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Abstract

BACKGROUND: Previous studies have shown that there are significant differences in occlusal and maxillofacial changes in patients with skeletal class Il
malocclusion of different ages after maxillary protraction treatment. However, the difference of temporomandibular joint changes in patients with different

ages remains unknown.

OBIJECTIVE: To study the influence of age on the changes of the temporomandibular joint after maxillary protraction treatment of skeletal class Il malocclusion.
METHODS: Fifty-eight children with skeletal class Ill malocclusion aged 8-14 years were divided into two groups. Twenty-nine children aged 8-11 years were
diagnosed with late mixed dentitions. Twenty-nine children aged 12-14 years were diagnosed with early permanent dentitions. X-ray lateral cephalograms were
taken pre- and post-treatment, and cephalometric analysis of occlusal and maxillofacial regions and quantitative analysis of temporomandibular joint position
in the coordinate system were carried out. Paired t-test was used for intragroup comparison. Independent t-test was used for intergroup comparison. Pearson
correlation analysis was used to analyze the correlation between occlusal and maxillofacial changes and temporomandibular joint changes.

RESULTS AND CONCLUSION: The occlusal and maxillofacial structure and the temporomandibular joint changed significantly in the two groups after treatment.
In the sagittal direction of the occlusal and maxillofacial structure, subspinale-nasion-supramental angle (ANB) in the 8-11-year-old group increased by 4.76°,
and nasion-subspinale line and pogonion-subspinale line angle (NA-PA) increased by 9.02°, which was significantly larger than those in the 12-14-year-old
group (3.97° and 6.88°) (P < 0.05). In the vertical direction, the mandible plane and sella-nasion line angle (MP-SN) and Frankle plane and sella-nasion line angle
(FH-MP) in the 8=11-year-old group increased by 1.92° and 3.02° respectively, which was significantly higher than those in the 12-14-year-old group (1.02°

and 0.78°) (P < 0.05). There were significant changes in the temporomandibular joint between the two age groups. Fossa summit on the X axis (S-Fsx) in the
8-11-year-old group moved backward more significantly than that in the 12-14-year-old group. Fossa posterior on the X axis (S-Fpx) in the 8-=11-year-old group
moved backward, while that in the 12-14-year-old group moved forward. Condyle anterior (S-Cix) and condyle tangent on the X axis (S-T,x) in the two groups
both moved backward, which were more significant in the 8-11-year-old group than the 12-14-year-old group. The changes of the temporomandibular joint
were correlated with the changes of the occlusal and maxillofacial structure. In the 8-11-year-old group, there was a negative correlation between S-Fpx and
sella-nasion-supramental angle (SNB), nasion-pogonion line and Frankle plane angle (NP-FH) (P < 0.05, r=—0.489; P < 0.05, r=—0.424). In the 12-14-year-old
group, S-Fpx was positively correlated with the distance from the upper incisor to the nasion-subspinale line (U1-NAmm) (P < 0.01, r=0.439). In the 8-11-year-old
group, S-Cix, S-T,x and the condyle superior on the X axis (S-Cox) were negatively correlated with SNB, NP-FH and MP-SN. To conclude, age has obvious effects
on the changes of the temporomandibular joint in skeletal class 11l malocclusion following maxillary protraction. In the 8-11-year-old group, articular fossa

and condyle moved backward obviously, fossa anterior moved up, and the posterior joint space increased. In the 12-14-year-old group, the fossa posterior
moved forward and the condyle anterior moved down, but the joint space did not change. There are different occlusal and maxillofacial factors affecting

temporomandibular joint changes at different ages.
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Figure 1 | Cephalometric landmarks of the occlusal and maxillofacial

structure and the temporomandibular joint
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Figure 3 | Cephalometric
measurements of glenoid fossa
and condyle items on the Y axis
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space measurement items
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Figure 5 | Flow chart of patient allocation
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Table 1 | Comparison of measurement index difference values before and
after treatment between two age groups

W5 H 8-11 %41 12-14 %4 tfi PH
R R — BT - MR A () 2.41#3.44° 3.57#2.62° 0.655 0.515
R R — BT - R IR A () -2.09+3.45° -0.1442.55 2.190 0.033
b VR - SRR - NSRS AR (°) 4.76£1.30°  3.97+2.32°  —2.358 0.002
NP 25 5IRELT FH ARAZ(MAS A8 (7)) 1.50£2.75°  -0.10£2.32  -2.041 0.004
NA 2% 5 PA JELRINZE A (°) 9.0243.31°  —6.88+4.06° -1.393 0.017
Erp P U148 SR - FOPRERE % 0574237 0.08#2.52  -1.010 0.317
LRIPE S (mm)
b ) K SR A - R e 2.2846.29°  3.3445.81°  0.399 0.692
5 (°)
TP AT EM S - N A% -0.22¢1.60 -0.67£1.65" -0.874 0.386
28RS (mm)
YIS AR A - N PR TE -0.8544.72  -3.28+4.85° -1.243 0.219
RIEES (°)
) K 5 SN CTFIAHAS 95 A () 3.63%6.26°  4.9745.51°  0.399 0.691
T K S R A A A A A (7)) —2.2244.39°  -1.2621.41° -1.422 0.161
) F RS T F K A (°) -5.5247.64° -2.84+7.27° 1.373 0.175
I TH S RSP IRN A (°) 1.0243.90° 1.92#3.10° 0.722 0.047
TR T S IR ETE IS £ (°) 0.78+3.90° 3.0243.50  1.625 0.011
S /SH| Ae SI7E X BhIAIIEE 5 (mm) 0.06+¢2.61°  0.06+1.51  —0.029 0.977
S SH Fs SU7E X B AIEE 25 (mm) 1.18+1.45°  0.19#1.55  -2.398 0.002
S /SH Fp SAE X Bl AIEEES (mm) 1.03#1.37° -0.16+1.52° -1.718 0.009
S SH| Ae SUTE Y BIAIAIEE S (mm) -0.27+1.78 -0.0843.18 0.283 0.778
S S E Fs fSU7E Y B AEE 25 (mm) 0.09+2.23  -0.19%#3.19 0.929 0.357
S SE Fp mAE Y FhIIIEEES (mm) -0.22+2.15 0.08+2.93  0.962 0.340
S RE T, SAE X F TR RS (mm) 1.20£1.53° 0.18#1.49  -2.035 0.005
S BB Co RUTE X HlIA (IR RS (mm) 0.88+1.80° -0.02#1.67 —1.830 0.007
S BB Fi JTTE X A I EE RS (mm) 0.84+1.69° 0.01¢+1.58  —1.894 0.006
S RE T, SAE Y B RS (mm) -0.46+2.70 0.24+2.90  0.882 0.382
S B Co SAE Y HhF B ES (mm) -0.25+2.14 0.58+2.98  1.171 0.247
S S F Fi 5 AE Y flE A FE S (mm) 0.39+2.38"  -0.09+2.03° -0.491 0.626
AR A BEER (mm) 0.12#1.03  0.04#0.86  -0.119 0.906
KATJE AR EE (mm) -0.88+1.80° -0.28+1.22 0.634 0.528
AT LI BREE (mm) -0.52#1.28 -0.03+1.41 0.964 0.339

FvE: H5IRITHTLLE, *P<0.05, "P<0.01, P<0.001
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treatment occlusal and maxillofacial and temporomandibular joint changes
in patients aged 8-11 years

METH S-Aex S-Fsx  S-Fpx  S-T,x  S-Cx S-Cix S-Aey S-Fsy S-Fpy
SNA -0.043 0.114 0.096 -0.182 0.065 -0.300 0.166 0.210 0.436°
SNB -0.084 -0.019 0.060 -0.157 0.142 -0.188 0.232 0.267 0.572°
ANB 0.094 0.212 0.057 -0.026 -0.136 -0.172 -0.127 -0.116 -0.261
NP-FH 0.170 0.253 0.319 0.194 0.236 -0.273 0.360 -0.147 0.189
NA-PA -0.029 0.028 -0.041 -0.103 -0.191 -0.138 -0.135 -0.189 -0.248
U1-NAmm 0.169 0.334 0.439" 0.119 0.205 -0.045 0.084 0.027 0.160
U1-NA 0.087 0.229 0.209 -0.115 -0.065 -0.106 -0.421° -0.261 -0.393
L1-NBmm -0.030 -0.222 0.010 -0.100 -0.107 -0.212 0.310 0.227 0.405
L1-NB -0.299 -0.082 -0.114 -0.116 -0.282 -0.155 -0.069 -0.124 -0.118
U1-SN 0.106 0.179 0.267 -0.077 -0.041 -0.389 -0.190 -0.074 -0.121
L1-MP -0.111 -0.538" -0.329 -0.334 -0.466" -0.274 -0.318 -0.062 —0.257
Ul-L1 -0.069 0.163 -0.018 0.265 0.338 0.255 0.433° 0.056 0.386
MP-SN 0.463° 0.203 0.340 0.511° 0.372 0.407 -0.127 -0.155 -0.171
FH-MP 0.260 -0.002 -0.094 0.102 -0.012 0.204 -0.018 0.121 0.052
MEWH STy S-Coy  S-Ciy  SCHTATIMIBGER G M BRRE SCT LR
SNA 0.358 0.143 0.350 0.245 0.010 0.219

SNB 0.499° 0.337 0.385 0.492° 0.094 0.367

ANB -0.278 -0.354 -0.080 -0.453" —-0.160 —0.289
NP-FH 0.295 0.091 0.078 -0.264 -0.110 -0.154
NA-PA -0.111 -0.432" -0.003 -0.341 —0.198 -0.357
U1-NAmm 0.295 0.082 0.010 -0.199 0.349 0.293

U1-NA -0.198 -0.369 -0.258 -0.451° 0.219 0.021
L1-NBmm 0.431° 0.260 0.307 0.288 0.119 0.175

L1-NB -0.017 -0.123 -0.065 0.238 —0.016 —0.058
U1-SN 0.097 -0.185 -0.169 -0.405 0.263 0.079

L1-MP -0.131 -0.131 -0.233 0.252 0.159 0.141

u1-L1 0.215 0.275 0.244 0.157 -0.235 —0.082
MP-SN -0.447° -0.402 -0.115 -0.421° -0.422° -0.445%
FH-MP -0.235 -0.187 0.034 0.029 —0.048 0.094

FevE: ANB Jy b DR B — B A — T U A AR SNB WML A — AR A -
IS U5 9 R A1 SNA D o — SRR 0 - BUGRE A RO NP-FH: NP IEZR 5 R
TEPTH FHAHCHIZE M NA-PA: NAEZL S PAEZERUZS A UL-NAmm J% U1-NA
Sr I L R O U SR — L R O 2 1 B 5 KRS A L1-NBmm %
L1-NB T b S U1 2 5 S 4R A — F o M6 A 22 OB B B g U1-SN: Erfid)
FKH 5 SN PR M7 LLI-MP: R o) -l 15 F T T AR 22 12 £
U1-L1: b F Kb R o I K09 S MP-SN: T #0T- 1 5 iU T
(5 FH-MP: F&TIfi 50 H T Hi025 /il S-Aex: 7E X 7 F S A% Ae
FBE B, DL HE: S-Aey: 7E Y BT LS HE Ae sTIUBEES, LMK,
°P<0.05, "P<0.01

2.5 12-14 F4AF] 7 % 5| B JE PG @ AT AR 55 D B 4948
X k3,

PEL RN GBS Ak =0 AN 1 Nl R E = Ay ik
Pearson fHIC 3T, AELLE X Flim], FUF A05C T 55 (M AT &AL
B S-Aex 5 MP-SN 2 H1 2406 & (r=0.463, P<0.05); %
fIE S-Fsx 5 L1-MP 2 & GG & (r=-0.538, P<0.01);
JE AT E S-Arx 5 UL-NA 2255638 & (r=0.439, P<0.01),
BROR R )G 2 S-Tx 5 MP-SN 2 71 25 41 ¢ ¢ & (r=0.511,
P <0.05); BEIRZE %% S-Cox 5 L1-MP EHZEFAMRKR (r=
-0.466, P<0.05).

FEY U7, SN B AT 2 S-Aey 5 UL-NA, U1l-11 &
28 47 f 96 96 & (r=—0.421, P < 0.05; r=—0.433, P < 0.05);
FeHT T J5 4% S-Ary 5 SNA, SNB 2 F 28 ¢ 96 & (r=—0.436,
P <0.05; r=0.572, P<0.01), #ARZ M 5% ST,y 5 SNB.
L1-NBmm Jy if 25 1F 4 2% 96 & (r=0.499, P < 0.05; r=0.431,
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w3 | aTTEl E 12714 SEBEFEE R T ALK T2 4R Pearson  fifi 2 ZH SR AN N AN [R], ELR T TR AT 1 208 2 1S AT

HBEDH (rﬁ) — N N [6-7) N P N A L e

Table 3 | Pearson's correlation analysis (r) between pre- and post- FEAE, AT I o SLIHIUIBIL BT 1 8-11 %

treatment occlusal and maxillofacial and temporomandibular joint changes
in patients aged 12-14 years

METIH S-Aex S-Fsx  S-Fpx S-T,x S-Cxx S—Cix S-Aey S-Fsy
SNA -0.249 0.238 -0.367 -0.184 -0.091 -0.283 0.209 0.181
SNB -0.075 0.103 -0.489° -0.549" -0.454° -0.330 0.089 0.041
ANB -0.375 0.098 0.003 0.164 0.199 -0.030 0.240 0.238
NP-FH -0.091 0.091 -0.424° -0.246 -0.318 -0.621" -0.299 -0.251
NA-PA -0.137 0.228 0.128 0.212 0.252 0.112  0.249 0.215
U1-NAmm 0.246 0.114 0.092 0.084 0.064 0.013 0.642° 0.368
U1-NA 0.271 0.173  0.249 0.238  0.207 0.037 0.337 0.147
L1-NBmm 0.006 0.400 0.095 0.111  0.191 0.112 0.369 -0.124
L1-NB 0.005 0.114 0.070 0.052 0.169 -0.039 0.237 -0.310
U1-SN 0.112 0.237 0.086 0.185 0.205 -0.149 0.380 0.120
L1-MP 0.040 0.176 -0.099 -0.117 0.070 0.095 0.360 0.003
U1-L1 -0.139 -0.370 -0.218 -0.267 -0.376 -0.137 -0.521° -0.078
MP-SN 0.345 0.205 0.292 0.415° 0.491° 0.246 0.061 -0.264
FH-MP -0.015 0.036 0.272 0.105 0.077 0.365 0.257 0.174

MEIH SFpy STy SCy SCy RITHIMIKER SIS S5 LRI

SNA —-0.085 0.203 0.232 -0.141 -0.264 0.516° 0.493°
SNB 0.080 0.117 0.076 -0.107 -0.259 0.383 0.286
ANB -0.313 0.003 0.243 -0.107 -0.054 0.093 0.141
NP-FH 0.026 -0.288 -0.264 —0.210 -0.255 0.026 0.229
NA-PA -0.518" -0.160 0.031 -0.022 0.030 -0.013 -0.022
U1-NAmm 0.153 0.344 0.500" 0.173 -0.253 0.026 0.219
U1-NA 0.402 0.367 0.364 0.268 -0.033 -0.046 0.203
L1-NBmm -0.216 0.092 0.332 -0.006 0.019 0.445° 0.229
L1-NB -0.033 0.087 0.159 -0.104 -0.207 0.367 0.171
U1-SN 0.324 0.337 0.478° 0.205 -0.195 0.120 0.352
L1-MP 0.116 0.294 0.458° 0.035 -0.301 0.538" 0.199
Ul-L1 -0.160 -0.285 -0.476" -0.018 0.186 -0.206 -0.290
MP-SN —-0.322 -0.392 -0.063 0.132 0.392 -0.354 -0.310
FH-MP —-0.027 0.246 0.133 -0.098 -0.059 0.065 0.088

ke ANB My b UHIEE ST — BAAT — FUGRIEE S SNB MG - Bl - F
VGRS AR SNA JGMERE R — SRR — b RIS s NP-FH: NP 4% 15 I
i FHAHZE 975 /s NA-PA: NA FE4 15 PASEZE 78 /s UL-NAmm J% UL-NA 453
g b F ) I E R A - b AR AU L B B LSS s L1-NBmm J% L1-NB
TR I SR A - R PR AL IR B RS A s VTSN BRI K
55 SN CPEAIASHIZE s L1-MP: R o) K 5 T AT AT FO 2 f s UL-L
S T T KA f . MP-SN: U 5 AR I (148 £
FH-MP: R 80F [ 5 IR EL P (97 s S-Aex: 76 X B J7 [ 1 S A% Ae & [ BR
B, DL, S-Aey: 15 Y HITTI L S AF) Ae SRR, DU, °P<0.05,
°p<0.01
P<0.05); 5 MP-SN 212K R (r=—0.447, P<0.05),
BRR 2211 2% S-Coy 55 NA-PA N &5 IEMI ISR & (r=—0.432,
P <0.05),

VEIT B G RS TR B AR S b R B, =5 ar. b
JE IR (AL C. P) 415 MP-SN £ P 2847 AH 56 ¢ & (r=—0.542,
P <0.05; r=—0.422, P<0.05; r=—0.445, P<0.05); =% I
[B] PR C 2t A8 5 SNB 2 H &8 IEAH 9% 5% & (r=0.492, P < 0.05);
5 ANB. FYIF KIS S A - F AR S LR 1A A (UL-
NA) 2219495 & (r=—0.453, P < 0.05; r=—0.451, P <
0.05),

3 i1if Discussion

O WF FCIESE, A7 8% 50 6 8 i hn i J5 i 7, 2
038 T B R T AT S T A B AR @, RN R £
BEFCUESE, 15 832 519697 AN R P BE TR A5 FA 3, 3K

12-14 % 2 ANMERR A, W& 4 A FE AT 77 22 5 W A BT A oG T
MIEAE, JEEAT ELBEAI AT, TRORAERE ST R G151 R o

PR TR, ANRIAE6S 23 IR Al i AR R s AN [«
8-11 Wk & MELR A B GRS, BRRTA4 Lk,
KATIG RIBRAIG N, 12-14 2 4 55 58 Ja 110 1 B AR 98 11
G, KRS,

PV FU R BEEEIT R IS 2 NSRS N Ao T i As
B, BTSRRI R . IERAS TR Y BA X
5 A B AT X S W . 16 AT T AR5 HR I 1 R
HIREFRIERT, T 5 B A H SO A E B H LU
LEE % . YATABE & "V 3 b = 44 T 3R CT ¥R 3 5 22 51 i
SOl E e B, R T IO AR I DU R 5 BE
BRI R AR AR AR T ) b, AE ST B S
G E S-Fox SRR ZER . TERT 851075, 8-11
SRR EIEGRE TG, MRAT JGBERE I i
12-14 RN E GG R AT Mt s, B e ERER
H P R A R A T DR AR S A BT R B, 8-11
B T B 5 % S-Fpx 5 SNB. NP-FH A5 A G 56 &, E]
B 22510697 Ja N A B BN, 5 00T 5 A B S B AE G
12-14 SR 5 5 % S-Fpx 5 SNB. NP-FH oA GG &,
M5 UL-NACHIEA GG R AT ES1IRIT G 12-14 AT
AR PE A LR, T AT R RN, OGO BRI AT
FHIRERA, KTH G LmET . 229%™ M iE
SEFT A A SR E A B MO Rk, B
W AT AR 5] 5 0T B I SRS AR A G, HE A
FHEE NS LT R K.

1 TS A A 5 35 30 3 77 70 IR 9 10 A B8 4 2,
HUANG %5 " B JEAESE, R 5 2% 51 5 688 3L 5515 52 J 4 )
ARIEIE BN F FE A KA B . HRRE R I AT 2 51 R
ThE, BRI, L. BEZAE S-Tx. S-Cox. S-Cix I E#
B 8-11 W KT 12-14 B 41, 8-11 LM {E T4 5] J5 R
TR G R 3, B S B AR RS O (9.03+0.82) % ()5 PETTT
HEBTARE T 25 4516 (8.06+1.63) N H 5, [RIFE R ILELR
RAERIEF T 1.09 mm, 5 REFFE S AR E 12-14
% R TRV %A B AL RS, 3K UE B4R % X AT A2 51 9R
I7 J5 BROIR SAE IR 7 1) 1) A8 A2 B A ), A R ) e
o MM HTRDL, 8-11 5 HBRIKF i B 5 SNB,
NP-FH. MP-SN #Jf5#H60C &, Vi 8-11 & 41 ERIR R AT B
A8 5 TN A SN K R RN R e %, iX 5 RADE) &
S IR T AR AT T 41 SN-MP 2 ) 2L A 6 1k (1 F 95 45
A —3o

T G [R] B PR 508 2 I s A G 1 m] B A A AN ]
YRR AKTE 2 —, RN A5G AL K2
A E TR L, — ) OIS FAR T F) 5 3 DR 9
BT TRIBREL/AN, T RAT G PR, ARG BA T KIIH T A%
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HAEZE

R R AR Y IR TR T A AT R, 8-11
RN S vl = (6115703 B 2 N S v = L6115 A N = s =
IS A 8B 5 WA IR 8 A4 - BRSE &R, IX 55 GONG 45 ™,
YAO 28 MV (K8 58 45 A — . AR T R IR, T JE )
BRI S SNA RIEAHSCR R, UHHRT 72511677 5 _Lale
IRG R A BT 249 5 IR BR AN . £ 75 7545 20 W 70 & B
AT BRI RAL S A KRR RAFAEAR D 510k
R sE BT —5t, T 12-14 B RTZE S VAT TR e
BIRT b S TRIBRIEAA S, BT A SR A
S AT XTRI AL, 5 NGAN 25 P11 KURT 4 &2
FITFTE 45 R — 2. PIATERS A A 510 1) B o 8 5 AR AN T
HEFI= 0PI EREES, FINHERIFEL N2
SRR T AR 1] B 25038 (1) 52 0 TR 2%

gt ORI 11077 2 51 Hria B A TAXT 3 Al
KT BB BN BRI s @7 [F AR SE IR AL T IR
AR TR TR PR 28 A AR R

Bigt: AT EA KRS ERLF R E EW AR IR ERIELT o
MR 38 S AR Bh

EH TR X)L AF R X3 t, EAAR R TR Rk, AHF R
TR, RAVE. A KR, RE TR ER LR,

FIFMZE: L Faoifd Fo, ERAMAFALFHEGTET R
H A B R,

FFHRERAERR: X2 — &GRS FE, ARE (Sl k24T L)
“E 4 - WAL - AR 5 REF 407 FH, ESEIIAGHEILT,
RFAAET LM B AT RIA SR, Ay &, B AFE
TR P R, TS FHN. AR, AT, k. AR IK, A
Z s k5|, AR IERECIETAERE,

MRAREE L X B AT AR 5 R 3 EE T LF g ik i,

HARIISE: ZAF R T (LG KA 504246 %) (STROBE 45 ).
LFEBRAT O T F R B 5 LM A GHITIREE, LFEZ)F
AT FERFING, BATIFBUAAD LEHFSHPLBEE.
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