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Abstract

BACKGROUND: Maxillary protraction treatment can effectively change the craniofacial structural relationship and the temporomandibular joint structure of
children with skeletal Class Il malocclusion. However, there are no definitive findings regarding the correlation between changes in the temporomandibular
joint and craniomaxillofacial changes after maxillary protraction.

OBIJECTIVE: To analyze the correlation between dentofacial changes and temporomandibular joint changes in children with skeletal class Ill malocclusion before
and after maxillary protraction and to investigate the effect of maxillary protraction on the temporomandibular joint of children.

METHODS: A total of 29 children with skeletal class Ill malocclusion, including 16 boys and 13 girls, aged 8-11 years, were treated by maxillary protraction. The
changes of dentofacial and temporomandibular joint were subjected to cephalometric analysis and coordinate system positioning measurement. Paired t-test,

Mann-Whitney test and Pearson correlation analysis were conducted.

RESULTS AND CONCLUSION: The sagittal relationship of the jaw changed obviously before and after maxillary protraction. The glenoid fossa and condyle
changed significantly in the X axis but not in the Y axis. The posterior space of the temporomandibular joint was significantly reduced. Correlation analysis
revealed a moderate correlation between the temporomandibular joint and dentofacial structural changes. To conclude, after maxillary protraction, both
dentofacial and temporomandibular joint structures have significant changes, and there is a moderate correlation between temporomandibular joint
remodeling and dentofacial changes, but no close correlation exists between them.

Key words: temporomandibular joint; maxillary protraction; skeletal class IlI; late mixed dentition; correlation analysis
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Figure 1 | Cephalometry of craniofacial and dental landmarks and
temporomandibular joint landmarks
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Figure 2 | Measurements of the glenoid fossa and condyle
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Figure 3 | Landmarks and measurement
items of temporomandibular joint space
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Figure 4 | Trial flow chart
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R 1| AIEsATTRIER TAX TS E]R (xts, n=29)
Table 1 | Comparison of measured values of the temporomandibular joint
before and after maxillary protraction

W10 H YRITHT AT IE A P{H
SNA(°) 78.5743.37 81.40+3.82 2.4143.44 0.000°
SNB(°) 80.62+3.60 79.0343.89 ~2.09+3.45 0.000°
ANB(°) ~2.05£1.46 2.57+1.60 4.76£1.30 0.000°
NP-FH(°) 87.59+2.93 83.43+15.38 1.5042.75 0.001°
NA-PA(°) -4.17+4.73 7.22+15.59 9.0243.31 0.007°
U1-NA(mm) 3.9742.67 4.69+2.21 0.57+2.37 0.434
U1-NA(°) 25.28+7.25 27.5546.20 2.2846.29 0.021°
L1-NB(mm) 3.38£1.79 3.14%2.17 -0.22+1.60 0.152
L1-NB(%) 18.62+5.03 16.91+6.59 -0.85+4.72 0.067
U1-SN(°) 103.81+7.64 106.67+8.89 3.63£6.26 0.003°
L1-MP(°) 80.31+7.30 79.0048.52 ~2.2244.39 0.000°
U1-L1(°) 137.72+8.92 124.26+30.98  —5.52+7.64 0.001°
MP-SN(°) 37.74+4.83 39.66+5.52 1.9243.10 0.000°
FH-MP(°) 30.53£4.70 33.1045.09 3.0243.50 0.008°
S-Aex(mm) 1.52+3.63 1.58+3.90 0.06£2.61 0.001°
S-Fsx(mm) 12.5943.01 13.77+2.94 1.18+1.45 0.000°
S-Fpx(mm) 18.5743.17 19.6043.24 1.03+1.37 0.003°
S-Aey(mm) 23.40£3.36 23.1343.34 -0.27+1.78 0.066
S-Fsy(mm) 18.863.21 18.9643.78 0.09£2.23 0.071
S-Fpy(mm) 22.34%3.40 22.1243.43 -0.2242.15 0.124
S-Tax(mm) 15.1643.22 16.3543.05 1.20+1.53 0.000°
S-Cox(mm) 14.2443.19 15.12+2.83 0.88+1.80 0.000°
S-Cix(mm) 5.41+2.80 6.25+2.70 0.84+1.69 0.045°
S-Tay(mm) 27.9743.61 27.51#3.96 -0.46£2.70 0.141
S-Coy(mm) 22.88+3.23 22.63£3.90 -0.25£2.14 0.221
S-Ciy(mm) 25.66£2.96 26.05£3.73 0.39£2.38 0.045°
A(mm) 2.52+0.91 2.63+0.73 0.1241.03 0.393
P(mm) 4.05+1.61 3.54+1.50 0.88+1.80 0.047°
C(mm) 3.88+1.46 3.57+1.46 -0.52+1.28 0.185

FVE: °P<0.001, °P<0.01, P<0.05, SNA: Htsiy b — ELHd 25 — b i A A
SNB: W — BUAR AN — IR A ANB: b AR R — SR - T AT
fii: NP-FH: NP 2R 5IRE P FH HIAZ (128 ffi: NA-PA: NAEZE 5 PA FEZR I AS
fil: UL-NA(mm): Bl )4 sl g — LR SR IR B9 UL-NA:  [1)
FAA G AR A - PR R A A LI-NB(mm): R AR OIS AR T -
R UERPE RS L1-NB: R ) K S AR A - T R RO LR AR S
UL-SN: P g8 Ko SN SFII A ZZ 22 s L1-MP: R AR g 2 Kl 5 R &1 i
MRS f s ULl B R K s N o) KA e /s MP-SN: R AP i 5
AP 1922 s FH-MP: N A S5 R BP9 A8 s S-Aex: S U3 Ae sifE
XAl DAL EE RS S-Fsx: S S F Fs pifE X b LU IEE S S-Fpx: S U Fp s
TE Xl FRE AR S-Aey: S HE| Ae STE Y B RILTUMIE S S-Fsy: S M| Fs
FTEY B ERGYREE RS S-Fpy: S aE Fp sRTE Y Bl EARMIEE R S-Tax: S giF
T4 SSTE X B FRREIEE B9 S-Cox: S il Co s7E X Hll LHLFEMIBE B S-Cix: S &L
B Ci 5 AE X Gl EHIOER R STay: S SF T4 S7E Y 4l ERSEIMERE,; S-Coy: S
FLE Co STE Y B FAERSIBE RS S-Ciy: S fUH Ci sifE Y & DRSS, A X
STATIEIBEE: Pe OGS IMIBREE: Co G L pREE

1097 Ja kS NS br 53U R AT $5 bR it 47 Pearson #f]
Ko, TEXFITN, WRHRTEMMg. g5 50
T 8 Sk S e FR AR oA e, T JE S 47 B 5 SNB. NP %
AR EF-T FH AHAZ (A A (NP-FH) PR FRAHR KR (P <
0.05, r=—0.435; P<0.05, r=—0.440). #RRIMIRTLE. 4.
JG %35 NP-FH B2 22 i fi 5= & (P < 0.05, r=—0.442; P<
0.01, r=-0.480; P <0.05, r=—0.428); BURFMIHATL. J54
)5 SNA 2 EF ALK R (P<0.05, r=-0.447; P <0.05,
r=—0.419),

TEY R, RS MBURRMATZ. L& F&y
5 MP-SN, FH-MP 2HZEMAHK KR, HHXTEEZILS
SNB. U1-SN K& F 5696 % (P<0.05, r=—0.418; P<0.01,
r=—0.477), BRRMIEL. L%, E% 5 SNB A P& IE
Fl9E3 & (P<0.05, r=0.421; P<0.01, r=0.476; P < 0.05,
r=0.439); TR B2k, Ja%k 5 SNA HHEIEM R R
(P<0.05, r=0.442; P<0.05, r=0.406).

TRYT S [ 2T TR BRI AR DG A R, DG A TR] SR 5 2
AT 30 Sk 52 M B4R R 38 TOAH S, SR I [RI BRI DG T b AT B
125 SNA 5 28 1E A K & & (P < 0.05, r=0.471; P < 0.05,
r=0.459).

3 i}if Discussion
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Table 2 | Correlation analysis between cephalometric measurements and temporomandibular joint measurements

FEFR S-Aex S-Fsx S-Fpx S-T4x S-Cox S-Cix S-Aey S-Fsy S-Fpy S-T4y S-Coy S-Ciy A P C

SNA -0.020 -0.172 -0.238 0.247 -0.325 0.219 0.194 0.272 0.232 0.206 0.242 0.289 -0.271 0.471° 0.459°
SNB 0.060 -0.155 -0.435° -0.386"° -0.306 -0.415" 0.208 0.390° 0418 0439 0476° 0421° -0.082 0332 0.371
ANB -0.236 —0.099 —0.066 -0.123 —0.036 -0.101 -0.075 —-0.082 -0.317 —-0.156 -0.136 -0.214 -0.183 0.084 -0.031
NP-FH -0.169 -0.327 -0.440° -0.428" -0.480° -0.442° -0.093 0.094 —-0.083 0.070 0.054 —0.008 -0.174 0.145 0.198
NA-PA -0.139 -0.010 -0.018 -0.054 0.046 0.002 —-0.043 —-0.060 —0.309 -0.114 —-0.080 -0.178 -0.180 0.118 -0.002
U1-NA —-0.038 0.004 -0.148 -0.090 -0.149 -0.174 —-0.012 0.139 0.238 0.114 0.096 0.115 -0.111 0.079 0.185
U1-NA -0.013 0.205 0.103 0.165 0.073 0.009 0.021 0.139 0.350 0.080 0.091 0.133 -0.029 —0.066 0.072
L1-NB 0.167 0.186 0.045 0.115 0.183 0.105 0.014 -0.094 —-0.031 —-0.055 0.019 0.018 0.036 0.127 0.069
L1-NB 0.156 0.217 0.069 0.145 0.213 0.126 —-0.012 -0.191 —0.053 -0.140 —-0.088 —0.060 -0.173 0.147 0.097
U1-SN -0.021 0.068 -0.112 —-0.052 —-0.079 -0.214 0.210 0.320 0.477° 0.344 0.323 0.309 —0.055 0.279 0.269
L1-MP 0.317 0.331 0.195 0.249 0.350 0.287 0.052 -0.046 —-0.010 -0.061 —-0.032 0.092 -0.267 0.018 0.059
Ul-11 —-0.033 -0.244 —0.045 -0.139 -0.178 -0.016 —0.066 -0.056 —-0.159 0.059 -0.050 -0.070 0.239 -0.138 -0.135
MP-SN —-0.345 -0.177 —0.001 —-0.051 —-0.100 —-0.025 -0.405° -0.455" -0.441° -0.504" -0.381" -0.504° 0.331 -0.185 -0.256
FH-MP -0.328 -0.139 —-0.061 -0.063 -0.101 -0.104 -0.435° -0.424° -0.309 -0.487° -0.401° -0.489° 0.245 —-0.075 —0.093

FIE: P<0.01, "P<0.05, HAiHEIE P AR 1 3%
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SRR EALRR R G, A2 5 R T RS R AOET
MIEAR, I BT 5 FARIIH S5 5 858 5 1 o HEAT A ¢
PEAHT, R FURT A 5] i R O 1 RS o

31 BRMEBHEABMTALDHRE ZH KD ILE
HHINEEHREIAITE, LN RIRE R, BE K
RIRAEWESAE, FArF B, U RSN E .
BN A 5 R TT AR B R o, R I T AT
Z. LG RES%MER (405 0.06, 1.18, 1.03 mm);
I E T A B, RSN B E RN g E KT
BUSCHUNG 2% " tff 7t [ SR £ K AB B X1 & PR E H B
i (0.2-0.33 mm), ULHARTAESIRYT FEGI T AU g, fE
KW EHEER.

ZI R T B8 R 4R AL A% (1.03+1.37) mm KT
KB &G R (0.0642.61) mm, Ui T 4251697 )5
ST B R EE G TR SE . MIMURA 25 P ZESES414E 88 10 5 (1)
B PETTIZE B8 2 2R YA 7 A5 B Sk M A v b 05 30T ROC75
BT R, RIRE R BG5S B B I BE 1.3 mm. T
R BAE A MR M E S, BTESEIT e R R A E RS
B R T 5 S RI3E In, AR AR JE B ARt T S, AR
T OB RS TR R A R .

ERARTT b, BRRRIA B SR, BRIRZ AT,
% 54 B B 414K (0.84+1.69) mm, (0.88+1.80) mm,
(1.20£1.53) mm. EL % " XH4ER A (9.03+0.82) & (1 PRI
HRIZETIHA (8.06+1.63) M H J5, [RIFEKILBIR B4 F#
T 1.09 mm, HZAFFREERAE. mEGEIT LG, BRIk
Ja#%, AT DUBCR BRI T SR KB B RS, AR T oeE BR
AUE R RRE R

EEEN L, BRRESS ESAEHEHEZNL, 1
PR 9T 46 T # 2l (0.39£2.38) mm, /NTF BUSCHUNG 2& &
W B SR A KA DL N R T T3 A F% & 1.95-2.35 mm,
VLB AT 22 5 i i) 7 BRI BT i B AR K

[ REr R ) St T e s S e |61 - EE  S e
IR R R AR ] R, TG JE B BRIE /D (0.5241.37) mm;
() B 25 B 215 i (AT B 5 5G4 i [B) F F T 2 22 (°F3% 0.91 mm)
WEGEITHT (737 2.53 mm) J/h . BN E PEITTER AT A8 5
WAFAE BRI R RS AL P, TR BN ST A T BN, T
TR RIBRAEE K o T 8] B 1) ek N A R i PR T 28 2
HIEHHE -HER, X—WA5%HES ™ oiaaasis
IR — B R R SR B AR R D& T 1B ) B 22 114 sk
/N, U BIRR S T2 & (A B R R IE BSOS B AT AL IZ
) T 8 P AR, X — BU A I TR 6 T R )
KT, SERTIERMERE .

3.2 WEIGTEMTFAXT AL OMK S ZIFFAE
TR AE BT I MR A G T 5 A B 5 T AR 2 2R 45 4 2 TR T
FRRYE AT f R B, FERARTT 1) (X Hl) b, 3R 8 oC 5 5
(¥ J5 0 B 5 SNB. NP-FH 2 fi 25 fi A 56 & (P < 0.05, r=
-0.435; P <0.05, r=—0.440), UiBH XN E N G&ME S Nal

RIEAFAE— B AR, BAREYIMG. WITE, FAET
RFEFERTRERR/DN, KT & AL B T Re k5§ R RT 22 5]
WBITE, RWENS%. L%, BEHRAEVRER, Bt
ARG B8 1 S 5 A 2 5 A iR 0 A (AR A — e
KFo

FEEETTIN (YH) b, XAWTEMETg. L&, 55
5 MP-SN, FH-MP B &8 il XX R, WHIRIT G N ale
BRE, R E M EA RS L. RN ST R EZIES
SNB. U1-SN N2 FAH I35 & (P <0.05, r=—0.418; P<0.01,
r=—0.477), VLW NERT S L) Bt ] A2 S HE T B
JEG MBS L.

A FUNT B 2 B IR M T2 R 2 w2 5 YR 7 A 5 30 A
KATIINL B AT E AT, RIE T A s 25118975,
EEET A R RS, g MRS B, BT
PLAAIRYT G T &R e LR N aAT R A _E D) BT At 5
BITIE R R EE MR IAE —ENRR, WL, T
AT BERT RIURT 28 LA K ) 2F SRS ) R e 1 5 KT E
A L) PR SO O

M FAEXT BT 56T G 30 AR S0 B 5 Faaiii 4H
AGERY 2 TR AR e H i R B, FESRTT 1A (X il ) |, AR
REMATZE. B JFZ5 NP-FH 2R 2 A X &,
B AT S DL R, BRI S T e S . TR IR
BT b, BURSMETZ. EZ%. FZI5 SNB G % IR
H% %& (P<0.05, r=0.421; P<0.01, r=0.476; P < 0.05,
r=0.439), Ui BT A AT A Ol ok B, SRR R AL B T e
T by ATCALACARTZESIIRT G, AT 5 1 10 2 52 e TR
RIGLIE, AU, RUEET1EIT 0 i B PR FA )
FRia R, WRREE SR H R A AEK, A2 SEERIRE
g ERAL, WO BR ) R0AE K )i B 28, TR A
(1) B T 7L O 5 o o

R [R] B 1) 788 Ak — B AR B0 T AU 12 W R T I B B R
Fis DA FRIAIE TSN 00 A5G 1 T Bt 1 e A4 ] 10 0 DG 1 48 1
Fer sl B, 1 B OSTT R )5 R S K AL R AR
IS B B T A AR B IR YT 5 5 TR B A St b &
DL, ST RTIRIBR -5 5 G5B Sk R S AR AR S oA OGP, AR
W5 JE AT AT LRI BR 5 SNA A5 h &8 IEAH G K & (P < 0.05,
r=0.471; P <0.05, r=0.459). KUt HNHETZEIEIT 5 SNA [
1F 1555 DR [ SR P SO A — 58 BIAH I, JRIT )R A BRI R,
DR (RN BRAN DG b [RIBR AT RERR R, Ui SNA (38 KA R T
WD SRR A AT REE, B L ARAL B AW AT, BTARSE
G R ER RO ZEELIF R AT e PR T ARG

g LR, ZERAURIL, BTEES1RTT R RN AT AL
P B FE bR -5 A S 0 Sk S AR 3 R AR T B R, I
HZHRAFER SRR, oRiiasliaIT e, BRI
R I R A —E KR, (HERAEVIEIEKR.
[RIE, PR R 7R BT 22 5| (YR T7 h,  BE S A E AR YT il
69T IR AR SOC T PR R AR I, AR S ST A5G
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I7 LR A R T 5 SO R A R A AL RSO, [ Nt
AR R ASEXS 122 516 YT PP AR S35 A R

Zhie: OWU T AR 8 4L E 5 SNB. NP-FH £
FHMRRAR, YWHIRTZES| G RN S R H AL E 5 N aAT R
AR OBRRIIIIRGLE S NP-FH A H SRR R,
MFEME S SNB AHEIEMKKR, WMHIEIET ), B
R G LR ALA R T T AR R H] ;. @2 )a [ BRI
KA LB S SNA iR EEIEMR G &, WIATZ513R)T )5,
SNAGBUR, 0N GG 1T K J L8] Btk ok, 58 A1 Tk 4
TRRTTBR R AL @)L E B PRI A 3 1 22 5 G
Ja s B AT SO S R T 2H 23 2 TR AT A R A A SRR
Ay MARE VIR R -

YEZ TR FReSAk, TIEM A T £ %56, X8RS, ML fx
KT ATRIE, FREEA A FTIEATAN], KRB TR LT R
2, AR T ERRIT.

FIFMR: LFayeifl 2o, ERAMAFALFTHESILT R
HEA B R,

FFHRENAEERR: X2 — BT AR, ARIE (Foit gk 4T 1)
“EL - AR LA - AR XEF 4.0 K3, ESEIAGFELT,
AARAIE T A B AT RN R %4, A%y &, R
TR PR, TR, HN. #3790, k. BARMEBZ LK, HAh
Z s &5, ARG ASIE R LTI E AR,

MR &S L 3 AT Ak b R 3 A E T L EmARAE A X,

HIRME: ZXFREEATEREFHALERERT S (LEBIER
FRARE T # ) (STROBE 45 ). L& AT &2+ & R 2) 5 Lkt
MERHIATIAREE, XFLIPEATINFE FRREINF, RATEAS
LFEFEIFNEIGTE.
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