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Abstract 

 
Background 
In advanced Parkinson’s disease (PD) the motor symptoms can be treated with deep brain 
stimulation (DBS). Subthalamic nucleus (STN) has been the most common target and 
caudal zona incerta (cZi) is a more recent target for stimulation. Stimulation in both of 
these targets has proved to be positive for the motor symptoms but there is no consensus 
about how DBS affects speech and articulation. 
Aim 
The aim of this study was to investigate how fricatives are realized in patients suffering 
from PD treated with DBS in STN or cZi. 
Method 
Nine patients stimulated in STN and 10 patients stimulated in cZi were recorded reading a 
short text.  The recordings were made preoperatively (Pre) and 12 months after surgery 
with the stimulation switched off (sOff) and on (sOn). From the recordings the fricatives 
were extracted and assessed in a blinded and randomized procedure. 
Results 
For the patients stimulated in cZi the target fricative /s/ had significant lower correct 
realizations in the sOn condition compared to the other two conditions. The other target 
fricatives in the cZi group showed the same pattern as well. For the STN group no 
unequivocal pattern could be seen. 
Conclusions 
The results suggest that stimulation in cZi may affect the patients’ articulation of fricatives 
and thereby their extended articulatory movements more negatively than stimulation in 
STN.   
  
Keywords: Parkinson’s disease, deep brain stimulation, subthalamic nucleus, caudal zona 
incerta, dysarthria, articulation, fricatives 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sammanfattning 
 
Bakgrund 
De motoriska symptom som förekommer vid Parkinsons sjukdom kan i senare skede 
behandlas med djup hjärnstimulering (DBS). Den vanligaste stimuleringslokalisationen 
har varit subthalamuskärnorna (STN) medan kaudala zona incerta (cZi) är en nyare 
lokalisation för stimulering. Stimulering i båda dessa lokalisationer har visat sig ge 
positiva effekter på de motoriska symptomen, däremot råder ingen enighet om hur DBS 
påverkar talet och artikulationen. 

Mål 
Syftet med denna studie var att undersöka hur frikativor realiseras hos DBS-behandlade 
patienter med Parkinsons sjukdom stimulerade i STN respektive cZi. 
Metod  
Nio patienter stimulerade i STN och 10 patienter stimulerade i cZi spelades in medan de 
läste en kortare text. Inspelningarna gjordes under förhållandena; preoperativt (Pre) samt 
12 månader efter operation med stimulering avslagen (sOff) respektive påslagen (sOn). 
Från inspelningarna extraherades sedan frikativorna och blev bedömda i en randomiserad 
blindstudie.  
Resultat 
Vid stimulering i cZi hade målfrikativan /s/ signifikant färre korrekta realiseringar under 
förhållandet sOn jämfört med de två övriga förhållandena. Även de övriga målfrikativorna 
i cZi-gruppen visade samma mönster. Inga enhetliga mönster kunde ses gällande 
stimulering i STN. 
Slutsatser 
Artikulationen av frikativor och därmed även de längre artikulatoriska rörelserna verkade 
drabbas mer negativt hos patienterna stimulerade i cZi än hos de stimulerade i STN . 
 
Nyckelord: Parkinsons sjukdom, djup hjärnstimulering, subthalamuskärnorna, kaudala 
zona incerta, dysartri, artikulation, frikativor 
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Introduction 
 
The motor symptoms associated with Parkinson’s disease (PD) are, in the early stages of 
the disease, often treated with levodopa. In later stages of the disease, deep brain 
stimulation (DBS) has become a method for treatment when medication no longer is 
working optimally. Subthalamic nucleus (STN) and caudal zona incerta (cZi) have both 
been targets for stimulation and have both proved to be positive for the motor symptoms. 
However, there is no consensus of how DBS affects speech or if the stimulation targets 
affect speech differently.       

 
Background 
 
Symptoms  
 
Parkinson’s disease (PD) is a degenerative neurologic disease that is slowly progressive. 
The patients have an insufficient amount of the neurotransmitter substance dopamine 
(Duffy, 2005) since the cells that produce dopamine are destroyed (Popek, 2011). This lead 
to difficulties in controlling the movements (Popek, 2011) and the patients suffer from 
motor symptoms such as tremor, rigidity, bradykinesia and absence of postural reflexes 
(Duffy, 2005).   

In later stages of the disease, the symptoms also often can include the speech (Duffy, 
2005) and cause hypokinetic dysarthria which can influence articulation, voice and 
prosody (Duffy, 2005; Schulz & Grant, 2000). It has been shown that voice impairments 
are early symptoms of dysarthria and that articulatory difficulties seem to become an 
addition to the voice impairments as the disease progresses (Ho, Iansek, Marigliani, 
Bradshaw, & Gates, 1999). 

 
Articulatory difficulties and fricatives 
 
Articulatory difficulties in dysarthria can affect the realization of specific phonemes. 
Logemann and Fisher (1981) observed that 90 of the 200 participating patients with PD 
had articulatory difficulties. All 90 patients showing articulatory difficulties had problems 
producing the plosives /k/ and /g/ in an appropriate manner. In terms of fricatives, 63 of 
the 90 patients had difficulties in producing /s/ and /z/. The failure in the production of 
these fricatives was characterized by reduced elevation of the tongue blade towards the 
alveolar place of articulation. This led to a reduction of the friction noise and thereby 
made the sounds less sharp and precise. McAuliffe, Ward and Murdoch (2006) also found 
similar tendencies of errors in productions of /s/. 

How well /s/ is produced in a certain word has been shown to correlate well with the 
overall intelligibility of the word in patients with dysarthria associated with cerebral palsy 
(Chen & Stevens, 2001). For example,  the patients with the lowest intelligibility 
consistently voiced the /s/ (Chen & Stevens, 2001) and it is also shown that the rapid 
offset of voicing is affected in dysarthria among patients with PD (Goberman & Blomgren, 
2008). 

In addition to /s/ and /z/, other fricatives can be affected as well for patients with 
PD. Twenty-one of the 90 patients in Logemann and Fishers (1981) study had more severe 
dysarthria, which also led to difficulties in producing the fricatives /f/ and /v/. Here, the 
failure was manifested through a change of articulation place from labiodentally to 
bilabially. This led to a reduction of the air turbulence that normally characterizes 
labiodentals. The misarticulations of the sounds were highly consistent within and 
between the patients with PD. 
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Treatments of motor symptoms 
 

There are different treatments for PD. Levodopa medication increases the dopamine level 
(Duffy, 2005) which in turn improves the motor symptoms (Miyasaki, Martin, 
Suchowersky, Weiner, & Lang, 2002). Another treatment for the motor symptoms in 
advanced PD is surgical deep brain stimulation (DBS), where electrodes are placed in a 
certain target in the brain for stimulation (Deuschl et al., 2006; Duffy, 2005; Limousin et 
al., 1998).  

The subthalamic nucleus (STN) has been the most preferred target for DBS  
(Wichmann & Delong, 2006) and the electrodes can be placed unilaterally as well as 
bilaterally (Kumar, Lozano, Sime, Halket, & Lang, 1999) depending on symptoms (Sjöberg 
et al., 2012). Stimulation in STN has been shown to give positive treatment effects on the 
mobility of the extremities (Krack et al., 2003; Limousin et al., 1998; Rousseaux et al., 
2004; Thobois et al., 2002). Caudal zona incerta (cZi) is a more recent stimulation target 
for DBS-surgery (Blomstedt et al., 2012;  Plaha, Khan, & Gill, 2008) and has suggested to 
lead to even greater improvements in terms of contralateral motor functions than 
stimulation in STN (Plaha, Ben-Shlomo, Patel, & Gill, 2006). 

 
Deep brain stimulation and speech 

 
There is no consensus about how speech is affected by DBS (Duffy, 2005; Pinto et al., 
2004). The effects have proved to be positive (Bejjani et al., 2000; Pinto, Gentil, Fraix, 
Benabid, & Pollak, 2003; Pinto et al., 2005) as well as negative (Krack et al., 2003; Pinto 
et al., 2005) and in some cases no effects could be demonstrated (Duffy, 2005).   

Stimulation in STN seems to improve the performance of simpler motor tasks more 
than it improves the dysarthria. The treatment could also lead to a worsening of the 
dysarthric symptoms because it can give dyskinesia (abnormal unintentional movements) 
(Pinto et al., 2005).  

 Also intelligibility may be affected by stimulation in STN. Rousseaux et al. (2004) 
found that STN-stimulation had minor effects on the dysarthric symptoms but that it in 
some cases could worsen intelligibility, especially when combined with medication.  

Contrary to the negative effects reported, Alatri et al. (2008) found that stimulation 
in STN did not worsen the speech. Moreover, it was shown that the vocal tremor and the 
stability of the glottal vibration were significantly improved but that the overall speech 
ability did not change.  

There are few studies concerning comparison between DBS in STN and cZi in terms 
of speech and articulation. One acoustic study (Karlsson et al., 2012) compared the 
realization of voiceless fricatives when it comes to phonatory control before and after 
DBS-stimulation for each target. The results suggested that the voicing was spread more 
from the surrounding sounds into the fricatives 12 months after the DBS-surgery. The loss 
of phonatory control was not dependent on the target of the stimulation or to whether the 
stimulation was on or off. On the other hand, cZi-DBS seems to affect the speech more 
negatively than STN-DBS when it comes to intensity (Lundgren et al., 2011) and 
articulatory precision (Karlsson et al., 2011).  

The detailed effects of DBS in STN and cZi on patients’ proficiency in realizing an 
articulatory target sound have not previously been compared. One challenge for that 
specific type of investigation is the establishment of an appropriate acoustic correlate to 
study the movement in articulators. Several of these have been proposed for vowel sounds 
(see Karlsson & van Doorn, 2012 for a review), but the literature is less clear concerning 
acoustic correlates for more extended articulatory movements. These movements are 
therefore much less open for acoustic studies. 

However, it is proposed that systematic studies of patients’ extended ariticulatory 
movements may be observed by studies of the perceptual realization of fricative 
consonants. Fricative consonants demand nearly complete closure between articulators 
during production. Fricatives are also represented at all oral places of constriction 
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included in the International Phonetic Alphabet (IPA) (Handbook of the International 
Phonetic Association, 1999), and are reasonably distinguishable perceptually within that 
system. Therefore, it can be argued that observation of the realization of fricatives may 
provide a productive source of information concerning patients’ proficiency in realizing 
extended articulatory movements.  

 
Purpose  
 

The aim of this study was therefore to investigate perceptually how fricatives are 
realized within patients suffering from PD treated with DBS in STN or cZi. The aim was 
also to see whether there were any differences in realizations between the three conditions 
preoperatively and postoperatively with the stimulation on or off for each stimulation 
target.  

 
Method 
 
Patients 
 
Nineteen patients with idiopathic PD and Swedish as native language were included in this 
study from the ongoing project “Speech, voice and swallowing outcomes after deep brain 
stimulation of the zona incerta and the pedunculopontine nucleus in Parkinson’s disease: 
Comparison with stimulation of the subthalamic nucleus” (van Doorn et al, in progress). 
The recruitment was based on clinical grounds and the project has been ethical approved 
by the Regional Ethical Review Board in Umeå (Dnr.08-093; 2008-08-13).  

The patients received no clinical benefits participating in this project compared to 
other patients with PD.      

Ten patients had been stimulated in cZi and nine of them in STN. The patients 
underwent the surgery between 2005 and 2010. Detailed information about the patients is 
presented in Table 1. 
 
Table 1 
Presentation of the characteristics for the two patient groups preoperatively. Age and duration since diagnosis 
are presented in mean  

Characteristics STN patient group (n=9) cZi patient group (n=10) 

Age, y  61.8 (51.1-72.5) 60.4 (49.0-71.4) 

Gender 7 males /2 females 8 males/2 females 

Placement of the electrodes 7 bilateral/2 unilateral (left 
side) 

10 bilateral 

Duration since diagnosis, y 7.2 (4-11) 6.3 (2-10) 

 
Speech sample 
 
The patients in this study were requested to read a short Swedish text containing 89 
words. The readings were recorded in a sound-treated booth with a calibrated head-
mounted microphone (Sennheiser MKE 2 P-C). The distance between mouth and 
microphone was 15 cm. The recordings were made on a digital audio flash recorder 
(Marantz PMD 660) and in older cases on a digital tape recorder (Panasonic SV 3800). 
Before each reading a calibration tone (80 dB, 1 kHz) was used.  

 The text was read under three conditions. In the first condition the patients were 
recorded preoperatively (Pre) while medicated with 1.5 times their normal levodopa 
dosage to ensure the recordings were made in an on-medication state. The other two 
conditions were recorded postoperatively 12 months after the DBS-surgery.  These were 



4 
 

on levodopa medication in their optimal medication cycle and in one of the conditions the 
stimulation was off (sOff) and in the other one the stimulation was on (sOn). The 
recordings were made one hour after the stimulation was switched off or on.  

 
Perceptual analysis 
 
From the recordings the fricatives were manually marked (Karlsson et al., 2012) and then 
separated from the context, including 50 ms before and after the fricative. The total 
number of fricatives was 2926 distributed as 1498 /s/, 744 /f/, 102 /ʂ/ and 582 /v/. 

The fricatives were perceptually assessed independently by both authors. The 
assessments were made with the experiment-control software program Alvin (Hillenbrand 
& Gayvert, 2005) in a modified version of the experiment “Boy-Girl identification”. The 
assessments were made under comparable listening conditions using identical 
headphones. Each fricative was assessed in terms of sound category. The categories used 
was first identified in an initial randomized listening of about 700 fricatives, resulting in 
22 sound categories (b, d, m, ɾ, ɸ, β, f, v, θ, ð, s, z, ʃ, ʒ, ʂ, ʐ, x, ʋ, ɻ, j, l, semivowel) and an 
additional category called “other” for the unidentifiable sounds.  

The fricatives were randomized before each listening session and the listeners were 
blinded. The perceived sound could be listened to as many times as the listeners desired 
and they could go back to previous sounds to do a re-listening and a reassessment. Both 
authors assessed the fricatives five times each giving a total of 29 260 assessments.  

A few patients stimulated in STN were subsequently excluded because of absence of 
material for one of the three conditions. The exclusion affected one patient for the fricative 
/v/ and two patients for the fricative /ʂ/.This resulted in a new total of 29 040 fricative 
categorizations which then were statistically analyzed. For distribution of the analyzed 
fricatives (per listening session) see Table 2.   
  
Table 2 
A summary of the distribution of analyzed fricatives across the three conditions and each stimulation target 

DBS target Condition Fricative    

  /s/ /f/ /ʂ/ /v/ 

STN Pre 169 85 10 66 

 sOff 241 117 14 84 

 sOn 249 125 14 73 

cZi Pre 279 139 20 118 

 sOff 282 141 19 112 

 sOn 278 137 20 112 

  1498 744 97 565 

 
Reliability 
 
For inter- and intra-rater agreement percent agreement and Cohen’s kappa coefficient 
were calculated and used. All assessments were compared between the two listeners with a 
percent agreement of 80 % (κ = 0.72). The fourth and fifth listening session for each 
listener were randomly assigned for the intra-rater agreement, thus 20 percent of the 
assessments were used. The intra-rater agreement for each listener was 88 % (κ= 0.84) 
and 90 % (κ= 0.86).   
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Median STN cZi

Min-Max

Mean (SD) Pre sOff sOn Fr p Pre sOff sOn Fr p

/s/ 96 93 91 0.40 0.82 97 93 86 8.63 0.01 

58-100 58-100 67-100 59-100 66-100 47-100

90 (15) 87 (16) 89 (11) 89 (14) 89 (13) 80 (21)

/s/realized as [z] 4 3 7 0.22 0.90 3 4 10 7.03 0.03

0-28 0-37 0-27 0-24 0-28 0-39

6 (9) 7 (12) 7 (9) 7 (9) 7 (9) 13 (13)

/f/ 82 78 73 0.17 0.92 81 81 64 2.51 0.29

40-100 25-95 30-95 56-99 37-99 25-100

79 (18) 70 (24) 71 (19) 82 (15) 77 (20) 65 (26)

/f/realized as [v] 2 5 6 1.36 0.51 1 7 13 8.40 0.02

0-25 0-31 0-34 0-24 0-15 0-39

6 (9) 9 (11) 10 (11) 4 (7) 7 (5) 15 (13)

/ʂ/ 65 100 50 3.31 0.19 83 73 75 1.47 0.48

10-100 0-100 10-100 5-100 30-100 5-100

58 (35) 68 (44) 57 (36) 72 (31) 71 (28) 62 (36)

/ʂ/realized as [ʐ] 10 0 0 0.78 0.68 10 18 18 1.31 0.52

0-80 0-45 0-90 0-70 0-70 0-85

16 (29) 9 (17) 21 (38) 21 (25) 26 (27) 30 (31)

/v/ 57 52 42 5.3 0.07 58 52 45 2.60 0.27

34-81 6-87 9-60 39-87 26-88 14-82

57 (15) 51 (27) 39 (18) 58 (15) 54 (19) 48 (22)

/v/ realized as 10 16 19 3.68 0.16 15 16 21 0.67 0.72

[semivowel] 5-27 3-35 8-30 5-34 6-38 2-52

12 (8) 17 (12) 20 (7) 15 (9) 19 (11) 25 (16)

Friedman test Friedman test

Statistical analysis 
 
The realizations of the target fricatives were calculated in percent. The overall two most 
frequent realizations (including the target fricatives) were then selected for statistical 
analysis in SPSS.  

The number of sound categories realized for each target fricative concerning 
articulation place and manner, independent of whether the realization was voiced or 
voiceless, were also selected for testing. Since no consideration was made whether the 
realized sound was voiceless or voiced, the total number of possible sound categories was 
here 17.   

For the above mentioned selections for testing, the Friedman repeated measures test 
was used to discover significant differences. Where significance was found pair wise post-
hoc testing with Wilcoxon signed-rank test was used. An alpha level was set at <0.05 to 
consider the result statistical significant.  

 
Results 
 
 Realization of fricatives  
  
The target fricatives /s/, /f/, /ʂ/ and /v/ and each targets overall second most frequent 

realization [z], [v], [ʐ] and [semivowel] were analyzed. Table 3 shows group mean 
percentage of these realizations for the three conditions in both stimulation targets; STN 
and cZi. The table also presents the statistical analysis of Friedman’s test (p= <.05) with 
degrees of freedom (Fr) and the result of the actual p-value. 
  
Table 3  
Group median, minimum-maximum, mean and standard deviation in percent realizations for each target 
fricative and each targets overall second most frequent realization.  The results of the testing between the three 
conditions for each fricative using Friedman’s test are indicated for each stimulation target. Significant 
differences are highlighted 
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In the cZi group, the Friedman test showed significant differences for the target 
fricative /s/ and its second most frequent realization [z], as well as for the second most 
frequent realization of /f/, namely [v].  

cZi post-hoc testing for the target fricative /s/ showed significantly lower percent /s/ 
realizations for sOn compared to the conditions Pre (z= -2.547, p= .011) and sOff (z= -
2.547, p= .011). Also the other target fricatives for the patients stimulated in cZi showed 
the same consistent pattern although no significant differences were found (Figure 1a).  

The second most frequent realization in the place of /s/, namely [z], also showed 
effects of cZi stimulation. /s/ was realized as [z] significantly more often in the sOn 
condition compared to the sOff condition (z= -2.380, p= .017). Comparison of sOn and the 
Pre condition indicated a similar increase when the stimulation was on, but failed to reach 
significance (z= -1.820, p= .069). The second most frequent realization of /f/, namely [v],   
as well showed effects of cZi stimulation. /f/ was realized as [v] significantly more often in 
the sOn condition compared to the Pre condition (z= -2.521, p= .012). Comparison of sOn 
and the sOff condtion indicated a similar increase with stimulation on, but failed to reach 
significance (z= -1.836, p= .066).  The overall second most frequent realization of the 
target fricatives /ʂ/ and /v/ ([ʐ] and [semivowel]) were also most frequent realized in the 
sOn condition in the cZi-group even though no significance was found.  

For the patients stimulated in STN, no significant differences were found between 
the three conditions (Table 3). As seen in Figure 1b, no clear pattern for the target 
fricatives in the STN group may be observed. Though, all the target fricatives, except for 
/ʂ/, had the highest percent correct realizations and the lowest percent voiced 

counterparts or [semivowel] in the Pre condition. /ʂ/ in the STN group showed a different 
pattern in comparison to the other target fricatives in both STN and cZi and had higher 
percent correct realizations in the sOff condition compared to the other conditions.  

The target fricative /v/ in the STN group showed the same pattern as the target 
fricatives in the cZi group, where the stimulation on condition had the lowest percent 
correct productions. The percent correct realizations of /f/ for the patients stimulated in 
STN were reduced 12 months after surgery with similar correct realizations between sOff 
and sOn. For /s/ the percent correct realizations were rather similar over the three 
conditions.  

 
 

 
 
  
 
 
 

 
 
 

                                 (a)                                                                                       (b) 
Figure 1: Percent correct fricatives in group mean for each target sound (dotted line) and mean percent 
correct for all fricatives merged together (solid line) for each condition in the stimulation targets cZi (a) and 
STN (b).   
 

As seen in Figure 1, /s/ had the highest percent correct productions and /v/ the 
lowest over all conditions for both stimulation targets. It also shows that the groups’ mean 
correct realizations of the target fricatives merged together were rather similar for both 
stimulation targets. Despite this fact the target fricatives in the STN group did not have the 
same consistent pattern as the target fricatives in the cZi group, where the correct 
realizations were constantly lowest in the sOn condition.  The correct realizations in STN 
apparently had a larger variability than the realizations in cZi. The discrepancy between 
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Median STN cZi

Min-Max

Mean (SD) Pre sOff sOn Fr p Pre sOff sOn Fr p

/s/ 2 2 2 2.24 0.33 1.5 4 3 3.47 0.18

1-4 1-7 1-6 1-6 1-7 1-9

1.89 (1.05) 3.00 (2.00) 2.67 (2.06) 2.20 (1.69) 3.60 (2.22) 3.40 (2.37)

/f/ 3 5 6 8.06 0.02 6 6 5.5 0.24 0.89

1-6 2-9 4-9 2-8 1-11 1-10

3.22 (1.56) 5.67 (2.45) 6.11 (1.62) 5.30 (2.50) 5.20 (2.94) 5.90 (3.45)

/ʂ/ 2 1 2 2.33 0.31 1.5 1 1 2.95 0.23

1-3 1-3 1-5 1-3 1-3 1-5

1.71 (0.76) 1.71 (0.95) 2.14 (1.46) 1.70 (0.82) 1.30 (0.67) 1.70 (1.25)

/v/ 6 6.5 7 3.59 0.17 7 5.5 7.5 3.50 0.17

5-7 5-8 5-9 6-9 3-8 5-9

5.88 (0.83) 6.75 (1.16) 7.13 (1.55) 7.00 (1.05) 5.90 (1.60) 6.90 (1.73)

Friedman test Friedman test
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the highest and the lowest percent correct fricatives for the sOn condition was larger for 
the STN patients than for the patients stimulated in cZi. 
                                   
The number of realized sound categories  
 
The spreading of the patients’ target fricatives across articulation place and manner was 
measured using the number of sound categories produced for each target fricative. The 
group means for the number of produced sound categories for each target fricative in the 
stimulation targets STN and cZi are presented in Table 4. The table also presents the 
statistical analysis of Friedman’s test (p= <.05) with degrees of freedom (Fr) and the 
result of the actual p-value. 
 
Table 4  
Median, minimum-maximum, mean and standard deviation are presented for the number of sound categories 
produced for each target fricative. The results of the testing for the number of sound categories using 
Friedman’s test are indicated for each fricative comparing the three conditions for each stimulation target. 
Significant differences are highlighted 

 

 

 

 
The spreading of the productions for the target fricatives, in number of sound 

categories, was similar between the stimulation targets for each target fricative. In both 
stimulation targets, /v/ had the highest and /ʂ/ had the lowest number of produced 
categories (Figure 2). 

 
  
 

 
 
 

 
 
                                           

 
 

 
 
                                     (a)                                                                                              (b) 
Figure 2: The spreading of the productions for the target fricatives is presented in groups’ mean of sound 
categories produced for each target fricative. The total number of possible sound categories per target fricative 
was 17. 
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For the patients stimulated in STN the number of produced sound categories for the 
target fricative /f/ increased 12 months after surgery and the number of categories 
produced in the sOff and sOn conditions were similar. The Friedman test showed 
significant differences and pair wise post-hoc testing using Wilcoxon (p= <.05) showed 
that the number of categories produced for /f/ was significant lower in the Pre condition 
compared to the sOn condition (z= -2.677, p= .007). There was also a strong tendency 
towards a significant lower number of produced sound categories in the Pre condition 
compared to sOff (z= -1.963, p= .050).  

No other significant differences for the spreading of sound categories were found for 
the remaining fricatives in STN. As seen in Figure 2a the number of produced sound 
categories for /s/ and /v/ partially showed the same pattern as /f/ with Pre consistently 
having the lowest number of produced sound categories. /ʂ/ did not show quite the same 
pattern and the number of sound categories was rather similar over all conditions. 

For the patients stimulated in cZi (Figure 2b) no unequivocal patterns could be seen 
and no significant differences were found. Only the number of sound categories produced 
for /s/ partially demonstrated the similar pattern as /f/ in STN.  

For the other target fricatives in cZi, the number of produced sound categories had a 
similar pattern, with sOff consistently having the lowest number of produced sound 
categories.  

 
 Discussion 
 
The aim of this study was to investigate how fricatives are realized in patients with PD 
before and after DBS-surgery in STN or cZi and to see if there were any differences 
between the conditions Pre, sOn and sOff. 

The results showed that the fricative /s/, produced by the patients stimulated in cZi, 
had significantly lower correct productions when the stimulation was on compared to the 
other two conditions. The other target fricatives produced by the cZi group showed the 
same pattern. For the same patient group, the voiced counterparts for the voiceless 
fricatives and [semivowel] for /v/ was increased when the stimulation was on. No 
consistent results were found for the number of produced sound categories. Though, all 
together this indicates that stimulation in cZi affects the target fricatives in a negative 
manner; the same indication was not seen for the STN group where no unequivocal 
pattern could be seen. 

 
Realization of fricatives 
 
/s/ had the highest percent correct productions and /v/ the lowest, regardless of condition 
and stimulation target. This could indicate that /s/ was easier than /v/ for the patients to 
produce correctly. This was inconsistent with findings by Logemann and Fisher (1981), 
where more patients had problems in producing /s/, who´s quality was negatively 
affected, compared to /v/, that changed articulation place. This could be explained by the 
methodological differences between the studies. This study did not analyze the quality of 
the fricatives which lead to differences in the analysis of the fricative /s/. So, regardless of 
the quality, the fricative /s/ was here counted as that fricative as long as it did not became 
voiced or changed articulation manner or place. 

The overall second most frequent realizations for the voiceless fricatives /s/, /f/ and 
/ʂ/ were their voiced counterparts. It has previously been indicated that the offset of 
voicing can be affected among patients with PD (Goberman & Blomgren, 2008), which 
agrees well with the results presented here.  

For the already voiced target fricative /v/ the overall second most frequent 
realization was [semivowel]. For /v/, as well as /f/, the errors were not consistent with 
those described in the study of Logemann and Fisher (1981) who found that these 
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fricatives were realized bilabially instead of labiodentally. It is difficult to hypothesize what 
factors that may have affected the inconsistent findings of /f/ and /v/ between the studies.       
 
Realization of fricatives in STN 

 
For the STN patients, no clear patterns could be seen in the realizations of the target 
fricatives.  No significant differences were found for the target fricatives or their overall 
second most frequent realizations. Though, all the target fricatives, except for /ʂ/, had the 
highest percent correct productions in the Pre condition as well as the lowest percent 
voiced counterparts or [semivowel]. /ʂ/ had few productions and two patients were 
excluded which may have affected the result for that fricative. 

   
Realization of fricatives in cZi 

 
In cZi, clear patterns could be seen for the realization of the target fricatives. The sOn 
condition consistently had the lowest percent correct productions compared to the other 
two conditions, which were rather similar. For /s/ the difference between sOn and the 
other two conditions was significant. The fricative /s/ has been shown to correlate with the 
overall intelligibility (Chen & Stevens, 2001) which may lead to reduced  intelligibility of 
the patients stimulated  in cZi. This observation agrees well with the findings that 
stimulation in cZi may have an adverse effect on speech (Karlsson et al., 2011; Lundgren et 
al., 2011).   

The sOn condition for the patients stimulated in cZi also had the highest percent of 
voiced or alternatively [semivowel] productions. The increase of [z] and [v] showed 
significance. Overall, this suggests that the voiceless fricatives became voiced to a larger 
degree when the stimulation was on. This differed from the findings of Karlsson et al. 
(2012) where the voicing of the voiceless fricatives was not due to whether the stimulation 
was on or off. 

 
The number of realized sound categories 

 
The number of produced sound categories for each target fricative could be a measure of 
the spreading of the patients fricatives. The more categories used the more difficult it 
would be to control the articulation and the errors would be less systematic.  

It seemed to be harder for the patients to control the articulation of the target 
fricatives /f/ and /v/ than for the fricatives /s/ and /ʂ/ because the productions of these 
fricatives were spread over a larger number of categories. The errors of /f/ and /v/ would 
therefore be less systematic than for /s/ and /ʂ/.   

In the STN group, the target fricative /f/ had a significantly lower number of 
categories produced in the Pre condition compared to sOn and a tendency towards a lower 
number of categories compared to the sOff condition. This suggests that it was more 
difficult to control the articulation of /f/ and that the errors were more spread and less 
systematic 12 months after surgery regardless of whether the stimulation was on or off in 
the STN group.  

For the other target fricatives in STN; /s/, /ʂ/ and /v/, and for all target fricatives in 
cZi no significant differences were found between the three conditions and no unequivocal 
pattern could be seen. This could be affected by the fact that all sound categories were 
counted independently of the number of realizations for each of them which could lead to 
that small differences mattering.  

Even though there were no unified results concerning the number of produced 
sound categories, the overall results in this study suggest that cZi stimulation affects the 
production of fricatives more negatively than stimulation in STN. Thereby, stimulation in 
cZi may affect the patients’ proficiency in realizing extended articulatory movements more 
negatively than stimulation in STN.   
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It is important to remember that the study only contained nine patients stimulated 
in STN and ten patients stimulated in cZi. Moreover one and two patients stimulated in 
STN were excluded for the target fricatives /v/ and /ʂ/ and were thereby not analyzed. 
Therefore the results of this study ought to be interpreted with caution concerning 
generalization to other patients under DBS treatment. 
 
Further research 
 
To confirm the results of this study, concerning fricatives and its realizations, further 
investigations containing a larger number of patients is encouraged. Perceptual studies of 
other phonemes are also encouraged to see how DBS affects other parts of the articulation.  
It would also be interesting to compare the two stimulation targets when it comes to the 
overall speech ability and intelligibility. 

 
Conclusions 
 
This study investigated the realization of fricatives in patients suffering from PD treated 
with DBS in STN or cZi. For the cZi group the findings show that /s/ was correctly realized 
significantly less in the sOn condition compared to the other two conditions. Also the 
other three fricatives showed the same tendencies although no significances were found. 

Along with this the voiced counterparts for the voiceless fricatives and [semivowel] for 
/v/were increased for the sOn condition in the cZi group. The STN group did not show the 
same unequivocal pattern as cZi.  

The results suggest that stimulation in cZi may affect the patients’ articulation of 
fricatives and thereby their extended articulatory movements more negatively than 
stimulation in STN.  This is consistent with previous studies by Karlsson et al. (2011) and 
Lundgren et al. (2011) who found that cZi stimulation may affect some features of speech 
more negatively than stimulation in STN.     
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