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Changes in Magnetic Coil Orientation Affect the Stimulation
Effects of Human Peripheral Nerve

Shu-jian Sun

Department of Clinical Neurophysiology, Neurological Institute (Dirvector : Prof. Motohiro Kato)
Faculty of Medicine, Kyushu University 60, Fukuoka 812-82

Summary Transcranial magnetic stimulation is a non-invasive method for assessing the motor
function in humans. It is well established that orientation of the magnetic coil plays an important
role on the stimulation effects of the motor cortex. However, there has been a few study
regarding the effect of magnetic coil orientation on the efficacy of peripheral nerve stimulation.
Therefore, in the present study, I carried out two experiments to clarify the relationship between
the magnetic coil orientation and the stimulation effects of human peripheral nerve. First,
median nerve was stimulated at the elbow and compound muscle action potentials (CMAPs) of
abductor pollicis brevis muscle were recorded in 8 subjects at 4 different directions of the induced
current. Two eight-shaped coils, 10 cm and 3.5 cm in outer diameter, were used. Stimulus
intensities of big and small coils were 850 V and 909, respectively. Motor threshold was
measured at 4 directions with the big coil by increasing stimulus intensity up to 850 V from 150
V at a step of 50 V. It was found that the amplitude of the CMAP was the greatest in outer
direction (toward the radial side) using either the big coil or the small coil. There was no
significant difference between the amplitude in outer direction and that of supramaximal electri-
cal stimulation. Motor threshold was the lowest in outer direction. Then, I measured the induced
current of the big and small coils in a tank filled with saline that mimicked the forearm. The
induced currents by both big and small coils were the largest and the first spatial derivatives of
the induced electric field were the greatest in outer direction.

These results suggest that the orientation of the eight-shaped coil is important for peripheral
nerve magnetic stimulation. The fact that the forearm is a restrictive volume conductor may
result in the different effects of coil orientation on the excitement of the peripheral nerve.
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TZDOERBIZB T, KERIAfL VN8 RaA
WTIERHR 2 NI TR L 7z, EBRNTOFEER
OFEESNEAE BRI, ARE (REEN), Lk
M & GEALEIN, T 7% b bEEHRIC & o TS TH)
BILUTHE RO, IETH O04HRERS X
SAANDHRMEEZ TR 72, FIEEE RS2
A NVHB 8OV T, NS4 niF 0% e Ui, g
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Fig.1 Schematic diagram of the unrestricted and restricted volume con-

ductor. The square tank is a model of the unrestricted volume
conductor, because the tank is larger than the size of magnetic coil.
Conversely, the rectangular tank is a model of the restricted volume
conductor, because the tank is smaller than the size of magnetic coil.
In the unrestricted model, the magnetic flux is constant irrespective
of the coil orientation. In the restricted model, the magnetic flux is
dependent on the coil orientation. Isotonic saline was filled inside
the tanks at a depth of 4.0 cm. A bipolar recording electrode was
placed 0.8 cm over the center of the stimulating coil. The coil

output is 300 V.
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Fig.2 Comparision of the compound muscle action potentials (CMAPs) of
the abductor pollicis brevis muscle (APB) to supramaximal electri-
cal stimulation at four directions. The results from two subjects are
shown (S.T. and S.S.). There is no significant effect of current
direction on the amplitudes of CMAPs.

(1) Outer direction (toward the radial side), (2) Upward direction
(antidromic), (3) Inner direction (toward the ulnar side), (4) Down-
ward (orthodromic) in this figure and in Fig. 3.
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Fig.3 Comparision of CMAPs to magnetic stimulation at four directions.
The amplitudes of the CMAPs are the greatest when the induced
current of the two types of coils flow toward the outer direction.
There is no significant difference in the amplitudes between the
outer direction and supramaximal electrical stimulation.
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Fig.4 The effect of magnetic coil orientation on the
amplitudes of CMAPs (n=7). The amplitude in
the outer direction is the greatest, while the
amplitude in the upward direction was the
smallest. No significant difference was obser-
ved in the amplitude between the outer direc-
tion and supramaximal electrical stimulation.
*p<0.05, **p<0.01
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Fig.5 Motor thresholds at four directions of the big
coil. The abscissa indicates the intensity of the
coil output and the ordinate represents the
amplitude of CMAPs. Motor threshold is the
lowest in the outer direction among four direc-
tions.
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A simultaneous recording of the CMAPs of APB and ADM follow-
ing the median nerve stimulation by the big and small coils. The
outputs of the big and small coils are 850V and 909, respectively.
The ADM was excited when the current of the big coil flowed
toward the outer direction, suggesting that the ulnar nerve was
coactivated (left column). However, the coactivation of the ulnar
nerve was not observed when the small coil was used (right column).
APB: abductor pollicis brevis muscle, ADM: abductor digiti
minimi muscle.

3210123 3210123 3210123
Distance (cm)

Distribution of the induced electric field in the unrestricted and the
restricted volume conductors. Note that induced electric field at the
center of coil was the greatest. The induced electric field in the
unrestricted volume conductor was larger than that restricted vol-
ume conductor. The induced electric field in the restricted volume
conductor was modified by the coil orientation (middle, right). The
output of the big coil was 300V. A bipolar recording electrode was
placed 0.8 cm over the center of the stimulating coil.

71

Figs. 10, 112K, /N2 BEO I A VO FL» S 5 mm
HROBHOZE(FER2RT, K&2aA VTR, £A
& LT SR OESORERIEINE S LB L TH
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(Fig.11), a4 VOHL E#O0) » 6 lem TO
EBHE OIS B T—18 mV/mm?, HMH X
T—16.5mV/mm? EMET—-15.5mV/mm? T
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Fig.8 The effect of the big coil orientation on the induced current in the
homogeneous volume conductor. When the center of the coil is 1 cm
medial to the center of the tank, the induced electric field in the outer
direction is the greatest and the inner direction is the second
greatest. The arrows indicate the direction of the induced current
flow and the electric fields were measured regarding the direction of
the current flow, starting from 2.0 cm up-stream of the center of the
coil (—2.0 on the abscissa), through the center (0), until 2.0 cm down
stream (+2.0), at a stap of 0.5cm. In this figure and in Fig.9, D=
Distal, P=Proximal, M=medial (or ulnar) and L =lateral (or radial)
in terms of the forearm model.
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Fig.9 The effect of the small coil orientation on the induced current in the
homogeneous volume conductor. When the center of the coil is 1.0
cm medial to the center of the tank, the induced electric field in the
outer direction is the greatest among the four directions.
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Fig. 10 The first spatial derivative of the induced electric field as a function

of the probe position at four directions when the center of the big
coil was shifted 1.0 cm medially from the center of the tank. The
abscissae are as in Figs.8 and 9. The null point of the spatial
derivative of the electric field corresponds to the center of the big
coil. The maximal negative values of the spatial derivative are at
1.0 or 1.5cm on the abscissa and the outer direction shows the
greatest value compared with the other directions.
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Fig. 11 The first spatial derivative of the induced electric field as a function

of the probe position at four directions when the center of the small
coil was shifted 1.0 cm medially from the center of the tank. The
abscissae are as in Figs.8 and 9. The null point of the spatial
derivative of the electric field corresponds to the center of the small
coil. The maximal negative values of the spatial derivative are at
1.0 or 1.5cm on the abscissa and the outer direction shows the
greatest value compared with the other directions.
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