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ABSTRACT Objective: To investigate the effects of different orthodontic treatments on the tooth movement distance and the levels
of tumor necrosis factor-a(TNF-a), interleukin-2 (IL-2), hepatocyte growth factor (HGF) and pentraxins 3 (PTX3) in gingival crevicular
fluid. Methods: 288 patients with malocclusion (malocclusion) who were admitted to our hospital from July 2016 to December 2019 were
selected, and they were divided into four groups by random number table method, with 72 cases in each group. All patients were treated
with square wire appliance, and were given distal orthodontic forces of 50g (group A), 100 g (group B), 150g (group C) and 250 g (group D),
respectively. The tooth movement distance of the four groups was observed 1 d, 3 d, 1 week, 2 weeks, 3 weeks and 4 weeks after
orthodontic treatment, as well as the changes of the levels of TNF-«, IL-2, HGF and PTX3 in gingival crevicular fluid and differences
between groups at before orthodontic, 1 week, 2 weeks, 3 weeks and 4 weeks after orthodontic treatment. Results: The tooth displacement
distance of the four groups was first extended and then shortened after orthodontic treatment for 1 day, 3 days, 1 week, 2 weeks, 3 weeks
and 4 weeks, and then it was extended again and gradually returned to the baseline level (P<0.05). The TNF-«, IL-2, HGF and PTX3 of
the four groups were increased first and then decreased after orthodontic treatment for 1 day, 3 days, 1 week, 2 weeks, 3 weeks and 4
weeks, and then gradually gone up again returned to the baseline level (P<0.05). There were interaction effects between tooth displace-
ment distance, TNF-o, IL-2, HGF and PTX3 and time (P<0.05). The displacement distance of group B at 1 d, 3 d, 1 week, 2 weeks, 3
weeks and 4 weeks after orthodontic treatment were greater than that of group A (P<0.05). and there were no statistical differences be-
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tween group C, group D and group A (P>0.05). The levels of TNF-«, IL-2, HGF and PTX3 in gingival crevicular fluid of group D at 1 d,

3d, 1 week, 2 weeks, 3 weeks and 4 weeks after orthodontic treatment were all higher than those of group A, group B and group C(P<0.05),

while those of group C were higher than those of group A and group B(P<0.05), there was no significant difference between group A and

group B (P>0.05). Conclusion: 100g orthodontic force can promote the tooth movement, maintain the appropriate level of cytokines dur-

ing orthodontic treatment, reduce the damage to periodontal tissue, which is conducive to the recovery of periodontal tissue.
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Table 1 Baseline data
Gender
Groups Age(years) Number of teeth
Male Female

Group A(Number of patients =72) 37 35 21.34% 2.09 1.73+ 0.51
Group B(Number of patients =72) 36 36 22.69+ 2.15 1.81% 0.67
Group C(Number of patients =72) 38 34 22.01% 2.57 1.66x 0.49
Group D( Number of patients =72) 39 33 26.02+ 2.63 1.73¢ 0.51

F/x? 3.545 3.751 14.534 11.158

P 0.068 0.055 3.845 7.156
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Table 2 Difference of tooth movement distance in different orthodontics(xx s, mm)

Time points
Groups 1 d after 3 d after 1 week after 2 weeks after 3 weeks after 4 weeks after
orthodontics orthodontics orthodontics orthodontics orthodontics orthodontics
Group A(Number of teeth=98) 0.81+ 0.13 0.23% 0.02 0.30% 0.06 0.61% 0.09 0.21£ 0.06 0.18+ 0.02
Group B( Number of teeth=91) 1.05+ 0.15° 0.35% 0.03° 0.38+ 0.09° 0.84+ 0.13* 0.29+ 0.09 0.31% 0.06°
Group C(Number of teeth=101) 0.83+ 0.12 0.23+ 0.01 0.31+ 0.04 0.63+ 0.10 0.22+ 0.08 0.19+ 0.04
Group D(Number of teeth=97) 0.85+ 0.13 0.23+ 0.06 0.31+ 0.08 0.65% 0.11 0.23+ 0.07 0.19%+ 0.07

The overall analysis

The time difference(F, P)

HF coefficient: 0.9126

26.359, 0.000
Differences between groups(F, P) 16.353, 0.000
The interaction effect(F, P) 21.377,0.000

B 1 50 g IERS 1 IE BRI /S F SRR BhIENR
Fig.1 The tooth movement before and after orthodontics with 50g orthodontic force

Note: group A, female, 30 years old, applied 50 g orthodontic force, 25 teeth moved near the center 1 month later.

2 100 g IERS N ERSR IS F 5B Eh1ER

- .

Fig.2 The tooth movement before and after orthodontics with 100 g orthodontic force

Note: group B, female, 15 years old, applied 100 g orthodontic force and closed the distal 13 space 1 month later.



B 3 150 g IERS /1 IERSET /G F 5% 1R
Fig.3 The tooth movement before and after orthodontics with 150 g orthodontic force
Note: group C, male, 18 years old, applied 150 g orthodontic force, teeth extraction gap closed 1 month later

4 200 g IEBS N IEBSHETE A B ER
Fig.4 The tooth movement before and after orthodontics with 200 g orthodontic force
Note: group D, female, 25 years old, applied 200 g orthodontic force and closed teeth extraction gap 1 month later.

2.2 REEBEFRER TNF-o bk 1] 5 5[] 77 6 58 H 0% (P<<0.05) D 4 IE WG 1d.3d.1 .2
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(P>0.05), 1EBFAYTSE AR E] 5545 20 H o AU ER 1 TNF-a C#HE T A M B 4H(P<<0.05),A 05 B 4 LB o4 iH2F

HCEARR(P<0.05), IEWHG 1 d (ERIAW TNF-o K PHE, 3d  £5(P>0.05), 1L# 3.

JERUWT TR, 2 YA W TNF-o 7K 01F, 3 JE G N . 41
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Table 3 Changes and differences of TNF- in gingival crevicular fluid after different orthodontics (xt s, ng/L)

Time points

Groups n Before 1 d after 3 d after 1 week after 2 weeks after 3 weeks after 4 weeks after

orthodontics orthodontics orthodontics orthodontics orthodontics orthodontics orthodontics

Group A 72 635t 1.15 16.35+ 4.16® 11.32+ 2.06® 8.78%+ 1.35®  13.34+ 2.26® 10.26t 2.86® 9.05% 1.64®
Group B 72 637+ 1.13 17.15% 4.25% 11.42+ 2.01® 9.01% 1.42® 1351+ 2.34® 11.05+ 2.32® 942+ 1.76®
Group C 72 635t 1.21 26.35+ 6.24*  17.35%+ 435° 13.26x 2.17* 1835 4.46* 1425+ 3.94* 11.05+ 2.52¢
Group D 72 6.31% 1.19 32.16+ 835  21.42+ 5.86 18.24+ 4.69  25.12+ 6.35  20.35t 5.14 13.20% 3.06
The overall analysis HF coefficient: 0.8935
The time difference(F, P) 35.609, 0.000
Differences between
26.751, 0.000
groups(F, P)
The interaction effect
21.356, 0.000

(F,P)

Note: compared with group D, *P<<0.05; compared with group C, °P<<0.05.
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Table 4 Changes and differences of IL-2 in gingival crevicular fluid after different orthodontics (xt s, ng/mL)

Time points
Groups n Before 1 d after 3 d after 1 week after 2 weeks after 3 weeks after 4 weeks after
orthodontics  orthodontics orthodontics ~ orthodontics ~ orthodontics  orthodontics  orthodontics
Group A 72 31.02+ 6.35 96.81+ 12.13® 7521+ 8.02* 41.25% 7.06® 69.61+ 6.09* 5221+ 5.06® 33.11+ 5.02*
Group B 72 31.65% 6.15 97.48+ 12.59* 76.59+ 8.79* 42.06+ 7.35* 7124+ 6.35® 53.12% 5.17* 34.98% 5.63*
Group C 72 31.65% 6.09 11235+ 13.05* 93.26+ 9.43*  62.35+ 8.46* 85.26% 9.35* 72.31% 6.34* 6235+ 6.79°
Group D 72 3149+ 635 126.53% 15.35 97.42+ 10.54 7635+ 9.53 9326 10.47 80.32+ 7.59  73.49% 6.89

The overall analysis
The time difference(F, P)
Differences between
groups(F, P)

The interaction effect

(F,P)

HF coefficient: 0.9042

39.535, 0.000

32.692, 0.000

28.725, 0.000

Note: compared with group D, *P<<0.05; compared with group C, °P<<0.05.

2.4 R[EIERETTRA%E HGF LbE

IEMHAYT AT PU L B E ERA TR HGF L B Gt 2e 5
(P>0.05), 1ERGAYT S AR (] 2 45 2 B 3 AR HGF 7K
SRR (P<<0.05), IEM 5 1 d MR HGF KV, 3d )5
BRI, 2 AR R HGF /K[, 3 J& 5 28 . 2H1A]

S EAATERL AN (P<<0.05),D iR 5 1d.3d.1 .2
Jil 3 Jil 4 AW HGF K-F-17% T A B.C 41 (P<<0.05),C
T A ZHA B 2H(P<<0.05),A 205 B 4 LA TSt 2%
(P>0.05), L3k 5.

* 5 AFEIEEAITRAMR HGF EUMER ( s,pg/mL)
Table 5 Changes and differences of HGF in gingival crevicular fluid after different orthodontics (xt s, pg/mL)

Time points

Groups n Before 1 d after 3 d after 1 week after 2 weeks after 3 weeks after 4 weeks after
orthodontics orthodontics orthodontics orthodontics orthodontics orthodontics orthodontics
123.35%
Group A 72 75.12% 7.49 12.45% 95.15+ 8.26® 83.26% 6.02® 99.24+ 7.49® 86.26% 8.49® 76.35%+ 8.01*
124.69+
Group B 72 75.09+ 7.51 13.26% 97.35+ 8.97* 84.95+ 6.35® 101.24% 8.02® 88.15+ 9.01® 78.15+ 8.84®
120.24+ 112.34+ 106.35¢
Group C 72 7543+ 7.82 132.46% 15.29° 95.26+ 8.46° 95.26% 9.35°
10.18* 11.54* 10.49*
Group D 72 75.62+ 791 143.69% 18.09 126.35+ 12.58 104.24+ 9.43 119.35% 12.49 113.25+ 11.49 108.45+ 10.17

The overall analysis
The time difference(F, P)
Differences between
groups(F, P)

The interaction effect

(F,P)

HF coefficient:0.9132
32.826,0.000

29.925,0.000

24.534,0.000

Note: compared with group D, *P<<0.05; compared with group C, °P<<0.05.
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1d.3d.1 4.2 5.3 i 4 AR W PTX3 AKFH 5T AB.C

H(P<<0.05),C4H5 T A 4HF1 B4H(P<0.05),A4H5 B4t
BTG ER(P>0.05), IL% 6,

% 6 TREIERATIRIAME PTX3 EAFMESR (ct 5,ng/mL)
Table 6 Changes and differences of PTX3 in gingival crevicular fluid after different orthodontics (xt s, ng/mL)

Time points

Groups n Before 1 d after 3 d after 1 week after 2 weeks after 3 weeks after 4 weeks after

orthodontics  orthodontics orthodontics ~ orthodontics ~ orthodontics ~ orthodontics  orthodontics
Group A 72 1.02% 0.25 526 1.13* 3.05+ 0.15* 295+ 0.72* 412+ 0.16® 391+ 0.53*  1.35% 0.25®
Group B 72 1.05% 0.29 5.32+ 1.35% 3.06% 0.17*  3.12+ 0.82*  4.18+ 0.57*  4.02+ 0.61* 141+ 0.23*
Group C 72 1.06% 0.27 9.35% 2.46* 6.12+ 1.03° 5.26% 0.97* 6.35% 0.94* 5.96x 1.03* 4.84% 0.98°
Group D 72 1.08% 0.24 13.46% 3.12 8.45% 1.96 7.35% 1.15 9.35+ 1.26 7.46% 1.51 6.12+ 1.03

The overall analysis
The time difference(F, P)
Differences between
groups(F, P)

The interaction effect

(F, P)

HF coefficient: 0.8532

22..826, 0.000

21.931, 0.000

16.530, 0.000

Note: compared with group D, *P<<0.05; compared with group C, °P<<0.05.
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SECF AR S ZARIE R, A R S e, X iR T C 4l

D 20 7 14 F% 3 AR B 1 Mg NI RSP . 2T 100 g IE R

1A RSB, S ZF AR/ N, ol 4 Jd 1E Wy 7 A, el 4 R

HIERSIRT T R TT 5
g5 b IR IE R g AN (8] 24 V03 7% BRVA A L PH 7K

SFAIE] . 100 g TER T3 A i RS S B R, o A ZH SRR AR AE S

PSR 45T 100 g DL EIEWG 5 2 A 4R TR A AE S 1 12

B B R AR BE S IR AE K . PRI 100 g 1E R ) BT {2

il 27 i Ko 2l , SCREORI 1 W ik e i >4 A9 4R P 77K, ]k

NS T A BB, A H T4 AU
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