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Abstract

The purpose of this study was to investigate laryngeal characteristics in children with autism spectrum disorders (ASD). A
total of 50 children participated, including eight children aged 2 to 4 years old diagnosed with ASD and 42 normal controls at
the same age. All children recorded X-ray images of the midsagittal plane of the cervical spine and larynx, and compared the
laryngeal positions of ASD and control. In addition, samples of children with vowel prolongation were collected and analyzed
for acoustic parameters. X-rays showed that the height of the hyoid bone in the normal group was the lowest at 3 years of age,
and ascended at 4 years of age. Nevertheless, the distance from the external acoustic meatus to the hyoid bone was longest at
age 4. 4-year-olds with explosive language development showed laryngeal height elevation and anteriorization. In contrast, the
hyoid height of the ASD group of all ages was lower than that of the control group, and there was no difference in the hyoid
position between the ages. As a result of acoustic evaluation, PFR, vFo, and vAm were significantly higher ASD than control.
Low laryngeal height of ASD children may be associated with delayed language development. PFR, vFo, and vAm seem to be
voice markers showing the difference between normal and ASD children.
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1L.AZ etal,, 2013). o]u] $FF A= ¥ 7171 Ad tl(vocal folds) el FH
3] Ao M-S EA H 1, o] e EAEE A s Jeong,
Q17Fe] 57d(human voice) E&] 41 &4 J o] Ar&Eoltt.  2003). o= ﬁ‘:ﬂJ FolE AAs= 7]EF34(fundamental

2 AAE 2ol AAH 24 AbEe Qs ZHES frequency, ©13) Fo)?}t 715 A4 sH= X F(amplitude, ©] 5+ Am)
TAH 22 FA oA WF-E WHETH(Jeong, 2003). w& UE W ©=® 53 ¥ Th(Ferrand, 2011; Sataloff, 2005).

#H o] HEoA 7k gko] ot dze] Z7|HAE 71H 7= W S, WA, 3, 2 7 1HE A4S 8 Al
£ ehal &t} $F(larynx)E AU ®CH(Jeong, 2003; Seikel  &)El AbEE W, FFEAAA L DG A o8 FAEHT =
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AP H(Ferrand, 2011). Al Z(glottis)oll Al W50 %1 2|52 0] A]
ol 52 A E(vocal tract) & A UFH A TReFsl F79] DA R

WalEo] 77 B3-S B3 7] 2 Lk A FTkSeikel ot al.,
2013). F71YAES] TS 3 AGdE DAY S 5’_‘1}%
kst FEB A, o]AE A9l ol & AvpHA] 417
A% gt o] YA S Sl W2 Addnk W= Add
A e A AE 2 Ay o] Q1A s Hr) A
Al THEolxl Ao R E2 o)gt 2 ARE AR Ao AwT}t
¥ Th(Benninger et al., 2016; LaPointe et al., 2010; Sataloft, 2005).
e 24 T AN FAT 91A] 9] WEE TR
Ay Aol whEH, AAote} otz 7= EARFO FAE
SHAl A 1A 8l e, o] & QlEH] 58 3 w4l A
o] 7Fe8lthal B .35k h(Laitman et al., 1977). B8+ Magriples
& Laitman(1987) Al Aok} Qot=9] 2 357 X7 % 1
Al 6711 el A 2A4] 7R = 119 7% F(cervical vertebrae, ©]3F C1)
9] 714 5-9} 4 7 F(C4) 2] - Atolel] 21| BkA|RE, 24] o] %
W3] apdsto] 28k €5 Abo] g0l 2 x| ghthal Kol
Aojsral I oA 4lBote] =8 357 A= &g E T
FBHA WSIA 7|14 Zohe AFE 2Hdith v)E 52 59
A el & 29 A FEIF sl EA sk Ao
7Fs AL, o] 2 QIsl Algote} ol theke AeE Ay
A]717] o} tHLaitman et al., 1977; Lieberman, 1984; Sasaki et
al., 1977). Lieberman(1984)% 12 A E=A YA T
71T FHE FA RbEE, At vhek ]’/\ﬂé}\l’is}t‘
Zo] A At ‘:h_ Hapgivt wheba] Aot g0
d $59] Fol7t oW, ¥R &S w9} nlwate] /g9
H7F A A BHA Alghst= A 02 B skt
Laitman & Crelin(1976)} Lieberman et al. (1992)1“L AlAJo}o}
olof| A AFEE oA = HjHE A o 7 Mg 188 slolg)
A, 574 B i, fal 7F 1718 Aok} ThE 50
ttEold 4= ¢l A8l S thal B 118k th(Laitman & Reidenberg,
1993). 7= 24 o] % Al s17dske] 7Molli= €38} €59 7] A]
- Apolel] IX|BHA] Rk Adlo] B c49} C7] AT
shdskA EH, o]dd A7|3kel] AA A&EAHOR o] Folz]l T
S-S w9 theFst T/ 4E AFES 7hssHl sk, o]
= 70 s thE TEEY RN E 1 FElsh
o]} ar ¥ 31549 th(Laitman & Crelin, 1976).
Tiirkmen et al.(2012)< x-Ray A 23S 23] 3001 ¢] =
734 2% (lateral cervical imaging)2 245} S50 £ |3k
A= st s E!._]_O]'oﬂ}:‘ N, A= S3A=
A5 101do] AubaA =37 118 ]
2F BT R usitE BE -ﬁr*“':ﬁ o dEs2 e =
Al 37t A& == v e, A2 104 Aol A gt o] FolA]
A & (body) -7 thZ(greatest horn) F-+2-2] 0] 7Fsal
A a1, 30A17F A A] Tl ] w & e Itk o 1B 1 EEgiT
3k, A7 v oll(neurodevelopmental disorders)® -+
+ A2~ E & %ol (autism spectrum disorders, ©]3} ASD)= A}
3|4 GakaE Y 4T A2 A& AR A|SHE Holu, WHEA QL &

RN

p

> 1o
2 on el

Jn o fo

B

Fo] YEhal Fdel tidt 13& Kol ollo]ti(diagnostic
and statistical manual of mental disorders 5th, DSM-5; American
Psychiatric Association., 2013).

P M) Ag-=ol A ASD ofs59] v A4 54
S gelsj & 4 9t} Wing(1992)2 A4t folsat= thEA
ASD frobse] Fa= 2 (turn-taking strategy)©] 274 gt
H]AO] JAlA % (body language)¥ it ofU e}, W3} Aol = 34
o] Folo} AFs AHEshH= Aol Agho] O]‘:]'J_’— Haskich
Bregman(2005)> ASD o}z5°] A8]AQl U&7 (socially
facial expressions)< &30l BHA| AF8-314] %ﬁal st ol 2}, g
ME AAAZ B A 22 o] o] 2 A
= ARg-sto] walsh=] A2 ek S2do] Qltkal ®Barskgi).

F Foll, Nakai et al.(2014) ASD oF5 268 7} 5 A0 2]
3d ol 378 TAE Y ‘f‘i}ol(speech intonation) & 4]
A7, ASD ot-552 '3} Al #H 3L S E(great pitch) 7} 7 thx
T oleEl SEHTH T W 7)4\23 vebsoH, AR o
ASD ofs50] A 2T obs ol vlste] dxEg wag
& %F(monotonous speech) AF-§-$Ho} 3L B 13T}

W3, Smerbeck(2015)2 ASD o553 5 Aol A4
obeE2 el A NS EE F X2 0% Het A3 ASD o
T2 540l A tixT obs=ol vlE) i vlgo] A=
Hohal ¥.31891 31, Baltaxe(1981)% 34 oFg-50] %3} Al
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tﬂﬁri ? *—4 FHE xdst
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Freed, 2012).

olel 1 9 ASD o5 5o A 5 2
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2.1. T+
ASDE FttE|o] dojx|g el st 2404 4M7kA]
ASD o}5 15983 54 A he) A4 obs 947, F 109788 Tt
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O F ik & A= saldEty A& 9] & (Institutional
Review Board, IRB)?] 518 o] a3}t o dA&2 o
=8 o5 7] A% %7 2] % (The Korean Version of Childhood
Autism Rating Scale, CARS), %-7-¢} o3 ANsequenced
language scale for infants, SELSI; Kim, 2014)E A}-8-3Fo] 2}#)/d
HEE S48t Adoldas Brtste] A+-2] H2]of F-3tst
ot AAskglnh

AR B Hobz Alghsal o
A= sHolth tidake] A9 g
ahdol 2 4l A= Jehr] AlEkst

Qo] QA E IS F theat 08 AREE TR i
E& ATl Ak

A, R T57] A s AT R A o] sle Ak

=A, 7IeF A o ofbmS A7) Bl Y 588k A
AA|, 7 = 032 FEEdE 7 AL

A, B713E e AlS ey Vi a S e A
A, B 53 22 7B A el 7k 9l A
ARA, A Zpofut =g v} L A A A el 7t Sl Ak
LA, TR, Aot G55 5 7184 ZA7F = A
AGA, F e T dofrad A = i A|9do] 9
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®1.ASD oF5 §4
Table 1. Characteristics of ASD group

3 =31 o] &

| e | mee | UEENT | cans
S1 M 2:7 0:7 Severe
S2 M 2:11 2:4 Mild-moderate
S3 M 3:0 1:3 Mild-moderate
S4 M 3:1 1:3 Mild-moderate
S5 M 3:6 1:2 Mild-moderate
S6 M 3:8 0:11 Mild-moderate
S7 M 4:6 1:10 Mild-moderate
S8 M 4:9 1:2 Mild-moderate

ASD, autism spectrum disorders; SELSI, sequenced language scale for
infants; CARS, childhood autism rating scale(}s 7] A# 5 374 %)

22 HIl e+

2.2.1. Xray &9

HITACHIA}9] Disital Rediography system=- A-8-5}o] WA
2H9) S 519 a1, S A (midsagittal plane)= st 715
3IAth AFE 7|52 & 3§ AdFnlt](body of hyoid bone, BH)
o] Abet 0], 9]0] & (external acoustic meatus, EAM)°]l4] BH A+
@71=] 2] Az, 32k RA] 2] % (gonion of mandible, GM)°l4] BH
e A E 247 53330t EAMY GM2 Xeray A7 &
= A 715 0] Bl HaE A7) 7E AR 9 A=A 4] A
& F74sto] 1 xfol 5 3 vlwskith

Xray 9 Al obs2 FAAAA] kel SHAA(lateral
position) X A3 FAAPH % o) 7] 5 Z-8-T(image receptor) ]|
YA 7 &, 2 A2 A2 ZGje] S wdd
(coronal plane)d] A4S DA AIH T 2o (EAM) 2] $1& °F5
em®] f1A ol T8 H(IR) F& HFAUL, o= 2 T
Holl o] Al 2783tk T3t et = (mandible) 7 S
o] AAA = A& WA ] fl8to] H& o dE o2 A
slo] #9511 ti(Bontrager et al., 2005).

oo

2.2.2. 58+ A}

ASD oFg 3} 7% thxat oFg 9] 545 A st Hlawsh]
$13ll CSL(Model 4300B, Kay Elemetrics Corporation, Lincoln
Park, NJ., US.A.)¢] MDVPE A|&8lo] tdase] 2748 %7}
SHSACE MDVP S AR§-3t0] 7125-5(Fo), 2 ol 7] 27 314(Fhi)
FH A 71539 (Flo), 7135311 9] AW E(PFR), T3H1
F-Ejitter), X% %55 (shimmer), 2> 0] -SHI(NHR), &4
7)FAG(VT, ok A1 4(SPY), T3 313 (vFo), X151
S vAm) 2 57 S El5-& Al alo] n] wasicY.

23. 574

2.3.1. Xnay 29 4 95
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232. 5F3 7} 9 #4

ASD oFg 3} 4 tjx2T obse] S4A41E2 SONY PCM-
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o] 7hset SAES7152] 44,100 Hz 3%
bit= ] YAEE 54 A 3.

MDVP AL A 3783} -2 Ago] xphchel Whol|A] 53-8
A8, oFH5] QloARE H37] nlo]|ArkA e AR
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2.4. FAREA

ASD o}g Siteke] AR EAS AR 9 7leT
Z7 oFE 24| A 44| 7ER] 2}
v w.3}7] $]3l SPSS for windows 23.05
o] g-3to] AHTAHEA (one-way ANOVA)S AA3HG oM, &
A S 25 B AR SA3RFE vl 9
3} Mann-Whitney U testE Al 33k 11, 729 =2 .05 ©]3}
33

me o o e

o

Moo r2 M omx o njn
of

31 oFEe) A £

(4.4120.84)7} 7HF & Ao
Aze] FolE nlus] &
© 7 Fou|stA 2ol 7t
3). AR E A= ol7) o' x| 7} A=A ERIsH ]
918l Dunnett AHF-7178-& AAIZE A3} 2419 3419 A0 =
o7} TAITA 0= FoulatA xfo)7} Q= A O UERTH
(p<.05, 3% 4). 9bd, 249} 44 2]
AT O YERG O, 34 9} 4A17Ee] A o) T AT
Q1 2ol = gl A o el

o
=4

o, A%
2l

M ol folu] g Ao}

2.4 ob5e] A% F5 91K 24 A3t
Table 2. Measurement results of laryngeal height in normal

t7] 918l Xeray 29 5 4% obs
o) ¢} vlwsl] & Az} 24 ofF2
fal, 1 B 0% 44] oFs
ko, 34 obFe] A=
gl EAekE 2, 1H 1).
Ftol| A =ol=

©.2 Uebdthp<0s,

Std. | Lower | Upper

Age | No. | Mean 5D error | bound | bound
2 11 2.36 1.43 0.43 1.40 3.33
3 17 4.41 1.94 0.47 3.42 5.41
4 14 3.64 0.84 0.23 3.16 4.13
2 11 6.09 0.30 0.09 5.89 6.29
3 17 6.47 0.51 0.13 6.21 6.74
4 14 6.71 0.73 0.19 6.29 7.13
2 11 1.91 0.30 0.09 1.71 2.11
3 17 1.59 0.51 0.12 1.33 1.85
14 1.93 0.62 0.17 1.57 2.28

3. 44 o152 4
Table 3. Comparisons of laryngeal height in normal

5 =
H ST

92 vz

BH, body of hyoid bone; EAM, external acoustic meatus; GM,
gonion of mandible.
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SS df MS | F-value | Sig.
BG 28.027 2 | 14.014 | 6.081 .005%*
WG 89.877 | 39 2.305
Total | 117.905 | 41
BG 2.403 2 1.202 | 3.905 .028*
WG 12.002 | 39 .308
Total 14.405 | 41
BG 1.116 2 558 | 2.186 126
WG 9.955 39 255
Total 11.071 41
"p<.05, one-way ANOVA.
74X 2] A€ Bl



o] EAMellA] 5714 €] 712](6.71, 20.73)7F 718 31 A1 o= 1t
ERt O H(3E 2), 1 The 0. & 340 oks-2] EAMellA =744 2
72](6.47+0.51)7}F + HAZ A3l 11, 24 o}52] EAMelA| BH
7HA1 9 A2)(6.09+0.30)7F 71 -2 A 02 FRIEITHE 2).
A EAMelA BHZ7FA 9] A2 5 Blaal] & A3, A% Tl
EAMelX] BHZ7HA] A=) 7} SAI8 A 0. =2 fre]m]stA] 2to] 7} Q)
+ AL 2 e THp<05, 3£ 3).

EAMS} BH 1Fe] A2]7} A% M2 oju gk xpo] 7} Ql&=A] A
FHAAE A L Ay, Ax Folgl g 2419 441t
EAM¥} BHZFS] A7} SAIEA 02 f-2]u]stA zto]7} gl
Ho 7 A THp<.05, 3 4). WA 249} 34 7+2] EAM}
BHZFE] A2l SAIHAR] Afo| 7} gl Ao 2 Yk o m (3
4), 34|19} 44 7+ EAM3} BHZFE] 72 &= frejm] gk 2fo] 7} ¢l
T Ao E UetTtHiE 4).

B 4. 8% obEo] AYE F5F Afol o thi v vl
Table 4. Multiple comparisons of laryngeal height in normal

Mean Tirves
Domain| (I) age | (J) age | difference |Std. error|  Sig.
bound
aI=Jn
2
2 3 -2.048" 639 011 -42
4 -1.279 487 054 .02
2 2.048" 639 011 3.68
BH 3 3
4 769 521 385 2.11
2 1.279 487 054 2.58
4 3 -769 521 385 .57
4
2
2 3 -380 154 0.60 01
4 —-623" 214 027 -06
EAM- 2 380 154 .060 77
BH 3 3
(cm) 4 —244 231 649 35
2 623" 214 027 1.18
4 3 244 231 649 .84
4
2
2 3 321 153 129 71
4 -019 .188 999 47
GM- 2 -321 153 129 07
BH 3 3
(cm) 4 -340 205 288 18
2 019 188 999 51
4 3 340 205 288 .86
4

"p<.05, Dunnett T3 multiple comparison.

3.1.3. A st oA HE7HA 9 A vl

X-ray 29 F ARH FF 52 A= Fol & vlas] 17
Qall, AFSA F Fe] = o dsna A ) ! GMell
A BHZHA €] ARlE S7d8te] v]asl] & A, 249 GMellA
BH7FA1 9] A](1.91+0.30)2} 4419] GMellA BHZF# 2] AE]
(1.930.62)7} 341(1.59+0.51) A Bt} 21 R o 7 &l E )}, 314

¥ 1% 719] GMelA BHZEA 9] 712
o) 7} LHehLbA QRITHGE 3, S 4).

FAH O Folv|e

73 1 244 A 2T o253} 44 ASD o= =1
A% Xray A OE, AAF 2T oFEE0] g TF 91X
9} 44 ASD oF5 9] FF 9132 Belgh 5= glek,

3.2. ASD oF& 2] A5 F5F 91| vjaw
32.1. 95 AZ9) =o| |

ASD o}F 2] A% Az 9] Fol& H|waty] 28l Xray &Y

% ASD obs=2 BH 4w 015 A5 ol vlwatiich 1

A}, 44 ASD o} AF9] £0](4.5£0.71)7} M =& A oR
vebkor, 24 obge] B wol(s10)9h 34 b5l 4
0](5+0.82) F 91 W5 Wt 5% 0.7 % 7}|o], 44] ASD of
FOo AT o|HTFE2 Ao F Fel 5]"4‘3]'(&5)

E 5. ASD o5 AHE F5F HA 24 25
Table 5. Measurement results of laryngeal height in ASD

Lower | Upper
Age | No. | Mean SD  [Std. error] bound | bound
2 2 5 0 0 5 5
BH 3 4 5 0.82 0.41 4 6
4 2 4.5 0.71 0.5 4 5
2 2 591 0.40 0.29 5.62 6.19
Eggl 3 4 6.56 0.65 0.32 5.84 7.39
4 2 6.48 0.93 0.66 5.82 7.14
2 2 3.16 0.54 0.39 2.77 3.54
(]}3]\}41 3 4 3.09 1.24 0.28 2.28 3.52
4 2 3.04 0.10 0.07 2.97 3.11

ASD, autism spectrum disorders; BH, body of hyoid bone; EAM,
external acoustic meatus; GM, gonion of mandible.

3.2.2. A3 9o xolx A27HX] &) A vl
X-ray 9 $ ASD o}5-2] EAMel| 4] BH Ato] €] A S Bl

&) ¥ A3}, 34 ASD oF52] EAMelA BH Alo] 2] #2](6.56+
0.65)7F 7H& 3131, 44] oFE<] EAMelA BH Atole] A
(6.48+0.93)7} 71 Th3 2.2 3l on, 24| o}52] EAMellA BH
Ato] 9] A7](5.9120.40)7}F 71 #S A1 o2 HIIE TR 5).
o] A5 A thxwr vlws] B, ASD obs A i
T o} 2] EAMeA] BH Ato] Al 354 0.2 2417} 7H &
ATk B3 A4 dlzt oFs] EAMellA BH Ak 2] A= 4
A7 78 A9l o, ASD oF52] EAMell A4 BH A9 71
3A7E 71 20 Ao m SAE QTR ).

3.2.3. AFE et oA A37kA g A vla

X-ray 2% 3 ASD o}52] GMol|A BH Ak 2] A2 S v
g 2 A3} 24 ASD oFE2] GMelA BH Alo]<] 712](3.16+
0.54)7F 718 A3, 34 g2l GMelA BH Atele] #g]
(3.09£1.24) = I v o= A% o, 44 oF5-2] GMelA BH
Aol 2] Ae](3.04£0.10)7} 7HE & 21 0.2 H7FE SITHAL 5).
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Figure 1. Lateral cervical X-ray findings by age

33 ASD 9} 74 obF 7k] A FF 917] 2fo] %
o] 35S ASDT T TS vl s W, 4 o) 2T of
52 GMelA| BH Aol 8] A= 4A17F 718 A Aol v)st

o] ASD ©}52] GMel|A] BH Ate] €] A= 4417k 71 Fe- A
O & F7hESlvk 183, ASD obE i WA it obs B2
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"p<.05, Z values on Mann-Whitey U test.
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