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MRS X D BRI 5D L ORERICB 53 2t 2 W S ovic 32 oo,
FEARAE O BIRBYRNIC X 2 BMENE B X OB X 0, B iR O RO
MERRMERE 2 BT L7, HEOB L h@ERAZ R, EFEFHE 2R L OF
BYEN I Ml CIERE B (5, 250, 2000 Hz) 12 X 2 WM MG (CPT) #WWEl, /b
R O BUP IR RN A RS L. L R FEL R LB A 7 7 € 200 mmHg 12 T
15 o IINEAB R L CRB2E L, VASIC X b BRMcHbiatst Lic. MM 250 Hz
(AS FAERII) Tk, LOREEZIZEAERURWEM L D & L OREE MR <
FHRINIE 24HT CPT AR IR EA L, 2000 Hz (AB MR Tk, AEL AN
R b T NIBALAE L I h o T, BUNFIREEIRIEE T AR MifiED SA = = » MK B I LR

WENHEI R, TOREIXLCREEORENSH O BEN TR L. Zhbd
DT END, BIMERERIC X % LORERICIT AP #EC T T < AS Bl 7a b Oie il &
DOWHERT OEES-3 5 e A VR X vt

BILENHEE current perception threshold, #/Mi#ETE X microneurography,

M FFEN ischemia-reperfusion, L OVMUEH paresthesia, #EFEHE burst discharge
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FHEREE O BEHEIC B2 2 F I8¢5 2 itk »TL
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i, PIRERRAESE IR R MR RE A B 35 2 &
DNT & 5 IESL BRI E A F\ ~ TR A 3 B %
ETHIERIY, FHiffE» L OERICE b I
B3 2 nl et 2R L7z 7.

ChET, RUEIMPEERCE > THECHERICD
3BT, BT T TR TE 2RI LT
WlREe7es 4 =7 LT, e MW TIRERD
7o LORIRT (paresthesia @ $&H) & LTHRRLE
HAXhTEL Bes ATl LORER TR
PR EMAG & L CEDRERARH IR TR D,
FDted, LOKEHEIZOWTHNSdIitiie T
TODERDD EZEZDR. F1, LOREHEOH
T tingling (e Ve V) (XABFRMED RA == » b,
pricking (27 F7) 1% A8 ##fEDBI G- 2 S T
LY, RICEICRE I hThig,

L ORERHEEIR B X BT 2 R0 —>TH
D, EOREBEF O BINIAEIR OB S D
Eleh, £ZT, BMHHERICL > THERINL LY
NGB 53 %t~ = » 2 b2 T 5
7edic, IEEBRMEEE TS bickid s &
L, BUNIRRTENRECHEELIce  #EiBRE LD
T 2 B I PR 156 o PR i R A Bk L RRIE 24T - 7.

L% &

1. X%
FKERBINHCEIAEBRE O NFICOWTHIEHE L O
XEC X DHW AT, HAEOED R/ RA
NEZERGELKL. Z05bH 144 (B0 4,
44, EEER 29 £ 95K 12\ TR I
VAT o0 FE VLA H BRI 2 TE % i & v JlE L,
274 (k17 4, ot 10 4, 4R 32 £ 13 %)
TN RN X B FERET L O fiReE B &
RLER L Tc. AWFFEIEIE EBREE K I e m R B
EDRBEHTIT -1z GRAF S 19-53-1).

2. RIMBERAEE Visual Analogue Scale (VAS)

DELEx

EIMFERERIC X 2 LORER AR 370, 1|
140 mm D Il FERPEH 7 7 %2 IEF & F o L%
%, 200 mmHg THHEL 15 MR Lt 7 %
Rk LIRER & FBA S 2 e,

L OREH O Rl 1, VAS & I /2% 0 mm
 [LORERE L], £ 100mm 2 [HEBRT % &
KOLOHEHR | & LRI 100mm O HERBA S 1
FRIAEST vy avx—2 (10kQ) ZH\W EinHE
BEWER, LOMEENMECDF0BI Gl TA
r—nAZET X5 IciER L, ERNELOREE

DI EFER ARl L7c. A5 4 FEIA 7 —
"B L, v 2 — & — (Thermal Array Recorder,
RTA-1100M, Nihon Kohden, Japan) “Chcgk L 7z.

3. EBRAERENTE

L O < A U B30 & L CIRFI & Fllo
o5 2 AL R (DIP) PEIZEMIES (h=98), » %
DA Cleniffiz & U CFREFEIEMT (h=6) 1220 X
25mm O €V —fF £ E R (Blue Sensor NF-00-S,
Ambu, olstykke, Denmark) % IR & L THE - 7.
B & L CH CREMm%EE 2 45 DIP Bt fil %k X
OFRFMEM X 9 2 om EAZERCEA L. 1E5%0EGE
A, FEERAEI T v 2 A I e e
7o B 5% P ) B 2 & (TDT RM2, Geosense Inc., Japan)
#H\, AMP (AMP10X, Geosense Inc., Japan), Isolator
(BSJ-950, Dagan Corporation, USA), 2% 2 i Wr 2% &
(SWB-001, Geosense Inc., Japan) %4t L TH IS ¥4T >
fo. av¥a—x 7 s T AT S5, 250,2000 Hz 54
rhZh 20 BT (v, 10mA) &785 X5
WCERE L, 3FE ORI A 30 BT 7 v & 2t
NIBHITR Lz, PR AR C IRl TARZ v 2L
TdH b\, oo i % & A 5B fE (current
perception threshold: CPT) & L TAD 2 v »S— % (ADCB
002-2, Geosense Inc., Japan) % /1 Latgk L7c.

CPT (XREIM AT D) 10 77 [, R i 15 25 F, 4
HEMBPSRE N L CONERE oM A EZWME T2 T
10 0[], dFERc e Lie, IERIERBc X v 5
Hz B30 C #1250 Hz B0 AS 14, 2000 Hz
PR AP BRffE A I IclE X L35 .

4. WuhRERIE

ERF L, R E B AR O R WESTH i
TR LIDRETR T2 - Th bW, BaEBhE)
NI X SR L, #UMEREREIC X %5
g omdt Mk, FREHS L < 3N BEERT
TIEFAREL DT o7 Y, = HFvBIlgic X - THeR
Licx v 7 ATY (4 v E—XY A 2-5MY1000 Hz)
BHHNEIAT VLA (9-12MQ) R A HW,
FEZRm X D RN /ETFRCEA L. AL
TN O RIEEE AL 1 um K TH - 72 (FHC,
Bowdoin, ME, USA). FEAMHIAFALO P e M47c -
TiE, BEISEERMBIC X 2BLRIIC L - THl
REEFTINL 2 B D U DR LT, UNREm iR
RNIC Ao Te & &, PR ZRLEIBIC—#tE o L O
NRHEARC S ED, PHRECRELREL T
L HWZRBOMBAIRD HIDORELE Ui, kK
W=y MY, ZEBOEKE~D T 7§l Fiil
W, AT, BRuc 3 A RO X 0 FE L
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7o ek, R AIRE Y | mm O KRB,
I O X E R 0.18 mm DIRD e Z A DT D D
AR Uc. BORIBOIARTE & S22 B o0 B8 KIANT T
DD LI X o TUT o e (EME L, AT
X DKWL (ZAE)  LRCEREAL (U
R AERAL) OB S, ZABE~OBELBIBIC X %
WREOWE L D HH L7, BbhE 5 XEL (AC
Differential Amplifier DAM80, World Precision Instruments,
USA), *3 uA2—7 (Memory Oscilloscope, VC-11,
Nihon Kohden, Japan) ECE®=%—L1L7. %/, ¥
7 v N - =% — (Graphic Equalizer Spectrum Analyzer
EQ515, marantz., Japan) 1Z X D fifEiGEh O R 45 %

RIdLLbi, fkFT—7 v a—4— (DAT Data
Recorder RD-135T, TEAC. Japan) (ZERAF LENT L 72
155 A M ik 300 — 10 kHz ik 7 4 v 2 — &, o
A7 4N R =L HE LT,

Bl o — IR SERE T Bl o0 BN A B 27
s, BRI CEOREIHA L. i, Lo
AL BT M2 2 B PR F S e ad 1 ~2
HEELICHA L, AEBIC X 2EEOAHEHRRIL
WG I i ot

A (n=8) 5y,

5. HRETERIREIT

FERIOPY B R2E CRARL L. EMTIC X Stat
View 5.0 (SAS Institute Japan Inc., Osaka, Japan) %
Wic, FRBEBITE G S REMET CPT & o M,
—JC AL & 5 #k AT & post hoc D & FE Lk & L T
Bonferroni/Dunn % & I\~ 72, 6725 o LB g,
Non parametric test & L “"C Mann-Whitney test % ] \»
7o, p<0.05SEHHEE LT

fn_& 8

BIMFERC X D, ZELTHBEOH S L O
RENERE LB DR L OTFRCHERI R, £0
BB IR 10 o TElEee Uz, b, #:i3die
WIRER ) YR, KT 7e & i L,
TR O 15 okt lk L. i
R ICBEN RO b, B s 4% 3 7 (1
DN DNE FERNCHR D B LI L, HAEEL X 5
W2 5815 PNEIEIRCEBRE D W

1. ERMERIE
JiE I PR RE DR X B & BB O CPT o Z L i1XE] 1

250 Hz 2000 Hz  4u
|

6
a *%*
E 4 ]
|_
S

2 (L‘ FW

0 ’_]_‘

MRl Ehd FEFRE EMmE]  Emdh BiER{E EMy Emf FiER{E

B (n=6) .

6
<
E 4
|_
(a
G

L

EIE]  Em fERE

FE A

TN NI

Ems  EEARE BIMFT Bl BERE

1 245 (A) & TRIEEH B) k5 BMEED CPT 0%k
A8, Blk6Blo g+ SD #/R L7z, 250 Hz BB CLE, 2 2 f8 0 2B M FHEERE O CPT NA I XA L7z, 2000 Hz #]
Tk, EBLOMMITE T BINFREREZ D CPT AR EA L. *p<0.05,*p<0.01 (vs REIMLAT)
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R LT, [R—88% s % eIy, R, w
HRBEO TN ZThOVPHEYHEIL, ToOE%EE 2
R 8 fl, FRIEITEMIL 6 BlA o8 T L EEHE(R
FZTRLU BIMFTK 10 5o 2 v b a—n CPT
fEix, 224 To 5Hz FIFE 1.7 = 0.6 mA, 250 Hz
WL 1.3 £ 0.5 mA, 2000 Hz F)¥#i% 2.8 £ 0.6 mA
Thote. TRIFTEHITIL 5 Hz BB 1.6 + 0.5 mA,
250 Hz FJ A% 1.4 £ 0.4 mA, 2000 Hz #1323 3.3 = 1.0
mA TH o7z, 5 Hz T 2 #5k X OFRIFHIEM o
THEE T BMFERICL 2HERNZEAEAR
LT, BEOZZRD B ied -z, 250 Hz T
2RO A BERBEOAE L CPT O EANRARD
itz (p<0.01). 2000 Hz Ti%, Mo CPT ic k&7
P A A DR, REIMFFERE O CPT 232 2 ik X
OFREHETM AR EA L (p<0.01,p<0.05).

I BT, MIMATD CPT % 100 % & L CHER K%
O CPT BRI Tl 35 &, 250 Hz D A
2380 CPT ANFRIMITM X v AR EA Lz (B2,
p<0.05).

2. WuhRERE

PR R L T L, IE RO RS AR 0 D
2] 2=y PHREETER. XABOREI KD
W, bo &b BRIERA DRz sk %
ITo e KBEEDRMIZETH Y, (EEHE L 43 +

15m/s (mean = SD) THo7z. Hbhizz=y b
a
En \
f—— |

t mEn

b
VAS /
Y g
c FEI% d
T _Jow
2 sec

B3 e PR o o BE SR R o — il
a @ MM PRV O RS EYIC 3 W CREFRBOE 2 MR S i,

300 [] w2l (n=8)

B FEHEE (n=6)

200 |

100 [

Normalized CPT (%)

5Hz 250 Hz

2 BIMFFEERE D CPT O Ris e X % g
28X 8 Hl, FHEX6HIOTIHE SD BiR L. &K
D REIFET CPT % 100 % & L, MM ERE O CPT OZALHR
2R E FRMEM R LICE 2 A, 250 Hz fliTo
IR 2 RO O CPT AAEIC A L7z, *p<0.05

2000 Hz

EBRITIAN D SOGHE &R EHE XD A i TH S
EFEI NI, Thboitgklicr=y ML X
BEOAHIZL > TType A & Type BDO 2 ODH 7
TN — LT BINEERE, B eRER
ENBIEE I e 8 RO L Type A (30%),
PERE RN L ONERHE AR T2 b b b
FTHRENBEN 27219 2= » M Type B (70%)
Ll (B3a, b, B4a, b). 7ak, TypeAB IO
Type B == v b TH U7 L OCHIERHE 0BG LHPHIC

W ﬁ\jﬂﬂv‘l\ﬂlﬁ'ﬂﬂ}dﬁ JL"‘NH'WW Y

_Jtopv oV

1 sec 5 msec

R ML) % 2 3 IR 0 A T o R FNE N U 7R 2R L7,

FRHHREO P X oRANL, HREREORBE LIS AR LI b LOAWREOMI i aE L. o B3
HRIE GEIEEZ 1 7). d:aOVEEILALICL D, e: dOVEZILALICE D.
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a
=il
= t mE
b
c

_| 20 v

1 sec

4 MR, HERECESE U ish o fe—fl

Type A

Type B

a: LOWEHEAEC T, BMTHEREZ O MRISENC S W TR A D sk - o Bl 2 &3 o v F o KRNI
BEW L el 2R L, b LORURE oM X EEfiaR Lic, o JERBCH T 506 GRIEG X 1 7). &gt icta=y

N OZEBERL, BOETFEMN, RKOZENEERL.

#=1 Typelick 2=2=y  OFptk

JSURR ERR EEEEGe CUTEEER HRNERS
@ )
F(l;lyzegl; 6/8(75%)  8/8(100%) 44 + 11 36 + 18 96 + 43
Type B N o + +
(n=19) 9/19(47%) 19/19 (100 %) 43 = 16 45 = 23 —

PR O x5 POttt (B, BIMTHERR O L OhWEE R X ORERBERLE F Tol %
ARLTZ. Type A XRFRKNBELZE DOz = v I, Type BIIRHEKELTZ Db ichofcz =y

FERLI.

23, WThoZRE S L OHER M Uil
MLOFEFHNIZ B - 7z

L, BRI (77, ERB ~o
FOGHE &8, MBmmREmRAE L & E R L O
REFEBCE BB L 1ol % Type BliC/m L7cd T
BhH. LORBFEITHERR 12 - 66 (355 £ 17.8)
G, BEFICRIL 54 - 176 (95.7 = 42.9) BCTHRHELL,
RO TR BERKEN L ONEE O BBk

60 BN TETL. BEKEOKTIEL T,
LONEHOBERI D b Fva2=y bR T7HIE, L
OCHBEPHER LU CHOHBBEI MG 2=y FAV 1
BBy, LOREBEOHKE—HT 201k -
72, F¥72, TypeB =2z =v MiEType A LKL TF
VR G LTz = v b M Teh o Te.
LalFngk L1z 27 Ko Ap fiffEix, I (RA)
2=y b 227,7%) ERBIFEEYE (SA) ==y b
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F=2 HEEHE XOCRBIEEX 4 70 2=y P ERBBOEHBLOES

IEIE S (RA) B IENE(SA)

AB R
2/27 (7 %) 25/27 (93 %)
Type A 0/2 (0 %) 8/25 (32 %)
Type B 2/2 (100 %) 17/25 (68 %)

(25/27,93 %) T+ HZ ENTEL (R2). RA
2=y MEX2#lED Type B TH -7y, SA 2=

M % Type A (8/25,32 %) & Type B (17/25, 68 %)
DELLLETRI. K 3c, K 4c THERTR 3
LG ERLTC.

FERPEAD A v ) v 2P 13K 172 — 244 Hz
(203 = 24 Hz) TxE L7z FERPEOMFREIL 1.5-7.2 sec
(3.1 £ 2sec) THot. TEREIXT X TIEh L
TR ALE e (K 4d).

Liv. = =

1. LUNWRE L ERMNERE

L OVRR T Bl 3 2 PR e 2 Bt 3 5 7o
12, PR EINAC R R MR RE A R C X % &
I N5 IEE IR E A~ T, BMmii#Eo Lok
BRER BT EDH T D HEI Wi iBic
FWTCPT #ME L. CPTHIEICHEH IS IE
SR RIHEEE Y, AR ERE I s 1 A R BERE O o
LRI D 2 A 7 OPRERRE 3 2 BERE O FEAMG 23 ]
BTHD . ROMEHHEIRI X D (EEEE PR
HHSHE, PIFRRHERTI ST D4 F v F v R ARED
£ieh, oDy mEo RSN X -
TE->TL DT, TOECEFIHL CEBEROR
75 % IEREIERIBIC X 0 B 2 O iFefRifE 2 B I ¢ 2
TENTRETH S EIND . BHRHED MRS
X, ABFEMEDS 0.4 — 1 ms, ASFEMEA 1.2ms, CHR
#MED2-10ms TH Y, 5Hz, 250 Hz, 2000 Hz HI¥K
X o> TxhZh CRRifE ASRRAE AR BRAEH
R g4 % 0.

5 Hz fIBO R4 % BE L, L OB 2 g < 2k
CBEALEZ 5 TRV EHBIRB\NTH,

MEER OB ELZ T ed - 7. Z ik Baron &
Irving'” O¥G & —B Uie. F 05 EIm 15 9%
IZFR T, 250 F8 & OV 2000 Hz FICA E 72 CPT @
EAPNRE I s E@mEL, SBIFK X XEimb o
2000 Hz I TO A E TRV ERAEE 2R L
72 CPT MR T 5 2 ENT X7 KRR RHE
HCFRHE X D b 50D o FH s\ B A Z 0 <
EEIRLY. ol &b, 154 Mo
XD AR MRMEDZEMEMT 2N 2 0, AR HRAE A
W35 &35 2000 Hz #likic X 5 CPT 28 B& L
eeFEzobns., FEICEA Lo nix, 4lH
FH U 7o HEGE R 1ft oD 5 9 5% Baron & Irving'” o Jiik &
HicoTED, b icpotcizdtEbh s,

F7o, BIMFERE I L ORI O Tl
250 Hz & 2000 Hz fI#ic X v, LORERE DI &
A EE U \WIBAL T 2000 Hz BIBC X v AR 7%
CPT ® ER#@L L. Eifirh ks < FFEERE
12 250, 2000 Hz fIiic & - T CPT 28 LA L 7= # iy
ELT, ASfRffEds X OV AR MBI X 0 i
Farh CRATHCHBBCEN A L, IErX P E TR
BUZ X > THEUTA v RV AR EFRFROINE LT
TR & UMM 5 7o, R BN B TR0
WA U CPT A A LIc A E 2 b hic . %
7oA ml, RIMTFER, 2000 Hz FIW TR L OV
HWoOHMCBERI S CPT A LR L, —Ji AS #ii
B X% 250 Hz BT B L Ci, LOhRE
N A LA TO AR CPT RN ERIC LA LT
CDRERIZFTTIEI S TR, BRI RN
MREREE S » ~ £ FADTIT AR, AS FifEDs b BFT
MIGEI RS S MG O DD D 2 Enb b, Ad
BAERN L D LOREE IS L Cw B fhEME 2R L
TW5b.
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2. LUNhRELM/NMNERERE

AWFFETU, MR RN X B i R
ARSI NIRRT, AP FRffED SA == » b
Thote. MREMRMEORFRBEOBFT CBAL T,
Bostock & " X M ETR % O o BE C Rk 1T 5
BT FORFERIBEL T 5. IR
ATP D HEAEANE 2> B PP RERRAE D B FEME Na /K" & v
T7OEENAEI R, BERMOBSmOAELS. £
DBBEHRINS & Na /K v 7oEEL, By
it U T RN K BRI IR T i IR R AL 1D
. TNETORY TREEDIK I X » THIKA
DK BEENREL Ko TWhT®, FoEE BT
B BRI ET D & RRES T oL e IR I
BIsLi3hTnd, LT, BERERAABSET S
T LI Na/K A FOIEEIMET L, WEEA
VIR e ff IR BT A RS 5. 2 odfE
OYLAHIT DA K B 00 228 IR BB I 1) 2> o THEARI
SRL, CORBERENRET D EEZE LR TV,
CoXS5e LT onEEMLEREZHEE TS C
ERXDERRERVPRET S Eicind. Toflic
K" 2MER IR X » THhWwELR, K BENT
D8 o T FC D LR IRAED T < 75 0 PR AL 2N E
bd5 L3N TW5%.

THE T, BMEERE O L OCHEE O BB,
AR FR#E D Pacini ZMAD X 5 72 RA 2 14 7 ORERIK
BHOEGT ARG IR TERL Y. K2k
AR FRHMED D BN R B O RKE BT 5 C
ERXTELD, 5D D 19 AR FRMED D IX PR E N L
OCHBEEZFZH L 01hbLT, LOREHE I
595 EZE 2N TV ARFRBEIGEETE -
7o, ETAS BAEIXS WIS T A ERTE ko
7. MEIMFFRER B CREFE R A2 4 U7 8 AR #fEL,
FTARTSAZA TD2=9 FTHH, RAZA T
LIl I s o, Lavl, KEMED RA =
=y FESA 2=yt DEBIL56% & 44% L1IT
HLWIENTEPIIATED ), ZosfiviEo
Mo & ®ig o 72, SABIORA 2=y D
EARHBICR T4 7T AN DO D—RETRD
HbLhie\w. £L T, Type A & Type B DEWIT
DWW, ERETRICR 2=y FTHDH I LE2H
MER L T\ fefedd, ElEs L OFEEERIC X 5 Tk
DEIX I L » TEMIBNS TSN TE ol &
W5 ZE1E#E 21 K, Bostock B " DIRBITH D
X 5 IO REE DB N —DO DB & L TE TS
nan, FHEAHTHD.

T, FRBEI MR TE IS HITI, B
WRCEB L L OCRERE OB X Y 9 60 B
NTRRMENEE L. ZoORERED IR,

LORREDHERKB AT 2 v HE ™ &
THBER WL D TH-Te. L LESEESHI
BT IR o B E & IFE 1%, Ochoa & Torebjork® <
Bergenheim B >V iIc X » THEI hicdb D & —HL
TEDY, SA =y 2D OFEFRIKTE D M EER
o THELI D EE2 DR, BINHETRKED
L ONIEHE Y, BURHE, tingling B %\ 1% buzzing,
pricking, pseudo-cramp (f#&KEE) W EHI N5 .
BRI RERBE &I U, tingling, pseudo-cramp
3R 50 B, pricking 1349 70 B U 5 WG
IHTHEDH, APRMED RA = = v &l f]
WU T BR DR DS tingling I\ E I i T &0 D,
tingling (X RA = = » P T/ EHEJI I T
% V. TR 70 B CHEBLT S pricking (X AS
MECBI# L T2 LRI TR Y, SEELE L
FEFR B X tingling, pricking DFRBLL D & I HIC#
RTRBELTwD7e®, oL CHERECBEL T
WAHEREMENE 2 Dt SR L OHURGE 2 RE
CHBL TR LEND 5.

% OWFTELE, L OHRE RO Rl 7 & SLH R
TIZB T, AB X AS #iffEo A FMEOBES- & 7R
L C\~%. Campbell b 21, » v FALF—iik
OB EB A B H RIEC X B S L
7o, MARAEESEMIPIIEE, AR EMAR R L OB
IR R R E = 5 v 5 » b T AP, AS fifffic
B 5RERECHRBEBHZH LT, TO)K
O E— VBN IR B — A8 1 7 U & REFS I
BTHo1D, CHMENIDIRIZE A EARKEIXG
Bhioh o 72 8P Fhe, RIEME 0K & SH K
Tx AR RRHED Bl A R L, B FH L AS fiiffEo
BE»BAEL D LOoWMEL H DY, I BT T,
Orstavik B 7 23 JR 5 M AR AE PP RERE S 35 D C R
OPERRKED D B R8TE By 2 5l 8k L 7.

ZLCAhM, TR IEHERMAEBEORE?H L O
NIEHEA~D AS S OB G- o RN 2R L. —T7,
AR FRffED—I D SA == » b D L OHIEH 2B
W5 EMbhAHRRELLERT D ENTER
25, AS FHMES D DREITIIH L T, £ C
T AS MRl o> i M FFREI L O OG>\ T B 2
T HUNERDD EHZ DRI

Dbz &b, LOREEILTTOROMERK
RSN 5T e o el [l R P A1 |
LD Y, TOREOFEFIIL CHIMEIhTWS
D, B E T AL EDORPINGEETIEEL,
t DI MERERE O AS 3 X O C fiffEr B ik
FEHRKREN LEIR TRV, I5R5H
TENLETH .




10 REBRERXFE 55

IV- W B

Zofal, M ERB T L ORRE A 1000
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Examination of the nerve fibers responsible

for the paresthesia after ischemia-reperfusion

Satoko Hayashi, Kaoru Okada, Kenji Kawakita

Department of Physiology, Meiji University of Integrative Medicine

ABSTRACT

Purpose: Ectopic firing of myelinated (Af) fibers has been proposed as a mechanism of paresthesia
induced by ischemia-reperfusion. In animal experiments abnormal impulse generation is frequently observed
in damaged sensory nerve fibers. To investigate underlying mechanisms of paresthesia induced by ischemia—
reperfusion, we measured current perception threshold (CPT) and recorded spontaneous afferent discharges
by using microneurography in humans.

Methods: Forty-one healthy volunteers who gave informed consent participated. To provoke post-
ischemic paresthesia, a tourniquet cuff on the upper arm of the subjects was inflated to 200 mmHg and
maintained for 15 min. CPT was measured using a 5, 250, and 2000 Hz sine-wave applied to the index finger
(strong paresthesia felt) or palmar of wrist (slightly paresthesia) with a pair of surface gel electrodes. The
frequency was randomly changed at intervals of 30 s and the stimulus current was adjusted to its maximum
within 20 s. An insulated tungsten microelectrode was inserted manually into median nerve fascicles in the
non-dominant wrist. Sensory units were identified by their responsiveness to mechanical stimuli (brushing,
press, and pinch) of their receptive fields. The conduction velocity (CV) was calculated by the latency and
distance from the receptive field to the recording site using electrical stimulation. The signals were monitored
on a storage oscilloscope and stored using a digital tape recorder for further analysis. The magnitude of the
subjective sensation was recorded simultaneously by using an electrical visual analogue scale (VAS) device.

Results & Conclusion: Stable and reproducible paresthesia was evoked by ischemia-reperfusion and the
sensations were sustained for about 10 min in all subjects. CPT significantly increased after reperfusion at 250
Hz Ad-fiber activation (index finger only) and 2000 Hz for AB-fiber activation (both sites) (vs. before ischemia,
p <0.01, <0.05). A significant difference between the index finger and the wrist was observed at 250 Hz
stimulation (p < 0.05). Twenty-seven AP units were identified by their responsiveness to the stimuli and
calculated CV (43 + 15 m/s, mean + SD). The units recorded could be separated into two subgroups named
Type A and B according to the patterns of evoked discharges. Type A: burst discharges appeared accompanied
with sensations after reperfusion, and the frequency of burst was 203 + 24 Hz (n = 8); Type B: no discharges
appeared although the subjects felt strong paresthesia (n = 19). The recorded units were classified by their
response characteristics. All rapidly adapting (RA) units were Type B, and slowly adapting (SA) units included
both Type A (8/25) and B (17/25). These results indicated that the SA type of A units might be involved in the
paresthesia produced by the ischemia-reperfusion procedure. It should be noted that the paresthesia
developed about 60 s before the appearance of burst discharges after ischemia-reperfusion. The participation
of burst discharges in paresthesia after ischemia-reperfusion could not be fully excluded, but other
mechanisms such as burst discharges of Ad fibers and mediation of humoral factors should be considered.



