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Background and Objectives: Vestibulospinal reflex (VSR), which is measured
in static state, tends to be compensated prior to vestibul-ospinal reflex. Therefore,
by establishing method that enables to track and observe quantified VSR, the
reliability of experiment is attempted to be increased. Materials and Methods:
On five SD Rats to measure electromyogram (EMG), electrodes, in the form
of stranded cables composed of seven wires, are chronically implanted on both
sides of the soleus muscles. Pre and post operative condition of sitting still,
standing, and ladder step walking was compared before, and six and twenty
four hours after a unilateral labyrinthectomy with quantified muscle activity in
maximal voluntary activity. Simultaneously by using multi modality electric
potential plus package, the muscle activity between the two legs was tracked
and compared. Results: In the sitting still position, the left/right soleus muscle
activities were 25.7/26.0 uV before a unilateral labyrinthectomy which was
changed after the surgery with the value of 23.1/8.1 uV and 23.4/14.3 pVv
when six and twenty four hours passed respectively. In the standing position,
92.8/124.0 uV of preoperative value was changed to 89.6/37.3 uV six hours
after the unilateral labyrinthectomy, and it was 97.0/54.7 uV 24 hours after.
The preoperative value in ladder step walking test was 56.2/86.0 pV, and
postoperative ones were 54.9/21.2 uV and 55.7/38.0 uV after six and twenty four
hours respectively. Conclusion: VSR assessment method by using quantitative
EMG well reflects the process of vestibular compensation, and to maintain the
tension of extensor muscles, ladder step walking test is shown to be useful.
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Figure 1. The process of making and implanting electrodes for meas-
uring electromyogram. Tow mm teflon is removed from the both ends
of the 5 cm- electrode-wire. A guide needle is inserted into the
soleus muscle, and place the prepared electrode followed by su-
turing it on the muscle fascia for fixation.
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Figure 2. The fixation of a pin connector. Total five wires including left and right active-reference and ground electrodes are connected to
a sterilized six-pin-connector. Pin-connector-fixing-button is placed on the head, and the connector is glued onto it. Five stands of wire are
passed into the hypodermis, and are exposed at the gluteal region to connect it to the electrode connected from the leg.

16



UZ 0|2EAE WO MMV HAWE Bt

dolx 2 62l gxiZolM HHH 2H=E 08

ok

Stapes with Opening
Pterygopalatine a. Ant-superior portion
of OW

Figure 3. A unilateral labyrinthectomy, and post-operative head tilting and eyeball deviation. The tympanic membrane and the ossicles are
removed after retroauricular incision was made; then, antero-superior bone is perforated with a 22 G needle followed by suctioning the leaked
lymph repeatedly. The effect of labyrinthectomy is confirmed by head tilting toward the operated side, the downward eyeball deviation on
the same side, and upward eyeball deviation on the other side. TM, tympanic membrane; OW, oval window; UL, unilateral labyrinthectomy.

Figure 4. The position of sitting still and standing. Sitting still position represents the resting position without any effort of moving, and
standing is a position in which only the two legs balance the whole body with the upper body leaned toward the front in 12.5 degrees.
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g 1,000 mm ‘

Figure 5. Ladder step walking test. The entire length of the ladder
made of aluminum is 1,000 mm, and the steps are made with bolts
fixed at 60x20 mm interval. This ladder step is angled with approxi-
mately 7 degrees to create a slope. Quantitative electromyography
is measured while mice are climbing up the ladder step.
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Figure 6. Experimental diagram. Electrodes are bilaterally implanted
on the soleus muscles in five SD Rats. Pre and post operative
MVA from the condition of sitting still, standing, and ladder step
walking test was measured, and analysis is performed mainly with
dual RMS. SD, sprague dawley rat; RMS, roots mean square; UL,
unilateral labyrinthectomy; MVA, maximal voluntary activity.
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Figure 7. The electromyography result of sitting still, and standing
position. In the left and right soleus muscle at 200 V sensitivity,
the result is obtained by comparing the maximal voluntary activity
(MVA) changes between sitting still and standing position. The
MVA is amplified by two to three times in the standing position
compared to sitting still position.
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Figure 8. The maximal voluntary activity (MVA) opinion of ladder
step walking test. This is resulted from climbing up the 7-degree-
slope at 3 m/min for 9 steps, and it represents MVA value of soleus
muscle on one side at 500 pV sensitivity. Roots mean square value
is measured to be 54 pVv.
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Figure 10. The change of EMG before and after the surgery in the ladder step walking test. 24 hours after the surgery, during ladder
step walking, the muscle activity is significantly recovered but the asymmetry is still observed. UL, unilateral labyrinthectomy EMG,
electromyography.
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Figure 11. The change in preoperative, and 6/24 hr postoperative roots mean square values (RMS) of EMG in sitting still, standing, ladder
step walking condition. The preoperative, and 6/24 hr postoperative values are significantly decreased in all positions compared to the pre-
operative values, and these tent to recover 24 hr after the surgery (Mann-Whitney U test: p<0.05). Solid line means RMS value on the left
leg, and broken line means that on the right leg. EMG, electromyography.
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