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Effects of Subthalamic Nucleus Deep Brain Stimulation on the
Phonation and Articulation of the Patients with Parkinson’s Disease
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Background: The purpose of this study was to investigate the effects of the subthalamic nucleus (STN) deep brain
stimulation (DBS) on the phonation and articulation of patients with Parkinson's disease (PD). Methods: Seven PD
patients who underwent bilateral STN DBS were included. The patients were asked to make and sustain the vowel sounds
/a/ and /i/ as long as possible and to repeat nonsense syllables, /pa/, /ta/, /ka/ and /pataka/ as quickly as possible for 3
seconds. When the patients were administered levodopa 'on' and 'off treatments, we evaluated the effect of DBS on the
maximum phonation time (MPT), jitter (pitch perturbation), shimmer (intensity perturbation), tremor index and
diadochokinetic rate (DDK). In each condition, using a Unified Parkinson's Disease Rating Scale score, we also measured
the motor disability of the patients. Results: During levodopa ‘off’, both the DBS and levodopa treatment caused
significant prolongation of the MPT of the vowels /a/ and /i/. Acoustic analysis showed that DBS had an effect on
shimmer only when the patients were levodopa ‘off’. At the articulatory level, no significant changes were found in the
diadochokinetic rate under any conditions. However, there was a correlation between the amount of improvement of voice
tremor and sum of UPDRS scores measuring ‘tremor at rest’ and ‘postural tremor’. Conclusions: In patients with advanced
PD, STN DBS improves phonation, but had limited effects on articulation.
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Table 1. Clinical characteristics of seven patients who underwent bilateral subthalamic nucleus deep brain stimulation due to advanced

Parkinson's disease

Patients Age (year) Sex Age of onset (year) Disease duration (year) Duration after surgery (month)
1 60 woman 41 19 29
2 47 man 40 7 2
3 73 man 62 11 23
4 59 man 53 6 9
5 39 man 36 3 8
6 40 woman 30 10 12
7 53 woman 38 15 12
Mean+SD 54.3+11.8 42.9+10.9 5.5+10.1 13.6£9.3
Range 39-73 30-62 3-19 2-23
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Table 2. Effects of bilateral subthalamic nucleus stimulation on UPDRS-III score, maximum phonation time, jitter and shimmer during

drug “on” and “off”

Levodopa UPDRS-III maximum phonation time iitter shimmer
vowel DBS
effect  DBS  mean (SD)  p-value mean (SD)  p-value  mean (SD) p-value mean (SD) p-value
ON 938 (+425) 1.86 (£1.97) 4.94 (+3.86)
ON 2942 (£15.03 fa/ <0.05 . <0.05
(£15.03) YOOFF 699 (+3.97) 2020 #173) 7 431 #3.42)
OFF <0.01
ON 9.79 (+4.10 1.27 (£0.61 2.56 (£1.83
OFF 52.42 (£17.09) I/ ( ) <0.05 ( ) n.s ( ) n.s
OFF 7.2 (4.26) 1.69 (0.92) 328 (£1.87)
ON 10.24 (£4.21) 1.54 (£1.48) 2.69 (£1.43)
ON  20.00 (+11.40 fal <0.05 . .
(11.40) YOOFF 848 (+4.74) 220 #192) 375 @179)
ON <0.05
_ ON  11.02 (£5.49) 151 (£0.81) 177 (£0.59)
OFF  33.57 (x13.25 /il . . .
(£13.25) U OFF 942 (2486) 186 £1.06) 0 262 (x143)

DBS; Deep brain stimulation, n.s; not significant, UPDRS-III; Unified Parkinson's Disease Rating Scale-part III
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Table 3. Correlations between the means of tremor scores and voice tremor intensity index (ATRI, FTRI) measured in seven patients

with advanced Parkinson's disease

UPDRS score

Drug DBS ATRI ¥ FTRI r*
tremor at rest + action or postural tremor
off off 8.57 (£8.58) 6.29 0.847" 0.80 0.354
o/ on off 2.00 (x1.73) 3.69 0.847;k 0.65 -0.22
off on 5.43 (£6.05) 6.18 0.767 0.75 0.721
on on 0.71 (x0.95) 2.61 0.683 0.44 0.771"
off off 8.57 (£8.58) 4.11 0.855" 0.65 0.517
iy on off 2.00 (x1.73) 2.47 _0'179+ 0.53 0.293*
off on 5.43 (£6.05) 5.77 0.868 0.56 0.757
on on 0.71 (£0.95) 2.13 0.334 0.29 0.134

=correlation coefficiency, Tp<0.05, DBS; deep brain stimulation, ATRI; Amplitude Tremor Intensity Index, FTRI; FO-Tremor Intensity

Index, UPDRS; Unified Parkinson's disease rating scale
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