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INTRODUCTION

Ankylosing spondylitis (AS) is characterized by inflammation of
the axial skeleton, sacroiliac joints, and, to a lesser degree, pe-
ripheral joints and certain extra-articular organs, including the
eyes, skin, and cardiovascular system (1). The most unique fea-
ture in AS is subchondral eburnation and the presence of syn-
desmophytes, which possibly lead to ankylosis and spinal fu-
sion. Pain, stiffness, and bony ankylosis cause variable degrees
of restricted mobility of the spine with consequent loss of func-
tional capacity (2), and impairment and disability are impor-
tant components of the patient’s perception of the disease (3).
The Assessment of Spondyloarthritis International Society
(ASAS) Health Index (HI) has been developed to measure health
based on the International Classification of Functioning, Dis-
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The objective of this study was to develop a Korean version of the Assessment of
Spondyloarthritis International Society-Health Index/Environmental Factor (ASAS HI/EF)
and to evaluate its reliability and validity in Korean patients with axial spondyloarthritis
(SpA). A total of 43 patients participated. Translation and cross-cultural adaptation of the
ASAS HI/EF was performed according to international standardized guidelines. We also
evaluated validity by calculating correlation coefficients between the ASAS-HI/EF score and
the clinical parameters. Test-retest reliability was excellent. The correlations among the
mean ASAS-HI score and all tools of assessment for SpA were significant. When it came to
construct validity, the ASAS Hl score was correlated with nocturnal back pain, spinal pain,
patients's global assessment score, the Bath ankylosing spondylitis disease activity index
(BASDAI), Bath ankylosing spondylitis functional index (BASFI), Bath ankylosing spondylitis
metrology index (BASMI) and EuroQol visual analogue scale (EQ VAS) (r= 0.353, 0.585,
0.598, 0.637, 0.690, 0.430, and -0.534). The ASAS EF score was also correlated with the
patient's global assessment's score, BASDAI, BASFI, BASMI, and EQ VAS score (r = 0.375,
0.490, 0.684, 0.485, and -0.554). The Korean version of the ASAS HI/EF can be used in
the clinical field to assess and evaluate the state of health of Korean axial SpA patients.
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ability and Health (ICF) (4, 5). The ICF core set for AS served as
the underlying concept to capture the whole range of function-
ing and disability in patients with axial spondyloarthritis (SpA)
(4, 6). The methodology of the ASAS HI has been described (5).
In short, the ASAS HI is based on an item pool which has
been developed by linking items to the ICF core set for AS. The
origin of the items is either existing questionnaires already in
use for patients with axial SpA (axSpA) or items from question-
naires which are linked to the ICE Some of the items have been
rephrased to obtain a consistent item structure (expressed in
the first person and in the present tense). In parallel, patients
with AS proposed during a patient meeting important items to
be included in the final measure or proposed new items which
are not adequately represented in existing questionnaires. The
final item pool with 251 items in 44 categories has been tested
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in two international cross-sectional studies with the aim of re-
ducing the item pool. The final ASAS HI measure contains 17
dichotomous items addressing the ICF categories of pain, emo-
tional functions, sleep, sexual functions, mobility, self care, com-
munity life and employment. In addition, a set of 9 environmen-
tal factors (EF) has been proposed which addresses the catego-
ries of support/relationships, attitudes and health services. These
EF items can act as a barrier or a facilitator and may influence
the health of patients with axial SpA. The items of the ASAS HI
can also be the starting point for developing a disease-specific
utility instrument that will enable the calculation of disease spe-
cific Quality Adjusted Life Years (QALYs), that can further be
used in economic evaluations.

This study is one of the global projects. The objective was the
translation of the ASAS HI and the EF item set into the Korean
language.

MATERIALS AND METHODS

Subjects and clinical assessment

A total of 43 patients (13 patients with non-radiographic axial
SpA and 30 patients with AS) were enrolled. We recruited out-
patients diagnosed as having non-radiographic axial SpA by the
ASAS classification criteria (6) and diagnosed as having AS by
the modified New York criteria (7). Patients were excluded from
this study if they had an injury of the lumbar vertebrae or femur,
had a previous history of fracture of the bones, or a condition
which involved a bone disease. Demographics and disease-re-
lated characteristics including age, gender, and disease dura-
tion since the occurrence of disease specific symptoms were
assessed. Clinical assessments were also performed. These in-
cluded the Bath ankylosing spondylitis disease activity index
(BASDAI) (8), Bath ankylosing spondylitis functional index (BA-
SFI) (9), Bath ankylosing spondylitis metrology index (BASMI)
(10), and the patient’s global assessment (PGA), spinal pain,
and night back pain score (11). We used the Korean version of
the EuroQoL (EQ) visual analogue scale (VAS) to measure the
patients’ quality of life (12).

Translation steps of the Korean version of ASAS HI/EF

Translation and cross-cultural adaptation of the ASAS HI and
EF were performed according to the published recommenda-
tions (13). The proposed steps contained 5 stages: translation,
synthesis of translation, back translation, expert committee re-
view and pre-testing in a field test. First, three persons who had
a different background (e.g. medical and non-medical) inde-
pendently performed a forward translation of the instrument
from the source language to the Korean language. The transla-
tors synthesized their results. Back translation was then per-
formed by three independent bilingual native English speakers,
blinded to the English original version. The expert committee
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agreed upon the final wording of the Korean version. The initial
(forward and back) translators and two persons very familiar
with cross-cultural adaptation participated in this expert meet-
ing. The final version (APPENDIX) was tested with axial SpA
patients with respect to their sex, age, disease duration, and ed-
ucational level. After completion of the questionnaire, each ques-
tion was discussed with the patient to check whether all items
had been fully understood and to assess whether the patients
had problems with the formulation.

Reliability

The reliability of the ASAS HI and EF were assessed by the test-
retest method at a one week interval. This was an estimate of
the instrument’s reproducibility over time, assuming that no
change in conditions had taken place. It was measured using
the intra-class correlation (ICC).

Statistical analyses

Descriptive statistics were performed. Using Spearman’s corre-
lation coefficient, the validity was assessed by comparing the
correlation of the ASAS HI/EF and clinical parameters in all pa-
tients. All statistical tests were two-sided and P values less than
0.05 were considered to indicate statistical significance. Statisti-
cal analysis was performed using SPSS for Windows (version
18.0; SPSS, Chicago, IL, USA).

Ethics statement

Information about the study and confidentiality was given to
each patient, and informed consent was obtained. The study
received approval by the institutional review board of Chon-
nam National University Hospital (IRB No. CNUH-2013- 068).

RESULTS

The clinical characteristics of the subjects are presented in Ta-
ble 1. All the patients fulfilled the questionnaires by themselves.
Because the final wording needs to be understood by people
with a lower level of education, education levels were stratified
as elementary school (two patients, 4.6%), middle school (six
patients, 13.9%), high school (thirteen patients, 30.2%), college
(nine patients, 20.9%), and university (thirteen patients, 30.2%).
The mean age (SD) of the patients was 36.7 (11.3) yr. Most were
males (83.7%). Duration of disease was 51.4 (50.7) months. Mean
scores (SD) of BASDAI, BASFI, BASMI, and EQ VAS were 3.1
(1.9),1.2(1.9),2.0(1.7), and 66.1 (19.0), respectively. Mean time
consumption (SD) of ASAS HI and EF were only 75.4 (31.7) and
64.5(19.2) sec.

Test-retest reliability was assessed using the ICCs recorded
from the first and second interview of the ASAS HI and EE The
ICCswere 0.97 (95% confidence interval [CI], 0.95-0.98; P < 0.001)
for the ASAS HI and 0.95 (95% CI, 0.91-0.97; P < 0.001) for the
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Table 1. Baseline demographics and clinical characteristics of subjects

Clinical features Non-radiographic axial SpA (n = 13) AS (n = 30) All (n = 43)
Age (yr) (mean % SD) 358 £97 371 £ 121 36.7 £11.3
Male, No. (total, %) 9(69.2) 27 (90) 36 (83.7)
Disease duration (months) (mean % SD) 32.6 £ 222 59.5 + 57.4 51.4 £ 50.7
Nocturnal back pain (0-10 NRS) (mean % SD) 16 +£1.6 23 +22 21 +£20
Spinal pain (0-10 NRS) (mean % SD) 19+17 23+22 22+20
PGA (0-10 NRS) (mean + SD) 3614 34+£27 35+24
BASDAI (mean =+ SD) 29+14 32+20 31+£19
BASFI (mean £ SD) 03+03 15+ 241 12+19
BASMI (mean £ SD) 0803 25+19 2017
EQ VAS (mean £ SD) 66.5 £ 14.7 65.9 £ 20.8 66.1 £ 19.0
ASAS HI (mean + SD) 44+29 57+ 46 53+£42
ASAS EF (mean £ SD) 27 +£12 36+18 33+£17
ASAS Hl assessment time (sec) (mean & SD) 72.7 £38.2 76.6 £ 29.0 754 £ 31.7
ASAS EF assessment time (sec) (mean £ SD) 60.8 = 14.9 66.1 £ 20.8 64.5 + 19.2

SpA, spondyloarthritis; AS, ankylosing spondylitis; NRS, numerical rating scale; PGA, patient’s global assessment; BASDAI, Bath ankylosing spondylitis disease activity index;
BASFI, Bath ankylosing spondylitis functional index; BASMI, Bath ankylosing spondylitis metrology index; EQ VAS, EuroQoL visual analogue scale; ASAS HI, The Assessment of

Spondyloarthritis International Society Health Index; EF, Environmental Factors.

Table 2. Test-retest reliability in 43 patients with axial spondyloarthritis

Table 3. Correlation coefficient between ASAS-HI/EF score and other clinical factors

Reliability ASAS-HI ASAS-EF
Test-retest reliability
Mean (SD) for the first measure 530 £ 4.19 3.34 £ 1.69
Mean (SD) for the second measure 493 £+ 3.68 3.34 £ 1.59
ICC (95% Cl) 0.97 (0.95-0.998) 0.95(0.91-0.97)
Pvalue P < 0.001 P < 0.001

ASAS HI, The Assessment of Spondyloarthritis International Society Health Index; ASAS
EF, The Assessment of Spondyloarthritis international Society Environmental factors;
ICC, intra-class correlation; SD, standard deviation.

ASAS EF (Table 2).

To assess construct validity, the ASAS HI, and EF were com-
pared with the disease specific clinical parameters and quality
of life. The ASAS HI score was correlated with nocturnal back
pain, spinal pain, PGA, BASDAI, BASFI, BASMI, and EQ VAS
(r=10.353,0.585, 0.598, 0.637, 0.690, 0.430 and -0.534). The ASAS
EF score was also correlated with PGA, BASDAI, BASFI, BASMI,
and EQ VAS score (r = 0.375, 0.490, 0.684, 0.485, and -0.554).
Nevertheless, there were no significant correlations between
ASAS HI/EF and disease duration (Table 3).

DISCUSSION

The Comprehensive ICF Core Set for comprehensive classifica-
tion and the Brief ICF Core Set for clinical studies in AS are now
available. The core sets aim to present new references for defin-
ing the functioning in AS and facilitate clinicians’ and research-
ers’ efforts to incorporate a patient-oriented, multilevel and com-
prehensive view of functioning in AS (4). The purpose of this
project was to assess the relevance, acceptability, comprehen-
siveness and understandability of questionnaire items for SpA
patients in Korean. The ASAS HI and EF were translated into
Korean, according to international standardized guidelines. Af-
ter the expert committee’s agreement upon the final wording of
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Pearson correlation coefficients (n = 43)

Factors
ASAS-HI (scores) ASAS-EF (scores)

Disease duration (months) -0.028 0.123
Age (yn) 0.355* 0.313*
Noctunal back pain (0-10 NRS) 0.353* 0.112
Spinal pain (0-10 NRS) 0.5857 0.314
PGA (0-10 NRS) 0.598" 0.375*
BASDAI (scores) 0.6371 0.490f
BASFI (scores) 0.690¢ 0.6841
BASMI (scores) 0.430* 0.485¢
EQ VAS (mm) -0.534" -0.5541

*P<0.05, TP < 0.01. ASAS HI, The Assessment of Spondyloarthritis International
Society Health Index; ASAS EF, The Assessment of Spondyloarthritis International So-
ciety Environmental Factors; PGA, patient’s global assessment; BASDAI, Bath anky-
losing spondylitis disease activity index; BASFI, Bath ankylosing spondylitis functional
index; BASMI, Bath ankylosing spondylitis metrology index; EQ VAS, EuroQol visual
analogue scale; NRS, numerical rating scale.

the Korean version, face validity was also performed by feed-
back from the patients in case the initial translators needed to
go back to the translation and modify it. All final translations
were done in such a way so that the wording would be under-
stood by lay people including people with a lower level of edu-
cation. There was one problematic item in the translation step.
Regarding EF Item 1, it was decided to allow the inclusion of the
term “children or other relatives” in the translation by the ASAS
committee. The test-retest reliability of the ASAS HI and EF was
high, with an excellent ICC. These results were interpreted as
showing appropriate reliability.

To reflect the multidimensional domains of a disease’s im-
pact, there is a need to include both patient-assessed specific
and generic health-related quality of the outcome measures
and range of motion measures in the evaluation of patients with
AS (11, 14). We found significant correlations between ASAS HI
and spinal pain, global health score, BASDAI, BASFI, and BAS-
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MI. ASAS EF also has good correlation with the global health
score, BASDAI, BASFI, and BASMI. The EQ VAS is a generic mea-
sure of health status that does not focus on regional disabilities
(15). Both ASAS HI and EF have significant correlations with
EQ VAS. The results of the study support the applications of the
Korean version of ASAS HI and EF in studies of assessing and
evaluating Korean SpA patients.

Patient-reported outcome has become popular as an evalua-
tion tool and is increasingly being used. The most important
advantages are that questionnaires do not require the time of a
doctor and they can be completed by the patient and returned
by mail without the patient attending the hospital. Surprisingly,
we registered less than 2 min in filling out the each instrument.
These instruments will be cost effective and suitable in Korean
studies with large populations, such as in registry studies. The
translated version was made available freely without copyright
or payment for use. The translation of the ASAS HI and the EF
items set can be used in clinical trials and clinical practice as a
new measure in patients with axial SpA to assess and evaluate
the state of health in Korean AS (or axial SpA) patients.

In summary, despite the linguistic differences, the Korean
ASAS HI and EF represents a standardized patient-based instru-
ment for assess—ing the status of health in patients with axial SpA.
Future clinical practice should include the ASAS HI and EF to
improve the quality of medical care associated with axial SpA.

DISCLOSURE
The authors have no conflicts of interest to disclose.
ORCID

Jung-Ho Choi http://orcid.org/0000-0003-1220-5540
Tae-Jong Kim http://orcid.org/0000-0002-2871-1635
Kichul Shin http://orcid.org/0000-0002-6749-7598
Chan-Bum Choi http://orcid.org/0000-0002-4691-5455
Ji-Hyun Kim hittp://orcid.org/0000-0003-1081-2590
So-Hyun Kim http://orcid.org/0000-0001-9884-9173
Nah-Thm Kim http://orcid.org/0000-0001-6215-8549
Min-Joo Ahn http://orcid.org/0000-0002-2778-0735
Hyun-JuJung http://orcid.org/0000-0003-0425-7180
Kyung-Eun Lee http://orcid.org/0000-0003-1048-9068
Dong-Jin Park hitp://orcid.org/0000-0002-8709-987X
Yong-Wook Park http://orcid.org/0000-0002-6937-7119
Shin-Seok Lee http://orcid.org/0000-0001-6810-7355
Tae-Hwan Kim http://orcid.org/0000-0002-3542-2276

http://dx.doi.org/10.3346/jkms.2014.29.3.334

REFERENCES

1

1

1

1

1

1

1. Khan MA, van der Linden SM. A wider spectrum of spondyloarthropa-
thies. Semin Arthritis Rheum 1990; 20: 107-13.

. Dougados M, Gueguen A, Nakache JP, Nguyen M, Amor B. Evaluation
of a functional index for patients with ankylosing spondylitis. ] Rheuma-
tol 1990; 17: 1254-5.

. Ruof ], Stucki G. Comparison of the dougados functional index and the

N

w

Bath Ankylosing Spondylitis Functional Index: a literature review. ] Rheu-
matol 1999; 26: 955-60.

4. Boonen A, Braun ], van der Horst Bruinsma IE, Huang F Maksymowych
W, Kostanjsek N, Cieza A, Stucki G, van der Heijde D. ASAS/WHO ICF
Core Sets for ankylosing spondylitis (AS): how to classify the impact of
AS on functioning and health. Ann Rheum Dis 2010; 69: 102-7.

. Kiltz U, van der Heijde D, Cieza A, Boonen A, Stucki G, Ustiin B, Braun J.
Developing and validating an index for measuring health in patients with
ankylosing spondylitis. Rheumatology (Oxford) 2011; 50: 894-8.

. Rudwaleit M, van der Heijde D, Landewé R, Listing J, Akkoc N, Brandt]J,
Braun J, Chou CT, Collantes-Estevez E, Dougados M, et al. The develop-
ment of Assessment of SpondyloArthritis international Society classifica-

ol

(=2}

tion criteria for axial spondyloarthritis (part 11): validation and final se-
lection. Ann Rheum Dis 2009; 68: 777-83.
. Van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic cri-

~

teria for ankylosing spondylitis: a proposal for modification of the New

York criteria. Arthritis Rheum 1984; 27: 361-8.

Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A. A

new approach to defining disease status in ankylosing spondylitis: the

Bath Ankylosing Spondylitis Disease Activity Index. ] Rheumatol 1994;

21:2286-91.

. Calin A, Garrett S, Whitelock H, Kennedy LG, O’'Hea J, Mallorie P, Jen-
kinson T. A new approach to defining functional ability in ankylosing

®

©

spondylitis: the development of the Bath Ankylosing Spondylitis Func-
tional Index. ] Rheumatol 1994; 21: 2281-5.

0. Jones SD, Porter ], Garrett SL, Kennedy LG, Whitelock H, Calin A. A new
scoring system for the Bath Ankylosing Spondylitis Metrology Index (BA-
SMI). ] Rheumatol 1995; 22: 1609.

. Zochling ], Braun J. Assessments in ankylosing spondylitis. Best Pract Res
Clin Rheumatol 2007; 21: 699-712.

2. Kim MH, Cho YS, Uhm WS, Kim S, Bae SC. Cross-cultural adaptation
and validation of the Korean version of the EQ-5D in patients with rheu-
matic diseases. Qual Life Res 2005; 14: 1401-6.

3. Beaton DE, Bombardier C, Guillemin E Ferraz MB. Guidelines for the
process of cross-cultural adaptation of self-report measures. Spine (Phila
Pa 1976) 2000; 25: 3186-91.

4. Van der Heijde D, Bellamy N, Calin A, Dougados M, Khan MA, van der

Linden S. Preliminary core sets for endpoints in ankylosing spondylitis:

—

assessments in Ankylosing Spondylitis Working Group. ] Rheumatol 1997;
24: 2225-9.

5. Rabin R, de Charro E EQ-5D: a measure of health status from the Euro-
Qol Group. Ann Med 2001; 33: 337-43.

http://jkms.org 337



]KMS Choi J-H, et al. < Korean Version of ASAS Health Index

Appendix 1

ASAS ole:

Assessment of
SpondyloArthritis
international Society

I. Korean version _ASAS Health Index (ASAS Z4ZX|H)

CrS M2 X|o| S20] st S SaY ZAlo| FOjElA Mg Mefol 2745101 Bt Dt HT510] FAI7| BIRILICE (‘ROREIA H0[RH 25l A
=%z et B ZRO HEBERS Vet

N

o APJ M U717+ &St
0O Ot
0O ofHct
3. &2|7|7t &SCt
0O a=ct
O otHct
4. |71 0|&3st= dlofl of=24S0] UL
0O Ot
0O otHct
5, Lt= X Mgt ml22s =7Ich
0O Ot
O otHct
6. AN =2 =5 st MX| ZCt
0O Ot
O ofHct
7. ¥ME2 it

9. AtE1te| Bro| 4=z ZICH
0O Ot
O ofL|ct
10, Ale|o| X
0O Ot
O ofL|ct
1. &&3517|7F =Lt
0O Ot
O ofL|ct
12. 2Zl0|=0| M|2fo| UK ofgHo| &X| eLct,
0O Ot
O ofL|ct
13. Lhe AEE atmztg w7ict
0O Ot
O ofL|ct
14, H2|Z7 (7t eSC
0O Ot
O ofL|ct
15. ROME|A HHOo = Qls ZAXIA AFHe| #HEo} QlCt,
0O Ot
O ofL|ct
16. 2iofl &= & = Tt
0O Ot
O ofL|ct
17. L7t 2410 = o222 S5 & ¢l A 2ot
0O Ot
O ofL|ct

Hllﬂl
o
+
g9
n

M20| SEsHFMA ZARILICH

http://jkms.org http://dx.doi.org/10.3346/jkms.2014.29.3.334



Choi J-H, et al. = Korean Version of ASAS Health Index

JKMS

Appendix 2

ASAS ore:

I. Korean version_Environmental Factors related to ASAS Health Index (ASAS ZiZX|

2.

.U ROMEIA YOOI, 71E Ei FAS0| HIUS of Bo|

Assessment of
SpondyloArthritis
international Society

g
n
i

0O =t
O ofL|ct
TIFE0| Lo A Ssh= WAlo| OtZ0l SX| ¥=C.
O ot
O ofL|ct

. U 2HIE siZsk=l UM EIXES| =22 7Ithe 4 |lch

0O a&Ect
O oLt
L= (ROMEJA 2Eo
0O =t
O ofL|ct

Hu
ro
g':'
N
o2
0
»
0z
o
o
jo
=
+
Y
n
)
ful

Q272 L F40| BT & 21sh FX| e4=ct.

0O =t
O oLt
&Y X|=0l| AlZto] ®o| =Ch
O ot
O oLt

. TIFS0| LA HF B2 7ItE St

0O =t
O ofL|ct
TRtOIM =7t Liol|ZA =] A8 MEX| =Lt
0O a&Ect
O ofL|ct

. TFE2 LS OlslisiiEC

O ot
O ofL|ct

http://dx.doi.org/10.3346/jkms.2014.29.3.334

F=0il CHEH EHE A G419 ROME|A EE HEjof 275
= )

A
=

N2t M=5k04 F=A17| gigLch (“ROE|A ZE 02t =AY =

=0l SEeiFMA ZAFLICH

http://jkms.org



JKMS Choi J-H, et al. * Korean Version of ASAS Health Index

Appendix 3

ASAS AMEX i+

Assessment of
SpondyloArthritis
international Society

ASAS AZX|H0|l st A

ASAS AZX|EE= Assessment of SpondyloArthritis Inernational Society (ASAS)0H| 2l3l, M MFHAA SxtE0| HAS HWIlsts| la 2SR
&Lt MEX|= International Classification of Functioning, Disbaility and Health (ICF)OlA 7HE3kst ‘7|5, &oll, 7422 M=E TItsk= 177H2]

SIZEZ 0|20{M JUSLICH ASASE ZRINHFTH(AS) SXIE0A U0 TEHEOIHA HHAZK U= i S=2S0]| cheh Holsts 7|1= X222l
o] 7|5, Holl, ZAZds ZRXO=E AMAIststn 7|&stst DHQI ICFE AMSsH RIELICE 0218t ZZRIM MEHetXE2 ICFe] dil 558 7|=st
. E4sHICF 7He|n2|Ent HZ2E CrYst &550| PHERSLICE 0] 5*959 H&FZ2 Rasch AnaIVSISOH Ola Hote|n EMEUSLICE T
g Uz S=E2 2IE Qo ZEEIUSLICL 0|HE UMAIROIM 2tXtel 742 MEfol CHet 2 HEE =0 ME2 SEXEE AMSE

o
S

0°|

-+

S

30 08 @ 1ru

120

ASAS 1Y x|ze| Bet He

ASASC| ZIZRIES| 22t0| THEO| Chafl ‘L= SolBicols 12, L= SOISIK| S=rholls 082 FAAQ. BE 2 M4S0| M2 0%(|
50| E2)2E| 1771501 X 2S)A0lo S HelLIC
32 8H('LIS XISAF HE ZE0f| 0f2122 2ECH)E F22 DE HXjoH MBS UES A FUAR. ST U= BASS s

Xl =270l EAISI S22 1680l 271510 2 =[o{of §Lct

SH2 Xtz Q| 20%0|2H0| FSE =IUS W 2AE 4~ USFLICH SE2 5 7oA Z|Th M| 7H2| B0l Z[0{UX| ¢2 EHHAISO efell a2
Ol AlttE £~ UELICE
_ X
Ed = x17
<= 7-m
X= 8= Masol 8
m= 2 a=o| Ji4

http://jkms.org http://dx.doi.org/10.3346/jkms.2014.29.3.334



