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Table 1 CLASSIFICATION OF DIABETIC NEUROPATHIES "'

Diabetic neuropathies

Diffuse neuropathy
DSPN
Autonomic

Cardiovascular

Gastrointestinal

Urogenital

Sudomotor dysfunction

Hypoglycemia unawareness

Abnormal pupillary function

Mononeuropathy (mononeuritis multiplex) (atypical forms)

Isolated cranial or peripheral nerve (e.g, CN III, ulnar, median, femoral, peroneal)

Mononeuritis multiplex (if confluent may resemble polyneuropathy)

Radiculopathy or polyradiculopathy (atypical forms)

Radiculoplexus neuropathy (ak.a. lumbosacral polyradiculopathy, proximal motor amyotrophy)

Thoracic radiculopathy

Nondiabetic neuropathies common in diabetes

Pressure palsies

Chronic inflammatory demyelinating polyneuropathy

Radiculoplexus neuropathy

Acute painful small-fiber neuropathies (treatment-induced)
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Table 2 Definitions of minimal criteria for DSPN **

Diagnosis Diagnosis items Purpose

Possible DSPN The presence of symptoms or signs of DSPN may | Clinical use
include the following: symptoms-decreased sensation,
positive neuropathic sensory symptoms (e.g., “asleep
numbness,” prickling or stabbing, burning or aching
pain) predominantly in the toes, feet, or legs; or signs-
symmetric decrease of distal sensation or unequivocally
decreased or absent ankle reflexes.

Probable DSPN The presence of a combination of symptoms and signs | Clinical use
of neuropathy include any two or more of the following:
neuropathic symptoms, decreased distal sensation, or
unequivocally decreased or absent ankle reflexes.

Confirmed DSPN. The presence of an abnormality of NC and a symptom | Clinical use
or symptoms or a sign or signs of neuropathy confirm
DSPN.

Clinical research
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Meissner Corpuscles (RA ) epidermal ridge

Merkel Disc (Q \ epidermis

dermis
Ruffini Ending (SA 1) —_

—
Pacinian Corpuscle (RA IT)

Figure 1 Tactile receptors of the skin '*
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Figure 2 Innervation density of tactile receptors **
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Figure 3 Characteristics of SMA wire *’
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Figure 4 Pulse Signal for Driving SMA ™’

Pulse Signal
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Figure 5 Structure of Vibration Actuator ™
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Figure 6 Tactile input for diabetes screening "’
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Figure 7 Presentation of tactil
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AT 572D Sz,

FE2DOFIMHTIZ, 2200 DI LD 12125 ¥ ¥ A L5FINCE ML S 2. WS IIE~OMEDE
LB X OFMOM & EEIIFET 5 L) IRk Sz, fvERiE 4 ik (TST-4) F7213PNV
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8Dy —1,2,3,4) T2 L5 1TKDSENTz,
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Figure 8 Eight patterns of moving directions of tactile stimuli '*’

Mid=middle finger; Indx=index finger.

3.2 MERMEIIT7REROKREEERE

FTRTOFIMEIZB T, MEIFISORHCRE CTHIE L 720 BREORIEOIEFIIN LT, KROBAEIL22
F72137 OMMEETHIG L 72,

S ICHEMBE OREDOERIZIE LT, ROBAEIZ26. 19, 11F 7213 4 ORIEGRE S BERE ICHR S h
720 T L THMED667% U EDIELWEZ %2525 T, MEGREOLEEZHT 2o SOTSTAa7 %
72IEPNVZR a7 B & L CEse L7z, MBI 2 3 713, BEREH366.7% VL LIZIEREICE R 5 2
EHIT & 72308 BEDRIBGRE Oh Tl bR E L TR L 720

TRE 72 BR O GABRIE ] 2 A 3 A 72012, LEto 7 a v z@EH L7z,

REHBERE OFIOATZE T, TBOREZ 1R 4 ICH VM2 S v O F TS Tz, Bk
MR ERSE MK T2 X2 L2ERFIC. COLITRET S EIE, BEOEY B X U5EE %7
X, WROEPVRIBICN T A IESE 2T 22 LIdTE RV, 22T MERBZ2EHT 27200 Lo 7
O NaVERELL $RTOWEEE % PRI 15 THRE LG 72, sRBRISUIHERE 12 2 ~ 3 5.2
BN7ze RBOETE6.7% U FICIE L F A 72WE, ThabbAi &b 2 BIEMICHE L7zZBED
ARARIZ, e/NREE 1 & P RBREELS O W 23 Cd 2 RIBREE 7 TR S D, MEISORIMAZ EETE %
WM, WIS, TR TR SN S, 2O T OY AL, BB FUGSEIE 2 e T 2 72 DI
IR WEM & A AT o BRIV, IRENLMED 35D 20 By D F D66.7%LL ETHRIE S 72k
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4.2 FERKEE DDPNFHMDIZEE

Z O, REE Z I CRRE B E ODPNO G 2 MGE L 72 s KERERIESF % (ADA) ODPN#
W gkdE 2o T, BRI B 2 DPNEE B & Non-DPNBE B IZ 0T, Z 2o fil BBl % Hoik L
72c DPNEETH B2 MILACT 25ERR S 7z,

A7 Higid, DPNOBWIZ BT 5 A dE il 2 v 7250, finger method® A& % S
HIETHoT

2 BUBE RGOV R B D2 DOREWTAT e 2 47 o 720 AL, ADAJE#E, IV MR EZA 7 ) —= 7
. B L Ufinger method (R 7131 ~300#ipH) %W CTDPNZFHIi L7z, BEIX. ADALKEIZHE DOV
T. DPN#: % 7213Non-DPNEEIZE D 4T HN7e PNVI. PNV4, BLUPNV8 D3 2DTNEZ 72,

DPNEEOPNV A 2 7Id A EICH A - 72 (P<001). DPNB X O'Non-DPN# D4 FHEDOPNV R 2 7 I3,
PNV 1 TI3102+748 X U34+33TH Y. PNV 4 TI320+498 X F107+53TH V. PNV 8 TI3232=
498 L U146 +78TH -7 (Table 2),

RMIZ, DPNEEOfil 5 BIE X Non-DPNIEDOBIE & V) b & o 720 2% ) DPNREOME O J7 254 &2
KT LTw,

AL, BRI R E % H W CHE S 7z finger method2SDPNEHIIC A H TH AH Z & ZREL 72,

Table 2 Results of neuropathy examinations '*
Non-DPN Group DPN Group

(N=21) (N=31) P-value
Neuropathic symptoms (%) 2 (95%) 15 (484%) 0.003 T
MNSI-Q Score 1£08 21+2 0.017*
MNSI-E Score 1+05 29+13 <0.001"
Abnormal MNSI score (%) 0 (0%) 20 (64.5%)
PNV score
PNV 1 Left 41+5 9.7+£72 <0.001"
PNV 1 Right 34+33 102+74 0.004"
PNV 4 Left 126+6.3 204+438 <0.001"
PNV 4 Right 10.7+5.3 2049 <0.001"
PNV 8 Left 16+73 (n=19) 251+39 (n=30) <0.001"
PNV 8 Right 14678 (n=19) 232+49 (n=30) <0.001"

Data are presented as mean *standard deviation or as N (%). P-values were calculated using the “Mann-
Whitney U and T yx * tests.

N =number; DPN = diabetic peripheral neuropathy. MNSI-Q = Michigan neuropathy screening instrument
questionnaire; MNSI-E = Michigan neuropathy screening instrument examination; PNV = peripheral
neuropathy vibration
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4.3 WBERHEBEICHDEEEMEMBBETORT OIEH

K2, SIADESEGEYEDPNEE L R2ADE RS ¥ 7 4 7 OMEO KT 2 KRR E T > 720 T0
R, MEEVEDPNEZ IMEAAEIE T LT 22 RnE LA P,

C OWFZEIE. BEIRIF I B3 2 BE PR O MR AR M ISR M & YTz AIIEO B, 563 5 250585
FELCEERNMEREKEZ VT, BEORERLETZHEL T ARWHERFEEZRAEL T, &
FEREPERE R B IS B W TR, BEHEHBEL TR TLTWw L) a2k T5Z L Tho
720 MEHRTREE 2 254 L, finger methodZ FIWT. TST-1. TST-4. BXUTST-8 D3 >DFJHIZH
FAEANELIGEPROTSTRA a7 ZME L. TSTZA2 71 25300#HTHY., 22007 )V —TH
T Tz, BRBEZFDOTSTA AT IZHBICE» o7z (P<005). 2% MR EE Tl
MDA L Cwiz, BERGEEB L OMREF N IREOLEFIROZENENOHOTST A 27 + R
TST-1 Tld59+628 L 1U27+29, TST-4 TIZ153*708 L 1'87+64, TST-8 TIF19.3+788 X U127
*91TH-7z (ETORFIETable 3BMH),

é@ktf‘ﬁrﬁﬁ%mf$%ﬁ®$?@%ﬁ%ﬁi@ﬁﬂ%ﬁib%%wzkﬁ%éﬂt

ARABOM RN, ERIIENEIEED, EERE L HEL T WHRRHEE OMET (iR H
NR 3] Hﬁ&f‘% BT ERIRELT,

Table 3 Scores on the tactile sensation threshold test ™!

A .
Healthy controls symptomatic

Test conditions diabetic patients P-value
(=32 (N=31)

TST-1 for Left fingers 2729 59+6.2 0.025
TST-1 for Right fingers 29+35 47+52 0.160
TST-4 for Left fingers 87+64 153=7.0 <0.001
TST-4 for Right fingers 84+6.7 139=+72 0.002
TST-8 for Left fingers 127+9.1 193+78 0.005
TST-8 for Right fingers 121+89 17379 0.009

Data are presented as mean *standard deviation or as N (%). P-values were calculated using “Mann-
Whitney U test.

N =number; TST =tactile sensation threshold; TST-1=TST 1 direction test; TST-4=TST 4 direction
test; TST-8=TST 8 direction test.
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Figure 9 Severity and classification of DPN
DPN=Diabetic neuropathy
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THEROPSZH M L, [ UPSH M OB [ 1+ % Foik U M B R ILE 0 A1 3Bk X 5 ([T 3
% D75, Rosenbaum PR 5 OFEE L 7-PSIANT OBE 7205, ZBOEME 2 ET 5 DOHRM) ZH w7
R E A ZHEE P (Inverse Probability Weighting, IPW : PSO# #ili % Fi W THEME /N4 7 AN H A
fFF% L CTHNT 2479 ODTIPWIET, & ) DBOBMRE TEBOBRRIZI L7234 7 AH#EHRTES) T
EL Ty ofSEE L B LXE 5,

BASE OIS oW T, Bl L7zl iR i 28 S o> H B b 72 & Tl 2 il SR 1 O e 7. % D
720

JE T Il FEARAT ST 2 HI T 68 A0 2 RUBEIR AL R B B & U N D % kf R & L Tl L B il
AERMIHE T S BEWITSE & 9 L7z ADASEHE ™ I VMV HREER 2 ) —= v S Fik (the
Michigan Neuropathy Screening Instrument; MNSI) ® finger methodlZ & o TA#E LIEE L O ig
DTSTAaT7 #HWTEEZFTM L7z, BEIE. ADAKAEIZ X 5 TDPN#E (n=31) % 721¥Non-DPN#
(n=37) I HENTz, FBEHEIANOMETHHMNSI L 2 HE T, BRGSO H3EAERO
HHOBIE S, EBEER (n=26) F 72 38ERMER (n=42) 58S h7z, IPWEEZ#EH LT, £
BEROZ a7 ZENHRERE (n=89) oRAa 7T LHEKL,

KBEROTSTA 2 7 I IMRBEOZN L ) FRICE» 572 (P<001). DPN, Non-DPN, JEfEk,
FEBENED L OB OGFIROTSTA a7 £ fF#FAIZ, Th2h201+49, 11751, 194+45, 157
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