NN
PO —ZMYEY

NLN—/r\NE&EAT GREZEEND [CY "RI2NE2IMEY
CNE2UNENNERFLHEOANAO2

HE

CROCHE
FREUEZCPOIHI) RS2
NEIZRETEHQEEM  NTTEHERR
2Ch0 O 2 EBLOR Y
BSOS AT RE- D5 p

—Z0MoNLcn—r L

Sc#

CCTNERPINEHAZREF—CF P2 U2

PRARBLHICYSAREOZREIOYD £C
QL VEEZ ALY "D OET RENIRE QR E R

£
FAREHANYIEFVEOLEHERCARHIE S
HEHZHONMLOZFENKL EOLN2IEINZ

CPRYFEDNCPGLGEG LNV LIE
TNARZMO MEOTANGR L2, 2YT OZFEN 21X,

ERNEZLAOOTTYHUHADIH OO ZE M L E

VN

CeN—ONALC
ZAEEGS £ e HDE N L

o YO EQIHIE L

£

CELAOZHOIHIE L

273

RRENCPNLGENEGEERN L |

OW3IW INIWWOD

LeL'Gl10¢e

NOILOV

OC N+

-6 U2 MR- LU LY | -



@) RYH B 3E CITO (M BOEYEBIBEE) L —NG—E&7 K| (BEL-NEG—EC)LALLAKEL 2 81
©) CCLRYE B T HEOL -G (BRLANLG)YALLAXEY 2 Ll
®) CCLIRYIE B I EHEO—4—T (FHE—H—T)LLLAXGYL R 9l
@) @) COPBBRMERIOEY ] LN—K BB YL LN —X "] —0YN T4 " Y0¥ H BMEA—CHLH—T FE|S1
@) "QLEIE YIRS BIEYIE vl
@) @) 0fJ YR 1 3YERY el
@) *QbRE NEHMOTHE —2YEH0K L E SEER zl
@) COpMEE NI EE (BES)WEYR L
O COBNEE RFBMEHNOEHE (—fH—Tx—) YRR 0l

©) CUBEEO AXE BRI O HE WO YRR YEEY| 6

O QL LLRNVAVLLNSOREHFZEIOY — 47 L CHREHIEN-LLL 8
@) *QpMEDHEMIEO] -4 L WRERMSE —L7L L
(@) CEEI R REOVEZE¥ -4 L BEOVESO¥ 9
@) °Qp MR UNKZ B0 -4 L MRWEFE -4 L g
©) CCLLR AT —K —L A 2NHIE) T — L L E(—X—CL v
®) *CLREYaE - Y- TTE)- D FO —NLALON—47L FE—NLALy—L L g
®) O °QpREN — L LYURENTE SEN-LL z
O O QP EE —2 —L LY URE|E MXEY — LM N—40dL) L
BEES —H—TH— =T RECE B[N

%395 odwop

274




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     11
     12
     11
     12
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     5
     6
     5
     6
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 全てのページ
     マスク座標:  横方向, 縦方向オフセット 279.10, 14.73 幅 42.37 高さ 27.63 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
    
            
                
         Both
         35
         AllDoc
         42
              

       CurrentAVDoc
          

     279.0961 14.7339 42.371 27.6333 
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     1
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲:   1ページから  ページ 8
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 移動 上 by 14.17 ポイント
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160724
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     Fixed
     Up
     14.1732
     0.0000
            
                
         Both
         1
         SubDoc
         8
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     10
     7
     8
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲:   1ページから  ページ 8
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 移動 上 by 8.50 ポイント
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160724
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     Fixed
     Up
     8.5039
     0.0000
            
                
         Both
         1
         SubDoc
         8
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     10
     7
     8
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322155009
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     56
     55
     56
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 現在のページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322132229
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     None
     Left
     14.1732
     0.0000
            
                
         Both
         54
         CurrentPage
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     1
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 移動 上 by 14.17 ポイント
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322133520
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     Fixed
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     6
     8
     7
     8
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     12
     11
     12
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     9
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     5
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     8
     7
     8
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     10
     9
     10
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160600
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     238
     248
     247
     248
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲:   221ページから  ページ 229
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 移動 上 by 14.17 ポイント
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160600
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     Fixed
     Up
     14.1732
     0.0000
            
                
         Both
         221
         SubDoc
         229
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     220
     248
     228
     9
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲:   221ページから  ページ 229
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 移動 下 by 5.67 ポイント
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160600
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     Fixed
     Down
     5.6693
     0.0000
            
                
         Both
         221
         SubDoc
         229
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     220
     248
     228
     9
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   278ページから  ページ 278
     マスク座標:  左下 (219.50 -46.40) 右上 (319.66 -2.01) ポイント
      

        
     0
     219.5025 -46.3969 319.6635 -2.0074 
            
                
         278
         SubDoc
         278
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     277
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   276ページから  ページ 276
     マスク座標:  左下 (270.86 -7.66) 右上 (322.08 29.90) ポイント
      

        
     0
     270.8621 -7.6615 322.0807 29.8989 
            
                
         276
         SubDoc
         276
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     275
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   238ページから  ページ 238
     マスク座標:  左下 (306.44 16.20) 右上 (359.94 66.28) ポイント
      

        
     0
     306.444 16.2005 359.9391 66.281 
            
                
         238
         SubDoc
         238
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     237
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   228ページから  ページ 228
     マスク座標:  左下 (269.75 -21.05) 右上 (333.49 27.89) ポイント
      

        
     0
     269.752 -21.0531 333.4908 27.8892 
            
                
         228
         SubDoc
         228
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     227
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   200ページから  ページ 200
     マスク座標:  左下 (270.89 -12.23) 右上 (326.66 21.92) ポイント
      

        
     0
     270.89 -12.2263 326.6615 21.9195 
            
                
         200
         SubDoc
         200
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     199
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   190ページから  ページ 190
     マスク座標:  左下 (270.89 -8.81) 右上 (325.52 34.44) ポイント
      

        
     0
     270.89 -8.8118 325.5233 34.4396 
            
                
         190
         SubDoc
         190
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     189
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   178ページから  ページ 178
     マスク座標:  左下 (242.44 -23.61) 右上 (336.91 28.75) ポイント
      

        
     0
     242.4352 -23.6082 336.9052 28.7486 
            
                
         178
         SubDoc
         178
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     177
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   152ページから  ページ 152
     マスク座標:  左下 (254.39 -16.63) 右上 (326.10 27.76) ポイント
      

        
     0
     254.3927 -16.633 326.0988 27.7565 
            
                
         152
         SubDoc
         152
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     151
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   106ページから  ページ 106
     マスク座標:  左下 (273.19 17.85) 右上 (328.96 46.31) ポイント
      

        
     0
     273.1884 17.8534 328.9599 46.3082 
            
                
         106
         SubDoc
         106
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     105
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   62ページから  ページ 62
     マスク座標:  左下 (270.87 12.32) 右上 (322.09 46.46) ポイント
      

        
     0
     270.8711 12.3151 322.0862 46.4586 
            
                
         62
         SubDoc
         62
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     61
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   48ページから  ページ 48
     マスク座標:  左下 (273.15 10.04) 右上 (326.64 52.15) ポイント
      

        
     0
     273.1473 10.0389 326.6386 52.1491 
            
                
         48
         SubDoc
         48
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     47
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   44ページから  ページ 44
     マスク座標:  左下 (250.38 6.62) 右上 (325.50 47.60) ポイント
      

        
     0
     250.385 6.6246 325.5005 47.5967 
            
                
         44
         SubDoc
         44
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     43
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   38ページから  ページ 38
     マスク座標:  左下 (249.25 18.01) 右上 (342.57 54.43) ポイント
      

        
     0
     249.2469 18.0057 342.5722 54.4254 
            
                
         38
         SubDoc
         38
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     37
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   30ページから  ページ 30
     マスク座標:  左下 (268.59 16.87) 右上 (326.64 46.46) ポイント
      

        
     0
     268.5948 16.8676 326.6386 46.4586 
            
                
         30
         SubDoc
         30
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     29
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   16ページから  ページ 16
     マスク座標:  左下 (259.49 16.87) 右上 (330.05 51.01) ポイント
      

        
     0
     259.4899 16.8676 330.053 51.011 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     15
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322141150
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     10
     9
     10
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160600
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     None
     Up
     14.1732
     0.0000
            
                
         Both
         54
         AllDoc
         56
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     238
     248
     247
     248
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲:   221ページから  ページ 229
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 移動 上 by 14.17 ポイント
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160600
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     Fixed
     Up
     14.1732
     0.0000
            
                
         Both
         221
         SubDoc
         229
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     220
     248
     228
     9
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲:   221ページから  ページ 229
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 移動 下 by 5.67 ポイント
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160322160600
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
     Fixed
     Down
     5.6693
     0.0000
            
                
         Both
         221
         SubDoc
         229
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     220
     248
     228
     9
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   278ページから  ページ 278
     マスク座標:  左下 (219.50 -46.40) 右上 (319.66 -2.01) ポイント
      

        
     0
     219.5025 -46.3969 319.6635 -2.0074 
            
                
         278
         SubDoc
         278
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     277
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   276ページから  ページ 276
     マスク座標:  左下 (270.86 -7.66) 右上 (322.08 29.90) ポイント
      

        
     0
     270.8621 -7.6615 322.0807 29.8989 
            
                
         276
         SubDoc
         276
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     275
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   238ページから  ページ 238
     マスク座標:  左下 (306.44 16.20) 右上 (359.94 66.28) ポイント
      

        
     0
     306.444 16.2005 359.9391 66.281 
            
                
         238
         SubDoc
         238
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     237
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   228ページから  ページ 228
     マスク座標:  左下 (269.75 -21.05) 右上 (333.49 27.89) ポイント
      

        
     0
     269.752 -21.0531 333.4908 27.8892 
            
                
         228
         SubDoc
         228
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     227
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   200ページから  ページ 200
     マスク座標:  左下 (270.89 -12.23) 右上 (326.66 21.92) ポイント
      

        
     0
     270.89 -12.2263 326.6615 21.9195 
            
                
         200
         SubDoc
         200
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     199
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   190ページから  ページ 190
     マスク座標:  左下 (270.89 -8.81) 右上 (325.52 34.44) ポイント
      

        
     0
     270.89 -8.8118 325.5233 34.4396 
            
                
         190
         SubDoc
         190
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     189
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   178ページから  ページ 178
     マスク座標:  左下 (242.44 -23.61) 右上 (336.91 28.75) ポイント
      

        
     0
     242.4352 -23.6082 336.9052 28.7486 
            
                
         178
         SubDoc
         178
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     177
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   152ページから  ページ 152
     マスク座標:  左下 (254.39 -16.63) 右上 (326.10 27.76) ポイント
      

        
     0
     254.3927 -16.633 326.0988 27.7565 
            
                
         152
         SubDoc
         152
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     151
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   106ページから  ページ 106
     マスク座標:  左下 (273.19 17.85) 右上 (328.96 46.31) ポイント
      

        
     0
     273.1884 17.8534 328.9599 46.3082 
            
                
         106
         SubDoc
         106
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     105
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   62ページから  ページ 62
     マスク座標:  左下 (270.87 12.32) 右上 (322.09 46.46) ポイント
      

        
     0
     270.8711 12.3151 322.0862 46.4586 
            
                
         62
         SubDoc
         62
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     61
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   48ページから  ページ 48
     マスク座標:  左下 (273.15 10.04) 右上 (326.64 52.15) ポイント
      

        
     0
     273.1473 10.0389 326.6386 52.1491 
            
                
         48
         SubDoc
         48
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     47
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   44ページから  ページ 44
     マスク座標:  左下 (250.38 6.62) 右上 (325.50 47.60) ポイント
      

        
     0
     250.385 6.6246 325.5005 47.5967 
            
                
         44
         SubDoc
         44
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     43
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   38ページから  ページ 38
     マスク座標:  左下 (249.25 18.01) 右上 (342.57 54.43) ポイント
      

        
     0
     249.2469 18.0057 342.5722 54.4254 
            
                
         38
         SubDoc
         38
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     37
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   30ページから  ページ 30
     マスク座標:  左下 (268.59 16.87) 右上 (326.64 46.46) ポイント
      

        
     0
     268.5948 16.8676 326.6386 46.4586 
            
                
         30
         SubDoc
         30
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     29
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   16ページから  ページ 16
     マスク座標:  左下 (259.49 16.87) 右上 (330.05 51.01) ポイント
      

        
     0
     259.4899 16.8676 330.053 51.011 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     277
     288
     15
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 現在のページ
     トリム: 同サイズ 8.268 x 11.693 インチ / 210.0 x 297.0 mm
     シフト: 無し
     ノーマライズ(オプション): オリジナル
      

        
     32
            
       D:20160506165716
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     557
     211
    
     None
     Left
     14.1732
     0.0000
            
                
         Both
         2
         CurrentPage
         8
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     289
     0
     1
      

   1
  

 HistoryList_V1
 qi2base





