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The effects of functional electrical stimulation on intrinsic laryngeal muscle atrophy

after denervation.

Akihiro Katada, M.D., Satoshi Nonaka, M.D., Isamu Kunibe, M.D., Masaaki Adachi,
M.D., Hiroshi Sigyou, M.D., Masanobu Imada, M.D., Tatsuya Hayashi, M.D. and
Yasuaki Harabuchi, M.D.

Department of Otolaryngology Head and Neck Surgery,
Asahikawa Medical College.

In this study, we estimated whether the functional electrical stimulation
(FES) was able to prevent atrophy of intrinsic laryngeal muscle caused by the
denervation of recurrent laryngeal nerve (RLN).

We used 18 adult rats for this study. After resection of left RLN, a pair of
stimulation electrodes were placed in the left paralyzed thyroarytenoid (TA) muscle.
FES, which parameters were 2 mA rectangular pulses of 0.2 ms duration of a
frequency of 2 Hz lasting for 1 hour, was delivered to the paralyzed TA muscle once
a 2 days. After the observation periods, frontal sections 8 um in thickness of larynx
were prepared. We analyzed the differences in area of the TA muscle, area of the
TA muscle fiber and density of the TA muscle fiber after denervation with or without
FES.

In the animals without FES, decrease of area of the TA muscle and muscle

fiber and increase of density of the TA muscle fiber were observed as denervative



muscle atrophy. In the animals with FES, the same changes were observed until the
period of 2 weeks after resection of recurrent laryngeal nerve. However, area of the
TA muscle, area of the TA muscle fiber and density the TA muscle fiber were
recovered and reached to the same levels of intact side after the period of 6-8 weeks
in the animals with FES.

From the results of this study, we confirmed that the FES prevented
atrophy of the paralyzed intrinsic laryngeal muscle. These results suggested the
possibility that FES reduced the impairment of laryngeal function induced by the

recurrent laryngeal nerve palsy.

key word:

% BE /Y &5 & H1 ¥% (functional electrical stimulation) . S [B] ## & JBK J8E (recurrent
laryngeal nerve palsy) . i f##% (denervation) . # Z4fi (muscle atrophy) . 7k (rat)
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Fig. 1

Low magnified microscopic findings for the thyroarytenoid (TA) muscle after
resection of left recurrent laryngeal nerve (RLN). A: Changes in the TA muscle
without functional electrical stimulation (FES). Area of the left thyroarytenoid
muscle gradually decreased. B: Changes in the TA muscle with FES. Area of the
left TA muscle decreased at 2 weeks after RLN resection. However, area of the left
TA muscle recovered at 6 weeks after RLN resection. (H-E stain, solid line

indicates 500 pm)

Fig. 2

High magnified microscopic findings for the TA muscle without FES. A-and B
indicated right (intact) side and left (denervated) side of larynx, respectively.
Compared with intact side, area of the denervated TA muscle fiber gradually
decreased and density of the denervated TA muscle fiber gradually increased. (H-E

stain, solid line indicates 50 pm)

Fig. 3

High magnified microscopic findings for the TA muscle with FES. A and B indicated
right (intact) side and left (denervated) side, respectively. Compared with intact
side, area of the denervated TA muscle fiber gradually decreased and density of the
denervated TA muscle fiber gradually increased at the period of 2weeks after
stimulation. However, area of the TA muscle fiber and density the TA muscle fiber
were recovered and reached to the same levels of intact side at the period of 6 weeks

after stimulation. (H-E stain, solid line indicates 50 um)



Fig. 4

Changes in area of the TA muscle (A), area of the TA muscle fiber (B) and density of
the TA muscle fiber (C). The data were indicated the percentage of the left
(denervated) side for the right (intact) side. Filled circle and open circle indicated

data of the muscle with FES and without FES, respectively.
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