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Relationship of plantar tactile point pressure sensitivity and two-step
value results among patients with diabetes mellitus

KIMURA Kazuki, NINOMIYA Hideki, KUBO Akira, ISHIZAKA Masahiro,
ENDO Yoshiaki, MIURA Hiroki and SUZUKI Yu

Abstract

Purpose: The objective of this study was to evaluate the relationship of plantar tactile point pressure sensitivity and the two-
step value results among patients with diabetes mellitus (DM).

Methods: Eighty-four DM patients (male: 58, female: 26; type 1:7, type 2: 77) were included. Touch-pressure sense of the
plantar tactile points was evaluated using the Semmes-Weinstein-Monofilament (SWM), which included the following
evaluator sizes: 2.83,3.61, 4.31, 4.56, 5.07, and 6.65. Measurements were performed at the medial and lateral aspect of the
hallux, ball of the first toe, ball of the fifth toe, heel and eight different locations in the plantar aspect. Subjects were assigned
to each evaluator size that was the corrected small size of the eight locations. The two-step value was calculated as the
maximum two-step length (cm)/height (cm).

Results: No subjects were assigned to the 2.83 and 3.61 groups; using the touch-pressure sense of the plantar aspect with the
SWM, 11 cases were included in the 4.31 group; 31 in the 4.56 group; 28 in the 5.07 group; and 14 in the 6.65 group. The
two-step value was significantly lower in the 6.65 group than in the 5.07, 4.56, and 4.31 groups and in the 5.07 group
compared with the 4.31 group.

Conclusion: By decreasing the touch-pressure sensitivity of the plantar foot using SWM, the value of the two-step of the gait
ability composite indicator was reduced.

Keywords . diabetes mellitus, SWM, two-step test

SZAFH 20154210 H 28 H %BH 12016 4£ 3 H 14 H

VEBRER AR AL AR SRR BRI R

Division of Physical Therapy, Doctoral Program in Health Sciences, Graduate School of Health and Welfare Sciences,
International University of Health and Welfare

PEBEEREAER AR U T a v E

Department of Rehabilitation, International University of Health and Welfare Shioya Hospital

1151039@iuhw.ac.jp

PERREREARE R B ESR

Department of Physical Therapy, School of Heath Sciences, International University of Health and Welfare



[N R WNE e

I. IL®DIZ

JEAEGHE) A DS T, 2013 4E12, HEIRE (diabetes
mellitus 1 BUF, DM) FEFEIZEAEINIZH 5 S DD
DM B F 3\ F ZHIEN I H 2 & i s hTwa .
DM IZ& ) A YA ¥ OREZWAET L, MAEHED 2
YIME—VHARRE ) EHEICREST S AT DD
4. DM IZBIF 2 =ReaftHEs LT, M/AmEESET
& B BRI P AR BE 4 (diabetic neuropathy ; BLF,
DN), BHE, MBEAD L. ZO1E0Icd KRS
&Y, DM BEEIZ L) BEHIREED ) 27 @< &
%7 4Gtk DM BEOHMIEY, AHHEICNT 5
INEY) T =23 YOFEFEML T EHEREN
5. REFETIE, DMBEOZKEIED 1 D TH 5
DN (2 X A BEEEOMETOREZ 7L, H1TH
OBEAIIRIETH % 2 A7 v TIEOMIRICEH L7
DN O # 17 % 3¢l 37 4 12 1%, Semmes-Weinstein-
Monofilament (PLF, SWM) 2 & % J& Jis fiskl FE 5 [ fif
DFMAEHETHL EENTWD, SWM AL
Evaluator Size 507 (10g) OEPEETCELETE 20
Hifr, Nather & 3B RAFHEE B R 2 I E ) T
DYDY A7 BRI EL B b EMEL TV, £
O 70K ERERFEE S Y 1, DN OFFffi & L T SWM
? Evaluator Size 507 |2 & 2 A LHTH D, B0
HHELTT L ARG ENRIBHEE L E S T
)y TT AR ZEREEL TS, DN EEM
TERFFRIE D 2 SR RE 5 & BT O HARRERE 1255 7
N5, ZOHOMERIZFEMFEEE (diabetic polyneu-
ropathy ; LU, DP) |35z SSEMEAE < ¥, DP I
BHEEEICE &F 68, THREDET Y, EHmTsh%k
DT 7, SO T LEIHERIN Y 7 & B RERE 4o
PIERTT 5. 20728, DM IZ L % DP IZEE)# O
£ ThHLLMBEOFENTVS.
DHEAT % DP OF B THE L, DP RIEIZ & ) F 1%
BOBKTHH S EHEENTVWSE Y. LaL, DPO
FETHEL72I2T &S, DN OEITIZIR - 72 S
RERCHITRENI OBtRZ RE T v, ZZ T, SWM
% iV C DN OHEFT & BRI 50T, ATRETT & O
RELHIIT 5.

2D XHIZ, DN

#21%:25(2016)

DM BE D EERIE A EfiT % 9 2T, HITREIIE
FEWICEETH S5, DNIZ LD HEHEEOIKT L[
BRICHRATHREDIRT IR E 2MEE 22 9. H17H
DO\ERIRECIE, EEEERNE (DaET74 7Y
YRFU—A4 5 U, B3%) OMETHWLNTNA
QAT YT TANDED DL, ZOT A MIVIINT VA
LW B, 7% EOBITREINC ST A A IR
L. 2 ATy 77 ANCE, K24 (om) %
HEL, BE (em) CTHRLAMES2 ATy Tl s,
ZLTC, 2ATy TMED 10 % T2 & M e 5
HOEE D) A BELhbEShTwL Y, &
DT A P THEICHEZIT) 2 EARETHS. DM
AT R L& LT AR REAME T 3 5 72
O, BTN OBEEIIRIETH D 2 A7 v 7ML DN
DHEFTE L DITEBIIRT LT EEZ LN,
FATHR DL CIZDP OFEIZ L DV EEFIF SN TH
Y, DN OHEFTIZIH > TOBEREH % 3Hli2 4T 2 T e
v ZOWEOHIEL, SWM 452 & TDN
OHEAT 2 BBEMICHE 2, RIEME RIS & 0 BE T
L., DN O#ETEHEW BTN ERT 2 AT v 7
BOBBREHOLNITEILTHS.

0. Jik

gL, EIFREFREALR ARSI DM OB E
ZHME LTARE L 72 HEAGEIEDZAITICZRED 2
VI 58 1, 0 26 B> DM 84 1 (1 Bl 7 i,
2877 H]) Thol:. Fnld61.0+139K T,
PRI L 10811187 7 H TH - 72,
JEIRECEE, SWM & A L C 2 e filt 1 5 B i o0 3
% 4T>72. SWM O#l5E121E, Evaluator Size ¢ 2.83
(007g), 361 (04g), 431 (20g), 456 (40g), 507
(100g), 6.65 (3000g) D 6A Lty b % fliH L 7.
WEEALI LK O BERE, BEREER, /NAEER, EoZLEfE
§HATL L7z, WELEBIET T v b 74— 4 ETHEL
P THEOREYZ T 2L ) MR TITo 72, 1
BT JE OMFIKERAL 2 )1 T, SWM D/ &
> Evaluator Size 7* 5 IH#F (ZI7E 21T o 72, SWM Difl]
FEANTHEEBAICHT LT SWM ASE A ICA 58 S T



[N R WNE e

LS LA 72, IR AT IEATE72i D
/N &\ Bvaluator Size % il A D Zfl & L, Evaluator
Size Z L IZHEDIT AT o 72

HATRESI DIREEIL, 10m #5347 & Timed Up & Go Test
(LUF, TUG) %52 L7z, 10m HATIERKHEIZ T
10m BT OFTERR (LUF, 10m Bef) & 10m 547
OFESE (LUF, 10m &) 2@z L7z g
(F10m OBATHEZ AV, FIRE# T 2 3mER L 72
MW A, &k 16m ORI A RE L7z, TUG
IR FEAICT3mBICHAZEE, T 572108 <

SHENY, HEIOIEZ £H )T I2HE S £ TOR
i & e L7z

2AT v 7T A MIVATRA2 AN (em) % 2 A
W L7z 2 A7 v THEIEERK 2 40 (em) / H £ (em)
THIL, mAMEERA L.

SWM O Evaluator Size = & (ZHE53 1T 24T\, FERERE
(4, Z &, fAHE, BMI, HbAlc, eGFR,
WM, STk ofE 2 A7 v 7l 10m FH,
10m A%, TUG) |2 L C—I R ED AT EICT
7z, MR (B

e i

frkgesE & L C Bonferroni 5% 175 72.
%), 1% DM - 2% DM D It=, DP OFFHFEIZOWV
TR OHREERT-72. E512, 2 A7y FEEMBO
BATRES) DIRIE & O E % 15t 9 5 728, Pearson O
AEAHBIARELZ RO 72, #Eaty 7 M Id SPSS 21.0J (IBM
SPSS Japan, Inc., Tokyo, Japan) % f\», A E/KH#EIZT
RT5% L L7

#21%:25(2016)

fi BEF) LR

FREIIHIEONE 2+ 0123 L TRENES
NEegE L7z, b, AFRIIERERELR
FREFEARZBXIKRBE/HTUT> 72 (HEES

14-10-72).

M. #%

EBEHHIZOWTORY (K1), SWMzMH L7
JLEfEEBMEOFFIIC BT, 2838 L 3.61 #iL
SMEIE e L, 431 T 1B, 4.56 BRI 3161, 5.07
HEIL 2861, 6.65 #EIL 141 TH - /2. DP DHHFEIL 6.65
TEATS07TTE - 456 T - 431 L D OHEICE L, 507
B 431 L D DHEREICE o 72, ML 431 BEDS
456 HF - SOTHE - 6.65HE L) bHEIEKSEFETH -
7. eGFR IF 6.65 DS 431 BEL ) b AREITIKMETH -
7z.

SRl R BB O B & AT R ORI O BIfR & R
T (F2,H1). 2 AT v T 6.65 BEDS 507 #-4.56
431 BEL D) S HERIMET, 507 #E-4.56 #E05 431
HLDLEEIKMETH 572, 10m B 6.65 BEDS
507 FF - 456 1 - 431 B L D B HFRICER L Tz
10m 4513 6.65 FEASSOTBE - 456 T - 431 HE L D B
BHEIZEL, 50T HEF431 LD DAEEIE o7
TUG (£ 6.65 NS0T - 456 T - 431 TEL D VAR
IZIER L Tz,

2 ATy TMEEBITREIIOTRE L OFBBRIZ D W
TRY (£3), §XTORTRAIOFERIZB VT2

O

aul

#1 SWM D% Size 705 A7 BB ("1 p <005) Pl = B

Size 431 Size 4.56 Size 5.07 Size 6.65 p il
JEBE (55 - ) 11 (10-1) 31 (19 - 12) 28 (19 -9) 14 (10 - 4) 0336
1 # DM - 2 % DM 1-10 3-28 2-26 1-13 0.984
DP FSRE & HREE (B - %) ™ 0- 0% 7+ 22.6% 12 - 42.9% 12 - 85.7% 0.000
i () 422+ 138 634+ 126 632+94 664 * 139 0.000
g5 (cm) 1677 £103 1603 £9.1 1605 =94 1609 £95 0.141
i (kg) 740 £21.3 632+154 638+ 128 67.1 226 0.295
BMI (kg/m®) 26.1 =57 245 %51 247+ 43 258 +8.1 0.791
HbAlc (NGSP 1t %) 88*29 84*19 8622 93*25 0.661
eGFR (mL/min/1.73m?) * 939+ 174 80.6 259 742 =177 66.8 =19.7 0014
femitam (A) 327 442 119.7 = 1143 114.6 = 131.7 128.6 = 128.9 0.155

—ICRLE ST BT AR, SR, fRE, BMI, HbAlc, eGFR, /i

2 GE B & type DILEE & DP D FER



[N R WNE e

ATy TEEBBELRMENED S (Fp <005).

V. #%

AL, SWM % [ L2 EAERBIHEIC & 0 &
57T L, DN OHEAT E AW R BATRED 2R 2 AT v
THEOMBREHS 2T A LR HE L7, SWM
A L7 B R BIE ORI IC oW T, 283 L
3.61 BIIREAE DS W o/ L1E, DM EHFICIZE
AT RBEORLE B 5T, REME R EE S

#21%:25(2016)

NTWLIENEZLNL. T/, BITHIRICBVT
A S P13 DM B O L Al R SN I S
LEMRELTBY, 431 FHIMoOR & ik L THEI
#<, DM OEELZF TRV EFEZLNL. K
WE DR 5% O DM B HIX, 431 BEOFHERH L
DRWEMOBEL Y LFEETH Y, 456 BE-5.07 #-6.65
D 3L 65 M CTHEMDIEITA LN L 572, 6.65
TEIZEGEREE 7217 T2 < DP OHERED 85.7% L &<
%), DN AT L TV BEEDNLZ L ALNIZ. F72,

F2 SWM D Size 128V 547 - BIY/NT  ZFRIE (71 p<0.05) “FIGfl + fE (R 2

Size 431 Size 4.56 Size 5.07 Size 6.65 p il

2AFy TE* 1.6*02 1302 14 =02 1.1+02 0.000

10m ¥R (F5) ™ 54+07 6009 63 *09 76* 14 0.000

10m A% k) * 130+ 1.1 145+17 149 =20 16823 0.000

TUG (F) * 55+08 6314 63 =16 86=20 0.000
—JCRCE BT 2 A7 v 7l 10m KR, 10m %%, TUG

227yl * UG *
* [Cio)] —
20 *
4 12 *
16 10
12 8
6
08 . ),
* 4
L —
04 *
¥ 2
00 0
431 4.56 so7 665  size 431 456 5.07 6.65 sie
aRATYTELRER b:10mB§FE AR IE R
*
10T 10mEFfe)
€] * @
* 14\
20 12 _ %
*
10 f '
15
s 4
10 - 6
*
4
H
2
0 0 : . .
431 456 5.07 665 e 431 456 5.07 665 size
clomSHEMER d:TUGLAbERE

SWM D% Size |ZB1F 5 5HATRES) (#: p < 0.05)

F3 BHBIT - BINNT U RIEEEOD Pearson DFEHEAALREL (<1 p < 0.05)

2 ATy Il 10 m [ 10 m %4 TUG
2 A7 v Tl 1 -0.563% -0.591" -0.713%
10 m B[ -0.563% 1 0.715* 0.765*
10 m # % -0.591% 0.715* 1 0.635*
TUG -0.713% 0.765* 0.635* 1




[N R WNE e

6.65 # 1L 431 fE L LI L T eGFR AVA B IIKME T H
0, 456 # - 507 B - 6.65 B 3 BT FH IR A
100 7 HLL ECT& 5 72, eGFR 1& DM 1 D BHE O AT
AT 270", BEHESE SR THL L
PEREREEOHETICHEL TWLILIELLN
5. REMRIEEMIME IS L VBRI TBEY, DM O
F VR RE VBT 2SR E Y S 4L eGFR A°
EFLA2EEZONDL. KWFSEIZBWVT, 6.65 HEIL
HEEZIT TR IDPOHEREN8TI% & & <,
eGFR Ml I LN A EIZIKMETH S 2 L 2> 5, DN
IC L2 BEOBEDHEAT IV E RO BEI N
ENEZLND, OF D, 283 B L 361 BEOFLHE
(335 59 DM BH O JLEME R AR E S, 431 B
OB & R LRI AN CEETH Y, FEilE
ZHERF & L TCEETHULERH 72 51T, 665
HEE 4.56 B - 5.07 BELAFEICAZIZ A BB VDS DP O
HIHEDE , eGFR MR Z /R L, SWM % i L
72 LAl B B E O FEMIL DN O#IT2 /R LT 5 &
EzoND.

KIZ, SWM O Evaluator Size & 2 A7 v 72DV
T, 431 FEERRHIM S, HHFETHY DN O
BY NIz, BATRAOK TNV % 2 A7y Tl
MEME AR L7z 6.65 B TIE DN 25147 LR Rl H
HEESIVRATREI DMK T L7z, 2 A7 v TED
BEARLZEEZONL. T/, ZELICLD L
DM BHIZBWTDP 2 %IE L TWb &2 AT v Tl
PEFT2Z s TEY Y, KHFEICBW
THREMERESEESINAZ LT, 227y TEDS
KT L, DN OH#EFTIZ L Y BATR DMK T L7z 2 &8
HEEmole, RIKMTEREBMEE 2 27 v 7O
TIEDNIZ & ) EEMRORE 2T TR {, EEfE
OREEEIZL D EEY LIS E R TR TR 50> 1] B
DT LTtk b 2 o s, HITREO R
ERREER DA 2R FEASHA L, /NIEBI A~ D2 B
THEMESNTVE Y EEMEORE X
FEB I B 2 BRIk & REREER A~ O BB ASHEE & 72 5
EEZ D, TS DN I X BEE) - EEMEORE )

QAT FTEICHE L2 E 2 5. SWM O Evaluator

#21%:25(2016)

Size 507 BAETH 5 665 HE2 AT v TEVNHE
|2 LT\ 7z, Evaluator Size 5.07 (& Bi k&5 o
HEDOEREZH Y, Size 507 AL TH S & DM M
JEIREABITLRT 7, BT o e
HoH2ATy TEBEEIKT L7,

R, 2 AT v TEL HBATRIIOIRBEOHBIZS
WTERT L. 2 A7 v 7L TUG B & U 10m K
EEOCHBSA SN 2 ATy THEIGRTRED R
FTIRETHHY D IETDOBHZWIZOHN LN TS,
QAT YT TANDOHFEBIEIRK2ERBTH L7120,
omABFICHHEEGLTwiREEZLNE. 2 ATV T
FA ML, RELHHIZAT v 735 505 B2
JREOTEME, BY BT TROB, mE L AL
ZNT Y ARBEONMNT v A LEE %) Y, 10m
B & 1omBHEDBmHBALRLZEEZEZONS.
F 72, TUG IS HE Y RN MRt % & L EE 1 4 8)
VECEI NS » AFFMTRHE Y ThH Y, 2 A5 v Tl
EEWHBEA R L7 TUG & 10m BRE % Itk 2 &
BN NT Y AREE GO TUG O HB 2 AT v 7l
ORI RO SN EZ 5N,

1

V. i

PRI B 20 RIZ, SWM 12 X 2 Rl E 5 O FF
i & BATREIIOEEMIRIECH 2 2 AT v TTA M
17> 72. DN OETIZ X0 RIETE O REEE 72T T
L, BTN OBEEMIRET O H 5 2 AT v TfEHs
KrFsasZexWonricLi 72,
EAATIRIE L AR S, HFICEI NS v 2Dk
BETLH 5 TUG L EWHHEABALNT. 2 ATy T
7 A MIEE TR OFHIEEE Th 5.

g

2 A7y FEIk

FIRAN B
ABFFETIE, Wl S AR,

SCHR

1) JEAEGEE R — =2 20 4 (2008) BEFAE
@ BE Z. http://www.mhlw.go jp/toukei/saikin/hw/kanja/08/
index.html (2015 47 A 25 H5[JH)

2) Sone H, Katagiri A, Ishibashi S, et al. Effects of lifestyle



3)

4)

5)

6)

7)

8)

9)

10)

[N R N 2 e

modifications on patients with type 2 diabetes: the Japan
Diabetes Complications Study (JDCS) study design, baseline
analysis and three year-interim report. Horm. Metab. Res.
2002; 34: 509-515
Nather A, Bee CS, Huak CY, et al. Epidemiology of diabetic
foot problems and predictive factors for limb loss. J. Diabetes
Complications 2008; 22: 77-82
American Diabetes Association. Microvascular complications
and foot care. Diabetes Care 2015; 38: 558-576
HAHERI A S, FEROR AR E ORR. FHEr iR
(2D TR $W4b74/2m3$a VLA,
2013. 115-140
A RLUE, MR, CREEIES. 2 BRI EE 2B
BRI NG > A L BT O BIAR. FERIE 2006;
49:227-231
McPoil TG, Yamada W, Smith W, et al. The distribution of
plantar pressures in American Indians with diabetes mellitus.
J. Am. Podiatr. Med. Assoc. 2001; 91: 280-287

FRHEA, WEHERST FIEIES. BEREEE o
PR ELTOHEENT VAT EES D HA OB

Osteoporosis Japan 2010; 18: 435-438
FEKE BERRIEHEORETH L.
2013; 40: 297-301

FRIE, TIHEEF. HRBEEIZBT 5w

Rk

MR &

fi

£
o

11)

12)

13)

14)

15)

16)
17)

18)

#21%:25(2016)

BHE, BARREDACT, MbE= > o —v o
D& W I 2011; 239: 457-461

WaxEE, FHEF 2A7 v 77 A MEHW
BATRE D HEE L OBASE. HRIR 5 245k
308

ARESAE, ABRS, AIIERS. WHREREEE LR
fil £ 5 O BIMEANE < 7 2 —HIEEEE#E & O i—
K TIR 2016; 65: 163-167

IMRFRTC. BERRERE ORISR L T TR T oM
ﬂ.H$%VWﬂE%%Ezm4w2%z%

H AR RG-SR, AR AR E oG, BRI
K%ﬁwt%ﬁrw%ﬁ4b74/ﬂmi*3.ﬁdi,
2013: 97-113

TEHH, KRS, AR FERRS SRR E D 2
AT v TEICB KT HE HEEER 2016; 31: 77-
79
Mg s, H R
2006; 23: 1237-1245
Birke JA, Sims DS. Plantar sensory threshold in the ulcerative
foot. Lepr. Rev. 1986; 57: 261-267

FUEGLRA, APHME, ERRTRS . KSR ICB I AR
#%@4%L#0%%hﬁt%%%ﬁ&@%% e
INEY F—3 3 2 2012; 40: 163-168

L EEE

7R 7
2003; 63: 301-

-7

JLIRIEHE & R, PR



