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— Abstract —

Hand-Arm Vibration Syndrome and Neural Conduction Impairment
in Swagging Workers Exposed to Hand-Arm Vibration

Seong-Ah Kim, Sang Woo Kim, Sang Jae Jung, Chae-Yong Lee,
Kyu Sang Kim"”, Bo Woo Jung”, Sang Kyu Park”

Department of Occupational and Environmental Medicine,
Pochun CHA University, and Kumi CHA hospital
Korea Occupational Safety and Health Agency”.
Department of Neurology, Pochun CHA University”,
Department of Environmental Engineering, Yonsei University”

Objectives : To investigate the hand-arm vibration syndrome (HAVS) among sympto-
matic swagging workers exposed to hand-arm vibration, using medical evaluation and
measurement of workplace vibration. Furthermore, to evaluate the neurophysiological
findings.

Methods : Four workers showing symptoms relevant to HAVS were evaluated. Medical
evaluation consisted of medical interview, questionnaire, nail-bed compression test, and
sensory perception tests for vibration and pain. Some other diseases were excluded by a
medical interview, hematological assessment, and urinalysis. Cold provocation test was
used to assess the peripheral vascular changes, and a nerve conduction velocity (NCV)
test was implemented to ascertain the peripheral neural changes. Pegboard, hole plate,
and tapping board tests were performed to assess motor nerve function. The hand-arm
vibration acceleration levels of the swagging machines were measured. Six months later,
follow-up NCV tests were performed.

Results @ The actual exposure time to vibration was not longer than 15 minutes per
day. The hand-arm vibration acceleration levels of the swagging machines, according to
actual exposure time, were from 3.63 to 12.98 m/sec’, by ISO 5349. The vibratory percep-
tion thresholds and the recovery time of a nail color following finger cooling were signifi-
cantly increased in all four workers. The perception of pain was mildly increased. The
nerve conduction studies at first diagnosis and follow-up showed multifocal neural impair-
ment caused by vibration. However, we could not rule out the concomitant presence of
the carpal tunnel syndrome in one worker.

Conclusions : These results show that HAVS can be caused by hand-arm vibration in
swagging workers. Interestingly, the NCV results suggested that vibration-induced neural
conduction impairments could vary, and need to be interpreted cautiously.

Key Words : Vibration, Neural conduction, Carpal tunnel syndrome
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ool drpu AdEEE 2H57] 98] =4 clear antibody), FHEEEH (cryoglobulin), 8% ©
S ARSI 309 7S EAl(type © 4374 719 F5 3 AHserum protein electrophoresis),
piezoelectric accelerometer, Briel & Kj=r), F&8A] dFAL @iz A}L
4-2d Amplifier NEXUS 2635, Briel & Kj= 1), Feoll] FAe JEFE Hags] Hal HaAg
tape recorder(R-71, TEAC), FFT Analyzer(SA-  30% o4 S8 &2 ZdelollA =gdAes o4=A
T4A, RION), 71&=A4] 1188 oHE (UA-0891, (TAKEI model T.K.K.5101 GRIP-D, ¥¢¥)&
%

:io ooaE |
¢
)
o

N
OPO

o™ m&z
OHT
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Aok TS 3H02 FHI gE B3l 1SO-5349
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7o 2 3t =&FE B8 dominant axis
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quency- weighted acceleration sum method)
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Table 1. Daily exposure time and vibration levels by single process

e Change of Actual exposure time dom* sum'
Operation Type ) )
pipe diameter per day (@n, wegw A(8)
Swagging 1# - 1° process 15.80 — 110 845" 10.79 8.42
Swagging 1# - 2° process 11¢ — 80 5 50" 7.21 5.90
Swagging 2# - 1° process 11¢ — 8.50 8 45" 3.42 3.75
Swagging 2# - 2° process 8.560 — 6.350 5 50" 2.00 1.81
Swagging 3# process 6.350@ — 3.50 45 2.14 2.32
Swagging 4# process 3.50 — 250 45 0.99 1.00
*; by dominant axis method according to ISO 5349
': by frequency- weighted acceleration sum method according to EU
Table 2. Acceleration levels according to actual work perfoming combined operation
Operation Type dom sum
(ah‘ W) (ah_ W) eq(4) (a]—,, W) A(S)
Swagging 1# : 1° + 2° process 52.65 12.98 58.95 10.28
Swagging 2# : 1° + 2° process 14.70 3.63 23.88 4.16
Table 3. Characteristics of 8 subjects
Case Age Duration of Glove Smoking Drinking Medical Symptoms®
exposure(years) (pack X year) (soju: history
bottle*freq.per
week)
c1l 30 0.8 ) 1*15 1*0.5 ) )
CI 43 10 ) 1*10 0.5%0.5 DM for 10 years )
cm 39 1 cotton 1*18 1*2 hypertension )
cCNV 4 7.5 ) ) 1.5%1 CVA )
cv 37 15 cotton 0.8"20 21 ) 1.2.3.4
cV' 42 13 ) ) -) =) (wrist pain)
. vasodilator
quitter .
cVi 36 10 =) 17 11 medication for 1.2.3.4
pain of finger
HNP op
vasodilator
cwr 38 12 -) ) 1"1 1.2.3.4

medication for
pain of finger

*; 1=blanching: 2=paresthesia; 3=pain: 4=sypmtoms worsening when exposed to cold
': this worker has performed swagging job and operating which was washing capi-tube with
trichloroethylene

173



cigterdolstalAl M 14 H M 2 = 20024

Table 4. Results of physical tests and Stockholm classification

) Nail Vibratory 1Stockholm
Grip N compression threshold(dB) Pain sc.a esymptom onset
Str;“g)t (sec) 2nd/3rd/4th* 2nd/3rd/4th since exposure to
(Kg ond/3rd/Ath* vibration(years)
250 Hz 500 Hz Vascular  Sensorineural
C1 Lt 42.8 0.9/0.6 /0.57 5/10/ 0 25/30/25 0/0/0 0 0 SN
R 44.3 0.4 /0.65/0.82 5/0/0  30/25/25 0/0/1
cCl L 31.7 2.78/2.50/2.14 25/35/30  45/50/55 1/1/1 0 0 SN
R 32.9 ()" /2.46/2.16 35/35/30  50/55/55 1/1/1
CI L 44.7 1.75/1.68/1.53 15/10/10 35/35/30 0/0/0 0 0 SN
R 38.2 (-) /1.83/1.81 10/ 5/ 5 50/30/35 0/0/0
CN L 42.1 1.37/1.03/1.44 30/20/25  50/50/50 0/0/0 0 0 SN
R 39.4 1.69/1.32/1.12 20/20/25  45/45/50 0/0/0
cVv L 41.4 1.66/1.47/1.41 15/20/15 40/45/45 0/0/0 3L(3) 1 SN
3R(3)
R 43.3 2.31/1.53/1.41 15/15/20 40/35/35 1/0/0 -12y -12y
cV L 40.7 1.12/1.37/1.53 15/20/20 40/40/35 0/0/0 0 0 SN
R 40.1 2.03/2.38/1.67 20/15/25  45/30/40 0/0/0 wrist pain
cWw L 44.6 4.30/8.21/1.79 10/20/15  40/45/50 1/1/1 3L(4) 1 SN
3R(4)
R 42.4 2.34/2.21/2.75 15/20/25  50/40/50 1/1/1 4y -4y
cw L 45.9 2.22/1.37/1.44 10/10/10 35/35/35 0/0/0 1L(3) 18N
1R(3)
R 50.2 1.13/1.75/1.49 15/20/15 40/40/35 1/0/0 Ty -2y

*; bold letters : abnormal results by operational cutoff-point

. not tested because of injury
*: L = Left hand, R = Right hand

Fe F97 T(1998)9 ATelM A=z B 7] 10d0lde SEAE NN EFHEARE 3
2 EFHEAE o]&43le] FAsINTh, AHHAE  BAIZte] A, AepAZdA e Z7 Bdold &
e AekeEee JE-ZEHAERD S A5, AL HYon, AEEE ERYR dX8e IS
£EAAA 2 540 E HHEFEHARYD 2. AseEF S4TE7A 9 7)3H(els A5
2 A5t HolE 93 £FIEAIE 230 7)) 2~12d71A] 9] ®]o|AtH(Table 4)

2 ABAA9XE 250 Hz9 2% 35 173,

500 Hze A 50 dB o] A<)o] o]xtoz 3t 4. 2xF Y AL gotol o|sfAAAL Ant
dagon B4 A 1 o)l AEE oo

Aelelan, ~AEEE =B 20 g lo]Akel 7 22 2 A4 W7F iidAe e ddew g
© ool 9= Aoz BEaYc 1049 g Aol o WA AEmET|Ze] 10de]dela a4
Wow awy 9t Z=aHC [)e Ao oz &l e AFE SSith Ao STl EEuy
Zohl AEZ EZMAA REOA] o] AAAS Arr, AsdA4x, BEAE 1A3EH7A e Y
Ao
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Table 5. Results of nail compression, vibratory threshold, pain tests before and after cold provocation

among 4 symptomatic workers

Nail compression (sec) Vibratory threshold(dB) Pain
250 Hz 500 Hz

CPT(0)* CPT(1)' CPT CPT CPT CPT CPT CPT

2nd/3rd/4th 3rd (0) (L) (0) (1) (0) (1)

cCV L 1.84/1.50/1.66  3.34/1.82/1.31 10/15/10  35/25/20 35/45/40  60/40/45 0/1/1  2/1/0
R 1.65/1.91/1.72  4.98/1.97/1.75 15/15/15  30/25/20 40/40/30  1%/45/40 1/0/0  2/2/1

cV L 1.65/1.19/1.06  1.50/1.47/1.12 15/20/15  30/20/25 40/40/40  55/45/45 0/0/0  1/0/0
R 2.03/1.94/1.62  2.16/1.50/0.94 20/20/20  30/25/20 40/40/40  55/45/40 0/0/0  1/0/0

CVI L 2.97/1.43/2.28 5.93/3.97/1.90 25/30/30  40/25/25  50/50/60 60/50/45 2/2/2  2/2/2
R 2.69/2.97/2.34 5.78/1.50/1.34 30/30/85  40/25/25  60/50/55 60/45/45 2/2/2  2/2/2

cVl L 1.22/1.31/1.50  8.78/1.53/1.15 20/20/25 T /25/25 40/40/50  1/30/25 2/2/2  2/2/2
R 1.00/1.06/1.25  3.03/1.69/1.31 20/25/20 T /50/45 45/45/40 1 /50/45 2/2/2 2/1/1

; before immersing into cold water, that is baseline(0 min) data, performing on 2nd, 3rd. and 4th fin-
gers

; measured data after drawing out of cold water, immediately/after 5 min/after 10 min

. bold letters : abnormal results by operational cutoff-point

*; 1: above 60 dB and 65 dB at 250 Hz and 500 Hz, respectively, which were measuring limits

Table 6. Electrophysiological results at diagnosis, interpretation. and conclusion

Test findings* Neurologist’ s Conclusion
diagnostic for NCV
interpretation
cV normal normal normal
CcV | SNCV of D-W and P-W segments CTS, both Multifocal
in both median nerves
T DML in both median nerves
cw | MNCV and SNCV of multiple segments Peripheral Multifocal
in both median and ulnar nerves polyneuropathy,
7 DML in both median and ulnar nerves both upper
lower legs-normal
C VI I SNCV of D-W and P-W segments in CTS, Rt Multifocal

Right median nerve.
T DML in Right median nerve

*; MNCV, motor nerve conduction velocity: SNCV, sensory nerve conduction velocity: D-W, digit-wrist:

P-W, palm-wrist: DML, distal motor latency : 1. increased: | . decreased

BRG] 22 C Voh C WE B30 Adt o] 97 gt} so] 3764 ANSdT. Ware
o 2B ARSIl BTk WAREE £58 QAN 310 AVEA EEHEAY A, 2
BARo] 3% ol4el A4F WHAon AEAe  FprdAe] 2l B7e 718 yehhth 1
60 dBol4el 298 WAdow nFaAdt. W e E2Ae A% EEQuUAY AE2AAA
RAHF A BE o o] AR ofER P ok 9e) g F#AQ P4olUtH(Table 5).
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Table 7. Criteria utilized for electrophysiological diagnostic outcome*

Definite CTS Median nerve: | of one or more palm-wrist SNCV or SNAP and
| palm-wrist/digit-wrist SNCVs ratio
Radial and ulnar nerves: normal

Possible CTS Median nerve: (1) | of one or more palm-wrist SNCV or SNAP
and normal palm-wrist/digit-wrist SNCVs ratio
Median nerve: (2) Isolated T DML of one or more palm-wrist SNCV or SNAP
and normal palm-wrist/digit-wrist SNCVs ratio
Radial and ulnar nerves: normal

Guyon Syndrome Ulnar nerves: | DML and/or | palm-wrist SNCV
Median and radial nerves: normal

Digital Neuropathy | of one or more digit-wrist SNCVs and/or SNAP
Normal palm-wrist SNCVs and SNAPs
Normal DMLs of median and ulnar nerves

‘Multifocal Any combination of the above patterns

; DML, distal motor latency: SNAP, sensory nerve action potential(mixed for palm-wrist segments):
SNCV, sensory(mixed for palm-wrist segments) nerve conduction velocity: 1. increased: | . decreased
Source: Giannini et al, 1999.

wE&gTo] B 3%l HlE] w2 Holdrt.
£ o] L SHZETAA BHXEo] IS0 w=&7]
g 2t Aolth, I ~dA=Y] o]l
= Z Zoed (trichloroethylene,
s7] fl&l TCE7} 22+
4 92 2 FAA JAE
Zolal A 108] YAE 2= + 53] YAME
F= 52/ 32/coil * 30 0011/‘”*20‘”/")' *139),

Fal

al

5
I
2

F7h WAE W e

Zo] 2

S gq) AFERS BEA 3 GAE
A~
T

Edd gt 05’1‘1734 oA Ho] FE A @ 10042 A% 228 34, A5
24T CWIE $5 25T o2 M o|shd Al ddshd AL, AAAZZHAN, a8z
=ltH(Table 6). T2ARE0] AMESINE HEETol g ARESHA

Jv, FEEETToR dAd 2919 Af Q1 HE FTetn, AFAZGAN] dig Giannini 5
H3ska gld g Mde A 2 5]’04 2001  (1999)9] EFE #Z3lod(Table 7), AAELS 49
W 59 19¢ AABIEY. 222 C VI 4% C o i8] o3} Zo] $AETF TR l’(ﬂr‘?‘r?}%’
V., C V¢ 5L 54, = 2%o] Pol 2= th = Z2A C Ve AFAEAA A Fdoy
294 138L Fsta Aoy, &5 55 9 S 9 ol HARAAY el B FARE
Bl ARl e 53 &£ A4S F2 343 C 53T (probable HAVS) 22, C & AF5wEH
Vel 29, o2 3l vl&) 27e] 3}% 291471 =7F B 3] vls] Howm ItFEH el =&
AL AHgsta AATHTable 19] 294 3, 43%).  =HWA, F S4h3F0] £59] FFo2 FZHST
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Table 8. Electrophysiological results after 6 months and comprehensive conclusion

Test findings*

Conclusion

cVv
both median n.
C VI
both median n.
T DML of both median n.

| SNCV of D-W and P-W segments in

| SNCV of D-W and P-W segments in

HAVS with neural
impairment similar to CTS

1) HAVS: Multifocal neural
conduction impariment

2) HAVS with coexistent CTS

L SNCV of D-W segments in both ulnar n.

cu

in both median and ulnar n.

7 DML in both median and ulnar n.

lower legs-normal
C VI

right median n.

7 DML in right median n.

| MNCV and SNCV of multiple segments

| SNCV over D-W and P-W segments in

HAVS: Multifocal neural
conduction impariment

HAVS: Multifocal neural
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