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Purpose : Studies on the rate of speech in patients with Parkinson’s disease (PD) report
various results. Some results show slower speech rate in patients with PD than in normal
controls (NC), while others report an increased rate of speech in these; others still, reveal
no differences between the NC and PD groups. Despite our understanding of the sites
primarily responsible for speech production in NC, alteration of the functional connectivity
(FC) in patients with PD still remains unclear. The aim of this study was to map the speech
rate-dependent neural connections using restingstate (rs) FC techniques.
Methods : This study included 14 patients with PD and 10 NC. After testing diadochokinetic
rate, all participants underwent rs functional magnetic resonance imaging (fMRI) scanning.
We then selected four seeds in each subcortical region based on prior fMRI studies,
especially the basal ganglia and cerebellum.
Results : Compared with the NC group, all the seed regions of interest (ROIs) in the PD
group, except the left putamen and right caudate nucleus, showed significantly decreased or
increased FC with the cortical and subcortical areas. Among these ROIs, only the left
cerebellum (lobule VI) exhibited significantly increased FC with the right inferior parietal
lobule in the PD group. While functional connectivity is altered, the speech performance in
patients with PD remained similar to that of the NC group.
Conclusions : Using the rs fMRI technique, we provided evidence that the left cerebellum is
strongly interconnected with the right cerebral cortex in patients with PD. We propose that
activation of the cerebellum participates in the compensatory mechanism which underlies the
lack of statistically significant difference in speech rate when patients with PD are compared
with NC, although overall FC decreases.
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Ⅰ. Introduction

cerebral cortex, with the subcortical areas playing a
minor role in the selection of desired movements and / or

Speech is one of the most intricate and motoric
human behaviors with respect to the involved neural

the inhibition of unwanted movements (Albin et al., 1989;
Mink, 1996).

speech

However, over the past 20 years, such a distinct

production have been well-investigated in normal subjects

separation of roles of the brain structures in controlling

(Eickhoff et al., 2009; Guenther et al., 2006; Price, 2012;

speech

Simonyan & Fuertinger, 2015), our understanding of

information. Using various brain imaging technologies,

altered neural networks originated from the basal ganglia

the interconnection between the cortical and subcortical

pathology in patients with PD still remains unclear.

areas to control of speech motor, especially the basal

Traditionally, sequences of the events involved in speech

ganglia and cerebellum, have been highlighted (Bohland

production,

and

& Guenther, 2006; Riecker et al., 2005; Wildgruber et al.,

execution, were thought to be controlled mainly by the

2001). Neuroimaging studies on normal speech motor

networks.

Although

such

brain

as

areas

planning,

related

to

programming,

production

has

been

challenged

by

new

control have delineated a “minimal network for overt
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speech production” including the mesiofrontal structures
(supplementary motor area and anterior cingulate gyrus),
bilateral pre and post central convolutions, extending
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rostrally into posterior parts of the inferior frontal gyrus

changes in the FC between basal ganglia structures and

of the languagedominant hemisphere and left anterior

the cerebellum may also be involved in speech rate

insula as well as bilateral components of the basal

impairment in PD. While several studies have identified

ganglia, cerebellum, and thalamus (Bohland & Guenther,

abnormal rs connections in the basal ganglia or at the

2006).

cortical levels in PD, it remains unclear whether speech
sites

rate impairment in PD involves connectivity changes in

primarily responsible for speech production in normal

the cerebellum. Furthermore, only a few studies have

subjects, alteration of the functional network in patients

been conducted to assess neural connections based on

with PD still remains unclear. Although often veiled by

connectivity in speech rate networks.

However,

despite

our

understanding

of

the

the more prominent and distressing skeletal aspects such

Our goal in this study was to map the speech

as gait and upper limb control, speech impairment is a

ratedependent

very frequent symptom in PD. It is estimated that

techniques. Rs networks are associated with selforiented

approximately 70% (Hartelius & Svensson, 1994), with

mental activity and offer a means of evaluating the status

some estimates reaching as high as 90% (New et al., 201

of functional systems within the brain, without external

5; Ramig et al., 2011), patients with PD undergo a

goaldirected cognitive performance. Therefore, the use

disruption of speech motor control known as “hypokinetic

of rs networks analysis may be advantageous for the

dysarthria”.

identification of brain regions functionally involved in the

During

disease

progression,

hypokinetic

neural

in

using

neurodegenerative

rs

FC

dysarthria can emerge at all stages of the disease, and

pathological

generally worsens as the disease progresses, causing a

(Filippi et al., 2018; Fox & Greicius, 2010). Thus, we

progressive loss of communication abilities and increasing

performed a comparative analysis of rs FC in patients

isolation from society (Pinto et al., 2004; Skodda, 2011).

with PD and normal controls (NC) to further elucidate

Results of similar studies have demonstrated that

changes

connections

diseases

cerebellumrelated alteration of FC.

patients with PD show abnormalities in voice production,
socalled “hypophonia”; however, data concerning speech
rate in these patients is insufficient and inconsistent.

Ⅱ. Methods

Studies on the rate of speech report various results, with
some reporting slower speech rate in patients with PD
than in normal speakers (Dworkin & Aronson, 1986;
Hammen & Yorkston, 1996; Ludlow et al., 1987), while
others report an increased rate of speech in these
patients (Ackermann et al., 1995; Hirose et al., 1982;
McRae et al., 2002), and yet others reveal no differences
between the control and PD groups (Canter, 1965; Lowit
et al., 2006; Skodda et al., 2011).
Traditionally, the classical model of PD (corticobasal
gangliathalamocortical loops) accentuated the function
of the basal ganglia in the cardinal symptoms and axial
features associated with PD. However, other changes in
motor symptoms, such as speech, cannot be interpreted
solely based on basal ganglia dysfunction.

Limitations in

the current hypothesis led us to believe that a large
amount of evidence from experimental studies could be
analyzed to delineate and understand ambiguous speech
symptoms.
Previous

restingstate

(rs)

studies

on

speech

impairment in PD have mainly focused on the basal
ganglia; therefore, we sought to investigate whether FC
within the cerebellum might also be linked to speech rate
impairment. Basal ganglia pathology may show that
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1. Participants
This study included 14 patients diagnosed with PD (men
: women=8 : 6) and 10 healthy NC (men : women=4 : 6)
who were recruited from a university hospital in Seoul
between February and December of 2016. Diagnosis of PD
was performed according to the clinical diagnostic criteria
of the UK PD Society Brain Bank, and all participants’
native language was Korean.
Before the functional image acquisition, all participants
were screened using cognition, depression, and language
tests. The purpose of this study was to compare rs fMRI
networks based on speech rate; therefore, factors that
might negatively affect or influence speech rate needed
to be controlled for before acquiring brain images. All
participants who underwent fMRI scanning were found to
be within the normal range (above the cutoff point
based on years of education and age) on the Korean
version of the Montreal Cognitive Assessment (KMoCA,
Kang et al., 2009), with a score < 16 on the Korean
version of the Geriatric Depression Rating Scale (GDSK,
Cho et al., 1999), within 1 standard deviation (SD) of the
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Korean version of the Boston Naming Test (KBNT, Kim &

expense of precision were instructed to speak as fast as

Na, 1997), and within 1 SD of Paradise Korean version of

possible without being imprecise. Each subject performed

Western Aphasia Battery (PKWAB, Kim & Na, 2012). To

each task three times in a random order.

compare demographic characteristics of the two groups, the

The speech recording procedure was as follows. All

MannWhitney Utest and chisquared (χ2) tests were used

patients in the PD group were in “ON” medication state

for continuous and categorical variables, respectively. Table

(Madhyastha et al., 2015; Martínez-Sánchez et al., 2016;

1 summarizes the demographic features of patients with PD

New et al., 2015; Skodda, 2011). Because the aim of this

and NC. No significant differences were found in age, sex,

study was to identify the brain functional network

aphasia quotient, KBNT, KMoCA, and GDSK scores

involved in speech production, and previous fMRI and

between the PD and NC groups, except for years of

perceptual

education.

production to be similar with and without medication

evaluation

studies

have

shown

speech

We received approval form the Yonsei University

(Maillet et al., 2012; Skodda et al., 2011; Skodda et al.,

Severance Hospital ethical standards committee on human

2011; Skodda et al., 2010). Generally, patients with PD

experimentation for experiments involving human subjects

receive their medicine 3~4 times a day when they are

(IRB No. 420150843). Written informed consent was

awake; therefore, speech communication occurs only

obtained from all the subjects who participated in this

during the “ON” state. The speech samples were obtained

study.

using an electret condenser microphone (ECM-MS 908C;
Sony,

Table 1. Subject characteristics for PD and NC group
PD (n=14)

NC (n=10)

p

67.35 ± 7.30

65.40 ± 4.19

.678

8 (57.1%)

4 (40%)

.408

Education (Yr.)

14.50 ± 4.55

13.70 ± 2.58

.024＊

POT (Yr.)

10.50 ± 5.54

N/A

-

Age (Yr.)
Male sex (%)

M-H & Y

Japan)

placed

on

a

microphone

stand

approximately 10~15 cm from each participant’s mouth at
15°. The microphone was connected to a linear PCM-M10
recorder (Sony, Japan), and the acoustic signal was
recorded at a sampling rate of 44.1 kHz, with 16bit
quantization.

2.35 ± 0.56

N/A

-

PK-WAB AQ

97.14 ± 1.70

96.58 ± 2.85

.680

K-BNT

51.64 ± 4.39

52.50 ± 6.58

.408

We captured 3 stable seconds from the overall duration

K-MoCA
GDS-K

2) Analysis of speech rate date

25.21 ± 2.48

25.70 ± 3.05

.408

(5 seconds) of the speech task using the Computerized

8.42 ± 5.69

4.40 ± 3.94

.214

Speech Lab (model 4150B; KayPENTAX, Lincoln Park,

Note. Results are presented as mean ± standard deviation.
PD=Parkinson’s disease; NC=normal controls; Yr.= years;
POT=post-onset time; N/A=not applicable; M-H & Y=modified
Hoehn & Yahr Scale; PK-WAB=Paradise Korean version of the
Western Aphasia Battery; AQ=aphasia quotient; K-BNT=
Korean version of the Boston Naming Test; K-MoCA= Korean
version of the Montreal Cognitive Assessment; GDS-K=Korean
version of the Geriatric Depression Rating Scale.
＊
p<.05

USA). If slurred speech was included in the 3 seconds, a
spectrogram was used to determine a syllable; if it was
not made up of a consonantvowel (e.g., a consonant
without a vowel or a vowel without a consonant), it was
not counted as one syllable (Figure 1).

2. Procedures
1) Acquisition of speech rate data
Speech data was acquired using diadochokinetic (DDK)
rates. The DDK rates are composed of two types of rates:
alternating motion rates (AMRs) and sequential motion
rates (SMRs). Syllable repetitions, performed as fast as

Figure 1. An example of acoustic analysis of a patient with
Parkinson’s disease for selecting 3 stable seconds (two blue
lines) in /puh/ alternate motion rate (among four slurred
syllables, only one slurred syllable was included in the
analysis) using Computerized Speech Lab

possible, have been demonstrated to be a valid test of
maximum

speaking

rates,

and

have

a

potential

relationship with speaking rates in more complex speech
tasks, such as reading or conversation (Wang et al., 200
4). Participants who produced rapid DDK rates at the

3) Acquisition of fMRI data
All

participants

underwent

fMRI

scanning

with

a

3.0Tesla MRI scanner (Achieva, Philips Medical System,
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Best, Netherlands) to obtain T2*weighted singleshot

censoring and bandpass filtering together. The censoring

echo planar imaging sequences. Each participant was

was applied to fMRI volumes with the Euclidean norm of

axially scanned using the following parameters: voxel size,

the first derivative of head motion greater than .25. The

2.8 × 2.8 × 3.0 mm3; slice number, 31 (interleaved); matrix,

bandpass filtering was applied to fMRI data with .009 < f <

80 × 80; slice thickness, 3.0 mm; gap, 1.0 mm; repetition

.08 to deduct physiological noise.

time, 2000 ms; echo time, 30 ms; flip angle=90°; and field
of view, 220 mm. Each 330second scan produced 165 fMR

5) Analysis of functional connectivity

images. Earplugs were offered to the subjects to reduce the

As we were interested in the key brain regions controlling

scanner noise. The subjects were instructed to remain

speech rate, we selected four seed regions of interest (ROIs)

awake and still, keep their eyes closed, and not focus on a

in each hemisphere which were based on previous studies on

specific thought. During the routine questioning performed

speech production (Brown et al., 2009; Chang et al., 2009;

immediately after the examination, none of the participants

New et al., 2015): (1) the putamen, (2) head of the caudate

reported having fallen asleep (van den Heuvel & Hulshoff

nucleus (3) lobule VI, and (4) lobule VIIIA of the cerebellum

Pol, 2010).

(Table 2). The averaged signal of each ROI was used as the
reference signal. Each ROI correlation map was calculated

4) Processing of fMRI data

using Pearson’s correlation coefficient with a reference

Preprocessing of the fMRI data was conducted using

signal for the whole brain. The correlation map for each

the

Analysis

of

Functional

NeuroImages

(https://afni.nimh.nih.gov/afni) software. To stabilize the
magnetic field, the initial five volumes of each rs fMRI
datum were excluded. The remaining fMRI data were
processed in the following order: despiking, slicetiming,

subject was converted to a zscore map using Fisher’s

rtoz transformation.
Table 2. Seed ROIs

and head motion correction. Prior to the normalization of
fMRI data to the common space, coregistration between
the affine transform with Local Pearson Correlation cost
function (Saad et al., 2009). Further, eroded white matter
fMRI data using the same transform matrix. The fMRI
data, anatomical T1 image, and masks in the native
space were normalized to the common space using the
standard

Montreal

Neurological

Institute

(MNI)

addition, fMRI data were spatially blurred using a 6mm
full width at half maximum Gaussian kernel.
spatial

normalization,

the

corrected by nuisanceremoval

fMRI

data

15

y
6

z
8

Right

N/A

20

8

2

Caudate
nucleus (head)

Left

N/A

6

1

10

Right

N/A

13

2

15

Cerebellum
(lobule VI)

Left

N/A

Right

N/A

Cerebellum

Cerebellum
(lobule VIIIA)

Left

N/A

Right

N/A

Note. N/A=not applicable;
BA=Brodmann area.

Side

ROI=regions

36 55 32
27

64 21

12 72 50
24

66 50

of

interest;

152

template with an isotropic voxel size of 2 mm. In

After

x

N/A

ROI
Putamen

Basal ganglia

anatomical T1 image and fMRI data was performed using

(WM) and large ventricle (LV) masks were registered to

BA

Left

Brain

were

regression using the

anatomybased correlation corrections method (Jo et al.,
2010). which is a regression model for extracting the
nuisance signal of specific tissues, such as the WM and
LV. It is assumed that the actual brain signal is generated
from the gray matter. In order to avoid mixing signals
from different tissues, anatomybased regressors were
created before spatial smoothing. The regressors of the

3. Statistical Analysis
1) Speech rate data
To compare the number of syllables per second (SPS)
of DDK between the two groups, a MannWhitney
Utest was conducted. Statistical analyses were performed
using SPSS 23.0 software, and the significance level was
set at .05 for all statistical analyses.
2) fMRI data
For comparison of FC between the two groups, a

anatomybased correlation corrections method were as

twosample ttest was used while controlling for the effects

follows:

of age and sex as covariates. To obtain the significance

(1)

six

parameters

from the

head

motion

correction, (2) locally (r=15 mm) averaged signal from the

level combination of uncorrected individual voxel pvalue

eroded WM mask, and (3) averaged signal from the eroded

and cluster size, Monte Carlo simulation was conducted to

LV mask. The nuisance regression model was applied using

control for Type I errors, using the AlphaSim program
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(parameters: uncorrected individual voxel pvalue=.02,

with a minimum cluster size of 307 voxels). Furthermore,

simulation=10,000 times, 8mm full width at half maximum

to determine whether the observed FC could be used to

Gaussian filter with a wholebrain mask (Poline et al., 199

discriminate between each group, Spearman’s partial

7). The twosample ttest was corrected by p<.05 level

correlations were used after controlling for age, sex, and

(uncorrected individual voxel height threshold of p<.02,

years of education.

Table 3. Resting-state functional connectivity of the basal ganglia and cerebellum between-group
MNI coordinates
Seed

Group

Brain region

Side

x

y

z

t-value

voxels

Lt. putamen

PD=NC

N/A

Rt. putamen

PD<NC

Inferior parietal lobule

Lt.

46

62

46

3.771

352

Lt. caudate nucleus (head)

PD<NC

Lingual gyrus

Lt.

2

72

8

5.115

366

Declive

Rt.

26

88

30

3.919

312

Rt. Caudate nucleus (head)

PD=NC

N/A

Lt. cerebellum (lobule VI)

PD<NC

Cuneus

Rt.

4

64

6

4.751

581

Decilve

Rt.

34

78

22

5.289

458

PD>NC

Inferior parietal lobule

Rt.

36

38

40

4.280

312

Lt. cerebellum (lobule VIIIA)

PD<NC

Precentral gyrus

Rt.

48

14

46

4.761

401

Rt. cerebellum (lobule VI)

PD<NC

Culmen

Lt.

8

68

16

7.333

795

Superior temporal gyrus

Lt.

66

10

4

6.307

481

Postcentral gyrus

Rt.

60

32

44

7.977

414

Precentral gyrus

Rt.

56

4

16

4.694

394

Precuneus

Rt.

12

54

46

6.241

380

Medial frontal gyrus

Rt.

12

24

50

4.580

868

Rt. cerebellum (VIIIA)

PD<NC

Cerebellar tonsil

Lt.

24

32

40

4.693

427

Posterior Cingulate gyrus

Lt.

16

28

46

5.969

340

Note. Lt.=left; Rt.=right; N/A=not applicable; PD=Parkinson’s disease; NC=normal controls; MNI=montreal neurological institute.

declive), and within the cerebellum (left cerebellum
[lobule VI]right declive, right cerebellum [lobule VI]left
culmen,

Ⅲ. Results

and

right

cerebellum

[lobule

VIIIA]left

cerebellar tonsil), except the left cerebellum [lobule
VI]right inferior parietal lobule connection, compared

1. Functional Connectivity

with the controls.

Direct mean comparisons demonstrated that the patients
with PD in “ON” medication state had decreased wholebrain

2. DDK Rate

FC (Table 3), i.e., between the basal ganglia and cerebral
cortex (right putamenleft inferior parietal lobule and left

The median of SPS in the PD group measured was: 6.33

head of caudateleft lingual gyrus), cerebellum and

(interquartile range [IQR]: 1.37), 6.33 (IQR: 1.75), and

cerebral cortex (left cerebellum [lobule VI]right cuneus,

6.16 (IQR: 1.33) for /puh/, /tuh/, and /kuh/, respectively,

right cerebellum [lobule VI]left superior temporal gyrus,

while that for the NC group was: 6.83 (IQR: 1.17), 6.50

right cerebellum [lobule VI]right precentral gyrus, right

(IQR: .75), and 6.33 (IQR: .75) for /puh/, /tuh/, and /kuh/,

cerebellum [lobule

respectively (Table 4). There was no significant difference

VI]right

postcentral

gyrus,

right

cerebellum [lobule VI]right precuneus, left cerebellum

between the two groups (p >.05). When comparing the

[lobule VIIIA]right precentral gyrus, right cerebellum

median SMRs, the performance for /puhtuhkuh/ between the

[lobule VIIIA]right medial frontal gyrus, right cerebellum

PD (median: 2.36, IQR: .67) and NC (median: 2.25, IQR:

[lobule VIIIA]left posterior cingulate gyrus), basal ganglia

.41) groups was not statistically significantly different (p

and cerebellum (left head of the caudate nucleusright

>.05, Table 5).
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Table 4. Comparison of alternate motion rates (syllables per
second) between PD and NC groups
AMRs

PD

parameters (i.e., AMRs, SMRs) when patients with PD are
compared with NC. Although there were no relevant
differences between the two groups, all the speech

NC

p

Median

IQR

Median

IQR

/puh/

6.33

1.37

6.83

1.17

.406

/tuh/

6.33

1.75

6.50

.75

.413

/kuh/

6.16

1.33

6.33

.75

.314

Note. AMRs=alternate motion rates; PD=Parkinson’s disease;
NC=normal controls; IQR=interquartile range.

parameters presented a higher IQR in patients with PD.
One

interpretation of

this

result

is

a cerebellar

compensatory phenomenon to preserve speech rate in PD.
The cerebellum and basal ganglia are the two major
subcortical structures that influence multiple aspects of
motor behavior (Strick et al., 2009). Both structures form
multisynaptic loops; moreover, substantial interactions exist

Table 5. Comparison of sequential motion rates (syllables per

between these structures, which are linked together to

second) between PD and NC groups

produce an integrated function (Bostan & Strick, 2010;

Group

Median

IOR

PD

2.36

.67

NC
2.25
Note.
PD=Parkinson’s
IQR=interquartile range.

.41
disease;

NC=normal

p
.419
controls;

Houk & Wise, 1995; Wu & Hallett, 2013). In particular,
the cerebellum is thought to act a core role in the
formation of internal representations for actions that allow
us to execute precise temporal coordination, online
sequencing, and smooth motor responses (Ackermann, 2008;
Ackermann et al., 2007; Ito, 2008; Manto et al., 2012;
Moberget & Ivry, 2016; Ramnani, 2006). Within the speech

Ⅳ. Discussion
Speech is one of the most intricate and motoric human
behaviors with respect to the involved neural networks.
Although brain areas related to speech production have been
wellinvestigated in normal subjects (Eickhoff et al., 2009;
Guenther et al., 2006; Price, 2012; Simonyan & Fuertinger,
2015), our understanding of altered neural networks
originated from the basal ganglia pathology in patients with
PD still remains unclear. We used seedbased interregional
correlations of rs fMRI data and investigated the functional
interaction of the key brain regions related to speech rate,
i.e., the putamen, head of the caudate nucleus, and
cerebellum (lobules VI and VIIIA).
Compared with the NC group, all the seed ROIs in the
PD group, except the left putamen and right caudate
nucleus, showed significantly decreased or increased FC
with the cortical and subcortical areas. Among these ROIs,
only the left cerebellum (lobule VI) exhibited significantly
increased FC with the right inferior parietal lobule in the
PD group. This finding is consistent with previous studies
showing that the brain function of patients with PD under
dopaminergic medication is globally reduced compare with
normal subjects (Berding et al., 2001; Festini et al., 2015;
Maillet et al., 2012; New et al., 2015). This result
highlights the fact that medication does not restore the FC
in patients with PD to the normal state (Maillet et al.,
2012). Nevertheless, this study results demonstrate that
there is no difference in the median scores of speech

22

production system, one of the main functions of the
cerebellum is to control the regulation of the ongoing
temporal sequencing, not only during overt speaking but
also the generation of the prearticulatory verbal cord in
covert or silent speech production (Callan et al., 2006;
Gordon, 1996; Simonyan & Fuertinger, 2015).
Additionally, as previously mentioned, compared with
the NC group, the PD group had significantly increased
strength of FC between the left cerebellar lobule VI and
right inferior parietal lobule. A recent study suggested
that the function connection between the cerebellum and
inferior

parietal

lobule

plays

critical

roles

in

the

formation of the speech production network (Simonyan &
Fuertinger, 2015). The inferior parietal lobule is known to
be

involved

in

phonological

processing

(Hickok

&

Poeppel, 2007), monitoring the onset of speech (Kort et
al., 2014), and guiding of movement via sensory feedback
(Mattingley et al., 1998), which may be critical to
facilitate the transition from the resting state to speaking
(Simonyan & Fuertinger, 2015) and to execute speech
production (Hallett & Grafman, 1997).
Another interpretation considers the inferior parietal
lobule to be a primary region for sensorimotor integration,
functioning as an “association cortex”. Patients of PD
exhibit sensorimotor integration impairments from the early
stage of the disease. Thus, the hyperactivity of the
inferior parietal lobule might be a strategy to compensate
for impaired processing of the somatosensory input via the
pathologically affected basal ganglia toward the motor
cortex (Tahmasian et al., 2017).

A Preliminary Study of the Resting-State Speech Rate Network
in Patients With Parkinson’s Disease
In using the Rs fMRI technique, we provided evidence
that the PD subjects exhibited a significant decrease in
functional connectivity than the NC group and proved the
specific cerebellum area was associated with speech rate
control. The results would provide a better understanding of
the disease and provide information for the development of
new treatment approaches.
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말속도 관련 파킨슨병 환자의 휴식상태 기능적 연결망 예비연구
김선우1*
1

순천제일대학교 언어치료과 교수

목적 : 파킨슨병(Parkinson’s disease: PD)으로 인해 발현되는 운동저하형 마비말장애(hypokinetic
dysarthria)는 구어를 사용한 의사소통 능력을 감소시켜 환자의 삶의 질을 저하시키는데, PD에서
기인된 마비말장애는 타 마비말장애에서는 관찰하기 힘든 이질적인 말속도 유형(느려진, 빨라진
혹은 변화 없는 말속도)이 집단 내에서 존재한다. 전통적으로 기저핵 이상이 PD 관련 운동
문제의 원인으로 알려져 왔지만 근래에 이루어진 뇌영상 연구는 소뇌 관련성을 점차적으로
강조하고 있다. 이에 파킨슨병 환자의 말속도 변화를 기저핵뿐만 아니라 소뇌를 포함시켜 살펴볼
필요성이 제기된다.
방법 : 약물이 효과적으로 작용하는 상태의 파킨슨병 환자 14명(남자 : 여자=8 : 6)과 정상 통제군
10명(남자 : 여자=4 : 6)의 뇌영상을 3.0 테슬라를 사용하여 휴식 상태에서 획득한 뒤 말속도
조절에 관여하는 주요 피질하 영역(기저핵; 꼬리핵의 머리, 조가비핵, 소뇌; VI, VIIIA)으로
알려진 곳을 관심영역(region of interests: ROIs)으로 지정하여 전체 뇌에서 군 간의 기능
연결성을 확인하였다. 그리고 교호운동속도(diadochokinetic rates: DDK rates) 과제인
교대운동속도(alternating motion rates: AMRs)와 일련운동속도(sequential motion rates:
SMRs)를 실시하여 두 집단 간의 말속도를 비교하였다.
결과 : 첫째, 집단 간 비교에서 환자군은 왼쪽 소뇌 VI-오른쪽 하두정엽을 제외한 뇌 전반에서
통제군에 비해 기능적 활성화가 유의미하게 저하되었다. 둘째, DDK 과제에서 두 집단 간의
말속도는 통계적으로 유의미한 차이가 없었다.
결론 : 전반적으로 저하된 뇌 기능에도 불구하고 파킨슨병 환자군이 보여준 정상군과 유사한
수준의 말속도 수행은 발병 후 변화 없는 말속도를 보이는 환자군의 경우는 기능적 연결성이
증가한 왼쪽 소뇌와 오른쪽 하두정엽의 작용에 따른 결과일 가능성이 제기되었다.
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