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— Abstract —

The Comparison between Double Shock Stimulation Test and
Other Electrodiagnostic Testsin Diabetic Neuropathy

Young Seok Park, M.D.**, and Kang Sik Lee, M.D.**, Hyun Jung Kim, M.D. Ph.D.,
Dong Hwan Yun, M.D., Hye Jin Lee, M.D. Ph.D.*,

Department of Rehabilitation Medicine, Department of Internal Medicine*,
Eulji University School of Medicine, Department of Rehabilitation Medicine, Eulji Hospital**

Objectives: The purpose of this study was to compare the sensitivity of ratios of double-shock stimula-
tion potentials with other electrodiagnostic parameters, such as minima F-wave latency, sural/radial
amplitude ratio (SRAR), whether be able to diagnose diabetic peripheral neuropathy at its early stage.
Methods: Electrodiagnostic tests were performed in 60 diabetic patients and 34 normal persons. Diabet-
ic patients were subdivided into a group of normal parameters and a group of abnormal parameters by
nerve conduction study. To evaluate ratios of double-shock stimulation potentials, right superficial radial
nerve was stimulated twice at intervals of 3, 4, 5, 6, 7 and 8 msec; amplitudes of a sensory nerve action
potential (SNAP) and SNAPL/SNAP2 ratios were calcul ated.

Results: Minimal F-wave latency was the most sensitive test in early detection of diabetic peripheral
neuropathy (r=0.91), and next was SNAPL/SNAP2 ratios at interval of 3 msec (r=0.41). SRAR was the
least sensitive test (r=0.19).

Conclusion: The sensitivity of double-shock stimulation indicated its usefulness in diagnosis of diabetic
neuropathy. However, it seems to be not superior to the minimal F-wave latency in the early diagnosis of
diabetic peripheral neuropathy.

Key Words: Diabetic neuropathy, Nerve conduction study, Diabetes mellitus
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A o|dA - AT - RS2 old T
o= 39 Y AAAE gAHF R A & W BV A vzl vl AR AAllA F
AR AR L B Ashd 59 A E 9 Aol GngiAtolA aEa AAALAGA A Al
A s Aoz deiA g Frghato] vlg| o] dAHS Hole Al B
A A EY Adde ddEd 2 A How foatd Zojhdcia Busigith” ey oy
7S AA 9t WY A7 AdeE Wy Fol AMEH 3 o] FAFHAPL thE AR vlE] Hot 7l
U dmtd oz i) St wde Ar] Adkeh why g7t gt vludTet 2 -840 gigk A= o
T ABAZZA o]/de] Y= A7l Bls| =2 FoIA|A] 2%
o2 Ag5E AAHSe] dA3] 7183t o] Fo Alxty] B AFedM e ArdEd o gaiA AEHS
T 7A%7F woh. 0 old we} X zex et $at Ao oJe] 72 Hx, 53] o|zAFAAE AR
o] o3It FA] e F doenz AFFE I oA HwE stnz of| A7l H=rh g 4l
o FuRA AAWEE § T deHAd AN S AW 2GS 98 =gl 2 F A, E=9
154 o 27| Adste] 2 5st= Zlo] EfFsi. A AW APLEHE & BT § e A
71E dubA ol AA A=A (nerve conduction o e Lolrmz} sttt
study, NCS)& T334 T84 A4H S Aol A
73} vl Al zpelzt Qo] #ate] Adtel] wiE
Z S oy ojgade AAWTe] Frlo] Ay HFCHY & A
ol % FHAH I AT & Gz vl ste] Ve
WA ¥e Aoz geA ok ®? agea o)t 1. A&
DS Bl FarA AAHSTSE 27 At
O A% AEE v £ e AARE 3] % B gaoz Mg dkn 2004 995 2005 497t
A7} AR o] FoiMa AAL Fhel| HluAdTE B 2 2Y Aoty ZAEAS g #x 3 9Y
o] o]FojFt} M A F/HA] A AW A A9l 60S Uz Hon AAAT HAAE AF
Tl wgeittn ke 2T AAle] HmEo] Hu sto] o] dazdo] FEHA @ A 13)F o] FA
# vk QAN 7P R Aol gisiAe ARl Aol #EE HA(A 27 o2 EFNY. dERToR
upe}l theFsiAl Hasta ot ' 9ol gle Arixldgd oz ojdiziol gle
olg]gt Aol dgtow AAe ESI|E =H] 49 4e ez Y. Ry g
93+ o]F A= AHdouble-shock stimulation) ¥ el nE yHEy ARAE JAE B9 v 45E AU
2AEAEH” ol I 2moA Al &S AFRA 5 TR AAYSE FEAZE & JE UAg
(refractoriness)7} &2t #-87](axonal refractory Aglol} FEEE o2 sldge] W x| ¢
period) & 71¢ & kst ®sHA (variability)o] 7} B BR AR R AF Y aF AR B, a2
& Athe BaolA AFSIAT Y of7]A Ber)e 4l I F5wE 22 A ARl gle AfE A9
7Bl A1z 2 Aol Wb} A7) VoA T F Eisvi=a
712 el Aok, stvE Adl E-87](absolute % A U E 94 339, oAk 61l en Al
refractory period) & ©]FA=olA A= o oA 12 28 oz dat 1194, oz 179el9len A 27
glol T WAl 2= ¥hgo] gle 73k Sate 3o < 2o Wxh T8, ofa}t 259l Rwe 34
Z A= 7440l 0.5~0.8 msecd wl Vet azln wo g Yzt 157, ojzk 199tk tidate] Hit o
T 02 Ade Hlu Eg7(relative refractory 22 56.6A9 2 Al 172 56.141, Al 222 57.64
period) 2 o= F WA A5 oJgk wkgo] Uit a8 RS 56,14 ollem Al o Thel Aol
gF A WA A5 <] gk kol g FE|7 o An w2 EAA ztole gtk #Hit 7R 8.3de
AEZE Ayt Aap sl5Eo] 3 MA vk ZopA= 2 A 17 6.8, Al 22 9.7d0]AtHTable 1).
o] 2574 & S=git}
A7k Aol S o R FfoA] AlFgE E-37)d) 2. i

L

#et A= Ayl 8871 H 0.72 msecolaL
Hw 87| it 2.12 msecE Hi don” 4
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SAANA oFazde]l ERl WRdAE
£ AAkg SUid T = Al 587

ol FAA LR frefdt 2kelrt glient ¥l

ZAE 7]7]2% NicoletAle] Viking V* 24 = 7]
718 ARSI o ted e WHoR HAE AlF
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22217 (superficial radial nerve)< Tan¥® Tan”
o] 7l&g W mat SFEA7|EAF (recording
electrode) = +5 QA&7 v Fol 26t 2=
A= (stimulating electrode)sS FFxW7|=AT 3
291 100 mm 8F 919 de 327l FHst
919 1ol Fatete] A538kith Hoghe] %1%
Tlld F de A7 E(stimulation intensity)
T3 & deEAAd T ASATEI FAAE
ato] o] 2= (double-shock) S 7Hglom olw =}
=7t (stimulation interval) e At E-37]o] tiat
TS Faste] HaA=5714S 3 msec FE Al
Z}sle] 1 msec A E24 8 msec 7H] SH = AL
2 ARG PY oY A5 Al IR EA
(sensory nerve action potential, SNAPs)E& 4&
T AdRem SNAPse HZFHE 714 doA HugA
(baseline to peak)S 7|22 3t 43I, ©]
F o371A dojxl A HA SNAPs (SNAPDZ + ®
A SNAPs (SNAP2)¢] H(SNAP1/SNAP2 ratios)
£ Tkt

AENELAL BE gidxke] 347 2 #5314
o AAE Alstth 7S oidAke] AF, A
&, FH|Z(superficial peroneal), H]E-(sural) 2!
= Artete] A7e] Al 9 A EE SHsoH &

AL A Az AE vE AES dAketd &

=

Jo o e

AN offt ont

) L““l, -
H|=2/ARE XEH|(sural/radial amplitude ratio,
SRAR): o] 5”37} Rutkove 579 WS Faslo]

2, #}
= A9 v FAAT =5 A9 23S e
A 2= (antidromic method) 2 A}=-ake] 7Hzbal

739 AES 4 T AFHE P

F I} ZAZA[(minimal F-wave latency): & 5
Anderdon 5.* Z28]la Chroni $°¢ W& Fus}
of gAY ¢35 A9 FF B HSAE S o=
15~20 3]¢] WHEA=S Alggste] Ha A E dgst
ATk,

S SPSS 11.5 & Agste] Z4zke] AApge
A Aol Zb 23 Afole] AL Scheffe post hoc
testE ol&stion zt AApEe] IR AW S
Zckel] gk AHBAC tEiA s HEEH gl
Spearman’ s correlation< ©]83te £33
o2 p0.05= 3k

ﬂlé_‘l:ﬂl

i

9 A i zaolA Hit 2.73, A A 1A 2.75,
Ap Al 27l A 2.82 msec o] HZAA e
A 2ol Hit 2.21, B2 A 1204 2.48, 3
b Al 230l A 2.53 msec, HIEAIANME Y dx
Tol| A H 1.58, A} AllTolA 1.98, A} A 27
A 2.01 msec, AVZAAANE HF dZ2TolA
B 2.21, A} AlTelA 2.47, A} A 23l A
2.65 msec °|Ath. AEZ L HEFAA A HA
To A it 26.58, FAF Al 17telA 28.06, A Al
270X 17.19 W oo HIAAAqME B tx
oA FH 35.97, b Al 174 31.21, A A
2l A 23.37 W, W EAAME A RN 3
T 18.25, Sk} Al 13tolA 16.38, $kAb A 27t A
11.97 o, A¥EAAAA = F dzTolA Hit
17.28, &z A 174 13.75, A A 27lA
10.55 W °|A T}

no
Ho

SNATEHM

[

]
pal

BAAEAA A AT AN e S 7
- A 2ol A Hit 3.01, Ak Al 1ol A 3.58,
2zl Al 274 4.23 msec oo HIAAANM=
g 2Tl A it 2.33, A} A 1TA 2,71, 3
b Al 27ollA 2.75 msec, AN E FAd Az
To| A it 3.41, FAF A 1Tl A 4.73, A A 2
oA 4.79 msec, HEAANME H dlzTolA
Bt 3.29, $AF Al 1olA 4.46, BAF A 2wl A
4.50 msec °|Ath. YHF NEF HFAAEY A+ A
A dlzTell A H 10.56, A Al 174 6.38, 3+
b Al 23eA 5.89 W ollen HIAAAAM = A
2ol A et 10.31, 8k Al 15olA 7.94, 84}
A 27l T7.74 W, AEAAANE HA HERTlA
Bt 7.70, Ak Al 17X 6.65, FAF Al 27 A
6.44 w, HEAAAAM = B txzadA i 4.17,
AL Al 1ol 2,67, A} A 27ollA 2.36 ol
o AEEEe FFAA A5 B oA Hd
55.38, @A} Al 13elA 54.71, &AF Al 274
54.01 m/sec oleH HFA4l
ZBollME A dlzwel ] F 61.80, Ak Al 17
oA 59.34, A} A 29 59.29 m/sec, AE Al
AellX e A izl Fa 47.31, 2 Al 13
A 46.51, A} Al 27tl|A 45.01 m/sec, H]=417
Me g gz B 47.21, 4 A 17elA
47.31, A} Al 2714 46.94 m/sec ©|ATH.

3. O|SA=HA

o]Fa=E A A3 SNAP1/SNAP2 ratiose A=
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ED
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A

Ee 3 msec 2 3t AF39e w A 2T
Bzt A 1+, A A 27 44 Hat 0.972, 1 099,
1.111 o]lem A2 dzad} A 13 Atelol= felgt
2pol7F A A o (p<0.01) Al 173 A 23 /‘M o
= e Aeolg B F gidtH(Table 2).

F

4. F O} ZAZEAl(Minimal F—wave latency)

AR HEZAA AN SHE F-3F A AL
;‘é g UzTg Al 12, Al 27 HEAAE He
247y Hat 26.31, 31.81, 35.14 m/sec °|C

A ZA7e 242 2592, 31.38, 35.49 m/sec =
Za3 A 12, Al 123 A 27 elle B o] gt
o|7} &A= AH(p<0.01) (Table 3).

ey _E oZi
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5. HE/M 22 TZH|(SRAR)
2% dzw Al 17, Al 279 SRAR Zh2t S

0.438+0.174, 0.597+0.263, 0.608+0.246 °|31<
o dizrs Al 1T el folg Aozt aEHAH

Table 1. Demographics of Normal, Groupl and Group2

g HEES Ao A S| 2ldE

Hd 273l gigt SNAP1/SNAP2 ratios,
F-3} #A2FA], SRARY #AE ¥wsl< W F-3)
# 274 (Spearman’ s 1=0.91, p<0.01), A=3H4 3
msec 2 3 SNAP1/SNAP2 ratios (Spearman’s
r=0.41, p<0.01), SRAR (Spearman’s r=0.19,
p<0.05) Toz FAHCRE fFo3 AAV AT
(Table 4).

[l

il

olFA=AAL thg o] AFelA Braune' &
XA HEAAS s AFAS 4.6 msec
2 71F2 =2 39 (0.2 msec B =] E37]0 o= o]
7T AA5e Adels W R GusAllA &
710l ztel7b S-S Eaatch. ©]% Tan¥ Tan”

Normal Groupl® Group2?
Sex? (maleffemal€e) 15/19 1117 7125
Age? (years) 56.1+8.7 58.1+6.2 57.6+5.8
Weight? (Kg) 60.8+10.8 65.5+10.3 62.0+9.7
Height? (Cm) 162.6+7.1 162.8+9.8 159.8+8.3
Duration of disease?(years) - 6.84+5.0 9.7+5.6
HbA1C? (%) - 9.2+15 9.9+15

1. Values are number of male/number of female, 2. Values are mean+S.D., 3. Groupl: A group of diabetic patients with normal
parameters by nerve conduction study, 4. Group2: A group of diabetic patients with abnormal parameters by nerve conduction study

Table 2. SNAP1Y/SNAP2? Ratios of Radial Nerve according to Stimulation Interval

Stimulation interval (msec) Normal Groupl® Group2®

3 0.972+0.064 1.099+0.069* 1.111+0.174
4 0.973+0.620 1.025+0.131 1.035+0.143
5 0.974+0.183 1.019+0.102 1.024+0.163
6 0.908+0.164 0.952+0.148 0.996+0.226
7 0.879+0.112 0.915+0.104 0.920+0.138
8 0.850+0.786 0.882+0.138 0.909+0.129

Vauesare mean+S.D.

1. SNAPL: Amplitudes of a sensory nerve action potential at first stimulation, 2. SNAP2: Amplitudes of a sensory nerve action
potential (SNAP) at second stimulation, 3. Groupl: A group of diabetic patients with normal parameters by nerve conduction study,
4. Group2: A group of diabetic patients with abnormal parameters by nerve conduction study

* p<0.01 compared to normal group according to Scheffe Post Hoc test
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< oSS e W AR dY AT
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£ ol APANE AR G o FAF GAE A
Pagor} Aol glol A #3719 U /124Y

A AeE We7lde B

|2 =
AEEEE

AZE 7V e

o
iih)
o

M FEANAH G
AHBE MBY5L S5 Poje

Jelgel 9g Aoz

a

& U AFelM Haud 53715 etk H4 AS 7b AraEo] Aol An|g AFye e Wizt
A& 3 msec 2 sto] HAleIATH Y w7b gojditka sigitt. mebA mEESle] Aol B

B A7 A3 A53H45 3 msec & sl AAke gto] Wteg woledl Fad old i A e
olFAFHAA B T Al 12 el frolg 103] 9 203 Hst WHor SActe slo] dA
Aok S & ¢ et Al 1w Al 27 dele ARR VM f8dita BRusilth aReR & AT
gk apolz} AT ol2fd AHE = W o|FAS dre oldd F-3t A WS Faste] 103 A
ArE g A7 S 2713 F&sita 3} Wor fHateislen gabades old B Aot
oju} b ghate] AW S| gL wkdohA] gt o FA AAHSE F Wdete AR U
3 AZHET ks Y A7 Ee] R gl 2373
A olFAEAA e Bl AR FY 27 RTE 9 SRARe =Wl Aol m2d Fad A48 2
g HAtR AHgE F Jdod A S AP EE thol|A| Selwrt 93.8%% =A UEehue AA| v]EAl
7Feb7] A9k Artee A et e, 739 AR ] U EEY oy uEe] ik

F 3t e 3aiA 21788 Se AddA m¢- = A ARWS e HAAke Zdnt die] gk
S AFEE Kol Aor dEA vk 1 olfre B A Heorpw nye] Fay fxte] AT #-&
SHA AR SN 7P HA Yeide st W & Zlolgt ¥ 9 uf gloh” & Aexe athx| Wl
b 284 FxEEelER F g HagAL o2 7 Aerh 24 fsker] old o f & o] o Fgd
& A A 7] wFolth M v AR AT HegilAo]l AAWSoRE el g9 2F
= F 9 e 2 A AARE B TEe R ke & o] vrolAW Fthe] RIZtEr} "ol = AF} #o] 9l
A e =7 A&E 3 lo]?# o] HALE & Tha Azttt wEek o] el Ao HlE] AT i
SO Agste Ao G A7 Solde &% o Aol ol o= A wEel olHg A
Table 3. The Value of Minimal F-wave Study

Normal Groupl? Group2?
Median F-wave latency (m/sec) 26.31+0.14 31.81+1.87* 35.14+1.65**
Ulnar F-wave latency (m/sec) 25.92+1.50 31.38+1.15* 35.49+42.52**

Vauesare mean+S.D.

1. Groupl: A group of diabetic patients with normal parameters by nerve conduction study, 2. Group2: A group of diabetic patients
with abnormal parameters by nerve conduction study

* p<0.01 compared to normal group according to Scheffe Post Hoc test, ** p<0.01 compared to diabetic group with normal NCS
parameters according to Scheffe Post Hoc test

Table 4. Comparison of SNAP1Y/SNAP2? Ratiosin 3 Stimulation Interval, Minimal F-wave Latency, SRAR®

rx p-value**
SNAPLYSNAP2 ratios 0.406 <0.01
Median F-wave latency 0.907 <0.01
Ulnar F-wave latency 0.909 <0.01
SRAR 0.186 0.036

1. SNAPL: Amplitudes of a sensory nerve action potential at first stimulation, 2. SNAP2: Amplitudes of a sensory nerve action
potential (SNAP) at second stimulation, 3. SRAR: Sural/radial amplitude ratio
* 7" Spearman’s correlation coefficient, **p<0.05
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