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ABSTRACT

BACKGROUND : Lymphedema is a condition that manifests as swelling when the lymphatic system fails to
remove excess interstitial fluid from the tissues. Cancer treatments, such as radical surgery including lymph node
dissection, chemotherapy, and radiotherapy, contribute to the risk of secondary lymphedema. To plan the
treatment for lymphedema and monitor the patient’s progress, leg or arm swelling and function of the limbs need
to be assessed.

OBJECTIVE : The purpose of this study was to investigate the reliability (test-retest, internal consistency) and
validity (criteria-related validity, construct validity) of data obtained with the Japanese version of the Quality of
Life Measurement for Limb Lymphedema (leg) (J-LYMQOL-I).

METHOD : Two hundred and eleven women with lower limb lymphedema were recruited between September
2012 and October 2013 from the lymphedema outpatient services in four Tohoku areas and one Kanto area of
Japan, and were assessed by self ~administered questionnaires that included the J-LYMQOL-I.

RESULTS : The Cronbach’s alpha coefficient of the J-LYMQOL-I was .925, and subscales ranged from .898 to
.944, p< .05, indicating a high internal reliability of the tool. Test-retest reliability was moderate (r=.589, p<
.05). A confirmatory factor analysis revealed that the four-factor model of the J-LYMQOL-I fitted the data. The
Pearson correlation coefficient, between the J-LYMQOL-I and J- EORTC QLQ-C30, was .702, indicating a high
criteria-related validity for all domains, except one.

CONCLUSION : The J-LYMQOL-I has high construct validity and reliability and can be used for clinical
assessment of QOL in patients with lower limb lymphedema.
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INTRODUCTION

Lymphedema is a condition that manifests as swelling
when the lymphatic system fails to remove excess
interstitial fluid from the tissues. Cancer treatments,
such as radical surgery including lymph node dissection,
chemotherapy, and radiotherapy, contribute to the risk
of secondary lymphedema. Secondary lymphedema is
common in female survivors of breast or uterine
cancers. Lymphedema can be associated with reduced
quality of life (QOL). Female cancer survivors with
lymphedema experience physical problems including
fatigue, pain, and cutaneous dryness. Additionally, these
survivors can experience psychological and social
problems, including impaired self-esteem, negative life
outlook, reduced desire to leave home, decreased
activity levels, and decreased income. Secondary upper
or lower limb lymphedema alters the female cancer
survivor's appearance. Therefore, appropriate assess-
ment of patient condition, including QOL, is required for
timely treatment and care of lymphedema.

Initially, most investigators assessed patient QOL
using a health-related quality of life (HRQOL) instru-
ment, such as the Medical Outcome Study 36-item short
form health survey (SF-36)". The Japanese version of
the SF-36” was developed in 1998. However, this
general questionnaire was not suitable for determining
the well-being of patients with cancer. Therefore, the
European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core30 question
(EORTC QLQ-C30)” and Function Assessment of
Cancer Therapy (FACT)" were developed, along with
several condition-specific QOL instruments. For exam-
ple, the EORTC QLQ-LC13” and FACT-L® were
developed for lung cancer patients, whereas the EORTC
QLQ-BR23” and FACT-P? were developed for breast
cancer patients. These instruments were translated and
are used widely as clinical tools in Japan. The EORTC
QLQ-CX24” and EORTC QLQ-EN24" were developed
for patients with gynecological cancers. However, the
EORTC QLQ-EN24 has not yet been translated into
Japanese. The difficulty in using these instruments
includes lack of sensitivity to issues regarding lym-
phedema. For example, the EORTC QLQ-EN24 consists

of 13 factors and 24 items. However, it contains only two

items related to lymphedema. The two items regarding
lower limb lymphedema are questions concerning
“swelling of the lower limb" and “sensation of heavi-
ness of the lower limb.” It cannot be said that the QOL
of patients with lymphedema is adequately evaluated
using only these two items. It is important to use a
condition-specific instrument to assess the patient-spe-
cific effects of all kinds of lymphedema. In recent
literature, several lymphedema/chronic edema condi-
tion-specific functional or health-related QOL assess-
ment instruments are described. The Upper Limb
Lymphedema 27 ( ULL27 )™ and the Lymphedema
Functioning, Disability and Health Questionnaire
(Lymph-ICF)" are only applicable to breast cancer-re-
lated lymphedema. The Freiburg Life Quality Assess-
ment Lymphedema (FLQA-L)" and the Lymphedema
Quality of Life Inventory (LQOLI)™ can be used for a
wide range of patients with lymphedema. However,
these instruments lack sensitivity towards issues that
relate to upper or lower limb lymphedema. Few patient-
reported outcome-measuring instruments exist to
measure the impact of all types of lymphedema and
lymphedema of different extremities. The Quality of Life
Measure for Limb Lymphoedema (LYMQOL)™ is the
only known English QOL instrument available to
measure all types of lymphedema. Although some
health-related QOL instruments and condition-specific
QOL instruments for cancer were translated into
Japanese, no condition-specific QOL instrument for
lymphedema has been developed and translated specifi-
cally for Japan. The purpose of this study was to create a
Japanese version of the LYMQOL and test its reliability
and validity in Japanese patients with lymphedema. At
this time, we will focus only the results of LYMQOL
(leg).

METHODS

1. Procedure

The LYMQOL"™ was developed by experienced
healthcare professionals in the lymphedema service in
Derby, UK. It consists of two instruments, one for arm
lymphedema and one for leg lymphedema (the LYM-
QOL [arm and leg]). The LYMQOL (arm and leg)
comprises self-report questionnaires consisting of 23

statements (arm ver.) or 22 statements (leg ver.).



The LYMQOL [leg] has four domains : function (8
items), appearance (7 items), symptoms (5items), and
emotion (6items). It also includes an overall QOL value,
between 0-10, as patient-indicated QOL. Except for the
overall QOL, the scale indicates the patient’s perception
of each item, with scores ranging from 1 (not at all) to 4
(a lot). The scores for each domain are added and
divided by the total number of questions answered to
provide a total score. If answered questions constituted
<50% of items, the whole domain is scored as 0. A
higher score on the LYMQOL indicates more functional
problems related to leg lymphedema. The developer of
the original LYMQOLP obtained permission to develop
the Japanese version. The original LYMQOL was
translated into Japanese by independent translators.
The translation considered the cultural and lifestyle
context, making use of appropriate idioms. Any differ-
ences in the translations were discussed, and once
resolved, they were integrated into the provisional
LYMQOL questionnaire. An initial back translation was
done, and then, the process of forward and back
translation was repeated until a satisfactory translation
was achieved and the Japanese version of the LYMQOL
finalized.

2. Participants

The present study investigated the reliability and
validity of data obtained using the Japanese version of
LYMQOL (leg). Two hundred eleven patients with
gynecological cancer participated in this study. The
patients were recruited between September 2012 and
October 2013 from the lymphedema outpatient services
in four Tohoku areas and one Kanto area, Japan.
Patients over 20 years of age, who consented to take
part in this study, were included. Exclusion criteria were
active malignancy and current chemotherapy and
radiotherapy.

3. Study design

Each patient completed three questionnaires : the
LYMQOL, the EORTC QLQ C-30 (ver. 3)"”, and an
author-developed questionnaire. The following data
were collected from patient medical records : age, body
weight, height, date and type of gynecological surgery,
and International Society of Lymphology (ISL) lym-
phedema staging. Some patients received a second
LYMQOL at home (with an interval of 2 weeks), which

they returned it to our department by mail.

4. Data analysis

All data were managed and analyzed using Microsoft”
Excel® and SPSS (Version 22.0] for Windows : SPSS
Inc., Chicago, IL).

1) Reliability

Intraclass correlation coefficients were used to
determine test-retest reliability of the total score of the
LYMQOL. Cronbach’s alpha coefficients (range 0 to
1.0), a measure of internal consistency, wherein a
coefficient=1.0 indicates perfect internal consistency,
were used to assess reliability. Generally, values> .70
are considered significant. Internal consistency was
used to measure the correlation between questions on a
particular scale. A high inter-item correlation suggests
that all of the questions assess the same factor of
interest.

2) Validity

The validity of LYMQOL was investigated in two
ways. First, we assessed criterion validity by comparing
the Japanese version of the LYMQOL with the Japanese
version of the EORTC QLQ-C30 (ver. 3)"”. We used
the Pearson correlation coefficient for all scores. Second,
construct validity was assessed. We postulated that
patients with more severe lymphedema would have
poorer QOL. In the Japanese version of the LYMQOL, a
higher domain score indicated lower patient QOL. We
compared the ISL staging consensus with scores for
each domain, using a nonparametric Kruskal-Wallis
test. To analyze the factor structure and stability of the
LYMQOL, we conducted a longitudinal confirmatory
factor analysis using IBM SPSS AMOS version 22. To
account for the four domains of QOL (function, appear-
ance, symptoms, emotion), as in the original LYMQOL,
we used aggregate analysis, which appropriately
adjusts parameter standard errors and goodness-of-fit
statistics in response to a nested data structure. The
model is illustrated in Figure 1.

5. Ethical considerations

Ethical approval was obtained from the Ethics
Committee of Tohoku University Graduate School of
Medicine (No. 2011-178). Patients were asked to sign a
consent form prior to participation and were informed of

the risks and benefits associated with participation.
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Note. ; Fit statistics, 27 =5.769, p=_056,CF1= 985 RMSEA=.113

Figure 1 Longitudinal confirmatory factor analysis of the
LYMQOL (leg)

RESULTS

1. Descriptive characteristics

In total, 211 patients participated in the study. All
patients had undergone pelvic dissection for gynecolo-
gical cancer. The patient demographics are presented in
Table 1. All patients were stratified according to the ISL
staging : 16.6% patients were stage 1, 24.4% were
stage 2a, 29.9% were stage 2b, and 13.3% were stage 3.
The patients in this study had a mean age of 59.53
( standard deviation [ SD ]=13.08 ) years, a mean
height of 157 (SD=5.31) cm, a mean weight of 56.04
(SD=9.65) kg, and a mean BMI of 22.74 (SD=3.61).

2. Reliability

The internal consistency reliability coefficients for
each domain and total LYMQOL were high (Cronbach’s
alpha coefficients, 0.898 and 0.944, respectively ), as
shown in Table 2. There were no pronounced floor or
ceiling effects. Test-retest reliability was examined
using 25 patients (Table 3). The test-retest reliability
of the questionnaire total score was moderate ( .589,
p<.05).

3. Validity

The content and face validity were assessed using the
original version of the LYMQOL, as the Japanese
version of the LYMQOL did not examine these. This
time, we investigated criteria-related validity and
construct validity in two ways.

1) Criteria-related validity

Table 4 provides an overview of the Pearson
correlation coefficients between the different domains of
the LYMQOL and EORTC QLQ-C30. Each of the four
domains “function,” “symptoms,” “emotion,” and
“overall quality of life” showed strong or moderate

correlations with the corresponding domains of the

EORTC QLQ-C30. However, there was no correspond-
ing domain in the EORTC QLQ-C30 for “appearance” ;
therefore, no comparison could be made for this factor.

2) Construct validity

Three domains ( function, appearance, and symp-
toms) showed significant differences in the LYMQOL
score by one-way ANOVA (p=.00), and one domain
(emotion) showed a marginally significant difference
(Table 5). With higher ISL stages, we observed worse
scores on three LYMQOL domains (function, appear-
ance, and symptoms). Figure 1 presents the longitudinal
confirmatory factor analysis model. The model fit was
acceptable, but not outstanding, with a comparative fit
index (CFI)=.985, and a root mean square error of
approximation (RMSEA) = .113. The Chi square model
index was not significant. Nevertheless, all LYMQOL
subscales maintained high loadings on LYMQOL. The
lowest factor loading was for the “emotion” factor,

which was still moderately strong at .61.
DISCUSSION

The purpose of this study was to translate the English
LYMQOL"™ questionnaire into Japanese for validation
in Japanese patients with lymphedema of the lower limb,
and to produce a disease-specific QOL tool for patients
with lymphedema that could be used in routine clinical
practice and research for assessing QOL and other
outcome measures in Japan. The availability of such a
questionnaire also makes it possible to compare the data
collected in other international studies.

1. Participant characteristics

The proportion of women with lower lymphedema in
this study suggests that leg lymphedema is an essential
issue post gynecologic cancer treatment. The EORTC
QLQ-CX24 and EORTC QLQ-EN24 were developed for

. . )17)
gynecological cancer patients®"’

, and although they
have a sub-scale for lymphedema, the subscale does not
adequately evaluate QOL for all patients with lower limb
lymphedema.

The participants ranged from ISL stage 1 to 3, and the
proportion of participants in each stage rate was similar.
Consequently, this study is appropriate for assessing
QOL of patients with lower limb lymphedema with a

range of ISL stages.



Table 1 Socio-demographic and Clinical characteristics of the study sample (n=211)
Socio-demographic Cause Disease International Society of Lymp.hology (ISL)
Lymphedema staging

Age 59.53 (13.08) Endometrial cancer 32.4% ILS Stagel 16.6%
Length 157 (5.31) Cervical cancer 31.8% ILS Stage2a 24.4%
Weight 56.04 (9.65) Ovarian cancer 22.3% ILS Stage2b 29.9%
BMI 22.74 (3.61) Others 13.5% ILS Stage3 13.3%

Unknown 15.8%

Note ; mean (SD)
NoteILS Staging

Stage0 = A subclinical state where swelling is not evident impaired lymph transport
Stagel = This represents early onset of the condition where there is accumulation of tissue that
Subsides with limb elevation. The edema may be pitting at the stage
StageZ2a=Limb elevation alone rarely reduces swelling and pitting manifest
Stage2b = There may or may not be pitting as tissue fibrosis is more evident
Stage3=The tissue is hard (fibrotic) and pitting is absent. Skin changes such as thickening, hyperpigmentation,
increased skin folds, fat deposits and warty over growths develop

Table 2 Reliability (Internal consistency)

Table 3 Reliability (Stability) N=25

LYM QOL Domain Number of Items Cronbach a LYM QOL Domain Test-retest
LYMQOL total 26 0.925* LYMQOL total 0.589*
Function 8 0.904* Function 0.496*
Appearance 7 0.915* Appearance 0.460*
Symptoms 5 0.898* Symptoms 0.421%
Emotion 6 0.944" Emotion 0.247
Note. ; *p<.05 Note. : *p<.05
Table 4 Validity (Criterion related validity)
EORTC QLQ-C30
LYMQOL Physical Symptoms Emotion Overall QOL Role Cognition Society
Function 0.702** 0.653** 0.483** —-0.494** 0.586** 0.396** 0.717**
Appearance 0.732** 0.522** 0.452** -0.406™* 0.447** 0.339** 0.496™*
Symptoms 0.595"* 0.669** 0.532"* —-0.458"* 0.521%"* 0.423** 0.570"*
Emotion 0.533"* 0.630™" 0.738** —-0.509"* 0.486"* 0.510"* 0.518™*
Overall QOL -0.541%* -0.627"" -0.607"" 0.613** —-0.438"* -0.294"" -0.596"*
Note. ; **p<.01
2. Reliability version of the LYMQOL (leg), compared with >.8 in

We investigated Cronbach’s alpha coefficients and
test-retest reliability in two ways. The reliability of the
LYMQOL (leg) was good for patients with lower limb
lymphedema. Cronbach’s alpha coefficient showed good

reliability of >.925 for all domains in the Japanese

the original version. The Japanese version also
showed high internal consistency. The test-retest
reliability of the total score in the questionnaire was
moderate (>.589), but those of function, appearance,

and symptoms were weak (>.42). Test-retest reliabil-
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Table 5 LYNQOL sore in each ILS staging

Stagel Stage2a Stage2b Stage3 unknown F-value  P-Value
Function 1.95 (0.73) 2.29 (0.71) 2.53 (0.78) 2.95 (0.74) 1.95 (0.75) 7.72 0.000
Appearance 1.76 (0.64) 2.33 (0.78) 2.85 (0.76) 3.14 (0.63) 1.65 (0.89) 17.10 0.000
Symptoms 1.96 (0.64) 2.44 (0.63) 2.64 (0.65) 2.97 (0.67) 2.19 (0.99) 8.71 0.000
Emotion 2.23 (0.92) 2.31 (0.62) 2.40 (0.79) 2.77 (0.67) 2.40 (0.77) 2.33 0.058
Total 51.07 (15.49) 60.90 (13.95) 66.65 (15.96) 77.20 (17.49) 48.58 (19.33) 9.78 0.000
Overall QOL 6.6 (2.47) 6.44 (2.10) 5.70 (2.31) 4.21 (2.41) 6.62 (5.91) 6.14 0.000

Note. ; One-way ANOVA

ity results were not satisfactory. One reason for this is
that the time interval between testing and retesting was
2 weeks, which is rather long, and QOL changes may
occur during this time period. However, in the study by

1" there was no significant difference in

Marx et a
test-retest results when comparing intervals between 2
days and 2 weeks. Therefore, another reason may be
that the measurement of emotion is susceptible to
various influences, and generally, its stability may be
low.

3. Criteria-related validity

Since the original LYMQOL was compared with the
EORTC QLQ C-30, the Japanese version EORTC QLQ
C-30 was also used to determine criterion validity in the
development of the Japanese version of the LYMQOL.
As a result, the “function” in the LYMQOL and the
“physical” of the EORTC QLQ-C30 showed the highest
correlation ; “symptom,” “emotion,” and “overall
QOL" were similar. However, there is no comparable
domain in the EORTC QLQ-C30 or the other dis-
ease-specific HRQOL instrument for the “appearance”
domain of the LYMQOL ; therefore, although “appear-
ance” showed the highest correlation with “physical”,
it was weakly correlated with other domains. On the
basis of the above result, we verified the reference
validity of the Japanese LYMQOL (leg).

4. Construct validity

Patients with higher ISL staging tended to have
higher LYMQOL scores. This supports our hypothesis
that “ patients with more severe lymphedema have
lower QOL.” In the original LYMQOL, the developers
did not extract the four-factor structure using explora-

tory factor analysis ; however, in this study, a confirma-

tory factor analysis revealed that data fit the four-factor
model of the LYMQOL in the same manner as the
original LYMQOL. Therefore, the model fit was
extremely good, and the Japanese version of the
LYMQOL (leg) is considered a validated QOL assess-
ment tool.

A number of other condition-specific QOL tools for
lymphedema have been developed and reported.
However, these tools have not been translated into
Japanese and contain many questions. The LYMQOL is
a short tool, covering both arm and leg edema.

5. Implications for further research

Improving both QOL and disease condition in cancer
survivors is one of the most important issues in cancer
care. Consequently, HRQOL assessments are becoming
an essential component of research that focuses on
medical outcomes in various situations, especially in
cancer care. Although lymphedema has no direct effect
on the health of the cancer survivors, it has a great
impact on their QOL. Further research is required to
integrate QOL assessments with lymphedema care
outcomes.

Since the original LYMQOL is the only measurement
tool with both arm and leg versions, future examinations
of the Japanese version should be considered the
reliability and validity of the LYMQOL (arm).

CONCLUSION

The Japanese version of the LYMQOL (leg) is a
validated condition-specific QOL assessment tool that
can be widely used both for clinical assessment of QOL

and as a measure of treatment outcomes in Japan.
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Japanese Version of the Quality of Life Measurement for Limb
Lymphedema (leg)
(J-LYMQOL-D) : HAZEROE N & 74P oMt

HREPTY L EIRY Ra BT o R Bk mE

HACK PR AP BRI SRR Z L 4 A ¥ XNy Al f o7 i
HALR AR BE e R ZE R R A 22 T GRAN o 7 7 o 03 B

E B

BRI PABRERY NEREEZ D FW, EFEECKHFHREEICKY Y O NZEERETHIEPH D, V>
INFEOREIZEED QOLDETEBLELS, TORBICLS QOL ZHMB-5HICH, FEMAE QOL %5F
fid 2IEEHPBETH S,

BEY : RETREE SN TVWS LR, TREAZODY >/\VZEERED QOL 25T %2 LYMQOL (Arm & Leg) M5 b5,
A7 (E HARERR LYMQOL (FER) 2B 270, ZOEEMEZYMERETL .

HiE RS SCERMG DY >/ GZEESRD & 5 EREHERI T 211 2O T > /VZEICERL TOW B RHEICHL,
ABREEmMICLZHBAERENDSH EICLYMQOL (T z2&CBRAERKICEHZEL TH5 >, EFEMEE
Cronbach’s a5 XUV T A M —BF X MNEATHEEL . £-ZYMEEEREZYM%E EORTC-QLQ-C30 O BAEE
HRC, F-BRBlESXYUMEHEIENRTFMrEZE AV TRETL 1

f5F : {558 (I Cronbach’s a Tld, £& Tl 0.925 FFEFICH WL TIE, 0.898-0.915, p<0.05 CIHEICHVEHEM
Tho7=1, BT X METIELHETr=0589, p<0.05 CTHIEETdH -7/, ELHIE EORTC-QLQ-C30 & DFEBIA
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1 LY BNERRIET=- 2 - EEOKT

ThhTwd,

— TR R, FTROBREOME Y 7 X
D, HEDSIENICAS 2T EAL I E TP ST
VBH, ZOFE Y FEHDME T 5 2 & CHIRE TR
ENKIVIIET S F7. THOIRIEZ D W EHIR
1A BRI ORI L 2 HIRRREECL2bDEE
bTwb, ZOWERE LT, ik L7z &9 12k 2
by R 7OFERRBRNEREBESHERINTE
A REFIOITE, BEESRS 32 T4 T ¥ ZADEL
FEATTREME (AR

NS OMPEE LT, BT R e 2 0
B % ZBIGIAT ) B\ ORI TW BT, RIS
SEBIERS IS IR X ) I — 2 5 AIEEROTH 07
DI, BN TERT 2L L TR STV 528,
O T EEICOWTORRIEHEE S T
W72\, 2000 AF DL, e B BT T 2R B o IR ) o W
OYBERN I D BHRIIMZ TETWD, L L, F
BSMEBEDBEOARTH L PBLREGTT— 5 UL
TWabZ L\, REAHKERED X, HiK T1EM
AT ZEB)TH D05 ZORY IO L % 5P
ORI LEDN DS EHFEBINTNDS EiEn
VA2 ORI GR I E IS B B o T R
OFPE LT, LM EIEEEZ ) Ans T F Y
ZADHEME HIET R TH 52 Eh 5. AT
PAZOFEMATLIEEHLV., 22 TaEDAE
Wrgezma & U<, EHEAMEOENIZHEH L, LB
JEAS TR & B MATHIREOEB 2 S 1T HI L%
HiE 3%,

n &

1. HRSmE

WFZESME 1 20 L L OB 17 4 TH 720 Ph
To (1)~ (3) OVWIFhhr—2>TLENTHE61E
BeAtL7zo (1) 20 ki o ctk, (2) a2 2 HE b
RETLHED 2 VI T 2 ) IBICRBE L 722 03D 5.
(3) BUEHIRL Twa, & 5VIZERICH 26 &
L7z WHFEE OFTE T % RF DRI TAZE L 720
2T BMERLHTLNZSIME D 5 lEE %145 A
I —=R=NH 7Y v 7EEHCTENEE > T2,
2. BIERMH

WoE X PR 27 428 H T 1 A<, EBREN%
2TCITEEE L 720

3. AIEEHE

1) HATEEOHE"121d. OMEGAWAVE 414
L — ¥ — MRk E =% — (BOM-LITRW) ZfiH L
720 TOEZY =13, THIMAE L~V ORRFRENE 2 Sk
T5EEDNT VD, WERETHARE LE (B
TRFELANEZ Y Y (Oxy-Hb)). MR R
# (UThEF/L~NEZ oY~ (Deoxy-Hb)) %#%H
L. fhoEE KT 2cm) L%EE (ETH4cm) ©
Oxy-Hb B X U’ Deoxy-Hb ZNFNDEZNL T & T
WM A E Y L 72. Oxy-Hb IZBYIRIMPICE  FAE
L. Deoxy-Hb 3#IRNICZ K fFIET L EbN T
bo FEMARY 7R AR L72EEICX D). RN
DGRBS 5 & Oxy-Hb 238 L. &R 51
12X 1) Deoxy-Hb 235984 § % ZEHFIRE I ML E 2= MK T
5729 Oxy-Hb 284 L. #R&ERIEH LT3 2
729 Deoxy-Hb 23§ %, 2F D2 D2 DODANES
O v HOEB 2 O ERER Z Tl 52 & T HED
YEEICD %05 EIRE L. ZOREE R L7,
WA A o B & L, MdkRRE= % —
FEHMTa—-7 2T L7 5=l Eh
HECHA NV T —) 2R L7ze /2 TR OEIRIE OB~
B B IRE I ISR 2 2 I8PT0% 200 A 720 T MRS
TPHEASEAET 25603, A XD AWM ) 3RO
FEIEER . £ 2Ty K DR LR AR o 1A T )
REBETALLOICEROBEERICEETAIIEEL
oo —HTHERDENZIY, JEMICEN ML L
AP ENiz720, WG AT REE IS TS InE o/
ATEOmARE (kg) ZHELEDOWREZIT-> 72 B
REBMBEOEEOMTZR 1, WEOKT 2B 2-1 1R
L7ze B2-2 (=Y —FR—F)

2) HAEOWEIZIZ, A 5HT#E InBody 720



2-1 AIEDRF

A L7, BHI R i A e L, Pl T
LEIENS 2HHEFEBLTWAE I L E Lz iRV TH
RIS B 720 AR EIC X D SR L, BHAE (%)
P /RE <100 THEM L7z, MRS &
DEIM L7 @070, BkiE s TRHROMEZ &
DHERE L 720

4. KB AT LDETE
EZMEER2-1 DX 912, BOAEE 90°127% 5
LD TR IR, RIS L7232 — Y — R — g
REFELZ, V=V —=F—=FiZE X 75mm. & 300
mm. £&210mm OFEMHBRY) 7u¥L yOR—- KT
Hho BEFEZKF-OIRED S RAEEDS L OFHE
30°FMELDIC, Y=V —F—FOmEmSZ R L%E
L7ze F720 RAEEB X O 20° 2 FEH§ 5 72012
R HEE 150mm DAF ¥ LAREDOIWBEEEX, £
CACENE - WHEENC X > TR— FARO9 5 L9 1%
EL7ze AT u—7eEBHERBHOT 477
=R ENETNRNVT—IZEE L, vy Ry —%/k
JEBEIERG I Lo 20 ) B L 720

10 73 A 2 2 & o 720 T2 FEMEAHICREE L.
WRIETHES) 2002 K HICA O /) —2DF VK60
WHbE T2 MER L, ZD% 25 HOKEE AN,
BT 3y MERL . KE 2 5 BT iEEE T,
Oxy-Hb B X ¥ Deoxy-Hb %€ 5 £ TITH 2 5[]
FL TV bk Lz RIC—ERMORE% &
0. KT ES) 30° 2 FMRIC 3y PELZ, B
MBOEFIZIET > ¥ 2L TH Y. wHDOWFRESN
ZORER 30° D HUEDI-Z LN, KRIT 200D SUHD,
PG 2 idk L. RHEICHR 5 & )28, sy
MBI 2 X ) CFERL, EHFICLDET—F DEA
WHEUZWE I IIBD,

R2-2 ¥—V—FK—F

5. F—4a0E

351727 — % 1& Labchart (ADinstrument) ¥ 7 b
T T EBWTI Y 2 — FITEBWIZIY AAT, E
B TR0 BmIIT—y 2B L, =72V 7 A4
WA L 72e Z Otk WFESINE O LR & 20°,
3000 BT EES 1 ~3HH, KE1~3BHD
Oxy-Hb B X O Deoxy-Hb O E%E KD 720 AT
20° & 30° 0} B i Y S S B iy & E By o Oxy-Hb &
Deoxy-Hb OB DO FIE%E K7z, Z D%, HHEH
LEH, KE1~3BHT tREEZIT- 720 BINEDE
BRRIZAEDH ). ZOEENED AR ICBEND B &R
E L. MASMEOHAFEZ 1 ZRHDOH/ATH T, Pk
fEX D FHAROECEELARNEED 2 BEIZHE L7z [k
ICENENOREOIEREAE & EF), KE 1~3BHIZBW
TtMEZRITo 720 AEKER t REDZHILK ZEE
L p fii % #i#9 % Bonferroni % Til# L p<0.05/6%
i & L7zo #EMHEMNT Y 7 & SAS Institute @ JMP,
Pro.12 3 X W' IBM. SPSSver 24 # i L 7z

6. fRIEMEDE

AWEFEE. TR RFOMERHMGHE B2 oKHE (24
oy 0 2015-1-41) %21 THEML 72,

s R

1. HRSME O
TERE 72 21 1% © 23 WD 17 O HEDTZEIC SN L
Too GG HTRE D S BML R, RIS
DWEZFERL, 72 EHITHDLERBHEROEEGE
KD B 72D, E& /AR E X100 O FHE XIS TR T
L7zo WLl 39.11% & Y B4 SMRER (74).
i 39.11% & DARWEE AN A SEBE (8 44) & L
720 1ZEREDGANTHIEICDH 725 2 ZAIEERI L 720
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x1 BHEHOMARFEEROE
JERBAER T EE) (30°) JERAR T T EE) (20°) (n=17)

Oxy-Hb p value Deoxy-Hb p value Oxy-Hb p value Deoxy-Hb p value
A 9.58+1.67 7.07+1.09 9.50+1.61 7.19+1.01
T 1 9.87+1.38 0.145 6.69+0.91 0.010 9.69+1.50  0.086 6.89+0.93  0.002"
R 1 9.50+1.60 0.070 6.84=1.00 0.048 9.53+1.68  0.656 7.20£1.15  0.960
) 2 9.89+1.40 0.037 6.80%0.95 0.035 9.94+1.52  0.002"  6.89%0.95 0.000"
R 2 9.57+1.52 0.071 6.97+1.03 0.364 9.65+1.61 0.006™ 7.22*1.15 0.749
) 3 9.88+1.32 0.120 6.80+0.95 0.016 9.95+1.49  0.000* 6.81+1.05 0.002"
RHE 3 9.69+1.53 0.333 7.20+1.33 0.572 9.64+1.65 0.096 7.08+1.09  0.307

Note : Oxy-Hb, Deoxy-Hb (1 x 104/mm?®)

g2 {E39.11

32 34 36 38)4p 42 44 46 50

EHTISES =R
(n=8) (n=7)

\
3 MRESMEOHAEDHH

ZE® BMI (kg/m°) 1316.2~24.7 TH Y., &HD
AE (%) 1£32.9~44.6 TH o720 BHHE (kg)
1 16.2~26.4, RN (%) 2516.2~38.4 TdH -
720 EBEEIZITITEBAVNARD S F BRI T THES)
IE L Twiehs, Zo%ERD 5 WA KRy E CHEB) %
BT TVEHDIEERICE EFE 5Tz,

7o B AR AR A2 T 5 & BMI
(kg/m®) ¥ 19.1+£1.70 & 21.3+2.07. A FE (%)
ICBWTIF41.3+1.7 £ 37.0=1.8, KRz (%) |
BWTH23.0+2.8%230.6x3.9 TENEFN2HICAHE
ZExFED7z (p=0.04, p=0.00. p=0.001),

NEROBNOHFMDMHERD 202, WIFESINH O
WrEEomAE (kg) DOIEEIT- 7225 WEDHA
H# (kg) WCHEEIL2o7 (p=0.816), 7. B
HEETEGREOHMBIZE TV ¥ OREMEREK
r=0.716, p=0.004 TH -7z,

-

& Kki#E  Bonferroni % p<0.05/6"

2. EHRETEESN. HAREFOBIEDHOMRENRE
DEE)

F11230°, 20° o> J2 BY N T SE B kg & AR B o il
ITEIREDZE B 2 /R L7zo 30° O L BIEETY i #Bh i X %
ZAb%E L% & Oxy-Hb (Z5E#EE 9.58 +1.67 (1x 10"/
mm®) 2> 5EF 1 $112 9.87+1.38 (1x10"H/mm’) &
WL, ZoBKREE 11213 9.50+1.60 (1x 10§/
mm’) (S L7z, EH 2 - 3L ABEORINER L.,
REIRFIZHA L7z —77. Deoxy-Hb (34l 7.07 <
1.09 (1x10"8/mm®) 7S E# 1 4 6.69+0.91 (1x
10M8/mm’) 24 L. € DH%KRE 1 Tid 6.84+1.00
(1x10"#/mm®) &EB 1 X DL 720 #Hp 2 - 3
LIFABOEETH > 720 20° 0 LK EH TD
30° D Z 1 & AR D Z B RATE S Nz,

3. AEDEWVILL ? CEHHETEESFOBEHO

MmiTENEEZ B

P EE D E T X B 2 B KT S B) £ o Wk IE i o
Oxy-Hb B & O°, Deoxy-Hb D2 H) % (il & b L 72
(F1)o 30°Tlid, Fikfii L EB) 1 ~3 o Oxy-Hb 12
HEAI o7 (p=0.145, p=0.037. p=0.120),
Deoxy-Hb 1285\ T & ZEHEAE &) 1 ~ 3 FICHE LI
Pixro7z (p=0.010. p=0.035. p=0.016)-

—Ji. 20° ETIE, FEAEME & B 1 o Oxy-Hb
BINMCAERZ IR o7 (p=0.086) A%, Zh#EfH & &
B2 - 3%® Oxy-Hb iXAEICHMLZ (p=0.002,
p=0.000), Deoxy-Hb Tl&, JL¥afE L EE 1 ~3h D
FTRTIWCBWTHEIZHA L7 (p=0.002. p=0.000.
p=0.002),

4. 2EOHREODEVICE D FRMITHENETIL

THOMATEREE, HAEEHEET 5 L KEH % 72T,
B 3 1Z7R & 9 IS IR AR, AR & w1 4



®2 EHARFOBHESHOMARZHEOEL

JERBAER T EE) (30°) JE B TS (20°) (n=8)

Oxy-Hb p value Deoxy-Hb p value Oxy-Hb p value Deoxy-Hb p value
A 10.07=1.53 6.57+0.89 9.95+1.61 6.70£0.98
g 1 10.16+1.45  0.455 6.27£0.81  0.005"  9.96+1.55  0.954 6.65+0.99 0.297
R 1 10.08+1.53  0.866 6.50£0.93  0.183 10.16=1.63  0.007*  6.73=1.06 0.535
) 2 10.17+1.45  0.327 6.34£0.83  0.038 10.23+1.54  0.006  6.59%+0.97 0.081
R 2 10.05+1.49  0.725 6.64=x0.89  0.302 10.12+1.63  0.048 6.68+0.99 0.363
) 3 10.14=1.40  0.599 6.36=0.83  0.062 10.22+1.51  0.032 6.46+0.94 0.029
RHE 3 10.09+1.55  0.886 6.60+0.93  0.797 10.08=1.57 0.164 6.63+0.93 0.126
Note : Oxy-Hb, Deoxy-Hb (1 x 104/mm?®) EKki#E  Bonferroni i p<0.05/6"
x3 EHAEROBHEHOMRKRFHEOEL

JEBAE D) (30°) JE B TS (20°) (n=9)

Oxy-Hb p value Deoxy-Hb p value Oxy-Hb p value Deoxy-Hb p value
A 9.15+1.62 7.52+1.11 9.10=1.60 7.56+0.93
T 1 9.62+1.35 0.209 7.05£0.87 0.096 9.46+1.50  0.074 7.10£0.87  0.001"
R 1 8.98+1.49 0.129 7.14+1.03 0.087 8.98+1.61  0.229 7.62x1.13  0.618
THE) 2 9.64+1.40 0.131 7.20£0.91 0.181 9.69+1.54  0.202 7.15+0.90  0.001%
R 2 9.15%1.51 0.973 7.27%1.10 0.193 9.23+1.57  0.780 7.70=1.11  0.194
T 3 9.66+1.30 0.185 7.19+0.92 0.084 9.71+1.52  0.005*  7.13+1.10  0.033
RKE 3 9.34+1.52 0.101 7.74=1.11 0.618 9.25+1.72  0.29 7.49+1.10  0.692

Note : Oxy-Hb, Deoxy-Hb (1 x 104/mm?®)

FA LG0T U 7co ARAH PISRHE & i A 3 o0 e B B S e
BN & B WEER O MERE B OLE 2R 2 -+ 31K
L7z0 AR RED Oxy-Hb 1 30° OIEE) T, FHEfl &
HEE) 1 ~3 ¥, IKE 1 ~3 L DMICEEEEI R > 7
L2 L 200 OB Tld, fRE 1 LB 2 THEAZRD
72 (p=0.007. p=0.006), Deoxy-Hb iF. 30° i H)
DEH 1 TOREETH->7 (p=0.005) —F. i
WERED Oxy-Hb & 30° 0BT, FLHefli L HEH) 1 ~3
B, KED 1 ~3 LM THEE IR D572, 200 D&
By CHRMEMEER 1 - 2%, KB 1~3 THEEER
MPolzis, BEI3 TOAEETH -7 (p=0.005),
Deoxy-Hb 1Z. 30° D #EF) T, FLHafl & EH) 1 ~ 3 v,
KR 1~3 THESZI LD 720 200 OMEE) Tl3HLAEAH
LiEE 1 - 2HTHEETH -7z (p=0.001. p=0.001),
EH3BLOKE 1 ~3 TIAEETI Lo 0

x4 - 51 Oxy-Hb OFEHafHA 5 EH) 1 ~ 3 DZAL
AR L SHAREE THRLAEDDOTH S,
30°#Ey, 20°HE) BT, EH 5D EE) 1 ~3 DIkt

N
(=]

=)

&Kk Bonferroni % p<0.05/6"

filiz» & OZEALZIT B NRRED TR E WA BAIL R
M5 720 Deoxy-Hb IZBWT L FEETH %A%, 20° iEH)
DOFEH) 1 TOREHRAFREED S DA BAZFEAEE D © D,
BRPRKED 72 (p=0.050)0

z =

AWEFEI. SR EE AT BAFE O L E, T
’772:&:60)#%%%# 53‘67’: (2. R B
B O AR L VI X DHHAROENIHEH LIz, &
AN BT BB Y FIBGRIE S T2 0 ) BT
W, RITHEEIS X 2RI 2 AR A PEIC OV TEET
%o

. CESETEERICL ZBHEHOMITERELE &
e
TR AR Y TR ORISR, ) BRI it 5
MBI %H]H’MHZEF)%fﬁﬁ%%’iif‘aﬂ’%ﬁﬁ%ﬁi‘i%ﬁbn? Zrizk
DRI %, o T THFEOLFHEDLDITIE, Ok
DR AT 5 EPUETH S, ZMHMT .
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x4 HAEBEDEVIZELS Oxy-Hb DET{LEDHE

Oxy-Hb DIEHEM A 5 DAL

(%) (n=17)

JE B RS (30°)

JE B T E ) (20°)

RFAEREE  SHASREE  pvalue REIAEEE  SHAREE  pvalue
TEH) 1 1.02+3.08 6.21=14.48  0.322 0.11+£1.69 4.39=1.69  0.080
TEH) 2 1.14+2.49 6.40=12.97  0.265 2.92x2.05 7.05=8.46  0.190
) 3 0.89£3.36 6.93+15.48 0.284 2.87+2.83 7.15+6.67  0.108

Note : 7K # p<0.05

x£5 HAEBDEVICLD Deoxy-Hb DE{LFEDLEE

Deoxy-Hb O IL#Ati7A & DAL

(%) (n=17)

JE BT E ) (30°)

JE B B Tl Sy (20°)

AEA3 1A S e 15 P A p value AERAS A B EN RS e p value
HE) 1 —-4.39+3.03 —5.58+8.45 0.711 —1.85+4.61 -6.11+£3.29 0.05"
T 2 —3.27%3.75 -3.68+6.99 0.880 —2.64+3.65 —5.49+£2.85 0.099
FEH) 3 —2.93%£3.85 —4.08+5.59 0.626 —4.52+4.60 —5.99+7.26 0.624

Note : A /K p<0.05"

RV THERNC X 5IRERICK & CBG- LT 5 BEIER
DIMATERED R BIFIKE R EB OAMIC L) LD X H I
BT 5 0% Bl L7,

MATEEDOLH) X, MikMkHEE =% — T Oxy-Hb &
Deoxy-Hb OIEBEMIZ X A X o TEH L 720 A
WFgeCIEEE 2, Oxy-Hb 25451 L Deoxy-Hb 2%
L. IRERRIZIE. Oxy-Hb 25984 L Deoxy-Hb A4
M2 En)fRE2EL . EEMEYEEIC
X0, WM AsitbRe & IR E MR D KT & T AL F—
PEAEDHZ Y, BEIHESNL, TEM) 2DICE
FARAVE U270, IR AT Ly BERE A~
BIR MG A = EEZ 5 2 Oxy-Hb 28 L72 & % 2
5N b, —Ji, Deoxy-Hb ASEBEHIZHAT 2 DI, i
MROBREDZEF) % XL THE Y. Deoxy-Hb IFBIRICIZ
BLALHAELBZVEW) T EIZEBY, s T,
Deoxy-Hb 2594 L7z &) T &, #RIRE TR OB
ERTEEZDIENTE D, HOTOMRERICBVTH
JEBEREEEB IS THBOR RSO N TV D Z
5. FIRFEGE R OB I MG D ) - i 2 8 S &, 3
UGk, PRI LD T e ZEDRBENT,

72, RS EB LA, BIES S O MR
LI L A IMATEIEONE TIE, 10 5#121% Deoxy-Tb
DA Lo, BARZHHC X ARG OUEI TR I
TeEEL TS,

)
N
=

2. BFAEDEVC KL EHHNEYEEE

Hik L7z & 9 2% 5" o R BRI i #8512 X 5 AT
BREOLEBIIW Sk > TV DS AMAEICBVT
BIRER TV, T2, AHSIE, 2Bk ES) &
LC. RIEROBIERZ 0°~60° (K 30° 2> 5
RTE 30°) OHPATREE L. 30 53— i EE T
BEHOEMIZ L > T MEROBIMERD/ZE LT
o TITIE. BAMAEN DAL RSTEY ., AL
FEDECORREEZY S LTV ARV, FHPIZFEL
< IMATEYRE O F#A % B35 9% duplex 2312 X % BERFHIR D
LR E TV BB 2 45 1) 2 Je B i T S B
DEALMHEE 5°, 10°, 200D 3B TEML T b,
ZALAENS5° T & A LR EOHEMEIED Sk
Mo 725 AL 10° & 20° D541 F 45 o i & S
Boh/l LTwd, E5ITHRATHMARE 20°~30°D
WEE 10° DY & OF M EB RO MRS o722 &
EWELTWD, COERTIE. RATMAEE20 ~
30° DI EB AR R 2 BB TH D 2 L 2w L7z,
RIFFEIE. RARERE 30° OEH) & ik KKEE 200D
EEE DT R0 (11/18) e LD
Oxy-Hb B & Uf Deoxy-Hb O 8% 3¢l L 720 30° D
BCcid, SEHEM L EE) 1 ~3 THEEIRO LN L h o
720 20038 B Oxy-Hb X, #EH) 2 - 3 C, Deoxy-Hb
IFHE) 1 ~3 THAREEVFRO LN, 5612, 30°TD



JE BT i B (LB 1 T OLEEAT20° LD b AE
Motze 2F D, 30°TOEBTIE, EB 1 hoIMATE)
BOEBAKE . 2000 1 Tl2miTBEoZ i
INEpoTze L LS 2 - 3 LikkE L TIT9 L. 30°
OEE)TILES) 2 - 3 TIEIEBHRIIED S WS, 20°
OO IER 1 ~3 LELBELIP LT OAEL
ToTWiz, 2D ENL, WEPRAKZWITE, BEE
DB HBMHPREL LY, TAVF—JEERARL &
HICEEZOWER IR L Tz, SHITTHESNE
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ABSTRACT

PURPOSE : Lower limb edema of the women in a perinatal phase causes disturbances in venous return. This
study examined changes in gastrochnemius muscle hemodynamics with plantar-dorsiflexion exercise based on
comparisons of muscle percentage and exercise strength.

METHODS : Volunteers comprised 17 healthy adult women aged 20 years and over. Maximum ankle
plantar-dorsiflexion was performed at 20° and 30°. In two separate exercise sets at each angle,
plantar-dorsiflexion was alternatingly performed at a rate of one repetition per second in three sets of 20
repetitions, with two minutes of rest between sets. Gastrocnemius hemodynamics was assessed with
oxygenated (oxy-Hb) and deoxygenated hemoglobin (deoxy-Hb).

RESULTS : At each angle of plantar-dorsiflexion exercise, significant differences in oxy-Hb, and deoxy-Hb
were not observed between resting baseline values and the first, second, and third sets at 30°. Exercise at 20°
showed a significant increase in oxy-Hb following the second and third exercise sets ; in contrast, deoxy-Hb
values showed significant decreases with exercise at both angles, during the first through third sets. In
comparison with resting baseline values, the high muscle percentage group showed extremely large changes in
oxy-Hb and deoxy-Hb with exercise at 20°, and 30°. In contrast, although changes in oxy-Hb, and deoxy-Hb
with exercise at 20°, and 30° in low muscle percentage group were small, and there was no significant difference
between 2 groups.

CONCLUSION : Ankle plantar-dorsiflexion exercise stimulates venous return, and results suggest that exercise
performed at 20° has a more sustained effect than exercise at 30°.

KEY WORDS : ankle plantar-dorsiflexion exercise, oxy-Hb, deoxy-Hb, hemodynamics, muscle mass per-
centage
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