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INTRODUCTION

Essential tremor (ET) is the most common movement disorder and is characterized by 

postural and kinetic tremors [1-3], predominately in the upper limbs, head, face and 

voice [3,4]. Approximately 50% of patients show benefits from medication, but when 

medication is ineffective or has lost effect in reducing the tremor, many patients opt for 

deep brain stimulation (DBS) [3,5]. For ET, the ventral intermediate nucleus (VIM) of 

the thalamus is a common DBS target [5]. 

While tremors in ET occur most commonly in the distal upper limbs, they can occur 

in midline structures (e.g., head, voice, face, and trunk) [6-9]. When tremors occur in 

these midline structures, they manifest mainly as head and/or voice tremors [6-9], re-

sulting in hyperkinetic dysarthria. Unlike the classic distal upper extremity tremor, 

these midline tremors usually persist post-DBS surgery [7-10]. Moreover, deficits in 

speech function can lower quality of life and impact social functioning [1]. There are 
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several studies that have investigated speech function after 

VIM DBS surgery in ET, but the results of these studies are in-

consistent [11,12]. For example, one study reported on a sin-

gle case of bilateral DBS and vocal tremor [13]. Researchers 

used kinesthetic and acoustic measurements to identify im-

provement of tremor post-bilateral VIM DBS, and the result 

showed that the rate of F0 modulation and overall tremor se-

verity were reduced. Erickson-DiRenzo et al. [14] also identi-

fied that the rate of intensity modulation, extent of fundamen-

tal frequency modulation, and perceptual rating of essential 

vocal tremor severity were significantly reduced during intra-

operational VIM DBS condition versus pre-operational VIM 

DBS condition in seven patients with ET. 

On the other hand, Becker et al. [1] conducted a study of 

speech function in 16 ET patients after bilateral VIM DBS. The 

authors evaluated speech under four different conditions: 

DBS off, unilateral left and right DBS on, and bilateral DBS on. 

Their findings indicate worsening of speech function in the 

DBS on conditions as compared to the DBS off condition, 

with worse overall performance in the bilateral on condition. 

The later study of Becker et al. [15] also identified that 13 pa-

tients with ET showed longer syllable durations and a reduc-

tion in articulation rate after VIM DBS surgery compared to 

preoperative condition. Mücke et al. [11] investigated both 

acoustic and articulatory patterns with Electromagnetic Artic-

ulography in 12 patients with ET in VIM DBS on versus DBS 

off condition. All patients had reduced articulatory precision 

and slowness, however, in DBS on condition, there was fur-

ther deterioration of articulatory precision and slowness.

Swallowing dysfunction is also associated with reduced 

quality of life and other negative health outcomes, such as de-

hydration and lung infection. Lapa et al. [16] retrospectively in-

vestigated swallowing function with flexible endoscopic evalu-

ation of swallowing (FEES) in 12 patients with ET after bilateral 

VIM DBS in the on and off conditions. Results showed that all 

patients self-reported swallowing problems during the course 

of DBS treatment. Dysphagia was present in all patients during 

DBS on condition, and there was a statistically significant im-

provement of swallowing function to all patients in DBS off 

condition. In other words, VIM DBS seemed to induce dyspha-

gia as an adverse effect. However, little research has been sys-

tematically investigated yet and it is not clear whether VIM DBS 

affects swallowing function in ET patients. 

The goal of this study was to further specify potential im-

pacts to both speech and swallowing functions in people with 

ET and VIM DBS surgery. To date, speech and swallowing ef-

fects from VIM DBS surgery in patients with ET have been 

mostly investigated with small sample sizes comparing pre-

and post-DBS conditions, making it difficult to generalize the 

implications for speech and swallowing. However, in this 

study, we collected retrospective data from a larger sample in 

order to better characterize the impact of both unilateral and 

bilateral VIM DBS on speech and swallowing function com-

paring groups of patients with and without DBS surgery. We 

divided patients with ET into four groups: 1) no DBS, 2) left 

VIM DBS, 3) right VIM DBS, and 4) bilateral VIM DBS. We 

aimed to determine whether unilateral versus bilateral VIM 

DBS differentially impact speech and swallow outcomes. 

Based on the previous studies [1,11,15,16], we hypothesized 

that both speech and swallowing functions would be worse 

when VIM DBS is present. Further, we hypothesized those 

with bilateral VIM DBS would have significantly worse mea-

sures of speech and swallowing function versus unilateral 

VIM DBS.

METHODS

Participants
Participants included in this analysis provided informed con-

sent and were enrolled in an IRB-approved database (IN-

FORM). This is a retrospective study, and a chart review was 

conducted to identify all ET patients who completed speech 

and swallow evaluations before or after VIM DBS surgery be-

tween 2011 and 2016. Once participants were identified, de-

mographic information, including age, sex, handedness, and 

tremor severity were collected (Table 1A). We also collected 

primary tremor site(s) (upper extremity, voice, and/or trunk) 

and DBS parameters including frequency (Hz) and amplitude 

(V) for the DBS groups (no DBS, left DBS, right DBS, and bilat-

eral DBS; Table 1B). 

Speech and swallow evaluation
Speech and swallowing evaluations were performed during 

the pre-surgical evaluation appointment (typically 1-3 months 

before surgery; no DBS group), or at least 6 months post-DBS 

surgery in DBS ON-state (after activation and optimization of 

stimulation settings) using our clinical protocol [17]. There 

were 6 evaluating speech-language clinicians with between 2 

and 30 years of experience (Median: 8 years). Evaluations 

were performed independently, and any difficult or question-

able evaluations were discussed at a monthly consensus 

meeting. The motor speech diagnosis (dysarthria type) was 
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obtained from the speech evaluation note in the electronic 

medical record. As well, the severity ratings of individual 

speech subsystem components were recorded, including re-

spiratory, laryngeal, velopharyngeal, orofacial, rate, and pros-

ody (Table 2A). Severity was rated on a 0-7 ordinal scale, with 

0 indicating normal function, and 7 profound dysfunction 

(anarthric) (Table 2B). 

Swallowing evaluation was performed by the same clini-

cians that conducted the speech evaluations. The fluoro-

scopic swallow evaluations were completed using Varibar® 

Barium Contrast agents, with the patient seated in the lateral 

viewing plane. Patients were presented with 2 teaspoons of 

thin liquid barium (thin liquid barium sulfate for suspension 

(40% w/v after reconstitution)), 1 cup sip of thin liquid bar-

ium, 1 sequential (3 oz) of thin liquid barium, 1 teaspoon of 

pudding barium (pudding barium sulfate esophageal paste 

(40% w/v, 30% w/v)), 2 teddy-graham cookies coated with 

barium, and 1 cup sip of thin liquid barium. The worst Pene-

tration-Aspiration (PA) score across all consistencies was re-

corded [18].

Data analysis
Data were analyzed using SPSS statistics 24 (SPSS Corp, Chi-

cago, Ill, USA). The non-parametric Kruskal-Wallis Test was 

Table 1. 
A) Patient characteristics

Number of patients 133

Age (Mean) 69.58 (SD: ±7.89)

Sex Male 77

Female 56

Handedness Left 13

Right 85

No information 35

VIM DBS disposition None 57

Left 49

Right 11

Bilateral 16

Tremor severity (Mean) None 36.27 (SD: ±9.94)

Left 20.52 (SD: ±9.47)

Right 27.20 (SD: ±11.30)

Bilateral 17.21 (SD: ±11.07)

*Tremor severity scores: Total scores of Face tremor, Tongue/Head/Trunk 
tremor (at rest and with posture holding), Voice tremor, Right/Left Upper/
Lower extremity tremor (at rest, with postural holding, and with action/
intention), Handwriting, Drawing A-C (with Right/Left hand), Pouring (with 
Right/Left hand) (Total 29 items rated 0-4 and a maximum score of 116).

B) Tremor site and DBS parameters

DBS disposition
Tremor (Mean) DBS parameters (Mean)

Upper extremity Voice Trunk Frequency (Hz) Amplitude (V)

None 9.00 (SD: ±2.65) 0.89 (SD: ±0.91) 0.16 (SD: ±0.55)

Left 5.49 (SD: ±2.95) 0.62 (SD: ±0.75) 0.00 (SD: ±0.00) 151.36 (SD: ±23.18) 2.53 (SD: ±0.63)

Right 6.50 (SD: ±1.38) 0.83 (SD: ±0.98) 0.00 (SD: ±0.00) 148.18 (SD: ±24.42) 2.38 (SD: ±0.86)

Bilateral 4.00 (SD: ±2.80) 0.93 (SD: ±1.21) 0.00 (SD: ±0.00) L: 156.56 (SD: ±25.08)
R: 155.00 (SD: ±22.36)

L: 2.19 (SD: ±0.62)
R: 2.68 (SD: ±0.91)

*Upper extremity tremor score (a maximum score of 24): total scores of Right/Left Upper extremity tremor at rest, with postural holding and with action/
intention; Voice tremor score (a maximum score of 4); Trunk tremor score (a maximum score of 8): total scores of trunk tremor at rest and with posture holding; 
*L: Left; R: Right.
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used to investigate differences between DBS groups (none, 

left, right, bilateral) in motor speech ratings, and PA score. A 

corrected p-value for multiple comparisons of < 0.0083 was 

considered statistically significant. Post-hoc analyses were 

completed using the Mann–Whitney U test. Finally, Descrip-

tive statistics were used to characterize the type(s) of dysar-

thria present in the DBS groups.

RESULTS

There were significant differences in several speech compo-

nents, but not swallowing PA score, between the ET DBS 

groups. Specifically, the orofacial mechanism (p=0.000), rate 

(p=0.001), and prosody (p=0.003) domains were significantly 

different between groups (Table 3). Post hoc tests showed sig-

nificant differences between the no DBS and bilateral DBS 

groups in orofacial mechanism (p=0.000) and in prosody 

Table 2.
A) Speech tasks

Domain Perceptual manifestation Tasks

Respiratory Loudness control, pitch control, “power” for speech Sniff, pant, maximum phonation duration, maximum loudness (Hey you!!)

Laryngeal Voice quality, pitch control, loudness control Maximum phonation duration, maximum loudness (Hey you!!), pitch glides

Velopharyngeal Resonance (hypo/hypernasality); nasal emissions, nasal 
assimilation

“Buy Bobby a poppy” (occluded/unoccluded);
“Make me a hong kong cookie”

Orofacial Articulatory precision Diadochokinesis, multisyllabic word repetition, sentence repetition, 
connected speech

Rate Speed (fast/slow/variable)

Prosody Melodic aspects of speech

B) Speech severity ratings

Rating Severity Description

0 Normal No dysarthria

1 Very Mild One expert listener perceives dysarthria

2 Mild Two expert listeners perceive dysarthria

3 Mild-Moderate Expert listeners and patient’s friends/family perceive dysarthria

4 Moderate Most listeners perceive dysarthria

5 Moderate-Severe All listeners perceive dysarthria and intelligibility is greatly reduced

6 Severe All listeners perceive dysarthria, and the patient needs augmentative methods to verbally communicate

7 Anarthric Impossible to verbal communication

Table 3. Significant differences in speech and swallowing components: There were significant differences in several speech components, but not swallow-
ing, between the ET DBS groups. Specifically, the orofacial mechanism (p=0.000), rate (p=0.001), and prosody (p=0.003) were significantly different between 
groups

DBS disposition
Speech Mean Rank Swallowing 

Mean Rank

Respiratory Laryngeal Velopharyngeal Orofacial Rate Prosody PA score

None 59.81 60.82 56.09 50.97 55.06 54.81 57.62

Left 66.79 67.26 63.21 64.68 61.20 60.97 54.65

Right 65.14 60.95 68.14 82.18 68.55 80.14 77.85

Bilateral 65.59 63.72 86.13 89.63 95.00 88.53 70.93

χ2 (df) 1.067(3) 0.889(3) 9.756(3) 18.803(3) 16.278(3) 14.223(3) 5.901(3)

p-value 0.785 0.828 0.021 0.000 0.001 0.003 0.117



75

Kim JY, et al.  DBS on speech/swallowing in ET

(p=0.001). There was significant difference between left and bi-

lateral DBS groups in prosody (p=0.006). Both the no DBS and 

bilateral DBS groups (p=0.000) and the left and bilateral DBS 

groups (p=0.000) showed significant differences in rate (Figure 

1, Table 4). Investigation of the mean values shows that gener-

ally the bilateral group had higher (more severe) scores com-

pared to the left, right, and no DBS groups (Figure 1). 

Dysarthria types according to DBS disposition
ET patients without VIM DBS, and those with only a unilateral 

DBS lead predominantly presented with either no dysarthria, 

or hyperkinetic dysarthria (vocal tremor). However, patients 

with bilateral VIM DBS had higher rates of dysarthria that in-

cluded an ataxic component as shown in Table 5. The differ-

ence in dysarthria types was not significantly different be-

tween groups (p= 0.448).

Swallowing functions before and after DBS surgery
Bilateral VIM DBS showed a trend towards worsening swal-

low function as compared to no DBS and left sided unilateral 

DBS groups. However, the difference in PA score (p= 0.117) 

was not significantly different between groups (Table 3).

DISCUSSION

The goal of the present study was to investigate the impact of 

VIM DBS on speech and swallowing functions in patients 

with ET based on retrospective data from four groups of pa-

tients with ET. Results showed that speech, but not swallow-

ing, was significantly different between DBS groups. Specifi-

cally results show that bilateral VIM DBS is associated with 

more severe speech outcomes than unilateral DBS. The spe-

cific features of the speech evaluation that were significant 

different between DBS groups were articulatory precision 

Figure 1. Orofacial Mechanism, Rate, and Prosody by DBS disposition: (A) 
Oral mechanism has a significant difference between the none and bilateral 
groups (p=0.000); (B) Rate has significant differences between the none and 
bilateral groups (p=0.000), and between the left and bilateral groups (p=  
0.000); (C) Prosody has a significant difference between the none and bilat-
eral groups (p=0.001), and between the left and bilateral groups (p=0.006) 
(The error bars: 99% confidence intervals).
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(orofacial), speech rate, and prosody (Figure 1). Patients with 

bilateral DBS tended to have reduced articulatory precision 

accompanied by a slow, variable rate, dysprosody, and equal 

stress pattern. 

While there are inconsistent research findings on speech 

function after VIM DBS in patients with ET, the current find-

ings are consistent with those of Becker and colleagues [1,15] 

and Mücke et al. [11,15], who previously reported slow rate 

and/or low intelligibility in ET patients with VIM DBS. To-

gether, these speech characteristics are most consistent with 

those seen in ataxic dysarthria [19]. 

The presence of ataxia is a documented side-effect of VIM 

DBS [11,16,20,21], and it is postulated that this relates to the 

spread of stimulation to other thalamic nuclei (including the 

ventrolateral nucleus important for relaying ascending infor-

mation from the cerebellum to cortex), and consequently im-

pacts the thalamo-cortical and cortico-ponto-cerebellar path-

ways [22-24]. The ventrolateral (VL) nucleus acts as a relay 

station between cerebellar fibers, the primary motor cortex 

and premotor cortex. Because of the proximity to the VIM nu-

cleus, there may be spread of stimulation to the VL, disrupting 

communication between the cerebellar control circuit and 

the motor cortex (Figure 2). Since these are bilateral pathways, 

unilateral VIM DBS results in relatively preserved speech 

function because of the “intact” contralateral pathway, how-

ever, with bilateral VIM DBS this is not possible. 

Interestingly, the results of the current study showed slight 

differences between left and right sided unilateral VIM DBS, 

with right VIM DBS associated with slightly worse speech 

function compared to left. While expressive and receptive lan-

guage functions are predominately mediated by the left cere-

bral hemisphere, speech prosody is considered to be a largely 

right hemisphere function. Thus, it is possible that these re-

sults as they relate to dysprosody may reflect the importance 

of the right hemisphere to the prosodic contour of speech. 

This hypothesis should be explored with future prospective 

experimental studies.    

The mechanisms of DBS are not completely understood, 

Table 5. Dysarthria types by DBS disposition: ET patients without VIM DBS, and those with only a unilateral DBS lead predominantly presented with either no 
dysarthria, or hyperkinetic dysarthria. However, patients with bilateral VIM DBS had higher rates of dysarthria that included an ataxic component (ataxic com-
ponent rate in each group: Without DBS group=3.50%; Left DBS group=17.02%; Right DBS group=54.55%; Bilateral DBS group=62.50%)

Dysarthria type

None Hyper Hypo Ataxic Spastic Hyper+Ataxic Hypo+Lyper Ataxic+Spastic

DBS None 24 28 3 1 0 1 0 0

Left 16 18 2 6 1 2 2 0

Right 4 0 1 3 0 3 0 0

Bilateral 2 3 0 4 1 5 0 1

Table 4. DBS group comparison in significant speech functions: There are significant differences between None-Bilateral group (p=0.000) in orofacial mecha-
nism, None-Bilateral group (p=0.000) and Left-Bilateral group (p=0.000) in rate, and None-Bilateral group (p=0.001) and Left-Bilateral group (p=0.006) in prosody

Group comparison Orofacial Rate Prosody

None - Left U=933.000 U=1074.000 U=1091.000

p=0.040 p=0.302 p=0.356

None - Right U=156.500 U=243.500 U=177.000

p=0.011 p=0.329 p=0.027

None - Bilateral U=178.000 U=170.500 U=206.500

p=0.000 p=0.000 p=0.001

Left - Right U=170.500 U=209.000 U=170.500

p=0.095 p=0.402 p=0.100

Left - Bilateral U=208.000 U=154.000 U=199.000

p=0.009 p=0.000 p=0.006

Right - Bilateral U=76.000 U=51.500 U=74.000

p=0.530 p=0.058 p=0.476
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however, it is thought that stimulating the VIM modulates the 

irregular basal ganglia pattern into a more regular, stimulus-

induced pattern that consequently reduces the tremor. Re-

garding speech, there does not appear to be as robust effect 

for ameliorating hyperkinetic speech characteristics [23,25]. 

There were not differences in the presence of vocal tremor be-

tween the study groups, indicating that the presence of unilat-

eral or bilateral VIM DBS electrodes did not eliminate hyper-

kinetic components to dysarthria in this patient cohort.  

Regarding swallowing, there were not significantly different 

differences in swallow safety (PA score) between groups. While 

swallowing difficulties are not common in ET, they can be 

present and are attributed to tremor in the trunk or head [26]. 

Thus, if these tremors are reduced or eliminated, it is reason-

able to hypothesize that swallowing function may actually im-

prove. However, VIM DBS does a relatively poorer job of ame-

liorating axial tremor as compared to appendicular tremor, so 

this may explain lack of impact (improvement) of DBS on 

swallowing function. Lapa et al. [16] identified the adverse ef-

fect of VIM DBS surgery on swallowing function using FEES. It 

is also possible that our metrics did not adequately capture 

swallowing function. Swallowing functions have been mostly 

investigated with small sample sizes comparing pre-and post-

DBS conditions, making it difficult to better characterize the 

impact of both unilateral and bilateral VIM DBS on swallowing 

function. Thus, we only included PA score to generalize the 

implications for swallowing with a larger sample in this study. 

Our statistical analysis failed to identify differences in swallow-

ing function, however the metric of swallowing safety, the PA 

score, may not have captured differences in swallowing effi-

ciency or physiology. Future studies should include standard-

ized metrics of swallow function, such as MBSImpTM, timing 

and kinematic measures in order to fully elucidate the impact 

of VIM DBS on swallowing function.   

We identified speech and swallowing changes in the ET pa-

tient population after VIM DBS. However, because of the retro-

spective nature of the study, we were not able to look pre/post-

operatively at the cohort and it was not possible to go back and 

re-assess the data to evaluate interrater variability. This study 

is limited by use of clinical evaluation results instead of care-

fully controlled, and validated measures of speech and swal-

lowing. Also, this study only characterized DBS surgery im-

pacts on speech and swallowing function with four grouping, 

and did not compare findings before and after surgery. 

CONCLUSIONS

The results of the current study indicate the presence of a det-

rimental effect for bilateral VIM DBS on speech function, spe-

cifically to the domains of articulatory precision (orofacial), 

rate, and prosody. While our statistical analysis failed to iden-

tify differences in swallowing function, this should be inter-

preted with caution, as the clinical swallow analysis may not 

have captured changes to specific functional or physiologic 

components of swallowing. While additional research is 

needed, speech-language clinicians should be aware of po-

tential changes, and participate in the pre-operative counsel-

ing of ET patients regarding these potential impacts on speech 

and swallowing. 
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