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[ Abstract] Objective To observe any effect of cooling on the amplitude of vibration-induced sensory nerve
action potentials (SNAPs) in human digits. Methods The middle fingers of 15 healthy adults were either cooled to
about 22°C using an ice pack or kept at about 32°C. A vibrator was applied to the joint connecting the middle finger
and the palm vibrating with an amplitude of 2mm at a frequency of 60Hz. The amplitudes of middle finger SNAPs be-
fore, during and right after the vibration were recorded. Results The SNAP amplitude at a given temperature was
lower during vibration than before it, but it immediately returned to the pre-vibration level after the vibration ceased.
The middle finger SNAP amplitudes at 22°C were significantly higher than those at 32°C throughout. The decrease in
amplitude at 32°C (61.7+£15.1% ) was significantly greater than that at 22°C (24.1+£7.0% ). Conclusions Cooling
significantly reduces the effect of vibration on the amplitude of digital SNAPs. That suggests a way to protect the sen-
sory nerves in hand-arm vibration syndrome.

[ Key words] Vibration; Cooling; Sensory nerves; Action potentials; Mechanoreceptors

Funding: A Jiaxing Science and Technology Plan project (2020AD30096)

DOI:10.3760/ c¢ma.j.issn.0254-1424.2024.02.009

FHIRDGEGMERET B EEERE T TR AR AR RO 55 IR ERRIRSE, A
PRl TR (A s TR B8 JER) M 20 goie, H SO, IR pf 22 D) BE M BIL R T B8 AT BE 2T 2 45
Jfr R iR SOV AT RE e R LA FNMAS R G A G AIRR A 58 0, gk kT L I A AR AR



- 146 - B A SR E 28 2024 4E 2 H45 46 555 2] Chin J Phys Med Rehabil, February 2024, Vol. 46, No.2

Nilsson fﬁmﬁﬁﬂ”ﬂlﬁﬁ,ﬂﬁﬁ]@f%lﬁﬂ@@ﬁﬁ%ki?
MAEREAR B Z i, HVE ORI LR T g 0 3 A% 4R
TR 255 AF 1 IR i 28458405 7T g el PR 3l L 351
& B EHT 2 ST Y AR B AR B R 28
ZhAE B i ( sensory nerve action potential, SNAP ) X3
AB 1 BEFI 24T Y sh VR B A I S L R RN 2
AR e P 28 Bl 2 B i B IE L, RIS R 3, K PR
HIE T AT EET, F45 1 pi 28 SNAP I i B 21 1%
%, 45 1 AR S I, SNAP 354 i <7 RV [u] 1) 9% 31 fif /K F- | 42
INIRENIE 25200 AR 2R 4k, BN ZIREAR AR £F 4k XT Fa ol
W R NEPE  BRiRh A] LAREAR T4 SNAP Ui, Hix
RN LA B

B2 R LI Z FRFEAR AR LIRS 114 9
TORE S T R EE AR BRI T g
BEAS T B 2 S BOA (R J i i 151 N/ 8k iz 2 T i s
M2 AR AR, JR AR 2h T R A B R 4
HEMTE T 12 SR T, BT N T h 258 J
MRS AR AT LTS 2R B TR 32 28 , AL 45
HIEFRIZ K Pacinian /MA (B3 60 ~400 Hz) (RJ=
B Meissner /A& (20 ~ 50 Hz) . Merkel %% ( x5~
15 Hz) "1 HUBIERSZ 25 h AL A M 20 41 4 3L, 3 2
T NEF A )il SR AR A BELF4E,

A2 W 500 T Ve H0 07 vk ok p D e R R e A
A PG WESE A B A RS B Jik T I A B ok ML A
JRAZ IR URAET . B IR S, R HI AT LA
RO I B % T B B K v S BC AL AN B2 2% 1 4R A
YRR AR R L A B il AL
Ky W8 HIN B 2 88 T i R ) 2 K 48
SNAP IR B 5% ), B XA 8 AR J86 06 B 28 21 4k 1)

AL
XMRE5FHE

— MFFE X4

YRR T A 3210 YN R R AT N, e 2L
R D RERRAS , FL AR BEAG N I bl 28 SNAP Y IE A%
20~48 % FHAENS (28.7+8.0) X &8 T IR &
T, HEBRARAE AN RERC A ¢ R0 &, T8 ey 30 K Jk A
R

KA B BB BT, 7655 24T LRI 15 44 fil
ZARE A E M 6 B, &tk 9 B, AW RIS E 5
N G R T A B B A0 B B 4 W R AL UE (JXEY-
2021SW102) .

MRk

RIAE 32°C 1 22°C 5T, THRSIAT Ak shA
PR his 1k J5 X A 44 2R A5 R T 1 PR IE AR 4
SNAP idsk, Zil & A 7ERE 7 b, FFaT i e f5 7,

H AR TG A S£ L, FH8 b, W b = =21 ok
IR BETHE Sk (HABOTEST £ DT8380BH ! ) # T % ik
F g, W R R R

1RSI . 5% 2 9908 78 T-43 4R 3 # 3
PRS0, PN 2 mm WK Hy 60 Hz, REIEHT
S AR AL, 5 T R R, B X 5K
B2 3.0 em WRITE

2.3 A F L R T H AR MEB-9400
AU AR A TR A AL B, K R AR
WG T rp 45 0 s A ) O 1 AR i AE D H AR, LG i
3.5 emAb 32 M, 15 Ml e RS T R R A R SR
HL 2 8], 7652 308 i 3l B 20 Sk R 13 em
Ab S R 28 R T 0 e A R B, B A Ak E
SNAP fe KU , SR J5 FEHE N 209% Ha 30 00 380 B2, LA
TRIBH I R SNAP I M PR FFFS E . R IR i
2 Hz I FR 0.2 ms BJ735 .

34053 32°C &4 F A8 IE Pl 22 SNAP . D
T L AN TR B T 5 52 0 48 B IR TR, 24
32°C ; QYR BN, HL AT 2 K 2 Hz, SNAP JELEE N
20 WK CBEFFEE 10 s S 15 50 LI AE A 4R B LL 4R
SIA] 0 SETE 2R 20 YR SNAP JIE & i Az,
FFEE 10 s; @I 1EPR 30, S BN 5% 20 ¥k SNAP B &
TN HLAL 522 10 s; @M IRshAT RS SRshis 1k
J&i SNAP GAHN A 0 IR 22, s 2% = [ (R3h
TR W — 31 31 B ) 3 ) /31 Bl i A 5 R ] < 100%
TEDLIE 1A,

4305 22°C 2 F T 48 1IE TP M Z22 ) SNAP . | FH
KAV HISZ A 48, P2 MR T & b 48 J 5k iR
L ERCEARNEL FRQ~OL %, EILE 1B,
TG R Bl A W A7 3R 5 TP o LB, AR AR AE 22°C
KA

= Gk

K SPSS 25.0 RG24 AF HE AT B 40 #r , AR
Wi a TR DL (r+s) TIN5 G 1IE A4
A, AR EE S5 T 45 R L B R XS ¢ 4556, )
—IRE N IR ST S IR s Y A SRS S R s 1k
J& B FE SR FHEE T ¢« /56, P<0.05F /R 270 50112

& =R

R SRS, AW 5% 32 & 38 2R 1 B
WIEH KAE , HIERE R T  IRshit b fs
SNAP i iR 41 3R B HIK ( P<0.05) , 7E IR 30 4% 1k J5 K
B BPRNATKE, P AT 5 4R o5 1k )5 48 SNAP
MRS, 22 R TG L (P>0.05) . 5 32CH&MT
W] 4 h B 1] 5 b 4, 2 i B 7E22°C & N b 3R



rpAE Y B R S 5 A 2 2024 4 2 HAE 46 B4 2 W] Chin J Phys Med Rehabil, February 2024, Vol. 46, No.2

. 147 -

RSN

SNAPiE 3%

®

Hhzk

IRBRI

1B 1A 9 32°C 460 D R P48 IE i 48 SNAP (75 35 815 18] 1B 29 22°C 4600 Fid sk Hh 38 IE b 48 SNAP 1755 75 1 5 65 W SR 1 T 3238
BRI PP IR SRR T 3233 TR R ST A 5 SR P R PO 2 1 R SR
B 1 32°C A 22°C &M Fic S8 IE P2 SNAP 17R &l

SNAP PR (P<0.05) , Z ik # 32°C &M Fiyh
& SNAP PR 224 (61.7£15.1) %, 22°C 514 T RO IR
2R (24.1£7.0) %, 5 32°C &1 T A, 2k 22C
TR E SNAP IR 22 {45/ (P<0.05) , T IL
*®1.34k2,

Fz 1 ZERIET IR AR o 1k JE R R RIREE T Y
SNAP JEWE (v ,x+s)

. S e o
PRBIHT 15 49.4+14.6 66.5£13.7"
Pt 15 17.9+8.3° 51.0+13.7%
Ptk fE 15 48.7+14.3 66.8+13.6"

0 SRR & TR L, * P<0.05; 5 32°C 444 F R 4R st
i) 45 g, P P<0.05

it
RUHARE 58 & B, W TR, 4R 3h & 57 B 5| i T 48
SNAP JIEFEAC S ABFFE LB, R ENAME T IRsht
AESLHD GRS TF-48 SNAP PR FEAL, (HR Xk 3 51 &
SNAP I8 i FAAFK P10 5 85 50 5 TR IS S 2 kS
R M = I Sl S s R T I
(20 Hz) PR shiid , H A& R 38 2 7=k 24 16
K AT B RS, S 4 Fl BRAL
WU Z %% 19 A5 A 21 4k |5 H 43 51 4 . Pancinian /)N &
10% ~ 15% , Meissner /MAZ) 40% , Ruffini B K A 2
20% ,Merkel 4L 25% """, W2 MLih 28 A B4 00 A5
KA, XA ST B A AL ey Yy fie A3 4 W

it

F2 15 Z2EIRSNT SRS IR 15 TR AR [FRR AT 1Y SNAP U IR
Tt i . _ 32°C_?j73ﬁ:_FE"J §1EJA1i A . _ 2209 %%#F_FE"] ;SNAE A _—
ey (%) PEH PR B RBhnt REIbE DhiEE P Bl ahint  RaEibE e
(pV) (pV) (V) (%) (rV) (rV) (pV) (%)
1 32 k'S 56 35 56 38 73 56 73 23
2 41 5 46 24 46 48 65 56 64 14
3 22 kg 56 32 56 43 81 71 81 13
4 48 5 26 15 25 42 45 30 45 33
5 20 'y 73 21 72 71 94 77 94 18
6 21 i© 57 17 55 70 81 64 81 21
7 23 & 71 27 70 62 78 58 73 26
8 28 5 38 11 40 71 59 37 61 37
9 27 i© 35 18 35 49 64 54 65 16
10 25 'y 56 7 50 87 67 50 71 25
11 20 5 64 10 65 84 74 54 77 27
12 28 kg 37 14 37 62 54 41 54 24
13 30 % 40 10 40 75 62 45 63 27
14 35 & 38 15 39 61 53 40 51 25
15 31 B 35 13 31 63 48 32 49 33




- 148 - B A SR E 28 2024 4E 2 H45 46 555 2] Chin J Phys Med Rehabil, February 2024, Vol. 46, No.2

AR DR S 2020 BRI, 343 AR 5 3 1 B T SR B Az
T AN SEIGIESE, Bk 4 FSHUUEAZ SR AE Th e AT
rEREESY BB 5 T Am@sshist" , @ HRE
PERRIBET 5020t B  0G JiE of o— S AL SR 52
TREONEHL > HEoR B A A 1, o A%
K H T LR ML Z 2%,

— TR O G B i e B R B g R W, N T8
iz SNAP B4 XF AN 01 0.7 ms™ 3 5 (@ fale
25 e 5% B Gzt ity 1 P 22 BB P 28 2T A i 22 1) A X
ARG 0.7 ~4.5 ms, F3(2.1£0.9) ms''*> |
SHE 4 FIALMERZ 78 0L AL 4, TCig SR IR AT 4L 2
P 214k 4 X)) ) 9 R34 JC B d 22 031) , an AR e dr 4
SR BATE X AT [, T A A8 AN LR 4 AR 21 4 it
R B D Y AR 222 ~ 1428 Hz 5L 1O A 52
R AR S 28 60 Hz, fir LA 51 5 (1) 28 2 4 1
TR TR BN AR, A DR i 0 1 BF 5 R
W, R Bl AT LA AT 2 Fh S H (WL Z 2%, it — 2D e fif
T NP ET YDA, T %A 7T 5550 ) H ) 3 2 A ol
2221 iR S L7 A RS S X T R R IR B 5
AL SNAP U 0E FEAC RS IR B, X — 45 R 5 Hagbarth
ORI T ZR” (line busy ) B —2, AR 2h5
HLAG A PP 22T Y5 B 44 I B e % AN I B AS T fh
SR ] AR PR A

X A BELT 4, v& HI M LA ZE IR B T8 A D6 P 25 3%
I o 2 2 2 W Ak 1 B ] 5 3500 28 A2 5 2 i
P, B B3 T R (] 2 R EOR AN PR e
N2 O v I RN A Y B R 3 A G A SRk
AP g i g s H TR — 2, B %
RH IR A 2 22°C B R P S5 SNAP PR
b 32°C I B, A HIGT B L 4o 8 () R A AR A ST
YL X A R THE R HEA Ry, ¥4 HI B SNAP
PR PR A £ (HIRATAO IS I, 2 B0 T 4R
BN R SNAP I i AR A0 i B2, D PR 7 1 AR Bz Jik
VR R], ST 4 FhALBRUERSZ 2 1 A R b 2 2T 2
AR BTG Kt R B AR A e Ak R B, B R AR
JEZ AR A = B ML Z 2% vl S AS BE LA e A
RITE X5 SR T AL Ve HI AT LA B AU 37
1 BT P AT S 3 A AR AR — 3 AR SR R,
Jk R BRI AZ #5 F1 AR 15 AP A YEHR 3212 HI ) 52
i, H R BRAILARIER 37 25 32 2 HI B 52 KT AR 2 A4
AT Z P2

25 LTIk R AT IR 35 R 1 St i 28 2 2 4 Ay
(18 2 JCAA 3 ] R B 30 B ek < 8 (line
busy effects ) 5% “ FEHRTAUN " ( masking effects ) FY SR G
il PRBIATLASEAT ) #2445 B RRALARUER AZ 2% , AT 5|
AR 1B ALF AR AR AT TR Bl A 3 R sk Ry 7

PRI B E AL, X TFFEIRNZEA IR H S
TEJRUBSE R N, T30 J 3 v A% i 20 5 | A 1) T 48 J b
PRLE )5 FN AT LA T AEAA VR, ARG i Af e
— R AAOUER TR REIEL 10 s BFAY SNAP,
TEA 5 RIS HoRs % JE UL K st (R R sl 7Rk X SNAP
AT

& % x w

[1] Griffin MJ.Measurement , evaluation ,and assessment of peripheral neu-
rological disorders caused by hand-transmitted vibration[ J ].Int Arch
Occup Environ Health, 2008, 81 ( 5): 559-573. DOI. 10. 1007/
s00420-007-0253-5.

[2] Pyykks I.Clinical aspects of the hand-arm vibration syndrome : a review
[J].Scand J] Work Environ Health, 1986,12(5) :439-447. DOI: 10.
5271/sjweh.2114.

[3] Nilsson T, Wahlstrom J, Burstrom L.Hand-arm vibration and the risk
of vascular and neurological diseases-a systematic review and meta-a-
nalysis[ J ].PLoS One,2017,12(7) :e0180795. DOI. 10.1371/jour-
nal.pone.0180795.

[4] Piligian G,Herbert R,Hearns M, et al.Evaluation and management of
chronic work-related musculoskeletal disorders of the distal upper ex-
tremity[ J ].Am J Ind Med,2000,37(1) :75-93. DOI.10.1002/ ( sici)
1097-0274(200001)37:1<75: :aid-ajim7>3.0.co;2-4.

[5] Takeuchi T, Futatsuka M, Imanishi H, et al.Pathological changes ob-
served in the finger biopsy of patients with vibration-induced white fin-
ger[ J].Scand ] Work Environ Health, 1986, 12 (4 Spec) :280-283.
DOI:10.5271/sjweh.2140.

[6] Zhu DQ, Liu F, Zhu Y et al.Focal vibration alters human digital sen-
sory nerve action potentials; a pilot study [ J]. Neural Plast, 2021,
2021:8819169.DOI1,:10.1155/2021/8819169.

[7] Collins DF, Refshauge KM, Todd G, et al.Cutaneous receptors con-
tribute to kinesthesia at the index finger, elbow, and knee[ J].J Neu-
rophysiol ,2005,94(3) : 1699-1706. DOI.10.1152/jn.00191.2005.

[8] Lowrey CR, Strzalkowski ND, Bent LR.Skin sensory information from
the dorsum of the foot and ankle is necessary for kinesthesia at the an-
kle joint[ J].Neurosci Lett,2010,485(1) :6-10. DOI.10.1016/j.neu-
1et.2010.08.033.

[9] Fallon JB, Bent LR, McNulty PA, et al.Evidence for strong synaptic
coupling between single tactile afferents from the sole of the foot and
motoneurons supplying leg muscles[ J].J Neurophysiol ,2005,94(6) .
3795-3804. DOI;10.1152/jn.00359.2005.

[10] Eils E,Nolte S, Tewes M, et al. Modified pressure distribution patterns
in walking following reduction of plantar sensation[ J].] Biomech,
2002,35 (10) : 1307-1313. DOI:. org/10. 1016/50021-9290 ( 02 )
00168-9.

[11] Kim JS,Choi-Kwon S.Discriminative sensory dysfunction after unilate-
ral stroke[ J]. Stroke,1996,27(4) . 677-682. DOI. 10.1161/01.str.
27.4.6717.

[12] Fisher CM. Pure sensory stroke involving face, arm,and leg[ J].Neu-
rology, 1965,15.76-80. DOI;0.1212/WNL.15.1.76.7.

[13] Zackowski KM, Dromerick AW, Sahrmann SA et al. How do strength,
sensation, spasticity and joint individuation relate to the reaching defi-
cits of people with chronic hemiparesis [ J ]. Brain, 2004, 127 (5) ;
1035-1046. DOI:10.1093/brain/awh116.



rpAE Y B R S 5 A 2 2024 4 2 HAE 46 B4 2 W] Chin J Phys Med Rehabil, February 2024, Vol. 46, No.2 - 149 .

[14] Mackel R.Conduction of neural impulses in human mechanoreceptive ral science[ M ].USA; McGraw-Hill, 2000 411-429.
cutaneous afferents[ J].J Physiol ,1988,401:597-615. DOI:10.1113/ [23] Saal HP, Bensmaia SJ.Touch is a team effort; interplay of submodali-
jphysiol. 1988.sp017182. ties in cutaneous sensibility [ J ]. Trends Neurosci, 2014,37 (12) .
[15] Gilman S.Joint position sense and vibration sense: anatomical organi- 689-697. DOI:10.1016/j.tins.2014.08.012.
sation and assessment [ J |.J Neurol Neurosurg Psychiatry, 2002, 73 [24] Tackmann W,Lehmann HJ.Refractory period in human sensory nerve
(5): 473-477. DOI:10.1136/jnnp.73.5.473. fibers[ J]. Eur Neurol, 2004, 12 ( 5-6) : 277-292. DOI. 10. 1159/
[16] Gardner EP, Martin JH, Jessell TM.The bodily senses, principles of 000114626.
neural science[ M ].New York ; McGraw-Hill ,2000: 430-450. [25] Brink EE, Mackel RG.Time course of action potentials recorded from
[17] Lowrey CR, Strzalkowski ND, Bent LR.Cooling reduces the cutaneous single human afferents[ J ].Brain, 1993,116(2) :415-432. DOI; 10.
afferent firing response to vibratory in stimuli glabrous skin of the hu- 1093/brain/116.2.415.
man foot sole[ J]. J Neurophysiol,2013,109(3) :839-850. DOI: 10. [26] Hagbarth KE.The effect of muscle vibration in normal man and inpa-
1152/jn.00381.2012. tients with motor disorders,new development in electromyography and
[18] Muniak MA, Ray S, Hsiao SS, et al.The neural coding of stimulus in- clinical neurophysiology[ M ]. Bassel ; Karger,1973; 428-443.
tensity: linking the population response of mechanoreceptive afferents [27] Preston DC, Shapiro BE.Electromyography and neuromuscular disor-
with psychophysical behavior[ J].J Neurosci,2007,27(43) . 11687- ders clinical-electrophysiologic correlations| M ].New York: Elsevier,
11699. DOI:10.1523/JNEUROSCI.1486-07.2007. 2013.71-73.
[19] Purves D, Aaugustine GJ, Fitzpatrick D, et al. Neuroscience [ M ]. [28] Franz DN, Iggo A. Conduction failure in myelinated and non-mye-
Massachusetts, USA, Sunderland: Sinauer Associates, 2004. 192- linated axons at low temperatures[ J]. J Physiol ,1968,199(2) ; 319-
193. 345. DOI:10.1113/jphysiol. 1968.sp008656.
[20] Nelson RJ.The somatosensory system deciphering the brains own body [29] Phillips JR, Matthews PB.Texture perception and afferent coding dis-
image , neural mechanisms of tactile form and texture perceptaion| M ]. torted by cooling the human ulnar nerve [ J]. J Neurosci, 1993, 13
Boca Raton: CRC Press, 2002: 95. (6) :2332-2341. DOI.10.1523/JNEUROSCI.13-06-02332.1993.
[21] Park SB, Davare M, Falla M, et al.Fast-adapting mechanoreceptors [30] Duclaux R, Kenshalo DR.The temperature sensitivity of the type I
are important for force control in precision grip but not for sensorimotor slowly adapting mechanoreceptors in cats and monkeys[ J].J Physiol
memory|[ J ]. J Neurophysiol, 2016, 115 (6) ; 3156-3161. DOI; 10. 1972,224(3) :647-664. DOI;10.1113/jphysiol.1972.sp009917.
1152/jn.00195.2016. (f&1A1 H $.2023-12-29)
[22] Gardner E, Martin J.Coding of sensory information, principles of neu- (ﬂ?igﬁ§ﬁ7§é I}ﬁ_é)

CBEFE - AEE - dm -

AFIX % XBEI A R ER

AT GB/T 7714-2005( SCJ5 27 SCHRZE SN o SR PG G 1 25 5, MR HHCE S o B0 5% S By P Bz 7 B0 o 1, O
W5 BT IrE S {9 T30, WETRIY) R A RGOR (NS C R 2 i1 A RGO AN NGB R SE20/E STk . H XX
DUFIETE HOXOWE RS, 7 5 IE D7 KRG . [ — SO S A 3 A 4al3 s it 3 N ST 3 N TR RSCRIink
IRCEET S ARE IS A IRTERT A TS AME RS TR PR SR A0S A5 AN S 5 AR R 4 2 e
BAJT AR and” AR, A SRR SCRRE ARG . SCHRIS BRI GB 34691983 ¢ SCRRZE -5 SRR A LR )
W22 SCRE R A43E 1 T2 7% SCIRAR AR TE DOL 5, sl pl 244, melnT,

(1] B )st W s H i [ M ] et shAe3 s, 2000:29.

[2] 8K Az h DN REVERE// TSR A B2 [ M ]2 B Ab 5t . AR T A, 2002:67-78.

[3] XUk, W BH, BE2E S 0 E PR AT XURS: P B AR AN A B [ )] P A0 A 2% 5, 2015, 43 (9) :760-764. DOI: 103760/ cma. j.

issn.0253-3758.2015.09.003.

[4] Mahowald ML, Krug HE, Singh JA, et al.Intra-articular Botulinum Toxin Type A:a new approach to treat arthritis joint pain[J].

Toxicon,2009,54(5) :658-667. DOI;10.1016/].toxicon.2009.03.028.

(5] Al BATA R — BB D7 b [ TR Be e K A B [ N/OL]. AR H i, 2013-01-12(2) . [2013-03-20 ] . http://paper.

people.com.cn/rmrb/html/2013-01/12/nw.D110000renmrb_20130112_5-02. htm.



