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The Characteristics of Flaps Sound Duration in Spastic Dysarthria
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Purpose : Dysarthria is a motor speech disorder leading to imprecise articulation disorder.
Reduced tongue mobility in dysarthria causes problems with articulation. Flaps sound (FS)
requires rapid movement of the tongue between vowels. Therefore, we tried to determine
speech characteristics in dysarthria by measuring the duration of the FS.

Methods: The flaps sound duration, DDK rate, and sentence rate were analyzed in the
dysarthria subject (=17) and normal subjects (7=17). The time in the FS where the F,
between vowels was not observed was measured. To confirm the clinical usefulness, the
manual and automated analysis methods using the Praat script were compared.

Results: The duration of the FS was statistically significantly lower in the dysarthria group
than in the normal group (7.05). As a result of comparing the automatic and manual
analysis, there was no significant difference. As a result of correlation analysis with DDK,
which has been widely used to examine whether the FS reflects the speech characteristics
of dysarthria, a strong positive correlation was found. There was a strong positive
correlation with the result of measuring the duration per syllable during sentence.
Conclusions : Measurement of the duration of FS is judged to be a useful evaluation task
to evaluate the speech characteristics of dysarthria through a simple speech task. It is
expected that it will be possible to quickly compare the progress before and after
treatment through a simple measurement method in the clinical field. We will develop
applications that can be automatically analyzed on smart devices to increase usability.
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Table 1. Participants’ information

No. Age Diagnosis Lesion sites Severity Type

1 61 Cerebral Infarction FL Mild SD
2 63 Cerebral Infarction LV Mild SD
3 64 Cerebral Infarction LV Mild SD
4 67 Cerebral Hemorrhage CS Mild SD
5 69 Cerebral Hemorrhage CN Mild SD
6 65 Cerebral Infarction cC Mild SD
7 58 Cerebral Infarction LV Mild SD
8 71 Cerebral Hemorrhage LV, CS Mild SD
9 70 Cerebral Hemorrhage = THA, LV Mild SD
10 62 Hemorrhagic Infarction THA Mild SD
11 74 Cerebral Infarction FL, TL Mild SD
12 65 Cerebral Infarction FL Mild SD
13 59 Cerebral Infarction CcC Mild SD
14 53 Cerebral Infarction CC Mild SD
15 65 Hemorrhagic Infarction CC Mild

16 62 Hemorrhagic Infarction LV Mild

17 55 Hemorrhagic Infarction THA Mild SD

Note. CC=corpus callosum; CN=caudate nucleus; CS=centrum
semiovale; FL=forntal lobe; LV=lateral ventricle; THA=thalamus;
TL=temporal lobe: SD=spastic dysarthria.
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Figure 1. Flap sound duration analysis
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Figure 2. Automatic formant-tracking using Praat
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Table 2. Results of flap sound duration between groups

Dysarthria Normal t
Jara/ 71.45 (10.54) 40.42 ( 6.24) -5.45"
/ici/ 60.58 ( 8.62) 36.74 (1 5.33) -4.21"
[uru/ 64.14 ( 9.84) 37.62 ( 6.02) -4.87"

Note. Values are presented as mean (SD).
“p<.05
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Table 3. Results of flap sound duration between groups

Handwork Script t
fara/ 71.45 (10.54) 70.33 ( 4.87) 1.03
/ici/ 60.58 ( 8.62) 58.97 ( 4.02) .82
Juru/ 64.14 ( 9.84) 63.85 (5.11) .78

Note. Values are presented as mean (SD).
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Table 4. Correlation of flap sound duration and DDK rate

/oA /tha/ /k"/
Jara/ 844" 758 804"
/ici/ 796" 868" 8197
Juru/ 8157 814" 865"

“p01

11



AN X2 HA(H32E H13)

m
>

kR
[

-

3.

S XISARZE Eat

1B

o 2t ABE

r
0

spgolE W] st okt WiSel A7E o] 8
TG ABA WS s] et PSS ARl An

49 oeIolel S ASNGE WE 45 0 gw A AR hIRAlE B A uew ueE 4e
PAE vlwgt BT Table 59 2tk B4 An g4g A& A U0 SE5 SR ZEIHCE ARgoRL ot v
A7¥a} 8kl A|7E 7hojls =0 ofo] AlmalkAlz} LreRdet, ofo] W5}t 5 3—3: HE Agsplole BEsith ofd & A=

7Fast B eS AlEsls HYlod Fo] Aekesat A|&A7E A
Table 5. Correlation of flap sound duration and speaking rate TS A 2AeEHN nHEEele] & S4E mofele ARTE
Speaking rate ofzt oM Am AT AHARNS ZFHo|x ZHHSH
Jaca) Py HlTIRe o Eg0] W Aos wekd:
Jici/ 819"
[uru/ 882"
“pK.01
Reference
S Ackermann, H., & Hertrich, 1. (1994). Speech rate and rhythm in
v. =9 & ZE cerebellar dysarthria: An acoustic analysis of syllabic timing.
Folia Phoniatrica et Logopaedica, 442), 70-78. doi:10.1159
2 d7olME VUG ASANE 2Felel XY o /000266295

o AT 7 ARl gorHuA sieH, EF BEZ
ALAE B0l 1o &keof U9t £ 1 AEATT A

A3} wpHEgolTte]
o XJ‘J:ILEE} F’Vég A &A7to] A L}E]r‘ih:} ol BAES
HSkA] S7F HEE AR A7 ZO2 olEshe Ast s et
4 BEo Foe AY A+t IXFtHGoozee et al,
2000; Kang et al.,, 2009; Lee et al., 2017). AgALo|AE=
9] FAdS Skl 3l soll AAE TS 59 %
‘d& FAsto] 715sISiEl ol F2RE §9] A9 olEHo
2 Qe Ieo FFE & & Ute FARE HES e T
AZ 2T = U2 ACE wetdr

ERF AAY nHTgol WIAE AHEH Jara/ AFEO
[iri/ AF2HET &AMl § 71 AR uUEhdEd ole /a/
B39 Af ARgo® §9| A7} offoll YAt [of
< Al §7F HiEA ZEPloF sh7] wiEo] 1R /i/9 f1A
oM Heh § o] o o= WHHtHGurugubelli et
al, 2020). #AAoE EAF A&ARNE} AFHEE o83t
A 24 S vagt 23 F B A 7 5AFe
2 {ORE Aol7k yEA] gtk ol & W 5 oludt
s AR BES ASAREE B3 uhEEole] ol
E4e HIg £ U2 AR iR ARE £4T
= AFYEES ol8sle= Zo] AT Zolw A
A7ARIS Am HSE v e $ARE SE HRY 4
U= Aol & ALE weE.
upAEto g e A[&ATto] miEEoo] Hlof A4S W
& A ATET] 96 7|2 "ol AP Sl= X
s 95t (&AL SRR AAHAE @’ﬂi 2% F
2ol 737t F9 ATEATE YEhH. ol e w7
A7t 7J‘_’5]"?‘i A opEele] & E4% mofshks o /&
Sithe A& oufgict

(0]

rlr i

—

l‘
of,

it

n:Slrom?E

Barreda, S. (2021). Fast track: Fast (nearly) automatic
formant-tracking using Praat. Linguistics Vanguard, A1),
20200051. doi:10.1515/lingvan-2020-0051

Doyle, P. C., Leeper, H. A., Kotler, A. L., Thomas-Stonell, N., O'Neill,
C., Dylke, M. C., & Rolls, K. (1997). Dysarthric speech: A
comparison of computerized speech recognition and listener
intelligibility. Journal of Rehabilitation Research and
Development, 343), 309-316.

Duffy, J. R. (2013). Motor speech disorders: Substrates, differential
diagnosis, and management (3rd ed.). St. Louis: Elsevier.

Herd, W., Jongman, A., & Sereno, J. (2010). An acoustic and
perceptual analysis of /t/ and /d/ flaps in American English.
Journal of Phonetics, 384), 504-516. doi:10.1016/j.wocn.
2010.06.003

Goozee, J. V., Murdoch, B. E., Theodoros, D. G., & Stokes, P. D.
(2000). Kinematic analysis of tongue movements in
dysarthria  following traumatic  brain injury using
electromagnetic articulography. Brain Injury, 142), 153-174.
doi:10.1080/026990500120817

Gurugubelli, K., Vuppala, A. K., Narendra, N. P., & Alku, P. (2020).
Duration of the rhotic approximant /i/ in spastic dysarthria of
different severity levels. Speech Communication, 125, 61-68.
doi:10.1016/j.specom.2020.09.006

Jamovi Project. (2020). Jamovi (version 1.6) [Computer Softwarel.
Retrieved from https://www.jamovi.org

Kang, Y. A, Park, S. H., & Seong, C. J. (2009). Articulation
characteristics of patients with idiopathic Parkinson’s disease
and normal-aging group: Articulatory rate and acoustic vowel
space. Journal of Speech-Language & Hearing Disorders,
183), 115-135. doi:10.15724/js1hd.2009.18.3.008

Kang, Y. W., Na, D. L., & Hahn, S. H. (1997). A validity study on
the Korean Mini-Mental State Examination (K-MMSE) in
dementia patients. Journal of the Korean Neurological
Association, 152), 300-308.

Kent, J. F., Kent, R. D., Rosenbek, J. C., Weismer, G., Martin, R.,



Sufit, R., & Brooks, B. R. (1992). Quantitative description of
the dysarthria in women with amyotrophic lateral sclerosis.
Journal of Speech Language and Hearing Research, 3%4),
723-733. doi:10.1044/jshr.3504.723

Kent, R. D., Weismer, G., Kent, J. F., Vorperian, H. K., & Duffy, J.
R. (1999). Acoustic studies of dysarthric speech: Methods,
progress, and potential. Journal of Communication
Disorders, 323), 141-186. doi:10.1016/50021-9924(99)00004
-0

Kim, G. H., Park, H. J,, Bae, I. H,, Lee, Y. W., Wang, S. G., & Kwon,
S. B. (2015). An analysis of speech performance
characteristics of normal Korean speakers using a Motor
Speech Profile: A survey in Busan and Gyeongnam. Journal of
Speech-language & Hearing Disorders, 242), 1-17.
doi:10.15724/jslhd.2015.24.2.001

Kim, H., Martin, K., Hasegawa-Johnson, M., & Perlman, A. (2010).
Frequency of consonant articulation errors in dysarthric
speech. Clinical Linguistics & Phonetics, 2410), 759-770.
doi:10.3109/02699206.2010.497238

Kim, H. H., Heo, J. H., Kim, D. Y., & Kim, J. W. (2009). Screening
Test for Aphasia and Neurologic-Communication Disorders
(STAND). Seoul: Hakjisa.

ZEF LIS EHIS XISAIZt

[

Jm
0x

Kim, H. H., Lee, M. S., Kim, S. W., Choi, S. H., & Lee, W. Y. (2004).
An auditory-perceptual rating scale of dysarthric speech of
patients with Parkinsonism. Speech Science, 11(2), 39-49.

Lee, J., Littlejohn, M. A., & Simmons, Z. (2017). Acoustic and tongue
kinematic vowel space in speakers with and without

dysarthria. /nternational Journal of Speech-Language
Pathology, 192), 195-204. doi:10.1080/17549507.2016
.1193899

Turner, G. S., & Weismer, G. (1993). Characteristics of speaking
rate in the dysarthria associated with amyotrophic lateral
sclerosis. Journal of Speech, Language, and Hearing
Research, 346), 1134-1144. doi:10.1044/jshr.36 06.1134

Van Nuffelen, G., Middag, C., De Bodt, M., & Martens, J. P. (2009).
Speech  technologybased assessment of phoneme
intelligibility in dysarthria. /nternational Journal of Language &
Communication Disorders, 445), 716-730. doi:10.1080
/13682820802342062

Williams, D., & Escudero, P. (2014). A cross-dialectal acoustic
comparison of vowels in Northern and Southern British
English. The Journal of the Acoustical Society of America,

1345), 2751-2761. doi:10.1121/1.4896471

13



AN X2 HA(H32E H13)

Appendix 1. Distinguishing perceptual characteristics and physiologic findings by dysarthria type (Duffy, 2013)

Dysarthria type

Locus of pathophysiology

Perceptual speech characteristics

Physical characteristics

Lower motor neuron

* Slow rate
* Strained or harsh voice quality

* Pathologic oral reflexes (sucking reflex;
snout reflex; jaw jerk reflex)

Spastic * Pitch breaks * Lability of affect
system and/or muscle ) , .
* Slow and regular alternating motion rates * Hypertonia
AMRs * Hyperactive gag reflex
* Continuous breathiness *  Weakness
* Diplophonia *  Flaccidity
* Audible inspiration or stridor * Atrophy
Upper motor neuron * Nasal emission * Fasciculations
Flaccid <vstem e Short phrases * Hypoactive gag reflex
t4 * Hypernasality * Facial myokymia
* Rapid deterioration and recovery with rest * Rapid deterioration and recovery with rest
* Imprecise AMRs * Synkesis
* Nasal backflow while swallowing
e Tregular articulatory breakdowns * Dysmetric jaw, face, and tongue AMRs
* FEcess and equal stress * Head tremor
Ataxic Cerebellar control circuit * Dstorted vowels
* Ecessive loudness variation
* Iregular AMRs
*  Mnopitch * Masked facial expression
¢ Mnoloudness * Tremulous jaw, lips, tongue
* Rduced loudness and stress * Reduced range of motion on AMR-tasks
L Basal ganglia control * Tndency for rapid or accelerated rate * Resting tremor
Hypokinetic o . . o
circuit * Jappropriate silences *  Rigidity
* Rpidly repeated phonemes
* Plilalia
* Rpid, ‘lurred” AMRs
* Prolonged intervals * Involuntary head, jaw, face, tongue, velar,
* Sudden forced inspiration/expiration laryngeal, and respiratory movements
* Transient breathiness * Relatively sustained deviation of head
e Transient vocal strain or harshness position
* Voice stoppages/arrests *  Multiple motor tics
*  Voice tremor *  Myoclonus of palate, pharynx, larynx, lips,
L Basal ganglia control *  Myoclonic vowel prolongation nares, tongue, or respiratory muscles
Hyperkinetic T . . .
circuit * Intermittent hypernasality * Jaw, lip, tongue, pharyngeal, or palatal
e Marked deterioration with increased rate tremor
* Inappropriate vocal noises * Facial grimacing during speech
* Intermittent breathy/aphonic segments
* Distorted vowels
* Excessive loudness variation
* Slow and irregular AMRs
* Slow rate * Unilateral lower face weakness
Unilateral Unilateral disorders of * Imprecise articulation e Unilateral lingual weakness  without
upper motor the upper motor neuron ¢ Irregular articulatory breakdowns atrophy/fasciculations
neuron system * Strained voice quality * Nonverbal oral apraxia

¢ Reduced loudness

14
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