00 OOO0- 00000000 1(2):196—200, 1999.

— Abstract —

Electrophysiologic Observations of Segmental Innervation (myotome)
in Lower Extremity Muscles of Humans

Hyun-Yoon Ko, M.D., and Jae Heung Park, M.D.

Department of Rehabilitation Medicine, Pusan National University College of Medicine

Objective : To determine the ratio of segmental innervation in the lower extremity muscles of humans
utilizing electrophysiol ogic methodol ogy.

Methods : Nineteen healthy men were studied. We stimulated the L4, L5, and S1 roots using a 7cm
Teflon-coated monopolar needle and recorded the compound muscle action potentials (CMAPS) of the tib-
ialisanticus, tensor fascia lata, extensor digitorum brevis, abductor hallucis, peroneus longus, gastrocnemius
medial head, and gastronemius lateral head. Maximum CMAP amplitudes recorded from each muscle were
used as a parameter of innervation. The formula used to calculate segmental innervation is CMAP amplitude
of each root stimulation divided by the sum of CMAP amplitudes of L4, L5, and S1 root stimulation.
Results : Segmental innervation of lower limb muscles from L4, L5 and S1 spinal roots were as follows:
L4 44.8%, L5 36.2%, S1 19.0% for tibialis anticus; L4 26.6%, L5 49.7%, S1 23.7% for tensor fascialata;
L4 16.2%, L5 53.7%, S1 30.1% for peroneus longus; L4 21.9% L5 47.5%, S1 30.6% for extensor digitorum
brevis; L4 17.3%, L5 44.9%, S1 37.8% for abductor hallucis; L4 10.0%, L5 31.9%, S1 58.1% for gastrocne-
mius medial head; L4 13.0%, L5 34.5%, S1 52.5% for gastrocnemius lateral head. Of the muscles studied,
the tibialis anticus and tensor fascia latawere L4 and L5 dominant muscles (p<0.05). L5 dominant muscles
were extensor digitorum brevis and peroneus longus (p<0.05). Abductor hallucis was innervated by L5 and
S1 dominantly (p<0.05). Gastrocnemis medial and lateral heads were dominantly innervated by S1 (p<0.05).
Conclusion : We conclude that the segmental innervation of lower extremity muscles of a normal per-
son is variable. However, there are gross trends of dominantly innervated segments of each muscle: L4 to
tibialis anticus and tensor fascia lata; L5 to extensor digitorum brevis, peroneus longus, tibialis anticus,
and tensor fascialata; S1 to gastrocnemius medial and lateral head.

Key Words : Myotome, Segmental innervation, Innervation ratio, Spinal root

goodbD Ooobobo booooo

Address reprint requests to Hyun-Yoon Ko, M.D.

Department of Rehabilitation Medicine, Pusan National University College of Medicine, #1-10 Ami-dong, Seo-ku, Pusan,
602-739, Korea

Tel : 82-51-240-7480, 7485, Fax : 82-51-247-7485, e-mail : hyko@hyowon.pusan.ac.kr

*0 000 00000 booooobo0o ooo0 ooo oo.

—196 —



O

oo oo ooo boo boobouo bog o
OO0 000000 oobo ooob oo ogog goog
oo ooboooogoobboooooobo od
OoooO.000 00000 oo ooooobo oo
o0 ooooooooooooooooonod
oodd oo ooboO o000 obooog oo
o000 00 o000 oooo obooo boo
0000 00 0000.18920 Sherington'l OO0
O oooooObooboOooobooobo bobo bOooog
oo oo oo oooboobbo oo ooD oo
oogoooo oo boo,0o00oob boog
O og»0000000C0CO000C0 00000 O
0000 000 oo oo Obbooo booo o
goooodoooooooooogoonogo
googogooo.

O 000 ooooobD oo oo oo o
g oodgno oo oo oogd ogg oggo
oo ooooooobOoobobogosonoooo
ugbygoooboobooobo oobo ggo
g oood,0 oo oo oooobo oo
gooobobooooobobooo.

000 0000000 000 Oooo og,000
000 00 OO0 OO0 OO0 OO@O OO 2840)
1900 0000 1000 00 OO0 900 oo oo
O O00000.000 00 (Counterpoint MKII, Dantec)
000000.04500000,0500-0100 0
00,000 01000000 7md0 OO0 OO0O O
oo oboodgo40500 00000,00001
00 0000 00000.0 400 0000 000
00 00000 o5~lemO000 O 400 OOOO
O3mUO0O0 O0O0O0O ODODODO O0O0O0O ODOOO
00000000 00000000,0 10000
00 0500 0000 00 000 OO0 oooo
00000.0500 0000 0400 000001
0000000000000 O0OOO0O0O0OOO
000 o000 oboooosooobooooaoo
0000 0000 00 000 00000.0000
(tibidis anticus), 0 0 0 O O O (tensor fascialata), 0 O 0O
O (extensor digitiorum brevis), 0 O O O (peroneus longus),
00O 000 (abductor hallucis), O O O 0O O O (gastrocne

T I I B

miusmeidal head), 000 OO0 OO 0O (gastrocnemius
laeral head) 0 700 OO0 OO OO OO0 OO0
0o0oodooboooooooboooono odad
O0002msecd OO0 OO0 OODO OO OOOOO
0000000000 O0oo0ooooooao.
0000000000000 00D0O0O0 000
000 00000 OO0 0000 O 4,0500 0
000 0100 00000 000 000 0o oo
00000000 000000000000 00
O000.000 SPSS9.0for WindowsD O00O0O0O
ANOVAO OOODOO.

000 000 00 OO0 Oooooo ooo o 4,
Os00000,00001W0000000O0O00
000000 OO0 3.96+ 1.64mV, 529+ 2.08mV, 2.45+
176mvO000,0000000 OO 15.90+ 4.93mV,
14.15+ 3.02mV, 6.39+ 3.03mvO 0 0. 00000 OO
5.55+ 4.47mV, 13.10+ 3.25mV, 6.98+ 1.19mvO 00O,
OooO0OO0OO0O0O 346+ 1.36mV, 7.18+ 4.55mV, 4.03+
208mv, 0000000 444+ 3.20mV, 10.13+ 5.82mV,
865+ 5.62mV, 000 OOOOO 3.71+ 1.46mV, 10.60
*6.85mV, 1894+ 568mv, 000 OO0 ODOO0OOO
5.67+ 3.69mV, 12.19+ 6.52mV, 18.45+ 5.96mV OO
(Table1, Fig. 1).

0000000 0O 4000 0500 000 00O
0 000000 00000 000 0 1wo ooo
000 00 0000 00 00 00 (p<0.05). 000
00 0400 0000000 0OOO0OODOOOS
0000000000000 000O(@P0.05,01
00000 000 0000 0000000000
(p<005). DOO0O0O0O ODOOODOOO 0500 00
000000000 00000000 Oooooao
O(<005). 00000000 O S00 000 OO0
0000000000010 0ooooooo o
0000000000 D000 000(p=0.05.000
0000 0000 0 100 boo oooo obo
000 0000 000 O 406500000000
0000000 OO0 (p<0.05).

040500000,0100000000000
O0000OoO0o0ooOo0oooOoooooood
0000000000000 0000000000
26.6+ 14.6%, 49.7+ 19.1%, 23.7+ 17.12%000. 000
0000 OO0 44.8+ 14.0%, 36.2+ 16.3%, 19.0+ 7.1%0
O000,0000000 00 16.2+ 12.8%, 53.7+ 10.7%,
30.1+ 10.6%, 000000 OO 21.9+ 15.5%, 47.5+

-197 -



I Y

Table 1. Amplitude of compound muscle action potential recorded from each muscle by L4, L5, and S1 root stimulation.

Muscle L4 (mV) L5 (mV) S1 (mV)
Tibialis anticus 15.90+4.93* 14.15+3.02* 6.39+£3.03
Tensor fascialata 3.96+1.64* 5.29+2.08* 245+1.76
Extensor digitorum brevis 3.46+1.36 7.18+4.55* 4.03+2.08
Peroneus longus 5.55+4.47 13.10+£3.25* 6.98+1.19
Abductor halluics 4.44+3.20 10.13+5.82% 8.65+5.62*
Gastrocnemius, medial head 3.71+1.46 10.60+6.85 18.94+5.68*
Gastrocnemius, lateral head 5.67+3.69 12.19+6.52 18.45+5.96*
* means statistically significant (p<0.05) by ANOVA.
b e,
= 800 |
fmees oo
L4 el , ‘ :
e =00 | | I
2048 i ) }
bl
|:||-‘| I - 1. L 1 I i - . -
TFL | TA Fi EDB:- | AH od | Gl

! /\/

Fig. 1. An example of typical recordings obtained by stimula-
tion of L4, L5, and S1 root: Extensor digitorum brevis
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Fig. 2. Segmental innervation ratio of each muscle by L4, L5,

and S1 root
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