Abstract

Dysarthria is found in approximately 80% of patients with Parkinson's
Disease (PD) and significantly limits communication as the severity
worsens. Surgical implantation of deep brain stimulators (DBS) into
the subthalamic nucleus (STN) has become more common and is an
effective treatment for the motoric symptoms of PD. However, the
effect of DBS on speech is equivocal. We have developed computer
algorithms that quickly and objectively analyze the speech of PD
patients, allowing clinicians to assess the effect of speech on DBS
programming or other therapies. 15 PD patients and 8 Normal
subjects are recorded during speech tasks using a solid state digital
recorder. Their speech is analyzed using our algorithms, which
measure syllable rate and regularity, stop consonant spirantization,
and other quantities. Rate and regularity assess speech agility, while
spirantization is a measure of articulatory precision.

Our results show that objective measures of speech reveal differences
between treatment conditions for PD. It also shows that DBS causes
speech production to be less stable than when patients are treated
with L-dopa alone. Finally, the variation within patients underlines the
need for a method of objectively tracking speech changes with DBS
setting in order to optimize a patient's communication ability.

In previous work, we only assessed the /ka/ repeition task. Across all
conditions, PD patients’ speech is more irregular, and often slower,
than normal controls'. When on-stim or untreated, PD patients’ speech
is also slower and more irregular than when they are on L-dopa
medication alone. Thus, the meds-only condition appears to be the
most similar to normal speech in terms of rate and regularity.
Spirantization measures show the same pattern: L-dopa makes
speech more similar to normal than most DBS settings, and DBS
makes it more similar to the untreated condition. Furthermore, the
effect on speech of varying DBS settings differs greatly across
patients, highlighting the need for a sensitive, rapid method of
assessing speech after each setting change.

In this study, we will also assess the other speech tasks as well,
including the sustained ‘ah’, /pal, /ta, [pa-ta-kal, and the rainbow
passage, to determine if speech rate is slower for all speech tasks, not
just the /kal.

Why Speech? Ability to communicate with others is
important to quality of ife in PD patients, so it is
important to improve speech along with other motor
functions. Also, speech measurements are non-
invasive and easy to make.

Why The Tests and Measurements We Chose?
The tests are standard components of an oral
mechanism exam, and reveal the function of the
larynx and major articulators. The measurements
reflect acoustic features corresponding to the
perceptual features that are disordered in
Parkinson's.

Specific Aims of this Project: Our goal for this
project is to use our device to assess objective
measures of speech pre- and post-DBS surgery:
1. Explore changes in speech function as a
result
of systematically varying DBS parameters, a
noninvasive method of investigating the
neural circuiry of the basal ganglia.
2. Develop speech measures specifically
targeted to assess hypokinetic dysarthria
from
PD.

Subjects

Candidates for this study are patients with PD whose symptoms
can no longer be managed by medication alone, who are
candidates for a DBS implant, who present with no neurological
or psychiatric conditions (other than PD), and who score 22 (of
4) on question I1.5 or on question 11118, the speech-related
questions, of the United Parkinson’s Disease Rating Scale
(UPDRS).

15 PD patients, ranging in age from 48 to 70, participated in the
study; 3 were female and 12 male. All patients were recorded
pre-surgery, both off and on medication. They were also
recorded post-surgery, off and on stimulation. Some patients
returned for multiple DBS adjustment visits over periods varying
from several weeks to a few months and were recorded each
time.

In addition, 9 normal subjects (6 female, 3 male; age range
26-61) were recorded as controls, once each. The recordings of
one normal female subject were later excluded due to
perceptual and measured anomalies.

Methods

Speech Tasks:
Alternating Motion Rate (AMR) task: This task assesses rate,
thythm, precision, and range of motion of the jaws, lips, and
tongue. Patients repeat three monosyllabic phrases as rapidly
and accurately as possible, on one breath each: “pa-pa-pa...”,
“ta-ta-ta...”, and "ka-ka-ka...".

Sequential Motion Rate (SMR) task: This task determines the
ability to program rapid speech movements in succession. It
involves the repeated production of the three sounds included

in the AMR tasks. The phrase is “pa-ta-ka...”

i : This task assesses the respiratory and
laryngeal contributions of speech. The subject sustains the
“ahhh” sound for as long as possible.

Rainbow Passage: This is a phonetically balanced passage
that subjects read. It requires more muscular and cognitive
resources than simply producing individual syllables. Therefore,
it may reveal speech deficits not apparent in simpler speech
tasks. The passage reads:

When the sunlight strikes raindrops in the ai, they act like a
prism and form a rainbow. The rainbow is a division of white light
into may beautiful colors. These take the shape of a long round
arch, with its path high above, and its two ends apparently
beyond, the horizon. There is, according to legend, a boiling pot
of gold at one end. People look, but no one ever finds it. When
@ man looks for something beyond his reach, his friends say he
s looking for the pot of gold at the end of the rainbow.

Together, these tasks require less than five minutes’ time.
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