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— Abstract —

Quantitative Analysis of Electromyography

Min Kyun Sohn, M .D.

Department of Rehabilitation Medicine, Chungnam National University College of Medicine, Tagjon, Korea

Electromyographic investigation is performed with the muscle at rest, during slight contraction, and dur-
ing strong contraction. The last two steps can now be performed quantitatively with high speed; the
results are reproducible and allow quantitative comparisons with follow-up studies. Thus, the knowledge
and technique of quantitative analysis of EMG can easily be incorporated within the routine EMG exami-
nation to recognize and document EMG abnormalities.

The configurational and behavioral properties of single motor unit action potential (MUAP) can be mea-
sured by the traditional MUAP analysis at weak contraction and decomposition of interference pattern
into their constituent MUAPs. Interference pattern (1P) analysis also contains information about features
of MUAP and number of active motor units and their individual firing rates. The electromyographer
should use their individual, unique features in alogical way and focus the analysis on the parameters that
provide optimal information in each situation.

The major application of quantitative EMG is patients with known or suspected generalized neuromuscu-
lar disorders by providing accurate diagnosis and natural progression or response to treatment of the dis-
order for serial reexamination.

Key Words : Quantitative electromyography, Motor unit action potential, Interference pattern
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Fig. 1. Schematic representation of automatic quantitative analysis of MUAP at
threshold contraction. Incoming signals are detected(isolation) by an amplitude
trigger and stored(classification) into bins according to whether or not the
match previous templates(template-matching). When more than three poten-
tials are matched into atemplate, the potentials are averaged together and mea-
surements are made.
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Fig. 2. Example of automatic quantitative MUAP analysis. Free-running EMG record-
ing and the individual and mean values of MUAP parameters are presented in
upper tracing. Lower tracing indicates four different MUAPS.
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Fig. 3. Schematic representation of decomposition of the EMG signal into single

MUAP.
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Fig. 4. Multi-MUP analysis. Upper tracing indicates free-run-
ning EMG recording. Lower tracing indicate results of
matching. Six different classes are found and matching
MUPs are superimposed.
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Fig. 5. Control of motor unit during recruitment and derecruit-
ment. Firing rate of MUAPs was measured by preci-
sion decomposition technique during gradual voluntary
contraction and relaxation up to 50% MV C.
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Fig. 6. Parameters of MUAP.

— 73—



Y

000000 ooooo oo oooo,oo0 odd
00000 OO0 OO000 MUAPO OO0 OO0
02000 000000 00O OO0 high-passfilter
O 000 MUAPDO O0O0O0O0O OOOO ODOO OO
0000000 00 O0.notechfilterD OO O OO
O 000 0000 oo*Gand OOOO MUAPO
00000 0000000 0000 000 gand O
00000 O00.000 00 innervationratio, 000
OO0 00 OO0 MUAPO OO0 OO0O OoooQO .
000 00000560000 00 0o0od ogd
00000 MUAPOODOD ODOODO,0000 OO0
020 00 000 00000 ooo oo ng
MUAPO OOO0O0O MUAPO OO0 OO0 OOOO
Ooooo=

3) MUAP

@

0000000 MUAPD 0000 000000 O
000 000 0000 00,000 000000
00 0000.00000 2000 00 00 MUAPO
000 00000 0000 000 000 0000
0000000 oo0O0o.

000 O00O0MUAPD 000000000000
00000000000 00000000000
000000000000 0000000000
0000000 00000 0000 00 MUAP
0 00O0(uwlienD 000 000000030000
00 MUAPDO 0000 200000 MUAPD 000 O
0000000000000 00000.0000
0000 0000 00000000 0000 00
0000000000000 00D0000.

@) MUAP

MUAPD 000 00000 000 0000 000
000000 0000000000 000000
000000000 0000.

0000 .00 000000000000000
00 O0000 00000 000 00 00000
00 000 MUAPD 0O0O0O jiteD 00000 O
O jiggled OOO0D.0 00 0000 0OOOOO
00000 MUAPOOO 00O 0000 O0O0.00
0 0000000 0000 0000 MUAPOOO
00 0000000000000 00.00000
00 000D00 jigged 00000 000 00 OO
0000 00000 jigged 00 00.0000 00
000000000000 0000000000
000 0O0.00000 000 00 00000 O
MUAPO 00 000 OO0 000 0000 000
00 00 D0O0O0S*MUAPOOO OO0 10-300

ogoogdz23 oo ooooooooog
oogoo.

o000 .000d oogo ooog MUAPD O
oood oooo ooo obooodg oo ogogo
Oo0OoO0o0oooooooooooobo.ocoo o
oo ooooo oo bog OoOooO OODO Do
o0 o0o0o0og oogoo ooo 0o MUAPO OO
gooo.0ob0oobooo oo booo oo o
ud MUAPO O0O0OO.

2. 00000 OO0 OO0

0000000000000 00000000
00 OO0 0000 0 0000 0000 000
MUAPD 00 0000 O0O0O0 000 000 OO
00000 0000 0 MUAPD 000 O 00O OO
000 0000 00.000000 000 0000
00000000000 00000000000
000 IP0 D000 000,00 MUAPDO OO0 00O
000 000 (discrete) IP0 O0. 00000 00 O
00000000000 0000000(Fl)IP,O
00000 000 (incomplete) IPO 005 00 0O
000000000 0000000000000
0000 000000000 0000.000 00
0000 00000000000 0000000
000 MUAPD 00000 000 00 00.000
00000000000 00 MUAPD 00 00O
000 IP0 0000000 0000,000000
0O MUAPD OO0 D000 00000 00000
00000000

1) (Frequency domain analysis)
o0 ooo ooooo oo ob odob 0g d
0000 OO0 00000 0000 OO0 fast Fourier
transfoom 00000 OO0O0O O O0OOOO O
(power) OO OOOO powerspectrum OO O O O
00.00000000 000 10~2000HzO000 O
000 00 00 100~200HzO0O OO OO0 OO0
00000 power spectrum 000 MUAPD O0O,00
000000000000 sSHzOOO OOOOO
g0 MUAPD O0O0 0ODOD OO0OO,0000 00
O MUAPO OO0 O OO0 OO»0000000
00000000000 OO0 0000 oooo
Odn IPpower spectrumd OO OO O0O0OO OO0
0,0000000 00 MUAPDO OO0OOO OOO
00 0000 000 000 Oo00 ooooo oo
O0.00 0000 10%0 3000 00000 OO0
power spectrum OO0 O0O,0000000 1,400 Hz

—74 —



OO0 power OO0 ODOODOOO OOOO OOOOO
00 0000 O000ob0 ooobbo oobo go
o obO®powerspectrumd 00 OO0 OOOO
OO00000Oo0ooooooboobboooooo o
D.40,41

2) (Time domain analysis)

OO0-00 OO0 (TunsAmplitude Analysis)O 00O O
00000 OoOooo,PO0OO0OOOOOCOOO
00 OO0 OO 000 ooo0o oooo#r0ooo
000000 O0OO0,0011w0wWO000000000
00 00OFe 7, 0000000 000O0OOCOO
IP0 0000 MUAPO OO O O OCDO MUAPD O
00 0000 0000 #0000 000 0000
00000 0O5s5%] 0000000000000
00 0000 00 0000 O 0O0O00o0 oooo
000000000 D0ODO0O00 OD0O0O MUAPO
000 0000 0000 000 ooobo oooo
0000 0000.00 000000000000

Fig. 7. Schematic of an electromyographic signal, showing
five turns(T1-T5) that define four segments(S1-S4),
whose duration(D1-D4) and amplitudes(A1-A4) are
indicated.
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Fig. 8. Turns-amplitude analysis findings for 2 patients, superimposed on normal cloud. Note the shift of data toward the lower right

in myopathy(L eft) and upper |eft in neuropathy(Right).
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Fig. 9. EQUIP turns-amplitude analysis findings. In a patient with myopathy, NSS
increased and UCA decreased(upper tracing). In a patient with neuropathy,
UCA increased and NSS decreased(lower tracing).
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