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Abstract

Among the subgroups of speech sound disorder (SSD), the motor speech disorder (MSD) group is characterized by weak
articulatory force. This study quantitatively measured and compared articulatory muscle strength between SSD and typically
developing (TD) children. The Iowa Oral Performance Instrument (IOPI) was used to measure lip and tongue strength in 15
children with SSD and 15 TD children. We additionally measured peak lip and tongue pressure and endurance, and analyzed
the correlation between each strength measure and the percentage of consonants correct (PCC). The findings were as follows:
First, lip strength for the bilabial sounds did not differ between the two groups in the initial position but was significantly
weaker in the SSD group in the final position. Tongue strength for alveolar sounds was weaker in the SSD group than in the
TD group for the initial and final positions. Second, for lip and tongue strength, the difference in voicing features was
significant in the TD group but not in the SSD group. Third, the peak pressure and endurance of the lips and tongue were
significantly lower in the SSD group than in the TD group. Fourth, significantly higher static correlations were observed
between most strength measures and the PCC. These findings suggest that weakness in articulatory motor execution may be an
unrecognized underlying problem of SSD with unknown origin.

Keywords: speech sound disorder, lip strength, tongue strength, lowa Oral Performance Instrument (IOPT)

1. A& b

)

Mo

BT obsEo] dds & sle wagdel(SSD
with unknown origin)’ ¢l 3l d-3FtH(Ruscello, 2008). 3412l A4] 114
A Aol A B2 ol (speech sound disorder, SSD)= %! obsES o g v=e] g o] Ed& Akl =

* This work was supported by the Ministry of Education of the Republic of Korea and the National Research Foundation of Korea (NRF-2019S1AS
A2A03054267).

** This paper is based on a part of the master’s thesis of the first author.

*** jw-ha@daegu.ac.kr, Corresponding author

Received 16 August 2024; Revised 27 August 2024; Accepted 27 August 2024

(© Copyright 2024 Korean Society of Speech Sciences. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-

Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Jicheol Bang et al. / Phonetics and Speech Sciences Vol.16 No.3 (2024) 59-69 59


https://crossmark.crossref.org/dialog/?doi=10.13064/KSSS.2024.16.3.059&domain=pdf&date_stamp=2024-9-30

], TP 170 oF 7.5%7} el gel gl o] 5 tiitize]
=i t:ﬂ'ﬂ(Shriberg & Kwitatkowski, 1994).
AEdells, 714 dRlo] gt WA ol o}
G, oAt EE thekst A Hole o]d A Fdo]7]e|,

o Awe] H91FY LFE LAF Wl ol Hope] FL

a7k =, 2 W elA oY sRE 5 Tl
(motor speech disorders) 2] H|50] XA 0 7 F7FshH= F=4]0]
t}. o]l Shriberg et al.(2010)= W>-5X| A, o}57] WS,
obE7] vl del 9} A2 Aol & 1hax s 28

=, Aol thet A4 G el e 2eAtE s dd
TC =

o
o7 FAE 257 x27)s AEA
Screening Test for Children, SMST-C; Kim et al., 2021)5- ©]-4-3}|
77 729 7159 B ol F-E A = glon, 4 &
2= gaedeld - ulst 7144 dglo] §l= v, A%
o] QU TE 1 YE=7} AehA] ghot o] & F3) AALeIA =
e uA] && 7Fs 3 S v AIE 4 gl tlEo] A1EeE g
2 A3t o] -5 AR A 7HA hbol| vt Q&5 A
o W A AES A A% A3 ATE(Bilodeau-Mercure &
Tremblay, 2016; McAuliffe et al., 2005; Tamura et al., 2022)1] T+
o uf, AARRFS] #E T} Tof| mbE A e 2 o] ®ooh A A
o] 3L AR 7L B /3 vhA] $HH A7t BA gt
olo]] & AF-ol A= lowa Oral Performance Instrument(IOPI)
(IOPI Medical LLC, Woodinville, WA, USA)E ©]-4-3 H42|%
off ol ARk of5- 2] 57| HE] TS SAste] nwsn
12 3H3ATE I0PI= 8 2 o8, o o4y 9 A7 e
548 4= & 7171 E(Kang et al, 2013), 574 Azlol] tjgh 3=
2 A7 ®arE vl Q1T Vitorino, 2010). 5712 Y= 4
©] 3.5 cm®] HHEo| AH Sto] 71718 A tjaE o] 3
WHoll A= FA =), o] A7} e 2571 He] LS <
njgith Yl 2ES HERE F YEE A, 5 2> HEE
3] Yol 3 A AA EAY Ee] SAES ol ik A
TETRA Y 84 w3 BuEYE s, IoPIS o] 83
T o FHs B Yy aRng ASHE R f-Y5H
S A= @194(Choi & Sim, 2013), Y&} &) 8 73}
F0] 2EAE, 2EAHEEEE, 25 A8 2 HEe
o A Jee Fv= AT+ (Lee et al., 2020) 5°] 1A 0]
th e 2 aegel ofs g tid o= g A= Fhotiy] of

=
= - 758 A7 o] Th(Safi et al. 2023).

AR} oFst 3l &, ok (weakness)> Bt s dol ol
A P2 = Z2do| Uh(Freed, 2020). 0148 9] A9 5 1A o)
go] gloA, B4 2 A9 252 AR 8|, AT
o] A FHHYL At wjFe T 1 gl thE £ 9l
ARk AA o g BExet 23R4 @i= 25 7](articulators)
9] g2 okal| 7 bl qivt wiEoll Aol Wk 2
71#e] 2EE S5 AL AT 0E vl 85t
7} ot} o]of E Aol 4= IOPIE o] &3l <= # 2+
A Al el 2T AA S AbE Al 3l 2EHE S

o] wae] gl ok}

(A
=

[}
-

2 0TI o
B2 30ATk Z1ef it olef] obA, 10PT w7 ol A A =] 9l #
o F kAol ek 3k 2]z QA E Al dobrlotof
& Zlofe}. uehA 2 Aol el Ak A9 dl<, &
7 Hzol vlgto] B Al <z, 310) A b A el o

A = Ak ZFu s ST v R o.R o] 2t 5]

WYHY Aol (F S

¢

1-1) F A g Qg Ak Al 8 U 9131, Bl
2 Q)% Zejel 2ol 7k QT

12) F 4% 1k g Ak A Y RE(BE, A5, A
wHE Q4 28] Aol 7k Tk

21) F AW R AAE AR A S AR, Bl
£ 5 2] ol7} g7k

22) F AW ARS AE A BRI, A9, A9
W 8 Zeel Aol 7k 971

3-1) 5 A1 7 A ) 914 ke g1 AT Aol 7} vk

3:2) % A% 1 A 3 h 3t 8 A7l Aol QN

AT AT A= 440014 64 Abol o] Ease) el of
3} ARk obs 159 ol ik WA el obs F-Re] K
A7, 1x] 4] Agto] fl= Ao
=28 dofAEAAl 9] RE=
7] obFEEol Atk Al A2}
A}2(Urimal Test of Articulation and Phonology
AP2; Kim et al., 2020b)5 A A5}, thdA} B o] 4=

Al

fud

A, 7714

o 2 5ok
2 1o
L=
o
offt
il

v

i T

fo oy

%1

oft

2

(o]

7

Qo wE HOR o

oo
1=) _V%
N
g] =
o l
Moo
ox

[

60 Jicheol Bang et al. / Phonetics and Speech Sciences Vol.16 No.3 (2024) 59-69



=] AT 7 A57E -2 oldtel dgshs T daed
oflE stk Unk obg F-Re) Batel] ojs) A A,
A, AR, QA4 AojF] o] gl A ow Fld
OFEEE, All ATAF UTAP2E A5kl o] 2] 23
BB ZH57F 1 o)l S-S Selskaltt

=

=

ek Bl Al 3 obso] 8<lo] W EEdo]
2] 5 (Preschool Receptive & Expressive Language Scales, PRES;
Kim et al., 2003)5 A AISFSITE 71 A3} wae] ol 273 A9
3 BE oAbl Bgelolanst AAAY 7 14] vlue
Aol WYL o)oh L F W] 7] FRF K 19 AN}
Atk F A 7 ARAGel = G 7 2ol fglon), A
Aol ERlolAR e Ba gl Avo] out Pohur)
o sHAl Skt

Q.
e

1. 0hgAE] 718 4R
Table 1. Characteristics of subjects

SSD grou TD grou,
(nj 5) P (nf | 5)p t-value
Sex Male: 9 boys Male: 9 boys
Female: 6 girls | Female: 6 girls
Age (month) 67.26 (5.93) 66.22 (4.35) —0.491
PCC of UTAP2 | 76.38 (10.78) 100.00 (0.00) -8.478"
CLA of PRES 62.40 (7.87) 72.26 (3.71) | —4.3917
“p<.01.

Values are presented as mean (SD).

SSD, speech sound disorder; TD, typically developing; PCC,
percentage of consonants correct; UTAP2, Urimal Test of Articulation
and Phonology 2 (Kim et al., 2020b); CLA, combined language age;
PRES, Preschool Receptive & Expressive Language Scales (Kim et
al., 2003).
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Figure 1. The Iowa Oral Performance Instrument (IOPI)
(IOPI Medical LLC)
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Table 2. CV and VC Syllables for measuring lip strength

Initial consonants Final
. D consonant

p/ p/ /p'/ Ip/

la/ [pa] [pia] [p"a] [ap]

il [pi] [p'i] [p"i] [ip]

n/ [pu] [p'u] [p"u] [up]
AL AE A F 28 4L 98, % z‘fg T(Heo, 2023)%
Farsted, B HLE( =/, /e, /Eoﬂr B, SAES(
LI 1L IThE Z238ke] /v, INC 1-%9] % do] 12705 A3

SFSITHE 3).

3.9 29 ZHL L Ty 5
Table 3. CV and VC Syllables for measuring tongue strength

Initial consonants Final
W o o consonant
It/
Ja/ [ta] [t'a] [t"a] [af]

/il [ti] [t'i] [t"] [if ]
fu/ [tu] [t"u] [t"u] [uf ]
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Table 4. Lip strength values in the production of
initial and final bilabials in two groups

SSD group TD group
(n=15, kPa) (n=15, kPa)
Initial
bilabial consonant [p] 718 (1.54) 9.34 (4.04)
Final
bilabial consonant [p ] 8.41(1.52) 1418 3.41)

Values are presented as mean (SD).
SSD, speech sound disorder; TD, typically developing.

oeigt zfo| 7} FAX O & FoehA] dofr ] 913 15 A}
71392 ) A2 (mixed ANOVA)S A A SFATHE
5). 1 AT} Hek 3F FEINF 6=15.232, p<.001], &2 U] 1A
o W FEIHF, 29=156.411, p<.001], AT} 2 1] $1%9]
A5 Z-G T IHF, 00755627, p<.001]7} 257 Frolakit. =, o
Aol HeS dnk Jobrct ols o] folaHAl 4;2
o, 2R AN e FEgke] ol =tk et
a7t FY3IG S P 2| compare syntaxS B3k ARSI
A& AN o A 2 e F A 2 2o 7t £
&FX] QR wb, FA ol = T gel v Y& T o)
AN Hkr ok folahl HolHas o 5 AATHIH 2).

5.5 AV Peg 4 A £ ) $1K0] e
9% 2eighol vl d EFBAEA 23}
Table 5. The result of mixed ANOVA for lip strength in the production
of initial and final bilabials between two groups

Sum of daf Mean Fovalue
squares square
Between | Group | 235.607 1| 235607 |15232"
subjects Error 433.093 | 28 15.468
Positionin | 37 des |1 | 137.683 |156.411™
o syllable
Within Groupx
subjects P 48.967 1| 48967 |55.627
position
Error 24,647 | 28 880
"p<.001.
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(kPa)

3 II I
0

Initial Final
bilabial consonant bilabial consonant

M SSD group M TD group

SSD, speech sound disorder; TD, typically developing.

ad2. -‘T‘—@E‘rﬂgé ) #1A] o uhE

F A A e 29 Aol (Tp<001)
Figure 2. Lip strength difference in the production of
initial and final bilabials between two groups (""p<.001)
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6. F AW g 4AE A B FFol 42 Y& 2
Table 6. Lip strength values for lax, tense and aspirated
bilabial production in two groups

SSD group TD group
(n=15, kPa) (n=15, kPa)
lax [p] 7.18 (1.54) 9.34 (4.04)
tense [p'] 7.15 (1.62) 12.50 (3.53)
aspirated [p"] 7.08 (1.04) 11.23 (3.24)

Values are presented as mean (SD).
SSD, speech sound disorder; TD, typically developing.

ojgf gt Afo| 7} TAIA O F-o A Lot ] fisf 19 AA}
7]—_1 j,] 3 Z]— LH iﬁl—‘?—/‘]‘—‘?—*q(nlixed ANOVA)£ A) }\ 3].011 1—4.(_;;_
7). 71 A3 ek 3 FEIF,, 5715.849, p<.001], TAdF-E

2 FATHF, 56=28.246, p<.001], A5} 2 43 o) A5z
‘g‘ﬂ*}' [F, 56=29.998, p<.001 7]’ B folsksint W3 e
a7}l thall Bonferroni A3 745 1§ A3}, 5 KTk 73
w3 Aeold d& ZEEke] FolaA w2 o R Yt
(p <.05). -3t *d 5 22 g Flof| Ul3l] compare syntax s ]2 5}
o ARFIAS ARG A, AR kel A= 3 1 Apo]
7h frelstald v, daege) Aol = e, A, A
e 2 Zpol 7t k4] ekSek(T1E 3).

[¢]
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Table 7. The result of mixed ANOVA for lip strength in the production
of lax, tense and aspirated bilabials between two groups

Sum of dar Mean Fovalue
squares square
Between |  Group 339.980 1| 339980 |15.849™"
subjects Error 600.618 28 21.451
Phonation |0 e | o | 18437 |28246™
types
Within Groupx
subjects | phonation | 39.161 2| 19.581 |29.998™
types
Error 36.553 | 56 653
*p<.001.

*

15 i
(*\
12

(kPa)

SSD group

TD group

M Lax M Tense
bilabial consonant  bilabial consonant

M Aspirated
bilabial consonant

SSD, speech sound disorder; TD, typically developing.
23 F AW R BE
g A& A A% 2 2] (p<.05)
Figure 3. Lip strength difference in the production of
lax, tense and aspirated bilabials between two groups (p<.05)

3.2, F A 7 A A AE A F 8 v

321 FAD D ARBEAE A FE U AR wEH 2

vz
2735 2 A S W AIX(F, F9)ol whE ] 2EEke
H ot EFEAE 3 8y Zh dag el Avkroh dnk

[} Rus
wo], 2R TN F A 07 2 THEkE etk

B8P0 073 g 245 A LA U 9N mE 8 28z
Table 8. Tongue strength values in the production of
initial and final alveolar consonants in two groups

SSD group TD group
(n=15, kPa) (n=15, kPa)
Initial
alveolar consonant [t] 3:35(2.08) 1159 2.71)
Final
alveolar consonant ['] 7.18 (1.74) 1631 (2.72)

Values are presented as mean (SD).
SSD, speech sound disorder; TD, typically developing.

ole{gt Afo]7} FAH 0.2 o FhA] dotr ] fjal 13 A
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1934 ] E3EAHEA (mixed ANOVA)S A AIS
AE 390l AABEA T
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Table 9. The result of mixed ANOVA for tongue strength in the
production of initial and final alveolar consonants between two groups

Sum of daf Mean Fovalue
squares square
Between | Group 863.110 | 1 | 863.110 | 83.919™
subjects T or | 287081 | 28 | 10285
Positionin |, 5 297 | 1 | 150797 |185.099"
. syllable
Within Groupx
subjects P 35976 | 1 35.976 | 44.159™
position
Error 22811 | 28 815
" p<.001.

SARA A, A 1 FEIF, 5=83.919, p<.001], =4

Bl Aﬂ of] w2 FFIHF, =185.099, p<.001], -3} 22 1
X9 AT AR IF, 25=44.159, p<001]7} 257 FJeka
c}. é’ g &bo]] Ao odnt Aot & LeEo] §-o5H
eFglom, 2Rt YA 8 Tl frelshl w ek &
°J3 da g A vl tisl compare syntaxs 928k ARER
AL ANE A, AT A BFA F A 7 2o} #
o} M= 1 xfo)7 g FEH AL o 5 9

*kk
*%
15
12
6
3
0

Initial Final
alveolar consonant alveolar consonant

(kPa)

mSSD mTD
SSD, speech sound disorder; TD, typically developing.

JF4. F G A W ARl mE A AE A
3 28 2}o]("p<01, "p<.001)

Figure 4. Tongue strength difference in the production of

initial and final alveolar consonants between two groups

("p<.01, ""p<.001)
322. FAD I AAS AE A BAARFF I HE F ZH v
ARG A A M%ﬂ(ﬁ A, Aol me 8 gt
o] F T FFA2NE X 107 o) A Foko] A Ee 1
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[e)
Aor st s g
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Table 10. Tongue strength values for lax, tense and aspirated alveolar
consonant production in two groups

SSD group TD group
(n=15, kPa) (n=15, kPa)
lax [t] 5.55(2.08) 11.59 (2.71)
tense [t'] 5.87 (2.18) 14.18 (3.83)
aspirated [t"] 5.41(2.03) 13.78 (3.23)

Values are presented as mean (SD).
SSD, speech sound disorder; TD, typically developing.

ol2f gk xfo| 7} FAA o2 f-o ] dotry] L5 13}
2199 2; ) A2 (mixed ANOVA)S AA S THIE
11). 22 A7} A& F FEIHF, 25=60.851, p<.001], T3l
W2 FREIF, 56=19.758, p<.001], A3} WA F- ) F5 2
‘g‘}ll/]’ [Fo, 56=15.656, p<.001] 7]’ B5F foskih wd R e
Fa 7] t)3l] Bonferroni AF-71 7S AAISH A7}, H SR
=7 AFolA FEuke]l FsHA w2 Ao®E YERTHp
<.05). 723t 235 2-8-a ol T3 compare syntaxE {18 5}o]

IA1gE A3, Ak ol A= 258 X 2ol 7}
b, e el AekellM= B, A, Ae 1
8] Aol 7} o] ahA] AT LH 5).

S

ZiLFYELADE 43 A LRIl G

& kol g =3

Table 11. The result of mixed ANOVA for tongue strength in the
production of lax, tense and aspirated alveolar consonants

between two groups
Sum of & Mean Fovalue
squares square
Between |  Group 1,290.244 | 1 |1,290.244 | 60.851""
subjects I or 593.689 | 28 |  21.203
Phonation | =33 500 | 5 | 16758 | 19758
types
Within Groupx
subjects | phonation 26.545 | 2 13.272 | 15.656™
types
Error 47474 | 56 848
"p<.001.
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(kPa)

SSD group TD group

H Lax M Tense
alveolar consonant alveolar consonant

Aspirated
alveolar consonant

SSD, speech sound disorder; TD, typically developing.
Y5 F A BRIl B E
X7 & 2% A 3 27 o) (p<.05)
Figure 5. Tongue strength difference in the production of
lax, tense, and aspirated alveolar consonants between two groups (‘p<.05)
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T 1 A9 1033F22.16)R 3L, A Ak Hf o e

o2 18.73 kpa(3.49), H+t ?Jg A48 14.20%22.67) Atk
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A AT 1y, 2074353, p<.001] 7oA 7 ek 2F F-2) gk

2to] 7+ 1At

332 F /DAY F oY 2 ¥ A7 vl

Aol ko] B Aol & 42 10.86 kpa(1.99),
& A 72 6.862(1.59) R 2L, URE A ] F o) & ¢4
21.80 kpa(4.10), Bt 3] A7 11.263(2.18)Th SHE
3173 A}, Ak & =10, 2079270, p<.00113} & X F-E[1,
287=6.293, p<.001] Z-7llA] 7 ek 2F {5k xfo] 7} Q1 it

3.4. 78 A 9 S S 7H A

A5 B} 7 18 2] 7HARRAE Lot ] 918 )
o]& A E AIHEAE AAERITE 1 A e 2
B9 ol F2A Bes Alelst BE FEolA th:ﬂ—’F 666 ©]
&8 frefst A Addke] wEEITHp<.01; & 12). 3] <]
A BE 57N AT 718 o] folek J4 A
o] TAE AUTHp<.01; 3 13)
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Table 12. Correlation between lip strength and PCC

Initial bilabial Final | ximum | 1P

bilabial lip strength strength

Pl | 1 | [0 | [p] duration

PCC | 345 | .666™ | 5877 | .686™ | .719™ | .666™

“p<.01.
PCC, Percentage of consonants correct.

13,5 28 $H 9L ALY 4B
Table 13. Correlation between tongue strength and PCC

Final
alveolar
consonant
M [t*]** [th]** [f]**
PCC |.744 | .744 | 187 .808 764
“p<.01.

PCC, Percentage of consonants correct.

Initial alveolar
consonant

Maximum | Tongue
tongue | strength
strength |duration
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