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— Abstract —

Practical Instrumentation in Electrodiagnosis

Sung Bom Pyun, M.D., Ph.D.

Department of Rehabilitation Medicine, Seoul Veterans Hospital

The main purpose of electromyography (EMG) instrumentation is to accurately record and display the

nerve and muscle signals that are physiologically relevant. Understanding the electrophysiologic instru- -

ment’s components and processing of recorded biologic signals are important to avoid artifactual data

collection leading to erroneous diagnostic conclusions. This paper approaches the basic components of

the EMG machine and presents practical tips for its utilization in electrodiagnosis. The topics about basic

electrical circuit, electrodes, filters, amplifiers, digital electronics, stimulator and interference are dis-

cussed in this paper at an introductory level. It will provide basic understanding about instrumentation

and some familiarity to EMG instrument. The most important aspect to remember is that the skills neces-

sary to practice accurate electrodiagnosis does not depend on the EMG instrument itself but the practi-

tioner.
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Fig. 1. Schematic representation of the electrophysiologic ins-
. trument’s comp'onent parts (Act: active electrode, Rf:
reférence éle.étrodé, A/D converter: analog to digital

converter, CRT: cathode ray tube).

R1E A= Agoleln & uf Rox 5719 49 A
& (input impedance)l sN@Ech oW Ao A
Ry ol 5&719] ARyl w3 ofF 22 4% A5
A AAEE AgE wF Aon iR Adidel F
Z7N A mgetA Hol TAZTAN we dEA

2R 7124 e P (Fig. 2.
A71F R A7 (resistor) AT A7NE AFE
&= E7A7] (capacitor) 7} &7 92" FJ=E 74
ol Futg oJHAFA ] 72AY FAH

d

A
TS’J\\_

o] AFFHFUFE A AFgo] gadte HFE H
& Foir Ao ARe dges 2 F
AFY AFue 2A5e B4E W
7] W M7 RelA FH7IY AR DA
A7 Bt ool YA A5 AT QAR (low
frequency filer) 2 ZHgstAl €t ol H]a} %37
BE AR vl Fao] dAglel A T
walatm 2719k AUl 232 B T o
Ao A 2HsA @b’

PN

e

g =d

g duse] ok FH71e AAe] Azl 4
;(E1

°]

5

J
B

o e

2. AME7|9 Zt M AL} 7|7 =&

1) 7|2 A =2(Recording electrodes)
AT 7%l wel A (active electrode, G1
= R, ZaAZF(reference electrode, G2 E+&
R1
+ +
E o - R

Fig. 2. Three simple electrical circuit diagrams. A. A basic circuit
with a current source (E) and resistor (R). The direction of
current flow (I) is anode to cathode. (Ohm’s law: E=IR)
B. An additional resistor to circuit A. Two resister acts as
a voltage divider. Euu=(Ri/R1+R2) X B+ (Ro/R; +Rp) X
Eia C. Addition of capacitor (C) instead of resistor.
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Fig. 3. Effect of interelectrode distance in sensory nerve con-
duction study. The amplitude and peak latency of the
sensory nerve action potential decrease as distance shor-
tens. (Median sensory nerve conduction study, A. dis-
tance 4 cm, B. distance 3 cm, C. distance 2 cm. O-P:

onset to peak amplitude, P-P: peak to peak amplitude).
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1. NCS: Nerve conducﬁdn Study:'2 "EMG: Electromyography
3. SFEMG: Slngle fiber electromyography
4. SEP: Somatosensory evoked potentlal
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neney B ey ”’“”“‘; if"“ TN AL wk) 4 0anas st
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. el I 3
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* Fig. 6. Low frequency filter (LFF) effects on sensory nerve

action potentials (SNAPs). LFF: From the top trace, 1
Hz, 10 Hz, 100 Hz, 300 Hz, and 500 Hz; High frequen-
cy filter, 10,000 Hz. Reprinted with permission.
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Fig. 12. 60 Hz notch filter effect in F wave study of median
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applying notch filter.

e AA

228 W AAZ LolFolo}
ot 20 dig) Aukdoz AwWEg. 2RE 7l
Fx (validity) & 412 %= (reliability) & 334417171
e A O o 1A FRo] AR Pl
Q= e 223 oldlstm Al e
Fgich A 7
=9 )

At
o

[

N
n
Aol

.

I 3%
PN
L
2
=
o
£
ol
-z
I
lo
il

o
i
>

X0 1

off U ogy )y 2 e @

(i3
e M
&
i
o r
H,
(L o
=,

il
e
i)

ok

N
o
1o
N
ol

fuf

ISR [

ﬁmrﬂ
i,
p

i}
4
ki

ek,

eRe ZAES 1 FE F

AL L8] ARl Ag 2aE Ao, a8
v $2]7h BEEA] G Folol
= A A EE A F

Aol olat o1 ZAE/E Lulz AlgE 2 9
& 7 Fo AAAA] MEEgE o]

>

o
1
LI

1ok

flo ol

ko

Off
NS

Bl

it

off fo 1

1

St

o

1. Oh SJ: Clinical Electromyography: Nerve conduction stu-
dies. 2nd ed, Baitimoref Williams & Wilkins, 1993, pp26-
38 .

2. Barry DT: Basic cOncepté of ¢leétricity and electronics in

10.

11.

12.

13.

14.

15.

16.

17.

. —11-

clinical electromyography. Muscle Nerve 1991: 14: 937-
946 .

King JC: Appendix: Basic electricity primer. In: Dumitru
D, editor: Electrodiagnostic Medicine, st ed, Philadel-
phia: Hanley & Belfus, 1995, pp 93-107

W, A4, o1 G A: 71 BHF ] wpe 44 2Ead
W 4=0] W3l o 3 22 8} 3] A 2000: 24: 691-695 ‘
Mondell DL, Kellner WS, Fesenthal G: Evoked sensory
nerve action potentials: Effect of different recording elec-
trodes on distal latencies and amplitudes. Arch Phys Med
Rehabil 1986: 67: 12-13 :
Eduardo E, Burke D: The optimal recording electrode con-
figuration for compound sensory action potentials. J Neu-
rol Neursurg Psychiatry 1988: 51: 684-687

Chu J, Chan R, Bruyninckx F: Progressive teflon denuda-
tion of the monopolar needle: Effects on motor unit poten-
tial parameters. Arch Phys Med Rehabil 1987: 6: 36-40
Tjon-A-Tsien AML, Lemkes HHPJ, Van Der Kamp-Huyts
AJC, Gert Van Dijk J: Large electrodes improve nerve con-

* duction repeatability in controls as well as in patients with

diabetic neuropathy. Muscle Nerve 1996: 19: 689-695
Dumitru D: Electrodiagnostic Medicine, 1st ed, Philadel-
phia: Hanley & Belfus, 1995, pp 65-92

Maryniak O, Yaworski R, Hayes KC: Intramuscular recor-
ding in neurodiagnostic studies. Am J Phys Med Rehabil
1989: 68: 186-191

Dumitru D, Lester JP: Needle and surface electrode soma-
tosensory evoked potential normative data: A comparison.
Arch Phys Med Rehabil 1991: 72: 989-992

Buchthal F, Rosenfalck A: Evoked action potentials and
conduction velocity in human sensory nerves. Brain Res
1966: 3: 1-122

AW, A3, ol A AAA ALY AR EA A #%
A g A9 el A o A 2 o] 53] <] 1998: 22:
Kimura J: Electrodignosis in diesease of nerve and mus-
cle: Principles and practice. 3rd ed, New York: Oxford,
2001, pp39-59

Howard JE, McGill KC, Dorfman LJ: Properties of motor
unit action potentials recorded with concentric and mono-
polar needle electrodes: ADEMG analysis. Muscle Nerve
1988: 11: 1051-1055

Kohara N, Kaji R, Kimura J: Comparison of recording char-
acteristics of monopolar and concentric needle electrodes.
Electroencephalgr Clin Neurophysiol 1993: 89: 242-246
Palacios JO, Alegrié FA, Posso SS: The influence of inter-
electrode distance on bipolar recording of sensory nerve
action potential. A mathematical study. Electomyogr Clin
Neurophysiol 1991: 33: 73-78



4

e

=]
=

18.

19.

20.

Goodgold J, Eberstein A: Electrodignosis of neuromuscu-
lar disease, 3rd ed, Baltimore: Williams & Wilkins, 1983,
pp 45-63

Dorfman LJ: How to buy EMG machine. In: Dumitru D,
King JC, Gitter A, Dorfman L, editors. 1996 AAEM Course
C: Finally, an instrumentation course you can understand.
Rochester: Johnson Printing Company, 1996, pp53-57
Dumitru D: Instrumentation: Parts, pieces, and function. In:
Dumitru D, King JC, Gitter A, Dorfman L, editors. 1996

AAEM Course C: Finally, an instrumentation course you

~ can understand. Rochester: Johnson Printing Company,

21.

22.

23.

24.

1996, pp25-52

B, BT, 1A AFAEAN NN Foie 29
o} Wghe] whe A sk A E) g kA gl 53] %) 2000:
24:1096-1103 ,

Pease WS, Pitzer NL: Electronic filter effects on normal
motor and sensory nerve conduction tests. Am J Phys Med
Rehabil 1990: 69: 28-31

Dunﬁtru D, Walsh NE: Practical instrumentation and com-
mon sources of error. Am J Phys Med Rehabil 1988: 67:
55-65

Chu J, Chan R: Changes in motor unit actioni potential pa-

25.

26.

27.

- 28.

29.

30.

rameters in monopolar recordings related to filter settings of
the EMG amplifier. Arch Phys Med Rehabil 1985: 66: 601-
604 ‘

Dumitru D: Practical aspects of instrumentation. In: Johnson
EW, Pease WS, editors. Practical electromyography. Bal-
timore: Williams & Wilkins, 1997, pp63-87

Pease WS, Fatehi MT, Johnson EW: Monopolar needle stim-
ulation: Safety considerations. Arch Phys Med Rehabil 1989:
70: 412-414

Dreyer SJ, Dumitru D, King JC: Anodal block V Anodal
stimulation: Fact or fiction. Am J Phys Med Rehabil 1993:
72:10-18 '
Wee AS, LEis AA, Gilbert RW: Anodal block: can this
occur during routine nerve conduction studies? Electroen-
cephalgr Clin Neurophysiol 2000: 40: 387-391

Kornfield MJ, Cerra J, Simons DG: Stimulus artifact re-
duction in nerve conduction. Arch Phys Med Rehabil 1985:
66: 232-235

King JC, Dumitru D, Gitter AJ, Dorfman LJ: AAEM coufse
C: Finally, an instrumentation course you can understand,
1st ed, Johnson Printing Co. Minnesota, 1995 k





