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[Abstract] Objective The aim of the study was to explore the correlation between temporomandibular joint (TMJ)
morphological characteristics and mandibular growth potential by measuring the three-dimensional growth of the mandi-
ble before and after the growth spurt in adolescents with different TMJ morphological characteristics. Methods A trans-
verse sample of 226 adolescents with normal growth and without orthodontic treatment was selected, and the cone beam

computed tomography (CBCT) image of each patient

(KRS ] 2023-11-10; [{EE H 8] 2024-04-10 was collected. All the samples were divided into pre-

(EETE] Hla FOm TR 5 S REbs E ASReT H (20JR10- growth groups and post-growth groups based on the
RA653-ZDKF20210101) stages of spheno-occipital synchondrosis fusion. The
(VEBE A 84550, %1, Email: hanjwl9@Izu.edu.cn condylar position, condylar height-neck ratio, condylar

[EIS1E&] HH, BIZHZ, i1, Email: 15609310015@163.com angle, and condylar head vertical angle were measured
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and calculated. According to the measurement results, all the samples were divided into groups with different TMJ mor-

phological characteristics, and each group’ s mandibular three-dimensional growth was measured and analyzed. Results

Regardless where the condyle was located in the joint fossa, a significant increase in mandibular length and height was ob-

served during the growth spurt. When the condyle was not in the median position, the growth of mandibular width was

statistically significant. The growth of mandibles with short and thick condyles was significant in all directions, whereas

the growth of those with long and thin condyles was statistically significant in length and height but not in width. The

growth of mandibles with relatively large condyle angle was statistically significant in all three-dimensional directions,

whereas those with relatively small condyle angle showed statistical significance in length and height but not in width.

Mandibles with relatively large condylar head vertical angle showed significant growth in the length and height but not in

width, whereas mandibles with relatively small condylar head vertical angle had statistically significant length and width

growth, with no statistical significance in height. Conclusion The morphological characteristics of the TMJ can be used

as a reference index to predict the growth potential of the mandible. The growth volume of mandibles with different TMJ

characteristics changes in various directions.

[Key words] adolescent; temporomandibular joint; condyle; mandible; growth

XNTRAERKFEBINEVEMS, T
B AR R R A K 1) i TN A 25 28 58 R e e,
FOR A MR RS R R92 T . IR 5 SR E AT
JEAb T BA A IR R E o B TAKKE
e, AR AR AT T A TN — L T M 4 1
A, BROSGE T EE AKX, W T A TE
AR A Y AR KORIRZ 1, BUR e IR S
FROES T 80E 09 AR R B FIAE Ky ) e R D),

ARWEFEVAA [A) AR KR & IR 2B IR YT
AEHETE TSI )= 494 (cone beam computed
tomography, CBCT) BERIMHE aFEA, & 7 Hr
AN TRJREUT 605G T A AR Y R T Al e =4k 7
] EA R 22 5, I R BN T A A 7 4
2%,

1 #RF7E

L1 A7 AT %

FEACIE H 201641 220214E7 7 512 T 22 M
K DR BEFEER B R, SHEARRNER . M
BBE A, JF HARAE T CBCTH KL,

PARRUE: 1) b THEMEEEES (spheno-
occipital synchondrosis, SOS) fill {5 552 [ Bt ol 55 3
BB 2) 5 R A FIET -

HEBRARME: 1) 222l IEWBOESTEYT; 2)
FEAER T A A8, BIGE AN, 8 B OC Ty
DCPIR AN | s Elc e | oK 1 A2 BRSO AR S5
5, BCBCTH AL WHRSE & B Ih . W4k | Al

1o BEFEAR, DLRBRRR/NBOESBUE . SETE
Bl EHI TR B (S % 40hn . FETCHUT a¢
WHER ARERCBCTIE 25 R R, 3R W00C 19 /i
6] B2 29 2.29 mm, - [&] B2 3.26 mm, i 8] B N
238 mm") SEAER; 3) FAE BB AN, B
B A IE T R R A BB A /N T4 mm®™s il T LA
RV I G TS S | 2y ¢l DO 71195
BRI FE L, WA A HEBR
TG T e AR KT AN YR A AR EL AT B AR X
PREDIU T AOCTT 3 4) Sk B8 32 3 B A 50 A7 78 W
s 5) T EAESPINEEFRAR; 6) CBCT
AR 22

ABEFEARTT T A AR RIS R &, JF
H 22 N OR 22 1 i B2 22 Be A FL s DL st (LZUKQ-
2019-042) .

1.2 CBCT#4#%

CBCT K 14 # FH I-CAT 1% 1% & 4t (Imaging
Sciences/vH], FE) K. &4 BE YR AR
TRz A REF B, SkBEN., BT
& ARG, N EUF SIS T IRAS L, HE
HSV- T 5 3 TRV AT o SR T AT SR AT AR A B 25
Sk AR SR BC G, 7E A i R T R TE ) A6 E 1L
W&, NEMAEHESESR IR S
Byl . MEFR/NR16 emx13 em, TAEHLE
M120kV, HIZEHEN18.54 mAs, BEEATIEHS.9 s,
1.3 SOS @& M- ) i 47 o

B A A EARCBCTH B B R Fid 5 (digi-
tal imaging and communications in medicine, DI-



e 458 - [ R 11 s PR 2% 2% 5 International Journal of Stomatology

2024-07 51(4)

COM) L5 Aln Vivo 6.03%1f (Anatomage/y
A, RED), PR EMR 2 NE BT S KT
EAMBEAES (K1), Al-GumaeiZ"'7£ Franklin
SEURTHE B 5 B O VR SRR B ET TG, fF SOSHR
#730S0S1~8084 (1#12), 3 BRI LT 44~ B
Br. SOSUMW . sty 413k 5tz 18] 1) 18] B A A 5 55
HAFTERIE S SOS2): UM IRl G , (HA M
HHCEIRG RN —F; SOS3M . il #h ) fil
G, GRS ERAKERN—F; SOS4ll: &
MECF G ARRG, (HA] REAATE R G IR .

PERT, —WOLF AR s B, R
B A K S AL T SOS2 T = SOS3H . AWF AR
R e, AEIE T R TE SR SOS I fill A
FERE, 9IALLTSOS2M . SOS3WIFEA, 2RI
FAERKMETA . ARMEH. 223
BB A N AREA AT I, R, 2
(LA 5E (0 F B LB 145 B Al B3O A Pk
FIWT, FEEATEREMES B, TR
B AR L AEAS, SR F Okamoto %5 i F (1)
D5 e AR R TR

A SHEMEREEFEST; B: CTALE FPHETSF A ; FH: HEFFE,
B 1 e = A R M A WS K AT A A RS

Fig 1 Adjust the 3D image until the Frankfort horizontal plane is parallel to the horizontal plane and the left and right sides basically coincide

A

/

\D N
(AY \
{ \

1 71

"

o\

A. B: S BB (SOS1); C. D: 52K B (SOS2); E. F: 53Kt (SOS3); G. H: #E4HEt (SOS4),

Kl 2 SOS kA Bt

Fig 2 The fusion stages of SOS
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Tab 3 Size of three-dimensional direction of mandibles with different condylar positions before and after growth spurt

Mean+SD
5 /mm ‘ P ‘ e ‘ Py
RN ERBURA P ERWINS  ERWE4 P AERWNA ARWES PR
ML 100.94+4.81 105.63+4.67 0.003* 101.69+4.86 105.23+4.64 0.002* 100.21+5.50 104.07+5.99 <0.001*
MBL 61.95+3.88 66.06+3.15 <0.001%* 62.21+3.55 65.51+3.80 <0.001* 61.4543.73 64.744+4.25 <0.001*
BAgW 81.10+£3.21 82.26+4.49 0.375 81.24+4.08 81.95+4.36 0.463 78.32+3.81 81.27+3.97 <0.001*
BGoW 87.52+4.35 89.74+5.99 0.196 88.40+5.02 88.60+4.81 0.856 86.54+4.98 89.44+5.89 0.007*
BCdSW 96.32+4.19 100.10+5.46 0.021* 96.14+4.63 98.28+6.03 0.078 94.83+4.69 97.85+£5.03 0.002*
MRH 50.14+4.63 54.71+4.64 0.004* 51.74+3.95 54.19+4.46 0.011* 50.24+3.85 53.03+4.54 <0.001*
MAH 59.5244.05 64.99+4.36 <0.001* 60.38+3.81 64.334+5.19 <0.001* 59.67+4.05 63.274+4.62 <0.001*

H: /R P<0.05
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Tab 4 Size of three-dimensional direction of mandibles with different condylar height-neck ratio before and after growth spurt

Mean+SD
0BT /mm Sk 8, % 5, %
ERWA AKWEA P ERWWA EKMRA Pl KW AKWEA P
ML 99.75+5.38 106.55+4.99 <0.001* 101.57+4.66 103.00+5.22 0.192 100.78+5.35 105.15+5.53 <0.001*
MBL 62.20+3.37 67.09+3.33 <0.001* 62.23+2.97 63.57+3.81 0.074 61.16+4.37 65.36+3.57 <0.001*
BAgW 79.39+4.22 82.80+4.16 0.005* 79.53+4.16 80.45+3.95 0.310 80.32+4.34 81.44+4.73 0.268
BGoW 86.99+4.96 90.94+6.14 0.017* 86.83+4.61 87.67+4.19 0.400 87.97+5.28 89.22+5.23 0.295
BCdSW 96.69+5.99 100.57+5.30 0.002* 94.34+3.25 96.86+4.85 0.011* 96.19+4.68 97.81+£5.79 0.159
MRH 51.10+4.43 55.10+£5.03 0.004* 50.90+4.23 53.14+3.51 0.012* 50.44+3.73 53.05+4.72 0.006*
MAH 60.38+4.47 65.19+5.10 <0.001* 59.95+4.10 63.49+3.50 <0.001* 59.64+3.63 63.97+£5.58 <0.001*

T *8 P<0.05,
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Tab 5 Size of three-dimensional direction of mandibles with different condylar angle before and after growth spurt

Mean+SD
15 H/ A AR AR
mm 28 IS i) ERIE A PfH R RTAL HERWEH P AR T4 ERIE A PfE
ML 100.79+5.73 104.40+5.47 0.007* 101.07+5.19 104.93+£5.28 0.002* 100.67+4.58 105.08+5.24 <0.001*
MBL 61.94+3.69 65.32+3.34 <0.001* 61.3943.50 65.07+4.05 <0.001* 61.71+3.68 65.26+3.95 <0.001*
BAgW 80.87+3.87 81.68+4.19 0.383 79.99+4 .41 81.03£3.63 0.273 78.12+4.39 81.91+5.06 0.001*
BGoW 88.56+4.07 90.06+5.62 0.176 87.83+£5.09 88.53+£5.15 0.561 85.714£5.12 88.37+4.97 0.031*
BCdSW 95.89+4.80 99.85+6.38 0.002* 96.29+4.55 96.83+5.00 0.634 94.354+4.30 98.76+4.31 <0.001*
MRH 50.41+4.16 53.63+4.83 0.002* 51.43+£3.97 53.47+4.51 0.044* 50.56+3.97 54.77+4.85 <0.001*
MAH 60.31+£3.99 63.97+£5.09 <0.001* 59.78+3.82 64.00+4.92 <0.001* 59.48+4.08 64.48+4.95 <0.001*
R P<0.05,
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Tab 6 Size of three-dimensional direction of mandibles with different condylar head vertical angle before and after growth spurt

Mean+SD
WS H /mm W%, W%, Wé,
AR KR PlE AERKIRTAH  AERKBEH PlE AERKIRTAH AERKSEH Pl
ML 99.76x4.94  10449£542  <0.001*  102.19+4.87  106.11£5.92  0.003*  100.795.58  104.27+4.81 0.005%
MBL 61.30+3.21 64.83+422  <0.001*  61.753+3.94  66.68+2.99  <0.001*  6238+3.93  64.71+3.84 0.011%
BAgW 79.09+4.59 8134340  0.021*  81.32+4.29  82.85+4.03 0.132 7930340 80.814.59 0.104
BGoW 86.60+5.29 88.7743.60  0.037*  89.20+4.52  90.15+5.91 0.455 86.71+433  88.08+5.82 0.247
BCdSW 96.15£5.10 99.03+4.28  0.011*  96.06+4.21  99.84+5.66  0.002*  93.93+3.62  96.47+5.58 0.021%
MRH 50.70+3.25 52.18£2.89  0.060 52.19+4.49  5424+432  0.055 5027+3.63  54.04+£5.66  <0.001%
MAH 58.85+3.58 62.54+3.77  <0.001*  60.97+4.90  64.66+497  0.002*  60.40+3.54  64.00+5.39 0.001%

. *R P<0.05,

AT, fEERMIAR, ARIER AL
BRI, JUIHC R 2 R X0 N7 A 6511 9 B I
RIS AL B S o AN [R] A a1 T P 285 AT RE 23 52 i
PERIAERU T 895G 1 4, AR RO BR2R T2k
FI e 7 B T3/, 30k A 6 1 FR B 5 i B
JR, kAT B A O I 2K AR i B K T A
Wz —o BREAERTYS T A JA AL B 25 S0k
BT RUAR S, R IR S D RE A T2 R R
BRI AL TR, AIAS AL A BRI KIS A 2 2
TR, SR ISR A O R S BORRS  BE  JE
SR, ERARER 3 JCREAR AT HAT D iy =805 102 A9
RO, (HORFR IE T AR R AL T AL, AFIE
B8R - B3 ¢ A W DL A7 A5 R G5 5C 3T 5 Y AR
A, HABRG A B A % 3G T e A AR A
P, BRI B 5y 52 N S PR 52 0 1T B AR
SERN R Z—, ELBRIEALE 1A 7] 58 5 J2 fil 1 Mg
T IR ik 245 0 H AT A g™, i AR AL
EE BRI I A KR TR A R — P R IE

TEBA AR R R T aid b, HASK
e TR R 2 14 650 A A R ] L B R A1) =
gy A, XA AR B e T i ST A R
—H, BTN SR A B, R E AN
RENAN/NA BEAL, Bk IR A B R R
BHRCSLM . BTN BRI, B
I mMmEE MRS . g B
PR B 28, T TS RS W R DL
AR ELES, Pk E AR AN 1 REE

R Z UL, — 7, AR — 2 F P AR Y
I /INI S R RS T 5 O R T
2. BYINERER, JEHEE s Rz N 1, W
L T 28 AR A RS 01 S 1 A MELIG v 72 5y
AR, TR 2R R AT A
ZRRFRE N T VERT, X AT RS M RS 1 1E H
K, BCOAMAIEEREAENRFAZ—; 5
—Ji1f, KatsavriasZF ™ BgAFsE 28, 28 B & 81
RBEFER Mk s A K, X R AR AR T2
HofEik, BEENTHEEENERK, KA
KARAS FaE mwg . mFAER, SESKERm,
PRI T 288 A8 P R 28 A KB itE — 25 R BO W A
ANiop: Ly .

RIS KB AL I T aTE 45 A 7 T 5 R B0
W AR TR R . ASTR] R T
R R R R R R R M KON, T 28
mAEENREMANT I REMAERE, MaE"Y
s R e RN BHNRMREMRKTENET .
T2/ XU B R 2 A R/ INVR T G B A K W )
HA -8, SRR R, —8XT T
TR TR L B 280 R . R RN AR A K A2 A
PR TS A 1 K/ S A O, HLAE R R R T
T P T T rb L B 26 R BB A R
FUCh B T 288, mEE 288 B2 A
fe/h, ABTCE R — 2 R, e A B B 5 A
BINTAE A, 2 B O AHO0 3 5 5 ) N T 5
[T 8 Y ) L TN 1 B s 1 S P N PN )



541 TR SO, 45 35 AT SO IR A RIS TR AU =4 1) R I R AR SRR © 463 -

FEHUHR AR T SR T AR, e
Wk B R, U AN BRIE A AT RE S T Al A
BARFEBYICR, BRI e ] fefEh—
Pl A ML A M R BN R I G0E L DA i A5 g
A HInER

B SN YAk N1 I T B =0 % N
P AT A, TSRSk B A ROREE, TR R
L EI KW . Santander S BFSE BN . TR
ANFFARB A, BRI SKAE 1k T 26 B 4
SRELSL, TAEEPE 128 ) AR %) B B K
FEA R B A, BROESL IR AR A R B
HOL, AE R AR BRI, X 5 AR 45
TE— &R AR, PR Rk 26 Rl i iR
AT S R e 26 R R
N, BRI E A S MR HEAEK, W
e ] b A ] B s e i, 2 g S O AR T
M, MBSk E AERE, BREREITEY, B
GEAETE L7 1) B AR A R T T S B R S AR
S, SRSk BT AR/, RS B [ F ) R
ATy A, RIS BE B BGR TTBR L/

ABEFEAE FHSOSFl & B Be/E h FIW A= K& &
AR PR, SOSEHL B A1 Z 18] i) i A K
L, FEMURAER RS 2 CEHEZEMIEH . pFs
LW, SOSHRLA AT LIME R 75 & W 1R i A= 4 2
fEbr . Al-Gumaei 5 E — 5 [ i P A 5 b ffi =
401 1 7 PG SOSHE G W Be 5 F A K 6
R, SRR SOSHUA M B vl LIVE R PEA Fil L
BN RE Y S5 MR A A — A R AT R T
br, FF48 T aE 7ESOSEL & 55 2~3 B Bt A B
KgAK, [l HSOSELA M BeAE b FI W A K &
R L OE R AN S K= ) S s o K N E R ==
A E  (hand and wrist maturation, HWM) . 0
ME R/ (cervical vertebral maturation, CVM) ,
WA T ORISR R B A SMARX L A, b
TR TR AZ (S 2GR i IR R T B R, B
HWML 5 CVMIL I fERf 1 52 B B 2 T BE, 7R iR
M FHIPAL A 4 & B INAFTEBRBE Y 5 40h, BEE
THRBHEAREOERNZME, REE R
MSRFAERCBCT fr, A fd FHCBCT R AL A4 1
RERME TR, HHBEA SR SR
THRAIE . BARSA R FE S, BTG — 4k
XE& it

1) A5 3 S0 Jmy PR A 78 T H 28 T 4 o) A
A, BARIN X TR R AR K R B e A

A0E . MEFRES, EEEIRMER, KEN
I AEAS (IS EE B R TR, RT3 49 5C T T i
KBRS, AOF T TR ST 7
B X FET R EEITAE T A KR,
SRR o P A A5 2 AR KRS T a0 =48y ) RO
M2 SR KR T AR, X T 45 4 ¥ 3R 81
Mgt 2 R T WAE KRR, A&
AR TR/ 220, 2) /A B T B
B, AR SE 3R B KR A O Y S 6 R A A
CBCTH AR b AT W% 3] G5 8] Bt (1) 57 6 1 98 w2
78, AR G [B) B AR AN RE U IH DG S Ak
IEE 7 B, B AR R (magnetic resonance
imaging, MRI) A5 A 3G 15 8 88 A7 19 6 A e
DA L AR BF 5% AT REAS B 58 2 HEBR A7 72 1T A0 1Y
HA, 3) T HBRA X THREREILL ., #RR
. BSLES AR E IR, AR BT
AROAAT TV 0H, FAE—EMREME. 4)
BT B BOm e fe 32 25 FELH g AL
YER . Thagiz sl . HUARAE B s RS W 5 &
ARG L RIS AS RN CE , HOY RO TR A
TRMIE S s s AR RS TS, e R e
FER A, BT SRR T R I OEER AT
9 Dt DR 2 A5 AP AEAE R, DR, R IAE I R
I e R v gt G AR BR R4 T B

4 it

L A, ARSI LRI R4S 1) B
A T 25 G A B A 2 A 1
SR, FA R BRI (0 F AU 775
e B B ) 76 45 7 1] R KR 25 55 2)
TR B IEAE XA A P T RO B, A K 0]
NG, H TS T AR I R K, L
R AEE AL, JE B F TR AT, g E
TG K22 R HA G 3) BT
WL, ATEEE R A A R K,
KA, T REEE] T AR K 5 1 R 1T
TR 2 RGO 4) WA Bk,
W) T e =i A K B, Mg fabeh,
AT LA BT A 1 K 5 T 2%
REGHFE L 5) Bk sk, aTWEEE
T I R 5 K T B K TR
B, M BN, AR K g
R B T R K 22 R R A 6)



. 464 -

[ B 1l B 222475 International Journal of Stomatology

2024-07 51(4)

TR

SR By 2 A R A S ML MACIR 25 i 52 i

SRR I (0 K8 5 A S A6 47
SER P L R VL ESEXEES S

5 SECEk

(1]

(2]

(4]

(3]

(7]

(8]

X2k, 3152, iR, 4 REBRRPCE T B &
W AR T IR IE D). L TR SE, 2022,
26(32): 5162-5166.

Liu C, Jia Y, Yang SR, et al. Characteristics of the
growth, development and microarchitecture of con-
dyle subchondral bone in rats[J]. Chin J Tissue Eng
Res, 2022, 26(32): 5162-5166.

Saccucci M, Polimeni A, Festa F, et al. Do skeletal
cephalometric characteristics correlate with condy-
lar volume, surface and shape? A 3D analysis[J].
Head Face Med, 2012, 8: 15.

Al-Gumaei WS, Al-Attab R, Alhammadi MS, et al.
Evaluation of spheno-occipital synchondrosis fusion
in Chinese population using CBCT: a cross-sectio-
nal study[J]. J Contemp Dent Pract, 2022, 23(1): 8-
13.

T, W AR, 55, 0T &Y AL HEIE R
CT # 2 LIS S AZ Wbt i % IR 0], vh AR 1 i
PRaEZ4aE, 2020, 55(9): 613-616

Fu KY, Hu M, Yu Q, et al. Experts consensus on
cone-beam CT examination specification and diag-
nostic criteria of temporomandibular disorders[J].
Chin J Stomatol, 2020, 55(9): 613-616.

Tun Oo L, Miyamoto JJ, Takada JI, et al. Three-di-
mensional characteristics of temporomandibular joint
morphology and condylar movement in patients
with mandibular asymmetry[J]. Prog Orthod, 2022,
23(1): 50.

Ikeda M, Miyamoto JJ, Takada JI, et al. Association
between 3-dimensional mandibular morphology and
condylar movement in subjects with mandibular
asymmetry[J]. Am J Orthod Dentofacial Orthop,
2017, 151(2): 324-334.

Franklin D, Flavel A. Brief communication: timing
of spheno-occipital closure in modern Western Aus-
tralians[J]. Am J Phys Anthropol, 2014, 153(1): 132-
138.

Al-Gumaei WS, Al-Attab R, Al-Tayar B, et al. Com-

[9]

[10]

(1]

[13]

[14]

[15]

[17]

[18]

parison of spheno-occipital synchondrosis matura-
tion stages with three-dimensional assessment of
mandibular growth[J]. BMC Oral Health, 2022, 22
(1): 654.

Okamoto K, Ito J, Tokiguchi S, et al. High-resolu-
tion CT findings in the development of the spheno-
occipital synchondrosis[J]. AJNR Am J Neurora-
diol, 1996, 17(1): 117-120.

Pullinger AG, Solberg WK, Hollender L, et al. Rela-
tionship of mandibular condylar position to dental
occlusion factors in an asymptomatic population[J].
Am J Orthod Dentofacial Orthop, 1987, 91(3): 200-
206.

Berraquero R, Palacios J, Rodriguez JI. The role of
the condylar cartilage in mandibular growth. A
study in thanatophoric dysplasia[J]. Am J Orthod
Dentofac Orthop, 1992, 102(3): 220-226.

Kajikawa A, Hirabayashi S, Harii K. An experimen-
tal study on the growth of condylar cartilage, using
a new vascularized mandible heterotopic transplant
model[J]. J Oral Maxillofac Surg, 2003, 61(2):
239-245.

Shen G, Darendeliler MA. The adaptive remodeling
of condylar cartilage—a transition from chondrogen-
esis to osteogenesis[J]. J Dent Res, 2005, 84(8):
691-699.

Bjork A. Facial growth in man, studied with the aid
of metallic implants[J]. Acta Odontol Scand, 1955,
13(1): 9-34.

Chen YX, Li LF, Li Y, et al. Comprehensive posi-
tional and morphological assessments of the tem-
poromandibular joint in adolescents with skeletal
Class Il malocclusion: a retrospective CBCT study
[J]. BMC Oral Health, 2023, 23(1): 78.

Burke G, Major P, Glover K, et al. Correlations be-
tween condylar characteristics and facial morpholo-
gy in Class Il preadolescent patients[J]. Am J Or-
thod Dentofacial Orthop, 1998, 114(3): 328-336.

Ma QL, Bimal P, Mei L, et al. Temporomandibular
condylar morphology in diverse maxillary-mandibu-
lar skeletal patterns: a 3-dimensional cone-beam
computed tomography study[J]. ] Am Dent Assoc,
2018, 149(7): 589-598.

B, £ WY, S B O Re T 24



TR SO, 45 35 AT SO IR A RIS TR AU =4 1) R I R AR SRR

. 465

[19]

[20]

[22]

[23]

(24]

[25]

[26]

TR A L) CBCT MFFE[I]. S8 M B 24 2R A,
2018, 34(4): 548-551.

Dai WW, Wang XY, Pan SS, et al. The characteristic
of condylar postion in the subjects with mixed denti-
tion and Pseudo-Class [l malocclusion: a CBCT
study[J]. J Pract Stomatol, 2018, 34(4): 548-551.
WAL, K, Y, A, 22 QT2 RS IE I 38
TFROCTTTE BT[], IR DR B A,
2000, 14(5): 317-319.

Hu M, Bi CQ, Zhou D, et al. The study on TMJ
morphological changes in patients with Angle Class
Il malocclusion pretreatment and after treatment[J].
J Mod Stomatol, 2000, 14(5): 317-319.

Pullinger AG, Solberg WK, Hollender L, et al. To-
mographic analysis of mandibular condyle position
in diagnostic subgroups of temporomandibular dis-
orders[J]. J Prosthet Dent, 1986, 55(6): 723-729.
Shokri A, Zarch HH, Hafezmaleki F, et al. Compara-
tive assessment of condylar position in patients with
temporomandibular disorder (TMD) and asympto-
matic patients using cone-beam computed tomogra-
phy[J]. Dent Med Probl, 2019, 56(1): 81-87.
Cohlmia JT, Ghosh J, Sinha PK, et al. Tomographic
assessment of temporomandibular joints in patients
with malocclusion[J]. Angle Orthod, 1996, 66(1):
27-35.

Paknahad M, Shahidi S. Association between condy-
lar position and vertical skeletal craniofacial mor-
phology: a cone beam computed tomography study
[J]. Int Orthod, 2017, 15(4): 740-751.

Akahane Y, Deguchi T, Hunt NP. Morphology of the
temporomandibular joint in skeletal Class Il sym-
metrical and asymmetrical cases: a study by cepha-
lometric laminography[J]. J Orthod, 2001, 28(2):
119-128.

B, ARVER, XRT, 5 A R 2R B SR
BT R BRSO R AE B BIF S (9], T B 1 PR 2 2R
2022, 49(2): 153-162.

Han JW, Ren SQ, Liu XY, et al. Features of con-
dyles of adult patients with different vertical and
sagittal skeletal facial types[J]. Int J Stomatol, 2022,
49(2): 153-162.

Doraczynska-Kowalik A, Nelke KH, Pawlak W, et

al. Genetic factors involved in mandibular progna-

[27]

(28]

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

thism[J]. J Craniofac Surg, 2017, 28(5): e422-e431.
Moreno Uribe LM, Howe SC, Kummet C, et al.
Phenotypic diversity in white adults with moderate
to severe Class I malocclusion[J]. Am J Orthod
Dentofacial Orthop, 2014, 145(3): 305-316.

Arnett GW, Bergman RT. Facial keys to orthodontic
diagnosis and treatment planning. Part I[J]. Am J Or-
thod Dentofacial Orthop, 1993, 103(4): 299-312.
Arnett GW, Bergman RT. Facial keys to orthodontic
diagnosis and treatment planning. Part I [J]. Am J
Orthod Dentofacial Orthop, 1993, 103(5): 395-411.
Katsavrias EG, Halazonetis DJ. Condyle and fossa
shape in Class Il and Class Ill skeletal patterns: a
morphometric tomographic study[J]. Am J Orthod
Dentofacial Orthop, 2005, 128(3): 337-346.

BT . AN]SR PR B ThT 5 85 o i e W JE S8 300
KAT CBCTWEFE[D]. Kt KHEERIR A, 2017,
Liu T. Morphological study on temporomandibular
joint in high-angle patients with different sagittal
skeletal pattern by CBCT[D]. Tianjin: Tianjin Medi-
cal University, 2017.

Lv WX, Nie Q, Gu Y. Three-dimensional analysis
of mandibular characteristics in patients with skele-
tal Class Il malocclusion and chin deviation[J]. Am
J Orthod Dentofac Orthop, 2021, 160(3): 392-400.
Liu W, Wang Y, Zhang Y, et al. Study of condylar
asymmetry in Angle Class Il malocclusion with
mandibular deviation[J]. J Craniofac Surg, 2015, 26
(3): €264-¢268.

Kim HO, Lee W, Kook YA, et al. Comparison of the
condyle-fossa relationship between skeletal Class
Il malocclusion patients with and without asymme-
try: a retrospective three-dimensional cone-beam
computed tomograpy study[J]. Korean J Orthod,
2013, 43(5): 209-217.

Obwegeser HL, Makek MS. Hemimandibular hyper-
plasia: hemimandibular elongation[J]. J Maxillofac
Surg, 1986, 14(4): 183-208.

Santander P, Quast A, Olbrisch C, et al. Comprehen-
sive 3D analysis of condylar morphology in adults
with different skeletal patterns—a cross-sectional
study[J]. Head Face Med, 2020, 16(1): 33.

Bjork A. Prediction of mandibular growth rotation

[J]. Am J Orthod, 1969, 55(6): 585-599.



. 466

[ B 1l B 222475 International Journal of Stomatology

2024-07 51(4)

[38]

[39]

[40]

[41]

[43]

[44]

PRELFR: RS R 7 1 1 fs R IR 43 A 5 1l DR SR g

Shirley NR, Jantz RL. Spheno-occipital synchondro-
sis fusion in modern Americans[J]. J Forensic Sci,
2011, 56(3): 580-585.

Alhazmi A, Vargas E, Palomo JM, et al. Timing and
rate of spheno-occipital synchondrosis closure and
its relationship to puberty[J]. PLoS One, 2017, 12
(8): €0183305.

Ferrillo M, Curci C, Roccuzzo A, et al. Reliability
of cervical vertebral maturation compared to hand-
wrist for skeletal maturation assessment in growing
subjects: a systematic review[J]. J Back Musculos-
kelet Rehabil, 2021, 34(6): 925-936.

Gabriel DB, Southard KA, Qian F, et al. Cervical
vertebrae maturation method: poor reproducibility
[J]. Am J Orthod Dentofacial Orthop, 2009, 136(4):
478.e1-478.e7, 478-480.

Zhao XG, Lin JX, Jiang JH, et al. Validity and re-
liability of a method for assessment of cervical ver-
tebral maturation[J]. Angle Orthod, 2012, 82(2):
229-234.

Scarfe WC, Farman AG, Sukovic P. Clinical applica-
tions of cone-beam computed tomography in dental
practice[J]. J Can Dent Assoc, 2006, 72(1): 75-80.
Schlueter B, Kim KB, Oliver D, et al. Cone beam
computed tomography 3D reconstruction of the man-
dibular condyle[J]. Angle Orthod, 2008, 78(5): 880-
888.

[45]

[46]

[47]

[48]

[49]

Diwakar R, Bucci R, Kaushik A, et al. Three-dimen-
sional assessment of temporomandibular joint mor-
phology and facial asymmetry in individuals with
different vertical skeletal growth patterns[J]. Int J
Environ Res Public Health, 2023, 20(2): 1437.
Lim YS, Chung DH, Lee JW, et al. Reliability and
validity of mandibular posterior vertical asymmetry
index in panoramic radiography compared with
cone-beam computed tomography[J]. Am J Orthod
Dentofacial Orthop, 2018, 153(4): 558-567.
Al-Gumaei WS, Long H, Al-Attab R, et al. Compa-
rison of three-dimensional maxillary growth across
spheno-occipital synchondrosis maturation stages
[J]. BMC Oral Health, 2023, 23(1): 100.
Manabe A, Ishida T, Kanda E, et al. Evaluation of
maxillary and mandibular growth patterns with
cephalometric analysis based on cervical vertebral
maturation: a Japanese -cross-sectional study[J].
PLoS One, 2022, 17(4): €0265272.
P8 4, XGRS0 30T a6 ¢ [ B el s 5
KA L S REIE B G R [J]. 1 et 2 52 2 2%
&, 2022, 23(3): 196-200.
Tao KJ, Liu GJ, Feng JY. Relationship of temporo-
mandibular joint space to disc displacement and de-
gree[J]. Chin J Prosthodont, 2022, 23(3): 196-200.
(A Eik)

(EMEHRFETHOARMERNE TS IEKRE) HRZT

Fh: KLY, R
HORRE s AR DA H A
HRRESHA] . 2024 4F 4 A

WNAERSr: A7 5,

G0 O TE S e S 2R ) e ) A B

WL A B AR SR

(RRGITE =20 81 N DN =)ot 5 W S e =20 3 U SN DD ST =it ) A S i E S P UM T e
FETHARBYH WA LAEBT IR, SAAEARSC ) - FEG R IR P R, IR OLRAS . AR DR RS B
SRR AR, AR EE BN ZAE R R R ARG , RGN PR IEIZ T N 2 L JEIT R 4%
5, R SEERE, SIAT BTN NG HROIEAR, iANEH R, 8 %A R
AR S A



