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Acoustic and phonemic features of glottal stops in Mandarin cleft palate speech: A quantitative study

CAO Minyue, BAI Yun, ZHU Mengxian, WANG Binbing, LI Sheng, CHEN Fei, JIANG Chenghui, JIANG Hongbing. ( Department of
Oral and Maxillofacial Surgery, The Affiliated Stomatological Hospital of Nanjing Medical University, State Key Laboratory Cultivation
Baseof Research, Prevention and Treatment for Oral Diseases, Jiangsu Province Engineering Research Center of Stomatological Transla-
tional Medicine, Nanjing 210029, China)

Abstract: Objective To investigate the acoustic characteristics and phonological features of glottal stops in Mandarin-speaking indi-
viduals with cleft palate. Methods Consonant and vowel (CV) syllable speech samples with glottal stops replacing the initial conso-
nants /g/, /j/, and /s/ were extracted from the cleft palate speech database as the patient group, while two CV syllable speech sam-
ples from healthy volunteers served as the control group. Using the Praat® 6.1.09, parameters including syllable duration, the first two
formants(F1, F2), the vowel space, and spectral moments( M1-M4) of the consonant were extracted. Time-domain and frequency-
domain correlation analyses were conducted, and phonological differences among the target consonants(/g/, /j/, /s/)were examined.
Results  Statistically significant differences( P<0.05) were identified between the cleft group and the control group in terms of syllable
duration, the F1 value of the vowel /a/, the F2 value of the vowel /i/, and the spectral moments( M1-M4) of the initial consonants.
Within the cleft group, a negative correlation was observed between syllable duration and M1(r=-0.595, P<0.001). Furthermore, in
the cleft group, M1 and F1 demonstrated a significant positive correlation(r=0.243, P<0.05). When comparing glottal stops across
different target consonants, significant inter-phonemic differences were found in consonant duration and the values of M3/M4 ( duration
P<0.001; M3/M4. P<0.05). Conclusion This research offers a comprehensive analysis of the acoustic features associated with glot-
tal stop substitution in Mandarin-speaking adults with cleft palate. The study introduces an innovative approach to quantifying phonologi-

cal distinctions in substitution patterns across different target consonants. It suggests that patients may be able to achieve phonemic dif-

ferentiation by adjusting the duration and spectral characteristics of
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/g/ ga ge gu gal gao gel guo gou gan gang gen
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Fig.1 Illustration of the speech annotation in Praat® 6.1.09
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Tab.2 Comparison of syllable duration s
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Wia PR T3t X R TBE Lo PEXT IR
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/e 0.72+0.07 0.42+0.04 0.38+0.02 0.39+0.03 474.94 0.001 736.55 <0.001 507.96 0.001
/i/ 0.61+0.04 0.42+0.03 0.39+0.02 0.49+0.05 41.56 0.001 98.46 0.001 369.58 0.001
/s/ 0.89+0.06 0.54+0.05 0.40+0.03 0.51+0.09 170.61 0.001 784.93 0.001 589.73 0.001
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Tab.3 Comparison of vowel formants Hz
. 415 P 2 531 <P 5
G AR TR AR LA LR i H A )
P F P F P
/a/ F1 401.98+105.01  543.56+43.10  647.88£163.98 689.56+64.32 22.95  <0.001 104.93  <0.001 6.82  0.01
F2  1428.41£219.50 1439.00+175.62 1 761.59+377.11 1 833.32+222.43 0.75 0.39 58.65 <0.001 041  0.52
/i/ F1 293.70£37.33  349.76+71.46  375.71x108.32 337.43x19.53 0.41 0.53 626 0.01 11.48 <0.001
F2  1713.35+381.55 2 130.14£355.23 1 354.48+505.00 2 560.15+335.61 98.80  <0.001  0.19 0.66 23.36 <0.001
% F1 369.56+81.60  355.49+107.57 423.59+131.77 437.34+86.18 0.00 0.99 11.59  <0.001 049  0.49
F2  1079.73£322.35 1 160.30+459.29 1 307.43+489.13 1 285.69+476.33 0.12 0.73 431 0.04 036 055
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Fig.4 Comparison of vowel matrices
1E/i/3 b AT M1 M2 M3 M4 Y5 2
S (P<0.05) , MBI H & B M1, M2 (P<
0.05) ,fHX M3 M4 JCsZ0 (M3:P=0.24; M4, P =
0.22) , M35 4 51 B 32 B AN AN AE M1 M2 |- 8 3
(M1:F=14.88,P=0.001;M2; F=78.53,P<0.05)

[ — PR, BB LA M1 M2 (B 2T X FR ]
(P<0.001), HFHLM M3 M4 {0 532 1%
4 (P<0.01) (£ 4,K5),

TE/s/ 8 b 4L S M1 M2 M3 M4 {1
HEEREER(P<0.05), HMH L HAEH B
(M1:F=52.04,P<0.05;M2:F=5.31,P=0.025; M3
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0.01) , 1M M3 M4 {8 .3 5 T L& 1% (P<0.001) (£ 4
Kls),

RIE Spearman AR T, B ML Y
B A SRR B A (r=-0.595,P<0.001) ;
X AR M1 A5 3 & B B, W) 52 3 IEAH ¢
(r=0.067,P<0.001) , Ah, BE4H M1 HE F1
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Tab.4 Comparison of spectral moments for the consonants

AR UHERE DRI et PRI A PR SLE
F P a P F P
. + . + . + . +
/¢/  MI1/Hz 429826(.)4?2 ! 33?2; 6;)56‘6;)2 11913616.8177 44.77 <0.001 0.90 0.35 0.11 0.74
.00+ A3+ .87+ 40=+
M2/Hz 958794(.)80 2 23;71;’ ! 51217;8); 21 4(())50%;)0 47.66 <0.001 0.37 0.55 <0.001 0.98
M3 11.56+6.59 3.65+2.18 10.70+4.63 3.93+3.07 40.92 <0.001 0.06 0.80 0.25 0.62
M4 257.89+312.36 18.80+23.94 177.74+140.43 27.54+36.41 19.07 <0.001 0.64 0.43 0.99 0.32
Vara M1/Hz 381.13+78.06 4 401.00+685.64 453.25+166.76 5 861.63+729.77 686.05 <0.001 18.13 <0.001 14.88 <0.001
M2/Hz 798.63+191.34 1 973.25+449.71 867.75+425.25 4 625.87+510.15 286.28 <0.001 87.16 <0.001 78.53 <0.001
M3 10.68+4.05 0.44+0.31 14.96+8.25 0.10+£0.22 59.64 <0.001 1.47 0.24 2.02 0.17
M4 190.54+163.14 2.53+3.03 381.75+391.51 -1.28+0.23 14.50 <0.001 1.56 0.22 1.69 0.20
/s/ MI1/Hz 240.50+25.37 9 011.21+829.49 566.07+241.57 5 302.64+1 905.62 583.37 <0.001 36.59 <0.001 52.04 <0.001
M2/Hz 372.57+80.28 2 669.57+487.06 1 200.86+540.76 4 046.36+506.81 466.91 <0.001 85.85 <0.001 5.31 0.03
M3 24.64+4.68 -1.91+1.18 9.69+7.30 0.19+0.68 236.07 <0.001 29.98 <0.001 52.82 <0.001
M4 856.88+400.15 5.59+6.59 180.64+268.18 -0.48+0.97 64.30 <0.001 28.08 <0.001 27.09 <0.001
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Fig.5 Comparison of spectral moments for the consonants
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Tab.5 Inter-phonemic comparison of syllable duration and consonant spectral moments
B ARIE /e /i/ /s/ F P
REMK0.01 s BH 21.30+13.32 20.81+10.75 144.21£125.17 21.77 <0.001
X IR 37.50+15.85 83.25+17.78 164.50+34.15 193.09 <0.001
M1/Hz BE 550.33+297.34 417.19+131.18 403.29+236.40 2.96 0.06
X R 1 811.40+979.29 5 131.31+1 018.25 7 156.93+2 376.02 76.28 <0.001
M2/Hz BE 1 048.43+551.55 833.19+320.55 786.71+567.24 2.03 0.14
popitct 2 352.77+858.29 3299.56+1 446.45 3 357.96+854.01 8 481.00 <0.001
M3 BE 11.13+5.61 12.82+6.65 17.16+9.70 4.71 0.01
X R 3.79+2.62 0.27+0.31 -0.86+1.43 46.43 <0.001
M4 HE 217.81+241.42 286.15+306.11 518.76+479.88 5.28 0.01
popiict 23.17+30.60 0.63+2.86 2.56+5.56 10.28 <0.001
e VSISO Xy, X — RN IS A A B 2E BT R R T Lo Pk R ) TR A

B E R

WEAE G T IS 245 & i U E R Z R TR
HRGHE(VOT) X—2 8, i =, H it
FEME 3 T S A R
AT X
AT A IR, R 2 S 0 R
Hiz2: 552 2151 Y

X — IR AT RES PR K & SR s == AL L i [
AREFART,

TG R I S WA L, AT IR/ i/ e
/u/ (G SR AR AR TR A R )
Fiohr. W9 R BB H/ 2/ & F1 BRI /v
F2 FEAIR, S s R 8% . X —4 R S p AR
e UG T B — B, $R 15 B () T

ik B AL R A5

HEBFH/ A/ VOT ¥I{H
O AR E A N R A K R
(71 i L ] 25 57
W) . 3P R T R B K

M 21

=
2



OfEEZE 2026452 H 464 H2 .95 -

HRE ok SE A . BEAEAF ST AR 7 | I ] 5
ANERFICE i/ F2 F3 FEAK, FiAon3 = ML
A/ VB TR TR AR A5 RARAE

BiiEFE ( spectral moment analysis, SMA ) #() 12
FHF- Ak o305 o B 0 R 0 75 2 R AE e 1) 2 il
R B AT R TR 20 R A T R
SUES WIS RE R BN M1 M2 A5, M3 M4 T}
Bo MY BT S RO Y 3 JEB IR SE
R 1S 5 IE W EH IS 22 5 02, Bk R
A M2 {EREAR M3 DUE(E A | 1 % %% M3 £
MTUE, HAE AR A ILE S v R/ 1)
M1 IR BT IEHKF, ERgs RS ARM 5T
e —3, RS BB SR AR
TRV AT R IZ IR AT RE S 5 1] 2E T A
A7 Qi (6K 5000 75 RS O B o g b AR 2

WIS S8 R AE B AH DG 43 M 2 B, R [R] X6 R
HWFIEM X R, R B E T EEHEKS M1
(B AP A5 B B G, B & 5 B e M R
%, X—BEHR ARG REE AT, il
FEA R B TC L A A 5 7R RB ARE, S Tl e
RREL R e RAEH, PR, BE A
M1 55— LRI (F1) S5 EAHDE , B A7 FEAIE (F1
Fhen) B RE EC (ML) R F T e Sk O
JERE R BIRM  EmARIASE, BF5 R, 1]
FEV i TP RE K R X B S RE RO W ol R
FRUO) i EE YR 1R AT B S AL
X} SRR P A B R

MERF LIS TS T R B bRt Can
ARWFIEIRER )/ s/ i/ S/ %), HeSt bR & 5 A
RESERF (0 2 0 22 520, AR 5% A 7 28 ) 2.
— WEAEOFFE I, & 37 B 5 00 0 A B 4
e A 3 XAME Y A R A A R i
A B R T A B TR B S I 8 T X oy
FRREMTE R 2 T AR gE 45 B R IEH R
HREAE M1~ M4 SR BB EN ST RZR 2R
MR EALAE M1 M2 S50 E & 6 X e B3 T
K, A I RS M3 M4 S50 22 5 1 S O R AE
X4, R, piE & I i 2 0, B A B
TSI T ) AN XA R E LA Bl U

AT 5T AL A TRy T A AE — 2 R BR T, TR
FH IS 24082 FEA 5 1E 5 18 3 REAS Bl AR X B —
ARAMFE AT G AFEAE T 3 & B8R, AR SR 5%
S5 SR, TEPF RN b AR &
BERFE TSR |1 2635 (0 7 22 5 35 SRR AE , MO &7

7R AE R JRTT A3 BT, SR TR A ST )RR AR AT

FM AR, LN — ¥ R R BRI
T, TR ARG I 24P 1) 2 8 70 W o JE R J T AR o
AN R v A AL f B e I R 7S T 26
i H R I o A B ) A OG5, LAID) Ry 5 40 B A
(1) B3 T6 B LB B LS A 5 i R

4 B &

A G 38 25k 53 B 3 T AR AR | SE B A
5 AR R HAE 1 R i o R
PR E IS SR 0 B W AR A2 B
BB OCE . AN AR R AR i, 75T
FEV AR B R M3 M4 {8 A7 I 35 22
S iR TR O X AR A 0 . ASBE
GERIAL AR T s R U R A R O
XIAS[R) B AR 0 o 22 64T A o Ak, R A BT
[ B W AR B ) e I A AR LR At T
HESF

(& % x #]

[1] Boeffard C, Loin J, Clouet R, et al. Implementation of a program
to strengthen oral hygiene in patient with cleft deformities: A pro-
spective randomized controlled clinical trial[ J]. Trials, 2025, 26
(1): 14.

[2] A=z, WAL, KES, 5 BREER W BA A 2
MARL IR [T]. FEEESE, 2024, 44(2) : 94-99.

[3] Moura LB, Antoneli MZ, Passaglial RG, et al. Speech outcomes
after primary palatoplasty and presurgical cleft characteristics: Is
there a predictive association? [J]. J Craniofac Surg, 2025, 36
(3): 862-865.

[4] Bai Y, Liu SW, Zhu MX, et al. Perceptual pattern of cleft-related
speech: A task-fMRI study on typical Mandarin-speaking adults
[J]. Brain Sci, 2023, 13(11) . 1506.

[5] BaiY, Cao MY, Liu SW, et al. Audio-visual crossmodal connec-
tivity in perceiving distorted speech: A comparison between
patients with cleft palate and typical listeners[ J]. Neuroscience,
2025, 580. 270-276.

(6] XU NSRRI & Bl A S R IE ORI SE [ D] A5 P . 9
R, 2023

[7] Duan HF, Xie QQ, Zhang ZF. Characteristics of alveolo-palatal
affricates produced by Mandarin-speaking children with repaired
cleft palate[ J]. Am J Health Behav, 2023, 47(1) . 13-20.

[8] Jiang CH, Whitehill TL, McPherson B, et al. Spectral moment a-
nalysis of affricates produced by Mandarin-speaking pre-
adolescents with repaired cleft palate[ J]. Int J Pediatr Otorhinolar-
yngol, 2016, 84. 137-142.

[9] Jiang CH, McPherson B, Ng ML. Voice onset time of alveolar stop
/t/ and realization of unaspirated affricates associated with Manda-
rin-speaking children with repaired cleft palate[ J]. Int J Pediatr
Otorhinolaryngol, 2016, 86 150-155.

[10] M. W28HE T IACEEE & & SR A 20T [ D] b st



- 96 - ORI, NS R TR R A G CLRHIE A AT S

E

JLARtEE R, 2016. 987-989
[11] Ren Z, Shang FF, Zheng YF, et al. The role of EGG in identifying [20] Oliver S,Keyser MMB, Jhingree S, et al. Impacts of anterior-pos-
prevocalic glottal stop[J]. J Voice, 2024 . S0892199724000201. terior jaw disproportions on speech of dentofacial disharmony pa-
[12] Ghasemzadeh H, Hillman RE, Mehta DD. Consistency of the sig- tients[ J|. Eur J Orthod, 2023, 45(1) . 1-10.
nature of phonotraumatic vocal hyperfunction across different am- [21] deAndrade LKF, de Cassia Rillo Dutka J, Ferreira GZ, et al. In-
bulatory voice measures[ J]. J Speech Lang Hear Res, 2024, 67 fluence of an intensive speech therapy program on the speech of in-
(7). 1997-2020. dividuals with cleft lip and palate[ J]. Int Arch Otorhinolaryngol,
(131 ZE. 1 ) s P 68 7 A~ 4 Ak T30 1 & SO0 A 1 B 5T 2023, 27(1) ; e3-e9.
[D].E A Bz R R, 2023, [22] Wik, DhiE, B8, S5 FEITREE N A THEN S A RS
[14] TG PUEE 8 6 75 7 2 PR3 75 U R I8 3 0 75 2 i 5T PRI )], PR BRI, 2020, 55(12) : 958-962.
[D].5FH: IHARK2, 2024, (23] B WA m [ M) et AR T IR, 2023,
[15] Zhu MX, Cao MY, Li S, et al. Impact of soft palate extension and [24] TR 3T 75 2 Jo iz ) 24 FRAE 09995 BRTE & K0 5 4 28 00 5%
elevation on pharyngeal airflow in cleft palate patients; A computa- [D]. K. KIFHET R, 2020.
tional fluid dynamics study [ J/OL]. J Craniofacial Surg, 2025. [25] Hanson HM, Stevens KN. Modeling stop-consonant releases for syn-
[2025-09-231DOI; 10.1097/SCS.0000000000011478. thesis[ J]. J Acoust Soc Am, 2000, 107(5_Supplement) ; 2907.
[16] #H¥aAs. IS m 2 et T B R 58 [ D] b5 . b [26] Kharlamov V, Brenner D, Tucker BV. Temporal and spectral char-
SPMAIE2ERE, 2014, acteristics of conversational versus read fricatives in American Eng-
[17] FHE, &, Ak, 55 FHI N ISR 0020 P G R3S il lish[ J]. J Acoust Soc Am, 2022, 152(4) ; 2073-2081
FKHAHI[T]. 4P DR E2EZeE, 2017, 35(3) : 296-300. [27] Almurashi W, Al-Tamimi J, Khattab G. Dynamic specification of
[18] PMMMR, JFHEAE, skZEiit, 4. ot B IS 2T AR Jr —No i 31 4L vowels in hijazi Arabic[ J]. Phonetica, 2024, 81(2): 185-220
(B 46 B ) [J]. MBS, 1982,2(2) : 60-62. (iR F1491:2025-05-18)
[19] Rk, SIEINI, 2278, 5. IS2ORIE VPI B &R CE 19 iE &l (AR SCHik b 2%)

M2 ST [(T]. O EEFST, 2011,27(11)

XTEEZZHER

RFET(ORE) ZGEMB SN AEE B4 B4R TR S 5 ik @ B 5 I8 i 2 BF 55 7 58\ 4520 453
o R TS TAE I BTk, LA S e SO I R X P 2% £ B, [ B X 38 SC LA SRR RE T A B AU S IR 4 T
VERIBAES FERFTETTR0 43 T 60 2 B/ NIRRT B — 000 3T 45 (R 7R HH 3, L B3 32 Ze FT a0 A7 43 M 4G 56 08 3% 1) % B
NG5 EIANE 2 B 4 8 T LA o 2 AR 5 ——F1 A SOR 1 30 Bt .

VEE A BT T, Z0EH &4 ZLGZS - RIT,

PR AR R T 2R (RIRE) B84 | IR R4 FHE B ., Fe 7 2 1k 42 (0 HE P AR ks Fo b SC T AR sy 2
ST SCHRE R DU LI AN B 2Z TR A055 < 57 B F . FEAE R k2 AT 1 A IS [ (9 B R A B 2 5, 6 AR 55 3 i 3
TAERNLZFR,

SRk 4 DU I i R SCHE AR VR B SR R SCHM R v ], MRS GB/T28039-2011 Hf A 44 L iFE D &
FREPEE RN R AT bR, & SR 535 WETERT ATEST 2 Z B 20 40 IF s e T A b R A RS
HARKING S WES Sk P& S 4140 CAO Xueqgin SHANGGUAN Xiaoyue ,CHEN-FANG Yumei 25

B SCREIEAR B AS VR A0 SO TUMITE AR MR k44 S B & 07 20 (LR E-mail 58) 5 2 1138 L RHY I8 30T 42
K R R G F R SR I SUE (F 1E#

ESIECE S



