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[Abstract] Objective To evaluate the clinical efficacy of invisible orthodontic appliances without brackets for the
distal movement of maxillary molars to improve the ability of orthodontists to predict treatment outcomes. Methods
Web of Science, Cochrane Library, Embase, PubMed, Wanfang Database, CNKI Database, and VIP Database were
searched for studies investigating the efficacy of invisible orthodontic appliances for distal movement of maxillary molars
in adult patients and published from database inception to August 1, 2023. A total of three researchers screened the
studies and evaluated their quality and conducted a meta-analysis of those that met quality standards. Results  This
study included 13 pre- and postcontrol trials with a total sample size of 281 patients. The meta-analysis revealed no sig-
nificant differences in the sagittal or vertical parameters of the jawbone after treatment when compared with those before
treatment (P > 0.05). The displacement of the first molar was MD=-2.34, 95% CI (-2.83, —1.85); the displacement was
MD=-0.95, 95% CI (-1.34, —0.56); and the inclination was MD=-2.51, 95% CI (-3.56, —1.46). There was a statistically
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significant difference in the change in sagittal, vertical, and axial tilt of the first molar before and after treatment. After
treatment, the average adduction distance of the incisors was MD=-0.82, 95% CI (-1.54, -0.09), and the decrease in
lip inclination was MD=-1.61, 95% CI (-2.86, —0.36); these values were significantly different from those before treat-
ment (P < 0.05). Conclusion Invisible orthodontic appliances can effectively move the upper molars in a distal direc-
tion and control the vertical position of the molars. When the molars move further away, there is some degree of com-

pression and distal tilt movement, which is beneficial for patients with high angles. The sagittal movement of incisors is

beneficial for improving the patient’s profile.
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Table 1  Basic features of the included studies

Study design Sample 7Gender Agelyear Attachment Class 1 Mini-implant ~ Course/year Measuring

size  (Male/Female) elastic traction method
Al-Tayar 2023%)  Retrospective 23 7/16 29846  Valid Valid Null 197 £ 0.6 CBCT
Xu 20237 Retrospective 67 30137 208+49  Rectangular attachment Null Valid Not mentioned ~ CBCT
Cui 2022 Retrospective 18 Not mentioned ~ 27.8 +5.38  Not mentioned Not mentioned ~ Not mentioned ~ Not mentioned CBCT
Lione 2022 fandomized 7/13 17.1£32  Rectangular attachment Valid Null Not mentioned ~ Cephalogram

controlled trial

Rongo 2022 Retrospective 20 5/15 276+ 63  Not mentioned Valid Null 1606  Cephalogram
Zhou 20227 Retrospective 15 411 27 Not mentioned Valid Null Not mentioned ~ CBCT
Cheng 2020”"  Retrospective 11 3/8 27.6(24-35) Rectangular attachment Null Valid Not mentioned CBCT
Caruso 2019%”  Retrospective 10 2/8 22.7+53  Rectangular attachment Valid Null 19+05  Cephalogram
Wu 2019 Retrospective 10 Not mentioned 24 Not mentioned Not mentionedn ~ Not mentioned ~ Not mentioned ~ Cephalogram
Li 2017°" Retrospective 11 47 25.3(21-34) Rectangular attachment Valid Null Not mentioned ~ Cephalogram
Ravera 2016 Retrospective 20 9/11 29.73 + 6.89  Rectangular attachment Valid Null 2.02£0.35  Cephalogram
Yang 2015 Retrospective 15 5/10 27.7 Valid Valid Valid Not mentioned CBCT
Klein 2013 Retrospective 28 10/18 35.5 Valid Valid Null Not mentioned ~ Cephalogram
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Table 1 The quality assessment of the included studies

. Al-Tayar ~ Xu Cui  Lione Rongo Zhou Cheng Caruso Wu Li Ravera Yang  Klein
tem
202371 20237 202271 202277 2022 2022 2020™" 2019%" 2019 2017°" 2016 2015 2013
A stated aim of the study 2 2 2 2 2 0 2 2 2 2 2 2 2
Inclusion of consecutive patients 1 1 1 1 1 1 1 1 1 1 2 1 1
Prospective collection of data 2 2 2 2 2 2 2 2 2 2 2 2 2
Endpoint appropriate to the study aim 2 2 2 2 2 2 2 2 2 2 2 2 2
Unbiased evaluation of endpoints 2 1 1 2 2 2 2 2 1 1 2 2 2
Follow-up period appropriate to the major endpoint 1 1 1 1 1 1 1 1 1 1 1 1 1
Loss to follow up not exceeding 5% 2 2 2 2 2 2 2 2 2 2
Prospective calculation of the sample size 2 0 0 2 2 0 0 0 0 0 0 0 2
Prospective calculation of the sample size 14 11 11 14 14 10 12 12 11 11 13 12 14
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Hu2023 8289 24 B7 8381 233 B7 26.4% -072[1.42,008] — Hu 2023 796 473 BT 80.59 428 B7 17.3% -0.99 248 0.58] T
Klein 2013 835 45 28 839 44 28 31% -040[(273,1.83] — Al-Tayar 2023 7974 261 23 8012 259 23 179% -03811.88112] - T
Al-Tayar 2023 8198 118 23 8232 111 23 383% -033[1.00,034] —= Camso 2019 787 44 10 T4 48 10 22% -0.30[-4.59,3.99] —
Ravera 2018 807 444 20 81 408 20 24% -030[294,234] - Cui 2022 T615 255 18 7B1G 249 18 148% -0.01 186, 1.64] I
Cui 2022 8017 162 18 8039 168 18 146% -022[1.30,086] T Zhou 2022 7704 3898 15 7685 438 15 45% 019[2.80,318] .
Zhou 2022 8094 414 15 811 421 15 1.9% -016[3.15,2.83] -1 Rongo 2022 TE4 48 20 T8I 43 n 1% 020282 3.02] -
Rongo 2022 816 33 20 814 24 20 46% 020[(1.73,213] [ Ravera 2016 81 408 200 BOT 444 20 58% 030F2.34,294] -
Lione 2022 82 338 20 818 34 20 33% 020[-2.06,246] N Lizons 7404 237 11 7851 182 11 124% 053F1.27,2.33] I
Caruso 2019 83 49 10 824 47 10 1.0% 0BO0[3.81,481] | Klein 2013 794 35 28 T8B 37 28 11.3%  0.801.09, 2.69] ]
L2018 8393 247 11 8332 219 " 45% 061134, 256] A E— Lione 2022 778 329 20 7EE 37 20 B6% 110H.07,327] T
Total (95% Cl) 232 232 100.0% -0.32[-0.73,0.09] > Total (95% CI) 232 232 100.0% 0.05[-0.59,0.68] -
Heterogensity: Chi®= 2.55, df= 3 (P = 0.98); I*= 0% Heterogensity: Chi*= 3.62, df= 3 (P = 0.92); F= 0%
Testfor overall efect Z=1.54 (P=10.12) 4 2 2 M Testfor overall efect Z=0.14 (P =0.89) 4 2 2 4
Sty or Subroup_thomn D Total Moan SD. Total Weight " N.Fei 6541 IV Feed, 351 & Stutvor Swborouw e S Total o S Tota welant " . ixet o3ty - rheq oy @_
Lione 2022 39 158 pli] 51 18 20 92% -1.20[2.25,-015] Ku 2023 3184 508 67 3277 516 67 188% -0.93 [2.66,080] T
Klein 2013 4.2 26 i3 63 272 28 6.4% -110[2.36,0.18] T Klein 2013 6.6 6.6 28 273 67 8 4.7% -0.70 [-4.18,2.78] —
Ravera 2016 376 285 20 445 291 20 30% -070F252,142) - Ravera 2016 9235 643 20 326 7M6 20 32% -D45[4.67, 3771 I I
Zmu 2022 3810 15 400 18 Tas 0wk —C Twwi se ds 15 mel s 15 sis oapacmira T
Mrmas 33 Tm 22 e 2 1im obsioren — Leeanls Mz oano 3 WE 6 @ sgw Gl as) ——
Rongo 2022 3327 20 32 26 20 38% 010[154,1.74] | Cui 2022 3492 601 18 347 516 18 4.2% 032 [-344:335] -
2023 288 187 A7 281 184 BT 257% 02710360800 " Al-Tayar 2023 367 208 23 3639 245 23 326% 031 [1.01,16 ——
Lizme 201 186 11 166 144 11 53% 0350104174 I uzu!s 9242 282 11 .82 402 11 6E% 050{72.4!344} -1
Caruso 2018 43310 34 3310 1Z% 0.90[0195,379) ] Wu 2019 3078 234 10 2597 215 10 146% 062115278 T
Total (95% ¢ 72 232 1000% 0.48[.050,0.14] * Total (95% C) 22 202 100.0% 00100.76,0.71) -
Heterogeneity: Chi*= 962, df=9 (P = 0.38); F= 6% 3 1 1 7 Heterogeneity: Chi*= 2.41, df=10 (P = 0.99); F= 0% ) ) 3 1

Test for overall effect 2= 1.09 (P = 0.28)

Test for overall effect 7= 0.02 (P = 0.98)

a: forest diagram of SNA; b: forest diagram of SNB; c: forest diagram of ANB; d: forest diagram of mandibular plane angle

Figure 2 Meta-analysis forest diagram of changes in the interjaw relationship after treatment with invisible orthodontic appliances
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a: forest diagram of the first molar sagittal displacement; b: forest diagram of
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Figure 3  Meta-analysis forest diagram of upper first molar move-

ment after treatment with invisible orthodontic appliances
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Table 3 Summary of results of publication bias in the

included studies

Outcome indicator

P(Egger-test)

SNA

SNB

ANB

Mandibular plane angle

Sagittal displacement of the first molar
Vertical displacement of the first molar
Axial inclination of the first molar
Sagittal displacement of the incisor

Proclination of the incisor

0.065
0.343
0.614
0.530
0.769
0.739
0.493
0.244
0.950

SNA: sella-nasion-subspinale angle; SNB: sella-nasion-supramental an-

gle; ANB: subspinale-nasion-supramental angle
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