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Abstract

The present study examined pausing patterns in spontaneous speech as a measure of the effect of 

deep brain stimulation (DBS) of the subthalamic nucleus (STN) on parkinsonian speech. Pauses 

reflect various aspects of speech and language processes, including motor initiation and linguistic 

planning. Relatively little attention has been given to pauses in determining the effect of STN-

DBS. An examination of pausing may be helpful to understanding how this form of therapy 

affects these behaviors. Seven individuals with Parkinson’s disease who received surgery for 

bilateral STN-DBS participated. Spontaneous speech samples were elicited in both the ON and 

OFF STN-DBS condition. Findings indicated that long pauses (250–3000 ms) in spontaneous 

speech were significantly shorter and more frequent in the STN-DBS ON condition. Furthermore, 

the proportion of nonlinguistic boundary pauses was significantly greater with stimulation. The 

findings support previous studies suggesting that speech motor control and lexical retrieval may be 

affected by STN-DBS.
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Introduction

Despite numerous studies demonstrating the beneficial effects of high frequency electrical 

deep brain stimulation (DBS) of the subthalamic nucleus (STN) on limb movements 

Address correspondence to Ji Sook Ahn, Department of Communicative Sciences and Disorders, New York University, 665 
Broadway, 9th Floor, New York, NY 10012. jsa291@nyu.ed. 

HHS Public Access
Author manuscript
J Med Speech Lang Pathol. Author manuscript; available in PMC 2016 February 02.

Published in final edited form as:
J Med Speech Lang Pathol. 2014 ; 21(3): 179–186.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(Krystkowiak et al., 2003; Kumar et al., 1998; Limousin et al., 1995), the impact of STN-

DBS on speech production is still controversial (Gentil et al., 2000; Gentil et al., 2003; 

Gentil, Chauvin, Pinto, Pollak, & Benabid, 2001; Gentil, Garcia-Ruiz, Pollak, & Benabid, 

1999; Krack et al. 2003; Romito et al., 2002; Romito et al., 2003) and even less is known 

about its effect on language. Several studies reported that STN-DBS improved dynamic and 

static movements of articulatory organs as well as phonatory and laryngeal function (Gentil 

et al., 1999; Gentil et al., 2000; Gentil et al, 2001; Gentil et al., 2003; Pinto, Gentil, Fraix, 

Benabid, & Pollak, 2003; Sidtis et al., 2010). However, other studies provided evidence that 

STN-DBS has an adverse effect on speech function, reporting dysarthria as one of the most 

common side effect of STN-DBS (Krack et al. 2003; Romito et al. 2002; Romito et al. 

2003). As for its effect on language, only a few studies have conducted comprehensive and 

detailed research regarding this topic, which have yielded conflicting results (Whelan et al., 

2003; Zanini et al., 2003).

Most studies examining the effect of STN-DBS in PD have focused on prosodic components 

including pitch, rate, and syllable duration, as parkinsonian speech is often disordered at the 

suprasegmental level. Pausing is one of the suprasegmental components that characterize 

parkinsonian speech. Some studies have found that individuals with PD produced more 

pauses than normal controls (Hammen, Yorkston, & Becukelman, 1989; Torp & Hammen, 

2000), other studies have revealed that fewer pauses were produced in individuals with PD 

than normal controls (Skodda & Schlegel, 2005), and still others found large individual 

differences (Metter & Hanson, 1986). The inconsistent results may be attributed to small 

sample sizes, a range of disease severity, the different speech tasks used, and/or variations in 

the definition of pause.

Pauses are defined as “periods of silence” (O’Connell & Kowal, 1983, p. 221). Some studies 

have used the term “empty pause” or “silent pause” to be distinguished from the term filled 

pauses. Filled pauses refer to vocal hesitations such as “uh” or “um,” which are different 

from the pauses that are the focus of this study.1

Pauses are known to reflect various levels of speech-language processes. A certain group of 

pauses has been associated with motor speech processes. For example, speaker with motor 

speech planning difficulties may produce abnormal pauses within sounds, syllables, or 

words (Duffy, 2005; Ogar, Slama, Dronkers, Amici, & Gorno-Tempini, 2005). Other pauses 

are likely to serve a linguistic function. For instance, speakers may pause to search for a 

lexical item, or to plan for a linguistic unit, such as a phrase or sentence (Ferreira, 1991; 

Goldman-Eisler, 1961, 1972; Krauss, 1998; Niemi & Koivuselka-Sallinen, 1987; Zeches & 

Yorkston, 1995).

As individuals with PD show motor speech (Coates & Bakheit, 1997; Duffy, 2005; Hartelius 

& Svensson, 1994) and/or linguistic disturbances (Auriacombe et al., 1993; Grossman, 

1999; Signorini & Volpato, 2006), pauses may provide a useful tool to understand their 

deficits. For example, abnormal pausing patterns in PD may reflect difficulty in starting and 

1In the present study, the term “pause” will refer mainly “silent pause.” The term “filled pause” will be used when there is a need to 
differentiate between “silent pauses” and “filled pauses.”
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stopping speech movements, one of the motor functions of the basal ganglia (BG). The BG 

are crucial for movement control, especially in the initiation, monitoring, and termination of 

voluntary movement gestures (Graybiel, 1990; Jin & Costa, 2010; Banichi & Compton, 

2011). Pause data in this population may be helpful in clarifying the role of the BG in the 

control of speech movements. Furthermore, pauses may signal subtle motor speech or 

linguistic changes due to STN-DBS, which might have been ignored in previous studies 

focused on examining segments and other suprasegmental features.

With these considerations in mind, we are currently conducting a study that aims to examine 

the effect of STN-DBS on pausing in Parkinsonian speech, examining a range of speech 

tasks. This paper reports results from this study, focusing on pausing patterns in spontaneous 

speech.

Methods

Participants

The participants were seven right-handed male subjects with idiopathic PD who had 

electrodes implanted in the STN bilaterally. The indications for STN-DBS therapy were 

advanced, medically refractory PD with marked clinical swings between medication doses 

(i.e., ON/OFF effects) as well as levodopa-induced dyskinesias. Speech evaluations in either 

the ON and OFF STN-DBS condition were performed at least 12 hrs following the last dose 

of levodopa, which was taken the evening before the study. ON and OFF studies were 

performed on different days separated by at least one week. The stimulation frequency was 

185 Hz and the pulse width was 60 µs in all cases. None of the subjects had confounding 

neurologic, psychiatric, or medical disorders. The participants, all of whom had been 

clinically evaluated by a speech-language pathologist, showed mild hypokinetic dysarthria. 

In another study using speech samples obtained from these subjects, the mean intelligibility 

accuracy obtained from listeners’ ratings was over 90% (Sidtis et al., under review). All 

subjects provided informed consent to participate in the protocol approved by the 

institutional review board at the Nathan Kline Institute (Table 1).

Procedure

Data Collection

Spontaneous speech samples were collected from the participants using a discourse task. 

The discourse task included a monologue of the speaker talking about his/her job, hobby, 

and/or family for 60 seconds. The task was performed both in the STN-DBS ON and in the 

OFF conditions. Speech samples were recorded using a Marantz digital recorder (PMD660) 

with an Audio-technica cardioid microphone (AT3035). Four of the STN-DBS subjects 

were tested in the STN-DBS OFF condition first. The two conditions are typically evaluated 

one week apart. The OFF condition was tested at least 2 hours after turning off the 

stimulators. For both the STN-DBS ON and OFF evaluations, subjects were tested at least 

12 hours after their last dose of levodopa.
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Data Analysis

Identification of Pauses

Acoustic analysis was performed using PRAAT version 5.0.46 (Boersma & Weenink, 

2009). Pauses were identified by a period of silence during speech production in the acoustic 

waveform. Figure 1 presents an example of a pause identified on an acoustic waveform 

using PRAAT. To be considered as a pause in the spontaneous speech samples, the silence 

has to be greater than 100 ms, and the maximum duration of silence to be considered as a 

pause was 3000 ms.

Identified pauses were categorized as short (100–250 msec) and long pauses (250–-3000 

msec). This was based on the observation that pauses tend to be functionally different with 

respect to their length: Short pauses are more likely to serve motor function and long pauses 

are more likely to serve linguistic functions (Green et al., 2004). The most commonly 

accepted criterion to distinguish motoric from cognitive-linguistic pauses is 250 ms 

(Boomer, 1965; Goldman-Eisler, 1968; Guo et al., 2008; Hieke et al., 1983; Oliveira, 2000; 

Thurber & Tager-Flusberg, 1993). This criterion was also supported by our pause duration 

data indicating bimodal distribution in speech samples, with bifurcation occurring around 

250 msec (Figure 2). The selection of 3000 msec as a maximum cutoff point was meant to 

exclude phenomena other than pauses (e.g., blocks). In the present paper, the findings from 

long pauses are reported.

Pauses were analyzed in terms of duration and frequency. Additionally, long pauses were 

measured with respect to their location within speech samples. As long pauses were 

considered to reflect linguistic processes, it was assumed that location of these pauses would 

occur at the boundaries of linguistic units. Therefore, long pauses were categorized as 

boundary and nonboundary pauses, reflecting pauses placed at the linguistic boundary or not 

located at linguistic boundary, respectively (Table 2).

In the discourse samples, long pauses located at syntactic boundaries were called boundary 

pauses. Boundary pauses included ones located before main clauses, subordinate clauses, 

prepositional phrases, infinitive/participial phrases, and sentence fragments (Crystal, 2003; 

Zeches & Yorkston, 1995). Pauses placed within these clauses and phrases were considered 

as nonboundary pauses. Nonboundary pauses were subcategorized into lexical, repetition, 

revision, block/prolongation, and within unit.

In addition, silent pauses placed before filled pauses (uh, um) were categorized as boundary 

or nonboundary pauses depending on the location of the filled pause. Similar to silent 

pauses, which were the focus of the present study, filled pauses have been observed to mark 

the boundaries of linguistic units and also been shown to co-occur with silent pauses (Swerts 

et al., 1996). Thus, in the present study, silent pauses placed before filled pauses, which 

were located before above-mentioned syntactic boundaries, were considered as boundary 

pauses. Likewise, silent pauses occurring before filled pauses appearing before above-

mentioned nonboundaries were considered as nonboundary pauses. Details of the 

subcategorization of boundary and nonboundary pauses were presented in Table 2.
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The number of boundary and nonboundary pauses for each speech sample was counted. The 

percentages of nonboundary pauses out of total number of pauses, possible number of 

nonboundaries, and total words were calculated.

Statistical Analysis

Pairwise t-tests were conducted to examine the difference between STN-DBS conditions 

(ON and OFF). In the present study, an alpha level of 0.05 was adopted to determine 

statistical significance.

Results

A pairwise t-test revealed that there was a significant difference in mean duration of long 

pauses between the STN-DBS OFF and ON conditions [t(206) = 7.719; p < 0.001]. The 

mean duration of long pauses was significantly shorter in the STN-DBS ON (M = 742.2, SD 

= 427.5) than in the STN-DBS OFF condition (M = 919.9, SD = 514). There was also a 

significant difference in the number of long pauses between STN-DBS conditions [t(6) = 

−3.2333; p = 0.018]. A greater number of pauses was found in the STN-DBS ON (M = 37.1, 

SD = 18.3) than in the STN-DBS OFF condition (M = 29.7, SD = 13.9).

The location of long pauses was also found to be affected by stimulation. Percentages of 

nonboundary pauses compared to the total number pauses [t(6) = −3.001; p = 0.024], to total 

number of possible nonboundary locations [t(6) = −3.655; p = 0.011], and to total words 

[t(6) = −3.739; p = 0.010] were all greater in STN-DBS ON than in STN-DBS OFF 

condition (Figure 3)

Discussion

This paper reports results of a study examining the effect of STN-DBS on pausing in 

parkinsonian speech in spontaneous speech. Long pauses, defined as silent intervals longer 

than 250 ms, were analyzed in spontaneous speech samples obtained from individuals with 

PD in STN-DBS ON and OFF conditions. The findings revealed that long pauses were 

significantly shorter in STN-DBS ON, but occurred more frequently in STN-DBS ON 

compared to the OFF condition. Long pauses were also significantly more often placed in 

nonlinguistic boundary locations.

These results are all consistent with a model of the BG’s role in motor program initiation, 

monitoring and termination (Banichi & Compton, 2011; Graybiel, 1990; Jin & Costa, 2010). 

The findings that long pauses are shorter, more frequent, and more randomly placed with 

respect to linguistic structure in the STN-DBS ON condition suggest that the stimulation in 

the STN alters the execution pattern of the motor program. It is unclear whether this change 

is detrimental or beneficial to speech fluency. If we assume that the observed pattern of 

pauses is a result of stimulation adversely affecting initiation of speech movements, our 

results appear to be in accordance with the previous study which reported a case of an 

individual with PD who developed speech initiation difficulties after STN-DBS implantation 

(Moretti et al., 2003).
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In a different vein, the increased number of nonlinguistic boundary pauses in STN-DBS ON 

condition also may suggest disruption of lexical retrieval. Long pauses located within 

linguistic units (i.e., in nonlinguistic boundaries) are thought to reflect lexical retrieval 

processes (Krauss, 1998; Zeches & Yorkston, 1995). Our findings may suggest that 

stimulation in the STN-DBS subjects may be adversely affecting the lexical retrieval 

process, which would be consistent with the findings showing reduced verbal fluency in the 

STN-DBS ON condition (Alegret et al., 2001; De Gaspari et al. 2006; Dujardin, Defebvre, 

Krystkowiak, Blond, & Destée, 2001). At this point, caution is required on this point and 

additional work needs to be done on possible subtypes of nonboundary pauses as well as on 

different speech production modes.

These finding—more pauses, shorter pauses, pausing more broadly distributed in the 

discourse—are compatible with each other. As previously noted, long pauses are likely to 

serve linguistic functions (Green et al., 2004). That is, speakers pause to retrieve a word or 

plan a linguistic unit, such as phrases or sentences (Harley, 2001). Long pauses that are 

placed within linguistic units, that is, in nonlinguistic boundaries, have been considered as 

reflecting lexical retrieval and/or failure to plan a linguistic unit (Krauss, 1998; Zeches & 

Yorkston, 1995). The increased number of long pauses may reflect difficulty in lexical 

retrieval and/or linguistic planning, but further analysis of long and short pauses is necessary 

to establish the relative effects of STN-DBS on motor and linguistic planning and on lexical 

retrieval.

In conclusion, in this study STN-DBS had a significant effect on duration, frequency, and 

location of long pauses in the spontaneous speech of Parkinson subjects. These findings 

provide support for the impact of STN-DBS on motor speech control, reflecting operations 

of speech initiation and may well reflect a role in “higher order” processes of lexical 

retrieval and linguistic planning.
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Figure 1. 
An example of identification of a pause using PRAAT. The top row indicates acoustic 

waveform, the second row shows a spectrogram, and the bottom row presents the 

transcription of the speech sample, where “P” indicates a pause.
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Figure 2. 
Distribution of pause length in discourse samples of PD STN-DBS participants during STN-

DBS OFF and ON condition. To clearly view the distribution, charts were depicted in linear 

(left column) and logarithmic scale (right column). Vertical line in each chart indicates 

250ms, where the bifurcation of distribution occurs.
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Figure 3. 
Percentage of non-boundary pauses in the STN-DBS On and OFF conditions as a function 

of total number of pauses, possible non-boundary locations, and words.
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TABLE 2

Details of Boundary and Nonboundary Pauses within Discourse Samples

Location Subcategory Description

Boundary pauses Main clause Pauses located before sentences that can stand alone including simple sentences 
(e.g.,/I have a daughter), coordinate clauses (e.g., I have a daughter/and my sister 
has a son), and subject-implied coordinate clauses (e.g., I have a daughter/and a 
son).

Subordinate clause Pauses located before sentences that cannot stand by itself including adjective, 
adverbial, and noun clauses (e.g., She called me/when I was at work.)

Prepositional phrase Pauses located before prepositional phrases (e.g., We had a woman/from a state 
agency.)

Infinitive/participial Phrase Pauses located before participial (e.g., I started/making conversation) or infinitive 
phrases (e.g., I went there/to look around.)

Fragment Pauses located before a word or word string failed to be included in above 
mentioned syntactic boundaries, but acting like a independent phrase, or a 
sentence (e.g.,/Yes).

Filled pauses located at boundary 
location

Pauses located before filled pauses followed by above mentioned syntactic 
boundaries (e.g., She called me/um when I was at work.).

Nonboundary pauses Lexical Pauses located before content words including nouns, verbs, adjectives, and 
adverbs (e.g., I/transfer them to DVD).

Repetition Pauses located before syllable, word, or phrase repetitions (e.g., I took group to/to 
to to to Europe)

Revision Pause located before word or phrase revision (e.g., My younger brother works at 
uh retail/retailing).

Block/prolongation Pauses located before block or prolongation.

Within unit Pauses located before within a unit that does not apply to any of above-mentioned 
nonboundary categories (e.g., I transfer/them to DVD)

Filled pauses located at 
nonboundary location

Pauses located before filled pauses followed by above mentioned nonsyntactic 
boundaries (e.g. I also like/uh astronomy in general)
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