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on oral force control in Parkinson’s disease

Introduction

Patients with idiopathic Parkinson’s disease (PD) have a
favourable response to levodopa therapy at the begin-
ning of treatment. However, this response tends to de-
crease after some years [22, 30]. Motor fluctuations ap-
pear with an alternate state of severe parkinsonism (“off
period”, referred to “off medication”) and a state of im-
proved mobility (“on period”, referred to “on medica-
tion”), often impaired by dyskinesias [43]. Neurosurgi-
cal procedures, such as thalamotomy [44] and
pallidotomy [40], offer other therapeutic possibilities.
Recent advances in the knowledge of basal ganglia

pathophysiology [2, 12, 45] and neurosurgical proce-
dures [6, 46, 47] have led to a great interest in deep brain
stimulation,and in particular the use of subthalamic nu-
cleus (STN) high frequency stimulation, for the treat-
ment of PD [38, 39].

Parkinsonian dysarthria is usually characterised by a
monotony of pitch and loudness, reduced stress, vari-
able rate, short rushes of speech and imprecise conso-
nants [11]. These characteristics have been attributed to
a weakness (hypokinesia) and slowness (bradykinesia)
of movement, rigidity and rest tremor. Any or all com-
ponents of speech production, including respiration
[29], phonation [25] and articulation [27] may be af-
fected. Since 1987, high frequency stimulation of diffe-
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■ Abstract Dysarthria in Parkin-
son’s disease (PD) consists of artic-
ulatory, phonatory and respiratory
impairment. Bilateral subthalamic
nucleus (STN) stimulation greatly
improves motor disability, but its
long-term effect on speech within a
large group of patients has not
been precisely evaluated. The aim
of this study was to determine the
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effect of bilateral STN stimulation
on oral force control in PD. We
measured forces of the upper lip,
lower lip and tongue in twenty-six
PD patients treated with bilateral
STN stimulation. Measurements of
the articulatory organ force, as well
as a motor evaluation using the
Unified Parkinson’s Disease Rating
Scale (UPDRS), were made with
and without STN stimulation. Max-
imal voluntary force (MVF), reac-
tion time (RT), movement time
(MT), imprecision of the peak force
(PF) and the hold phase (HP) were
all improved with STN stimulation
during the articulatory force task,
as well as the motor examination
scores of the UPDRS. It seems that
the beneficial STN stimulation-in-
duced effect on articulatory forces
persisted whatever the duration of
post-surgical follow-up. However,

dysarthria evaluated by the UPDRS
was worse in two subgroups of pa-
tients with a one to two year and
three to five year post-surgical fol-
low-up, in comparison with a sub-
group of patients with a three
month follow-up. STN stimulation
has a beneficial long-term effect on
the articulatory organs involved in
speech production, and this indi-
cates that parkinsonian dysarthria
is associated, at least in part, with
an alteration in STN neuronal ac-
tivity. Nevertheless, to confirm the
persistence of the beneficial effect
of STN stimulation on parkinson-
ian dysarthria, a longitudinal eval-
uation is still needed.

■ Key words Parkinson’s disease ·
speech · dysarthria · STN
stimulation · articulatory forces
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rent targets has been carried out to treat the different
symptoms of PD [7]. Initial results in a group of ten pa-
tients with bilateral STN stimulation suggest that
parkinsonian speech impairment can be improved by
this therapy [20]. This evaluation was carried out by
means of force transducers for evaluating impairments
in control of the lips and tongue [3, 4, 15]. Force has been
considered as one of the likely variables controlled by
the nervous system in producing motor behaviour and
the evaluation of non-speech oral strength has been
recognised as a worthwhile tool to assess the effects of
therapies on speech [41, 53].

Studies carried out on limb motor function show pa-
tients’ difficulties in performing several movements si-
multaneously [42].Articulatory organ activity is also de-
pendent on the basal ganglia loop function [57], and
moreover,articulatory dysfunction in PD may be related
to the alteration of other non-dopaminergic structures
affected by neuronal degeneration [1]. Since the STN is
a key structure within the basal ganglia loop and is also
connected to other neuronal structures [46], it appeared
interesting to assess the effect of bilateral STN stimula-
tion in parkinsonian dysarthria. Thus, our objectives
were to estimate the STN stimulation effect on articula-
tory force dysfunction in a large group of PD patients
and the persistence of this effect in the long-term.

Patients and methods

■ Patients

Twenty-six PD patients (10 females and 16 males) with an akinetic-
rigid symptomatology participated in this study. They were distinct
from patients included in previous studies from our group [20]. The
mean age of the patients was 51.3 ± 7.2 years, and the mean duration
of PD was 14.8 ± 6.1 years. They were bilaterally implanted into the
STN for chronic high frequency stimulation because of severe levo-
dopa-induced complications. The indication for surgery was inde-
pendent of the severity of dysarthria. The electrical parameters were
optimal with regard to musculo-skeletal PD symptoms for all the pa-
tients, with an adequate monopolar stimulated contact, a pulse width
at 60 microseconds (µs), a range of voltage from 1.8 volts (V) to 3.6 V
and a range of frequency from 130 hertz (Hz) to 185 Hz. The selection
criteria for implantation were idiopathic PD [23], disabling motor
fluctuations despite all drug therapies, age under 70 years, normal
cerebral magnetic resonance imaging and no other neurological im-
pairment. PD patients eligible for articulatory organ examination
were able to generate forces (excluding those with the most severe
dysarthria, no speech production or unintelligible speech), had no se-
vere cervical and orofacial tremor or dyskinesias, no ill-fitting dental
apparatus and co-operated well. The study was carried out during 12
months and all consecutive patients fulfilling the latter criteria (26
among 51) entered the study. Evaluations were carried out post-oper-
atively without levodopa administration to focus on the STN stimu-
lation effect. This study was approved by the Grenoble University
Hospital ethics committee and carried out with the consent of all the
patients, in accordance with the Declaration of Helsinki.

To compare the subjective speech score with articulatory organ
variables at the time of surgery, patients were separated into two sub-
groups (Table 1). Subgroup A (n = 12) had no or mild dysarthria
(score 0 or 1 for item 18 of the Unified Parkinson’s Disease Rating

Scale, UPDRS [16]) and subgroup B (n = 14) had moderate or marked
dysarthria, score 2 or 3; speech was evaluated without levodopa and
without STN stimulation. This subdivision, which concerns the artic-
ulatory organ variables, aims at estimating the trends of clinical sub-
division. So, the subgroup A with a minor dysarthria should perform
a force evaluation greater than the subgroup B, with a more severe
dysarthria.

To study the effects of STN stimulation at different post-surgical
follow-up, we divided the patients into three subgroups (Table 1).
During the time of the study (12 months), each patient came to the
Neurology service in order to perform a follow-up control evaluation.
Their follow-up was different: subgroup 1 (n = 10) was studied three
months after surgery, subgroup 2 (n = 10) one or two years later and
subgroup 3 (n = 6) three, four or five years after surgery.The mean age
of the three subgroups was 51.0 ± 6.4, 54.8 ± 7.9 and 52.2 ± 8.8 years
respectively; the mean duration of PD symptoms before surgery were
respectively 16.1 ± 6.9, 15.6 ± 6.1 and 11.5 ± 4.2 years for each sub-
group. The aim of this classification was a preliminary investigation
concerning the long-term effect of STN stimulation on orofacial im-
pairment.

■ Clinical assessment

The patients’ motor disability was assessed by the same neurologist,
with (ON) and without (OFF) STN stimulation, by means of the UP-
DRS, part III, items 18–31. On this scale, the perceptual estimation of
speech corresponded to item 18 with the following scoring: 0 for nor-
mal; 1 for slight loss of expression, diction and/or volume; 2 for mo-
notone speech, slurred but understandable, moderately impaired; 3
for a marked impairment and difficulty in understanding the patient;
and 4 for unintelligible. We also calculated an akinesia score corre-
sponding to the addition of items 23 to 26 of both sides of the body,
and an axial score corresponding to the addition of the items 18, 22
(neck) and 27 to 30 [5].

■ Force examination procedure

After an overnight fast, the patients were evaluated without medica-
tion in the morning under two conditions, a) during bilateral STN
stimulation (ON stimulation) and b) thirty minutes after switching
off STN stimulation (OFF stimulation). Force transducers (Neuro
Logic Inc, Bloomington, Indiana, USA) have been described by Bar-
low et al. [3]. They were used to measure compression forces gener-
ated by the upper lip, lower lip and tongue. The transducer slid along
a jaw yoke that was encapsulated in a mouldable dental impression
block and placed between the molars. The patients were comfortably
seated on a dental chair in a Faraday cage, in front of an oscilloscope
screen which allowed a visual feedback. The reference condition (the
baseline, BL) corresponded to the device placed in the mouth without
any movement of articulatory organs.The patients were then asked to
generate forces from baseline as rapidly and as accurately as possible
to the different force targets, which appeared as a line on the oscillo-
scope screen, within two seconds of a verbal warning signal. Accord-
ing to our experience, we selected two levels of force (0.25 and 2 new-
tons, N) corresponding to the range of forces usually involved in
speech. The rapid phase of force increase to reach the target (ramp
phase) was followed by a stabilisation to the target level for three sec-
onds (hold phase). Six contractions at each force target level were
measured, as well as two maximal voluntary forces (MVF).

■ Force measurements

Our group has previously used and defined with details this method-
ology [20]. For each articulatory organ, two maximal voluntary forces
(MVF) were measured, as well as dynamic and static variables con-
cerning the ramp and hold phases of the contractions (Fig. 1). These
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variables were the following: a) reaction time (RT), defined as the
time interval between the appearance of the force target on the oscil-
loscope screen and 10 % of the peak force; b) movement time (MT),
corresponding to the time of the ramp phase (10 %–90 % of the PF);
c) peak force (PF) during the ramp phase, which means the highest
force level occurring in the first second after the beginning of move-
ment; and d) mean force during the hold phase (HP), which means

during the last three seconds of the contraction divided into two in-
tervals of 1.5 seconds, T1 and T2. Analyses of all variables were made
for each articulatory organ (upper lip, lower lip and tongue), and at
the two levels of force (0.25 and 2 N). To estimate the imprecision of
the mean amplitude of the PF and the HP in relation to the target, we
calculated the differences between the target and the mean amplitude
of the actual variable.

■ Statistical analysis

To compare the clinical scores (total motor UPDRS, akinesia, axial
and speech scores) and the force evaluation variables (RT, MT, MVF,
imprecision of PF and HP) between the ON and the OFF stimulation
conditions, we used the paired Student’s t test (Minitab Inc, State Col-
lege, Pennsylvania, USA), given all the variables followed normal
probability. To correct for the probability in relation to the number of
analyses and to avoid a type I error, a p value of 0.001 was considered
to indicate statistical significance.We used the linear regression Pear-
son’s test to correlate force variables (MVF, RT, MT at 0.25 N and at 2
N) and clinical scores. We used the non-parametric Mann-Whitney’s
test to compare MVF, RT and MT at 2 N between the two subgroups
of patients A and B. Results of the STN stimulation-induced effect be-
tween subgroups 1 and 2, and subgroups 2 and 3, were compared us-
ing a non-parametric Mann-Whitney’s test. Clinical scores and force
variables were also compared for both ON and OFF stimulation con-
ditions.

Patient Sex Age Interval between Subgroup UPDRS, Item 18, Subgroup
surgery and force 1, 2 or 3 post-operative, without A or B
evaluation levodopa and STN

stimulation

1 M 47 3 months 1 1 A
2 F 52 3 months 1 0 A
3 M 48 3 months 1 1 A
4 M 52 3 months 1 1 A
5 F 55 3 months 1 3 B
6 M 52 3 months 1 1 A
7 F 41 3 months 1 1 A
8 M 61 3 months 1 1 A
9 F 42 3 months 1 1 A

10 M 59 3 months 1 0 A
11 F 59 1 year 2 2 B
12 M 45 1 year 2 2 B
13 F 47 1 year 2 1 A
14 M 48 1 year 2 3 B
15 M 53 1 year 2 3 B
16 F 54 2 years 2 2 B
17 F 65 2 years 2 2 B
18 M 47 2 years 2 3 B
19 M 66 2 years 2 3 B
20 M 61 2 years 2 1 A
21 M 46 3 years 3 2 B
22 M 52 3 years 3 3 B
23 F 41 3 years 3 2 B
24 M 53 4 years 3 2 B
25 M 54 4 years 3 1 A
26 F 67 5 years 3 3 B

Table 1 Patients and subgroups in this study

Fig. 1 Schematic diagram of the force parametric variables. BL baseline; RT reac-
tion time; MT movement time; PF peak force; T1 and T2 mean force during the last
3 seconds of the hold phase
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Results

■ Clinical assessment of patients’ motor disability

For all the patients, STN stimulation decreased by 84 %
the equivalent levodopa daily dose, estimated by means
of the classical conversions used by Krack et al. [33]. It
improved the Hoehn and Yahr stage and Schwab and
England score without levodopa. With levodopa, these
scores did not significantly change (Table 2). The off-
medication total motor UPDRS, akinesia, axial and
speech scores were also significantly improved (Table 3).

■ Force evaluation

Maximal voluntary forces (MVF) of the three articula-
tory organs were significantly improved by STN stimu-
lation (Fig. 2). Percentages of improvement were 52 %
for the upper lip, 84 % for the lower lip and 68 % for the
tongue. Table 4 shows the results obtained in the ON and
OFF stimulation conditions for the other variables of the
force evaluation. STN stimulation significantly im-
proved most of them. However, the comparison between
the two conditions for MT at 0.25 N of the lower lip was
non-significant (p = 0.11). In addition, the imprecision
of the PF at 0.25 N was unchanged by STN stimulation
for the tongue (p = 0.92) and significantly worsened for
the upper and lower lips.

■ Relationship between clinical assessment 
and force measurements

The two subgroups A and B showed significant im-
provement of the clinical scores and force parameters
with stimulation of the STN. For example, the total mo-
tor UPDRS for the subgroup A was 16.5 ± 11.1 in the ON
stimulation condition, whereas it was 43.7 ± 16.6 with-
out stimulation; concerning the subgroup B, the same
values were 19.9 ± 10.6 and 49.5 ± 12.2 respectively. Sub-
group A, with no or mild dysarthria, had significantly
higher MVF and shorter RT and MT at 2 N (Fig. 3) than
subgroup B, with moderate or marked dysarthria, for all
the articulatory organs in the OFF stimulation condi-

Table 2 Clinical characteristics of the 26 patients

Mean age (years) Mean duration Mean Hoehn and Yahr stage Mean Schwab and England score Mean levodopa dose
of PD (years) (mg/day of levodopa equivalent)

ON OFF ON OFF

Before surgery

51.3±7.2 14.8±6.1 2.2±0.8 4.0±0.8 85.8±10.6 41.1±20.5 1108±439

After surgery, at the time of force evaluation, with STN stimulation

52.7±7.4 16.2±5.9 2.2±0.4 2.4±0.5* 90.4±8.8 87.7±7.6* 179±206*

All data are mean ± SD; ON and OFF: with and without levodopa; * p < 0.001 (Student t test), after surgery with STN stimulation vs before surgery

Table 3 Clinical motor and speech assessments for all the patients

Clinical assessment Total motor score, items 18–31 Akinesia, items 23–26 Axial score, items 18, 22 (neck), 27–30 Speech, item 18
(maximal score, 108) (maximal score, 32) (maximal score, 24) (maximal score, 4)

Before surgery 51.7±16.2 18.2±6.3 12.5±4.9 1.6±0.6

After surgery, OFF stimulation 47.6±14.5 20.8±6.0 9.9±3.2 1.7±1.0

After surgery, ON stimulation 18.3±10.5* 7.5±4.9* 4.4±2.2* 1.1±1.0*

Improvement between OFF 61.5 % 63.9 % 55.5 % 35.3 %
and ON stimulation conditions

All data are off-medication UPDRS scores, mean ± SD; * p < 0.001(Student t test), OFF vs ON stimulation conditions

Fig. 2 Maximal voluntary forces (± SEM) of the articulatory organs in ON and OFF
subthalamic stimulation conditions for all the patients (* p < 0.001; Student t test).
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tion, except for the MVF and the MT at 2 N of the lower
lip. For both subgroups, no correlation was found be-
tween the force variables (RT, MT at 0.25 N, MT at 2 N,
MVF) and the clinical scores (total motor UPDRS, aki-
nesia, axial and speech scores) in both ON and OFF
stimulation conditions, except for the MT at 2 N and the
akinesia score (r = 0.391, p < 0.05).

■ Long-term evaluation of the clinical scores 
and force variables

The beneficial STN stimulation-induced effect for the
clinical scores (total motor UPDRS, akinesia, axial and
speech scores) and the force evaluation (RT, MVF, MT at
0.25 N and 2 N) was not significantly different between
subgroups 1 and 2 (p = 0.13 for total motor UPDRS;
p = 0.43 for RT of the upper lip), and subgroups 2 and 3
(p = 0.91 for akinesia; p = 1.00 for MVF of the lower lip).
We also compared the clinical and articulatory force
scores with and without stimulation among the three
subgroups. In both ON and OFF stimulation conditions,
the speech score of the UPDRS was significantly higher
in subgroups 2 and 3, in comparison with subgroup 1
(Fig. 4). We found a non-significant trend to a progres-
sive worsening of the other clinical scores and force vari-
ables from subgroup 1 to subgroups 2 and 3.

Discussion

In agreement with previous studies, bilateral STN stim-
ulation greatly improved the off-medication total motor
UPDRS, akinesia and axial scores in 26 patients with PD
[5, 17, 26, 32, 38, 39]. These patients were particularlyTa
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Fig. 3 Movement times at 2 newtons (± SEM) in OFF subthalamic stimulation con-
dition for subgroups A and B (subgroup A with no or mild dysarthria scored 0 or 1
according to the UPDRS speech score, item 18; subgroup B with moderate or
marked dysarthria scored 2 or 3; * p < 0.05, Mann-Whitney U test)
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young; their symptoms were highly levodopa-respon-
sive, which was one of the selection criteria for the
surgery. The speech score of the UPDRS was also im-
proved, but to a lesser degree. One reason for this mod-
erate improvement induced by STN stimulation on
speech, in comparison with the major improvements in
other parkinsonian features, could be the apparent and
relative independence between the parkinsonian
dysarthria and the alteration of STN activity. It has been
suggested that parkinsonian dysarthria is consecutive to
the degeneration of multiple neuronal structures, in ad-
dition to the nigrostriatal dopaminergic defect [9, 37].
This defect is mainly at the origin of STN overactivity [8,
56]. Therefore, it is logical that alleviating STN overac-
tivity only has a partial impact on parkinsonian
dysarthria. Another reason could be the use of the UP-
DRS subjective five point scale, that seems to be insuffi-
cient to estimate speech disorders accurately. For exam-
ple, the major change from understandable speech to
that which is difficult to understand corresponds to only
one point, from 2 to 3. Nevertheless, the evaluation of all
the patients was made by the same neurologist in order
to ensure the reliability of the clinical examination [18,
50]. It appears that a more standardised dysarthria as-
sessment procedure would certainly be more accurate
and relevant in order to provide a more informative pro-
file of speech production characteristics. Finally,
dysarthria does not have the same levodopa-response as
the motor impairment of limbs; if we consider that
stimulation of the STN improves only the symptoms
sensitive to levodopa therapy, it is perhaps the reason
why the improvement in speech is not so important as in
the other dysfunctions.

Electrophysiological measurements of the articula-
tory organs turned out to be necessary, because speech

disorder in parkinsonian dysarthria, as qualified by
Darley [11], is a motor-based disorder. Thus, articula-
tory organ forces were measured by means of force
transducers, as reported previously [4, 5, 15]. Alteration
of force variables can give an account of the akinetic-
rigid symptomatology of PD. By analogy to limb move-
ments, impairment of the RT can be related to akinesia,
MT to bradykinesia and MVF to hypokinesia [42]. Bilat-
eral STN stimulation improved these variables for all the
articulatory organs, which indicates an improvement in
the initiation, slowness and strength of orofacial move-
ments. The assessment of muscle rigidity is difficult for
the articulatory organs and our protocol did not focus
on this symptom. However, parkinsonian rigidity may
play a role in the motor control of the articulatory or-
gans [27]. STN could be only partially involved in the ar-
ticulatory movements especially with great force and
amplitude, since we observed that the motor control of
this latter type of movement (2 N) was better improved
by STN stimulation than low-level forces (0.25 N). We
also observed worsening of the MT at 0.25 N for the up-
per and lower lips, which would be associated with STN
electrical parameter setting or global medication reduc-
tion optimally obtained for global motor function, and
not for dysarthria. It must be noted that the group of pa-
tients fulfilled various selection criteria to perform the
experiment, and the results obtained in this study would
probably differ with a group of older patients with a later
stage of PD.

Even if we found a beneficial effect of bilateral STN
stimulation on both objective and subjective assess-
ments of dysarthria, an important issue to be addressed
concerns the correlation between articulatory organ
forces and the global motor dysfunction, especially aki-
nesia, and between the two types of objective and sub-
jective measurements. On the one hand, we observed a
correlation between the MVF of the tongue in the OFF
stimulation condition and the akinesia score. On the
other hand, no correlation was found between the force
variables of the lips and the clinical scores, reflecting a
possible lesser importance of lip akinesia and rigidity in
articulatory dysfunction. The lack of correlation may
also be due to the fact that clinical assessment does not
separate akinesia from bradykinesia and hypokinesia,
whereas our protocol gives an account of these different
aspects of motor dysfunction. The comparison between
the two subgroups of patients separated according to the
perceptual speech evaluation (item 18 of the UPDRS)
showed that the MVF, RT and MT at 2 N were signifi-
cantly worse in the subgroup of patients with the most
severe dysarthria. However, this difference was only
noted in the OFF stimulation condition. This indicates
that a relation between the perceptual evaluation of
speech and force evaluation exists for parkinsonian
dysarthria, but the effect of STN stimulation induces
changes in precise force parameters which are not cor-

Fig. 4 Speech score (± SEM) in the off-medication pre-operative and post-opera-
tive ON and OFF subthalamic stimulation conditions for subgroups 1, 2, and 3 (time
interval between surgery and force examination: three months for subgroup 1; one
to two years for subgroup 2; three, four or five years for subgroup 3; * subgroup 1
vs subgroup 2; ** subgroup 1 vs subgroup 2 and subgroup 1 vs subgroup 3; p <
0.05, Mann-Whitney U test)
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related with subjective speech estimation. Speech scores
reflect overall speech production; the item does not dis-
criminate dysfunctions between respiration, phonation
and articulation. Speech production is the result of si-
multaneous parameters observed more precisely with
acoustical data, which should be more relevant for a
comparison with the subjective assessment of speech.
Actually, in accordance with the study of Dromey et al.
[14], our group noticed an improvement in dysarthria
using an acoustical method which allowed for
favourable changes in some parameters of phonation,
such as fundamental frequency variability, by bilateral
STN stimulation [19].

The beneficial effects of bilateral STN stimulation on
clinical assessments and force variables were similar
among the three subgroups of patients, separated ac-
cording to the time interval between this study and
surgery. However, in both ON and OFF stimulation con-
ditions, we observed that the speech scores were higher
in subgroups 2 and 3 than in subgroup 1. However, these
observations were not obtained with a longitudinal ex-
periment and give only a preliminary approach con-
cerning the long-term persistence of the STN stimula-
tion effect on dysarthria, which will be better assessed
by a prospective study. Despite STN stimulation induced
improvement in speech, this worsening with time may
be related to the progressive degeneration of neuronal
structures unrelated to dopaminergic structures and
STN activity [9, 37]. In fact, with the evolution of PD,
speech is known to worsen along with other axial symp-
toms, independently of the restoration of dopamine ac-
tivity and the bilateral STN stimulation effect. STN over-
activity in PD is found in relation with the striatal
dopamine defect.Therefore, this suggests that STN stim-
ulation, supposed to inhibit STN neuronal activity, can
mainly improve levodopa-responsive motor symptoms.
However, if the effect of bilateral STN stimulation is sim-
ilar to that of levodopa for the limbs [10, 48], the effects
of STN stimulation and levodopa therapy for the articu-

latory organs are different and variable: levodopa is
known to improve speech [31], worsen articulatory or-
gan activity [22], whereas STN stimulation seems to im-
prove the articulatory organ forces [20]. In the middle
and late stages of PD, axial motor impairment such as
dysarthria may be the result of a combined effect of the
nigral dopaminergic cell loss and the progressive de-
generation of non-dopaminergic structures in the
brainstem [37]. This may explain the declining levo-
dopa-responsiveness over the course of the disease [1].

Other antiparkinsonian treatments have variable im-
pact on dysarthria. Dopaminergic treatments have a less
beneficial effect on speech than on the other motor dis-
abilities [35, 49], particularly after ten or more years of
levodopa therapy [30]. Surgical ablative therapies, such
as thalamotomy and pallidotomy, variably alter speech
[28, 34, 36, 51, 52, 54]. Posterolateral pallidotomy may
even worsen speech, and this risk is greater when the
procedure is bilateral [55]. So far, precise studies have
not been published after VIM and GPi stimulation, and
preliminary results showed some improvement for the
GPi target, and a worsening for the VIM target [21, 24].

Conclusions

In comparison with other antiparkinsonian medical
and surgical treatments, STN stimulation might appear
to be an advantage for the treatment of PD to improve
the motor function of both the limbs and the articula-
tory organs. Bejjani et al. suggested that bilateral STN
stimulation can improve not only limb motor function
but also axial symptoms, including speech impairment,
and our present results confirm these findings [5].
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