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[ Abstract)
eral neuropathy. Methods A total of 42 type 2 diabetics and 21 healthy counterparts were recruited, and grouped

Objective  To explore the value of neural thresholds in diagnosing and treating diabetic periph-
according to the patients’ illness duration and level of hemoglobin Ale (HbA1C). The neural thresholds of their me-
dian, ulnar and superficial peroneal nerves were measured. Results The neural thresholds increased with the dis-
ease’s duration. The average neural threshold of those living with the disease for 10 years or more was significantly
higher than that with a duration of less than 10 years. The nerve thresholds also increased with the level of hemoglobin
Alc (HbA1C), and they were significantly higher in the group with an HbA1C level =9 than those in the group with
HbA1C<9. There was a positive linear correlation between the neural threshold of the ulnar and superficial peroneal
nerves and the HbA1C level (P<0.05). However, there was no significant correlation between the neural thresholds
of the median nerves and the level of HbA1C (P>0.05). There was also a positive linear correlation between the neu-
ral thresholds of the median, ulnar and superficial peroneal nerves and the duration of the disease (P<0.01).
Conclusion The neural threshold changes with the duration of diabetes and the level of HbA1C. Evaluating the pe-
ripheral nerve function of diabetics may have clinical utility.

[ Key words] Neural thresholds; Diabetes; Peripheral neuropathy; Hemoglobin Alc
Fund program : National Natural Science Foundation of China (81473735)

DOI:10.3760/ cma.j.issn.0254-1424.2019.01.010

W PR s J8] el #2895 ( diabetic peripheral neuropa-

BOMHURR (HEE 5 R T B B i DR 2 30 A%

thy, DPN) J& & WL B RO I A iE 2 —, H AT T DPN
AR TN T B 3 22 R M 2 AL T A I (nerve conduction
study ,NCS) , HXJF K B9 A 58 0 28 2F 4 BE ¥ i) 50 2 v

S I REESR b, AN RETR SR 2 IR A OCAE R
(AL W 114 SRR A2 B S, X)) AR AT R R
27 oA B it 2 R DR AR B PR A5 2 3 it L



- 48 - B A SR E 2K 2019 4E 1 H45 41 555 1] Chin J Phys Med Rehabil, January 2019, Vol. 41, No.l

HUE G AR RE A B . I, A B S A
MFBL,

22 B R S R A 2 Tl 3R D) RE Y 4 A A [
SNE WU T 2 Fh S AR 22005 72 19 312 W P A, A4 o
A AR JE A P L B P o e AR AR Y H T
I AR AT TEAR D, AU A W 5 97 i 242 00 38 1
LA JA Rl 2 2 T iy o O AR B e 25
TR 2 B A6 R DR A 1] i 420 32 Wy b i) A
INIERS

e A=pobs

— WFFEXH

filt e N ABRUE : DTC M2 ZR 58 BHPERE AR AALE 5
QM &AL T BRI Z5 3 E 5 s QT B RGN ;
@A T2 28 A A 245 M) 400 4 B 35 J
21 N(BHE13 N Ltk 8 N) A A REXT IR 1
R4 (57.0£10.5) %

BEIR A [ W AR e DFF & 1999 4F WHO X
T2 ROBE DRI 192 W bR 5 @47 18 1ol o 28 9 4
FAEIR (NSS=3 43) MRAE(NDS=3 4 ) Jo il 4 4% &
R S e B — T B I, (DA B 3 34 26 2 RS I+
A R e O R RE S| A B A 22400 1 HoAl
PRI 5 BT RE R I A 28 v A BHLARS Ar Y B R AR 3
Wis iy 2 BOBE PR B 42 N (5 22 A& 20
N) AT SRR (61.2£10.5) %, SR AR
HIEATVRAN )12 B b 28 28 8 A 4, SR FH A 28 93 e IR
P43 ( neuropathy symptom score , NSS) Il 25 3 5% 5
P43 ( neuropathy disability score, NDS) X} J& Fil #f 2 95
IR AATE BEAT DA o R 5 728 4 422 IEOME PR g e K
R4y R WA AL, R R < 10 4F41(23 N) R fE =10
(19 N) . # RBEAL I 21 8 1 (hemoglobin Alc,
HbATc) V-5 5 22 2 7 o P A W40, HbATe <9 4
(23 N)F1 HbALe=9 41(19 N),

N | SRS

K H Keypoint Workstation JJLHE [ K175 & LAY,
i 20 Hz~10 kHz (123015 ) 80 1 Hz~2 kHz (8
) AR RS 5 ms, REE B S mV (5230
e AN ) B 20 WV (JEE AL AR ) | O A
1 Hz, TR 0.2 ms, KAR %R 27 ~30 °C, ik
R >30 C .

SR FH O i 0 gt g O 0 Ao 22 B, B . (D IE o
Mg ROh 2 0s 3l i 28 180 (8 ; QR A 28 I8 v SRt
B{E, HAREAE T T Wiz 3 #h 48 B H—iC
SRR 0 E TR R L /NS R UL , 275 ik
BT WURE AL, 3038 5 00 sk i Al 2 IR 2 . e 1 4 i
BB 500 WV B SRAET 2 MG R (&

NEAEERAL S 0.1 mA ) B 2R R RIIESE G LA
ShAE AV ( compound muscle action potential, CMAP )
J&i TR/ IN R R LS CMAP R TE I 2K 0 58 i
ZINUE TR B ) SR 8 R 9 5 8 B Sk % 32 ) w28 Y R
] B 30 min J& , 78 [F] — 4l B0 50 N2 TT i 228 ¥ 18 O
AR L WIS B CMAP I B B Ay ] 38 Fi 37 i B2 B Sy
BB A, O R I A ) A8 SAE A % 2 1% 0
W RIS B 2 A, QIR 2 B H——T M 4
PRIELSN 173 IE EJ7id s, AMER %% E75 10~15 em
AR, S SR HL AR =2 TRl b R TSP 3 & 4
AR B WG I H I 5 R AR A R R i R v
A H 7 ( sensory nerve action protential, SNAP) Ji5
T4 356 DRI PR AL DR BE LB SNAP BRI R Firid ok
S /N SNAP I I X6 107 A ol 5 v 3 5 B85 R SRy 32 4t
SRR 1) 2% P 22 S0 ; [B] B 30 min, 7E [A] — 3
TSN 2 T 0y 32 ¥ 3 R RO o B2 51 A B R
SNAP B % il 38 FL Ot 5 B B Ay JR it i 28 B (B, DA
YOI B 1Y) 28 SUAE A 32 M 2802 0 e 19 I8k o il 22
B

= .\ GeitE e

K HI SPSS 19.0 RRGE T2 B AF -7 50 # , 1 B¢
BELL (xxs) T XRIR . AP 22 5% R ] Fisher
BHUIAE AR L ; 1 1A]4F % | 2% 1 480 3/ 0T 19 {8 22 57
AR F B PR 3R 5 22 40 W5 i 28 2H P s F2 L HbA L e
IR LR A SEAEAS ¢ G 56 5 9 738 20 ot 28 o) {5
2 \HbAlc 7K ¥ [8] () #H 3¢ 4 43 #fr R F Pearson AH ¢
I3

# R

— R AI2 A 1A | 53 (NSS NDS) 43 & NCS
(DR

Y PR s 2 S8 B XA A7 A ) Bl P 2205 A DB IR AR
/R 25 A S i Horh 31 BIAAAE | SR 2 5%
P 2% AN S5 s NSS PF43 3~4 40 12 f51],5~6 43 8
#1,7~9 43 3 ] ;NDS ¥F-5 3~5 43 16 4] ,6~8 43 5 #il,
9~10 432 il ZEA IR IR TEAR K NCS #2845 5, 36 il
R RN BE PRI M 22 1 ) A 2o (L4612 B/
JBGE/ A EMA RS E)

= WX G R AR S A R A DA AR HL R

3 LAMFFERT AR S (HbALe K IE iz ghpf s
BE Rz Bl 28 B A k8 J8% o =2 J i (39 {1 18 DL 3%
1, 3 HWFFEX G 5] ARt i, 2 S g it X
(P>0.05) ;7 FE<10 4E4 i fE =10 4E4 HbAlc /K
e TAEFREXT IR, 22 55 A G122 8 L (P<0.05) ;9
<10 4F41 HbAlc /K59 =10 441 HbAlc /K-
F, 22 RIS 127 7 L (P>0.05) o M X AR A |



PR RS SR 25 2019 4F 1 HEE 41 55 1 ] Chin J Phys Med Rehabil, January 2019, Vol. 41, No.l - 49 .

K13 AT R AR HICAEAR UL

413 g TERICED AE HbAlc EAESE R ROE B R R

- ) @ (%, 7%s) (% ,x+s) (mA,x+s) (mA ,x+s) (mA ,x+s)
fee X IR 2 21 13 8 57.0£10.5 4.9+0.6 9.5+3.7 10.1£2.6 11.1£2.1
JFE<10 4E2H 23 15 8 60.0£12.3 8.5+1.8° 12.9+4.7* 19.4+5.8* 16.0+8.6°
SRR =10 4E4 19 7 12 63.0£8.0 9.0£2.6™ 19.8+8.9% 27.0+7.3% 28.5+13.1%

T SR 4L AR, P<0.05; SR RE< 10 4R 41 Hedk > P<0.05

R2 3R G HbAle /K045 M T 4R He s

G130 s PER (B AR PR Bt EE RSBl HESREGEZ FE

- LE @ (% ,x+s) (4F ,x+s) (mA ,x+s) (mA ,x+s) (mA,x+s)
fHERE R IR 20 21 13 8 57.0£10.5 0.0£0.0 9.5+3.7 10.1£2.6 11.1£2.1
HbAle<9 4 23 14 9 64.0+9.8 6.7+£5.0° 12.9+4.6° 20.2+7.1° 17.2+7.9*
HbAle=9 4 19 8 11 63.0£8.0 58.0+£10.8% 14.1£9.7% 26.0+6.7% 27.1+14.8%

1 ST R L4, * P<0.05 ;55 HbAle<9 4H 4L, P P<0.05

TRFE<10 4EZH TG T2 = 10 4R 20, ¥ 25 19 {13 Wi 4 5
9o 78 2 i 22 AL o 1 f R T BB 2 i R = 10 4R g ph 2
B L TR A< 10 4R 4, 2 R EHA SR X
(P<0.05) .

= PSR4 4% HbAle /K43 45 A0 8 4R L
Ly

3 WAFFERT G A SRR e E s B 4
B Rz Bl #2132 8% ot S I v 1 3 DL 2%
2. 3 ARFFEXT R IE R AR LR, 2R G F R X
(P>0.05) ;5572520 , HbAle =9 AR KT HbAle<9
H,EFAGFE L (P<0.05), MG
HbAlc<9 0% HbAlc=9 40, #HZ8 B{E B Wi 1 v s e 72
20 P 22 I v TR RE X B4 ( P<0.05) , HbAle =9 41
MBI S T HbAle<9 2, Z R BA Gt 5
S(P<0.05)

DY k75 ZH 1 28 18 (8 5 1 HbA e ZKSF 6 72 B9 A
KA b

PR 28 2H A 25 [ {H 5 1 HbAle 7K 384T Pearson
FHSEAEAI T, 25 5 R RO 8 (1432 ol 4 46 [ R HE v
28 SRR S 1 R A 48 (B 5 i HbA e /K P 2 1IE A
5, ML HbA e 7K 8 55 , i 28 13 {8 735 ( P<0.05) 5 T
1R 22 32 B 22 B A 5 1 HbA e 7K 22 8] G
FAHFNE(P>0.05) . TEWFE 3,

R 3 HbAlc FIRHEEE AR M (Hie 234

P r
1E Iz B 0.104 0.254
Rz 50 @ {E 0.006 0.415
JHEVA JER b 5 (L 0.027 0.341

o} i 7 2L A 45 R L 5 48 i o o R R AT AR D A
M, G550 TR 3 50 212 B/ JBent ph 28 IR (5 s 1
TEAASE, 6 2 I, 20 13 (BB /=7 (P<0.05) , TE L
4,

R4 TSR EE RS T (F2 HbATe ZKF7r4)

P r
1E 2 2 A 0.000 0.691
RGZ 8 B 0.000 0.608
JHE 3% JE i 5 0.000 0.737
i it

REAERIFF & B0, A DR g 1T 388 3k 22 i b L i 52 i) Aot 82
YRR A DI RE , A M EE AR L AECA R I Tt A
P28 SR o = G R 0] 5] 6 b 22 40 i I Na*-K* -
ATP Ji 1% ) g [ 0120 | g i S 350k 28 04 A PR i s
1 228 8 {1 2 S B 22 4 A P i ' A Bh T
TR AT A S Y S T8 T | B AR T A b 2
L T b i B A Mg e S L L R G
GMAAE T E TN, P2 B E AN B BT X &2
R BER TR, AR 248 T T i B SRS S v, A
PRI el s B0 5 aE AR om  HhE
B il &5 BT SO 2 A8 B2 B

] SN 7 5 38 R P I8 (E s B B AR 1S o J) el o
Z AT HEIATIIIE IR F AR T 76 B 2% A6 0 11 S il
A A TFEANUERE A, 1 S B AR AT 4 %
ARSI T E N AR i

P 22 [ (B2 38 RIS 175 R A 8 4B s FL L 1) B/
SR B E R X B A ph 25 BT 5 1 Sl
T AR s TR (A DR T LA 2 R P A AR
AAE L, FRIT TR HbA Le 7K X Bt 25 15 {5 1 5% Wil
W DR 7.2 £ 5 %) P 25 o) i 34 S 25 v T it R X LA
X5 REA BT 45 R RARAT I

iz B PR A K A 20 R = 10 AR 0 IE
Pz RO 25 sl R DL S Rk v ph 48 8% S 8% 18 (B
PR EE THRAE<10 4 (QEh M2 P<0.05 A4
P<0.05 JHEE #h 288 % P<0.05) |, BV 25 905 T 48 K- |



- 50 - B A SR E 2K 2019 4E 1 H45 41 555 1] Chin J Phys Med Rehabil, January 2019, Vol. 41, No.l

MZATEZW T e, AHTIEH, AN R R 1 P

PRI 4H 1] HbAlce K HAR, 27 RS it X, X
A e R A AR 5T 99 A (R DR I35 1911 22 2 PN - i B4
Be i A B ) A AR s, #CH: HbATe 7KSF 3%
i = TR R

Fi 18 HbA e ZKFReHE JRIE F 35 74 HbAle<9 4
1 HbAlc=9 21, PRV 2H a1 3647 LU 5, & B & o 4
2R AE 2 T AT A (IE R 28 P<0.05 RO Z: P<
0.05 | JHE A 288t 32 P<0.05) , BIBEE HbAlce KF-F+
1, M A PR T R SR B E e R S
M RIKSFEAR G . BEAE AR 2 B, B 42 i A R
SR IR JE L 2 AR SR Y e TR R ad B Y
RERIATT 1] 0 WK A2 32 3 Y Na'-K* 28 A1 11 3 3
AELS)TTARAE I B 7K OF B B B 1 2 50 e 2
G EME— D i 0 e IR 22 D RE S | R R K I
K S ] JEL LM PR ) PR o 22 2 G o Jre 0

FHEME T & B, IE R M 28 8 R 2ia s A &
JHE 6 Ao 2 S S 1) P 2 10 1 5 8 K o 2 AR AR G, B
SRR | b 2 BRI vy 5 R 202 B R 7 i 22
TMZAE S HbAle /KPR IEAHE, B HbAlce 7KF
iy, P2 B R R X 5 A S AL BT 4 SR AR A

ARG AE P 28 A A5 O vk A e Rkt 2
b, F- Bl Az R R TR, I Wi /N5
YEHLAE PR 5 RS R R IR A 45 #2 mT g
MR R B XX G, 78 — 25 i F o
A 5] A 28 18 (0 2 A3 S LA A B 15 45 LA
Vet

ol 272 o) (LRGN 80 A T 6 ELTC A, A Bh T 58 o 4 g
KISy b T il 22 D REAR Ak, TE A DRI Rl 28055 748 (1) 2 T
g7 5B U PEA b R e 1) 1 AT 5

2 % x #t

(1] XUBHA: SR BE TN R, 45, RS ) L B 22095 700 4911 PR 5 1l
S AT )], PN AL, 2005, 44(3) : 173-176. DOL:
10.3760/j.issn;0578-1426.2005.03.005.

[2] Farrar MA, Lee MJ, Howells J, et al. Burning pain: axonal dysfunc-
tion in erythromelalgia[ J]. Pain,2017,158 (5): 900-911.DOI: 10.
1097/j.pain.0000000000000856.

[3] Klein CS, Zhou P, Marciniak C. Excitability properties of motor axons
in adults with cerebral palsy[ J]. Front Hum Neurosci, 2015, 9(1) .
329-329. DOI: 10.3389/fnhum.2015.00329.

[4] Koch S, Bierbrauer J, Haas K, et al. Critical illness polyneuropathy
in ICU patients is related to reduced motor nerve excitability caused by
reduced sodium permeability[ J]. Intensive Care Med Exp, 2016, 4
(1):10. DOI. 10.1186/s40635-016-0083-4.

[5] Tomlinson SE, Tan SV, Burke D, et al. In vivo impact of presynaptic

calcium channel dysfunction on motor axons in episodic ataxia type 2

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[J]. Brain, 2016, 139(2) ; 380-391.DOI; 10.1093/brain/awv380.
Geevasinga N, Menon P, Howells J, et al. Axonal ion channel dys-
function in ¢9orf72 familial amyotrophic lateral sclerosis[J]. JAMA
Neurol ,2015,72(1) : 49-57. DOI;10.1001/jamaneurol.2014.2940.
Arnold R, Pussell BA, Kiernan MC, et al. Comparative study to eva-
luate the effects of peritoneal and hemodialysis on peripheral nerve
function[ J]. Muscle Nerve,2016,54( 1) ; 58-64.DOI;10.1002/mus.
25016.
Eviston TJ, Chong LSH, Kwai NCG,et al. Altered axonal excitability
properties in facial palsy[ J]. Muscle Nerve,2018,57(2) ; 268-272.
DOI; 10.1002/mus.25677.
Kwai NCG, Arnold R, Poynten AM, et al. In vivo evidence of re-
duced nodal and paranodal conductances in type 1 diabetes[ J]. Clin
Neurophysiol, 2016, 127 (2): 1700-1706. DOI:; 10. 1016/]. clinph.
2015.11.047.
TEZR 2%, B BB, A5 IR BN IE Rz Rz JHEph 2 5%
JHE R i 22 AR (R S R I BIE 5 [ ] MG 5 0 28 L A B2
2010,19(3) : 140-143. DOI. 10.3969/].issn. 1674-8972.2010. 03.
004.
TEZR 2% M2 6 Jlg | 25 i 2 I i % 0 s PROBRE B ) ] b 2205
ARSI R T J 5 2 AR B A 2GR 2012,21(6) :329-
333. DOI: 10.3969/j.issn.1674-8972.2012.06.003.
Albem KG, Zimmet PZ. Definition, diagnosis and classification of di-
abetes mellitus and its complications. Part 1. diagnosis and classifica-
tion of diabetes mellitus provisional report of a WHO consultation[ J].
Diabet Med, 1998, 15(7) : 539-553.
Vincent AM, Russell JW, Low P, et al. Oxidative stress in the patho-
genesis of diabetic neuropathy[ J|. Endocr Rev, 2004, 25(4) . 612-
628. DOI; 10.1210/er.2003-0019.
Shi X, Chen Y, Nadeem L, et al. Beneficial effect of TNF-a inhibi-
tion on diabetic peripheral neuropathy [ J]. J Neuroinflammation,
2013, 10(1): 69. DOI. 10.1186/1742-2094-10-69.
Zochodne DW. Diabetes mellitus and the peripheral nervous system:
manifestations and mechanisms [ J ]. Muscle Nerve, 2007, 36(2):
144-166. DOI. 10.1002/mus.20785.
Bostock H, Cikurel K, Burke D. Threshold tracking techniques in the
study of human peripheral nerve[ J]. Muscle Nerve, 1998, 21(2) :
137-158.
Sk, 0T T e BN A R A 2 i R B g ()]
B T RS/ IR, 2017,21(3) ;254 - 257. DOI; 10.13339/j.
cnki.sgle.20170511.007.
Edwards JL, Vincent AM, Cheng HL, et al. Diabetic neuropathy:
Mechanisms to management[ J ].Pharmacol Ther, 2008, 120(1): 1-
34. DOIL: 10.1016/j.pharmthera.2008.05.005.
Kuwabara S, Ogawara K, Harrori T, et al. The acute effects of glyce-
mic control on axonal excitability in human diabetic nerves| J ].Intern
Med, 2002, 41(5): 360-365.DOI. 10.2169/internalmedicine. 41.
360.
Louraki M, Karayianni C, Kanaka-Gantenbein C, et al. Peripheral
neuropathy in children with type 1 diabetes [ J ]. Diabetes Metab,
2012, 38(4) . 281-289.DOI: 10.1016/].diabet.2012.02.006.
(&1 F 149:2018-10-29)
(A% B



