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[Abstract] Objective This study aimed to systematically compare the effects of flapless and flapped implantations
on the surrounding soft tissues of dental implants. Methods Nine databases were searched, including PubMed, Em-
base, Cochrane Library, Web of Science, Clinical Trials, OpenGrey, OpenDoar, Scopus, and Ovid, from January 1, 2013,
to August 27, 2023. Randomized controlled trials comparing flapless implantation with flapped implantation for restora-
tion of missing teeth were included. Meta-analysis was conducted on studies that met the inclusion criteria by using Rev-

Man 5.3 and Stata 14.0. Results A total of 1 245 articles were retrieved, and 17 studies were ultimately included. The

results of Meta-analysis showed that flapless implanta-

[WFm B 2023-10-12; [fEEIEEA] 2024-02-07 tion resulted in better healing of the soft tissues around
(EETE] FAKARFFRES (81571003); WTA AR the dental implants than flapped implantation. Moreover,
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[BfEEE] e, #d%, Fit, E-mail: lihong8689@163.com success rate [mean difference (MD)=1.06, 95% confi-

flapless implantation showed superior changes in implant
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dence interval (CI) (1.02, 1.10), P=0.004], the width of keratinized gingival changes [MD=0.10, 95%CI (0.00, 0.20), P=
0.04], and probing depth [MD=-0.60, 95%CI (-0.67, —=0.53), P<0.000 01], with statistically significant differences. The
final combined results of modified plaque index [standardized mean difference (SMD)=-0.41, 95%CI (-0.81, 0.00), P=
0.05] and modified sulcus bleeding index [SMD=-0.44, 95%CI (-0.78, —-0.10), P=0.01] showed superiority over flapped

implantation. The papillary presence index was higher in the flapless implantation group than in the flapped implantation

group. No statistically significant differences were observed in plaque index and gingival indices changes between the

two groups. Conclusion Flapless implantation can achieve higher implant success rate, smaller changes in the width of

keratinized gingival, and smaller probing depths than flapped implantation. It also has advantages in terms of modified

plaque index, modified sulcus bleeding index, and papillary presence index.
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“Dental Implants” [MeSH] OR “Dental Implants, Single-Tooth” [MeSH Terms]

“Implant, Dental” [Title/Abstract] OR “Implants, Dental” [Title/Abstract] OR “Dental Implant” [Title/Abstract] OR “Dental Implants,
Mini” [Title/Abstract] OR “Dental Implant, Mini” [Title/Abstract] OR “Mini Dental Implant”[Title/Abstract] OR “Mini Dental Implants”
[Title/Abstract] OR “Dental Prostheses, Surgical” [Title/Abstract] OR “Dental Prosthesis, Surgical” [Title/Abstract] OR “Surgical Dental
Prostheses” [Title/Abstract] OR “Surgical Dental Prosthesis”[Title/Abstract] OR “Prostheses, Surgical Dental” [Title/Abstract] OR “Prosthe-
sis, Surgical Dental” [Title/Abstract]

“Dental Implants, Single Tooth” [Title/Abstract] OR “Implant, Single-Tooth Dental” [Title/Abstract] OR “Implant, Single Tooth Dental”
[Title/Abstract] OR “Implants, Single-Tooth Dental” [Title/Abstract] OR “Implants, Single Tooth Dental” [Title/Abstract] OR “Single-Tooth
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“Flap” [Title/Abstract] OR “Flapped” [Title/Abstract] OR “No-Flap” [Title/Abstract] OR “Flapless” [Title/Abstract] OR “Minimally Inva-
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Tab 3 Characteristics of the included studies
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Fig 3 Risk of bias summary
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
2.2.1 immediate implant
Garcia-Sanchez, R. 2021 13 13 13 13 51% 1.00[0.87,1.15] — —
Singh, M. 2022 49 50 45 48 17.4% 1.05[0.96,1.14] =
Yana,L 2017 78 a0 63 80 239%  1.24[1.10,1.39] ——
Subtotal (95% CI) 143 141 46.4% 1.14[1.06, 1.22] i
Total events 140 121
Heterogeneity: Chi®*=9.23, df=2(F = 0.010); /*=78%
Testfor overall effect Z= 3.55 (P=0.000 4)
2.2.2 delayed impant
Barone, A 2014 30 32 29 32 11.0% 1.031[0.90,1.19] -
Bashutski, J. D. 2013 11 12 11 12 42% 1.00[0.79,1.27]
Bomicke, ¥ 2017 18 19 16 16 6.8% 0.95[0.82,1.11] =
Froum, S.J. 2017 13 14 14 14 5.5% 0.93[0.77,1.13] ) —
Jané-Salas, E. 2018 24 24 23 24 8.9% 1.04[0.893,1.17] =
Pozi A 2014 25 25 25 26 9.5% 1.04[0.93,1.15] N
Wang, F. 2017 20 20 20 20 7.8% 1.00[0.91,1.10] T
Subtotal (95% CI) 146 144 53.6%  1.01[0.96, 1.06] -
Total events 141 138
Heterogeneity: Chi*=1.99, df=6 {F=0.92);, /*= 0%
Testfor overall effect Z=0.29(F=0.77)
Total (95% CI) 289 285 100.0%  1.07[1.02,1.12] -
Total events 281 259
Heterogeneity: Chi*= 14.07, df=9 (FP=0.12), /*= 36% IJTT D.‘BS 152 155

Testfor overall effect: Z= 2.95 (F= 0.003)

Testfor subaroun differences: Chi*=7.19.df=1 (F=0.007)./*= 86.1%
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Fig 4 Forest plot of implant success rate (subgroup of implanting timing)
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Experimental Control Risk Ratio Risk Ratio
Study or Subgrouj Events  Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
2.1.1 3months
Jané-Salas, E. 2018 24 24 23 24 7.8% 1.041[0.93,1.17] R
Barone, A 2014 30 32 29 32 9.6% 1.03[0.90,1.19] S
Subtotal (95% CI) 56 56  17.5%  1.04[0.95, 1.14] ~—
Total events 54 52
Heterogeneity: Chi*= 0.01, df=1 (P=0.93); /= 0%
Test for overall effect. Z=0.78 (P=0.44)
2.1.2 12months
Yang,L 2017 78 20 63 80 208%  1.24[1.10,1.39] ———
Singh, N. 2022 49 50 45 48 15.3% 1.05 [0.96,1.14] T
Pozzi A 2014 25 25 25 26 8.3% 1.04 [0.93,1.15] 1
Garcia-Sanchez, R. 2021 13 13 13 13 4.5% 1.00[0.87,1.15] S
Curado,T 2023 36 36 37 37 123% 1.00[0.95,1.05] -
Subtotal (95% CI) 204 204 61.3% 1.10 [1.04, 1.16] -
Total events 20m 183
Heterogeneity: Chi®= 20.03, df= 4 (P=0.000 5), /*= 80%
Test for overall effect. 7= 3.54 (P =0.000 4)
2.1.4 15months
Bashutski, J. D. 2013 " 12 1" 12 37% 1.00[0.79,1.27]
Subtotal (95% CI) 12 12 37%  1.00[0.79, 1.27] e ——
Total events 11 11
Heterogeneity: Not applicable
Test for overall effect: Z=0.00 (F=1.00)
2.1.6 24months
Wang, F. 2017 20 20 20 20 6.8% 1.00[0.91,1.10] - I
Subtotal (95% CI) 20 20  6.8%  1.00[0.91, 1.10] .
Total events 20 20
Heterogeneity: Not applicable
Test for overall effect. Z=0.00 (F=1.00)
2.1.7 36months
Bimicke. W 2017 18 19 16 16 5.9% 0.95[0.82,1.11] ————
Subtotal (95% CI) 19 16 59%  0.95[0.82, 1.11] ——eni——
Total events 18 1B
Heterogeneity: Not applicable
Testfor overall effect: 2= 0.63 (F=0.53)
2.1.8 8.5years
Froum, S.J. 2017 13 14 14 14 4.8% 0.93[0.77,1.13] ———
Subtotal (95% CI) 14 14 4.8% 0.93[0.77, 1.13] ——autlii—
Total events 13 14
Heterogeneity: Not applicable
Test for overall effect. Z=0.73 (F=0.47)
Total (95% Cl) 325 322 100.0%  1.06[1.02, 1.10] S 4
Total events 317 298
Heterogeneity: Chi*= 17.82, df= 10 (P= 0.06); /*= 44% 0 5 Py 85 112 1?5

Test for overall effect: Z=2.91 (P=0.004)
Testfor subaroun differences: Chi*=7.18. di=5 (P=0.21)./*= 30.3%
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Fig 5 Forest plot of implant success rate (subgroup of follow-up time)
Experimental Control Mean Difference Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% ClI
Bashutski,J.D. 2013 -052 1.1 12 -0.74 1.79 12 0.7% 0.22[-0.97,1.41]
Wang, F. 2017 03 02 20 02 041 20 99.3% 0.10(0.00,0.20]
Total (95% CI) 32 32 100.0% 0.10[0.00, 0.20]

Heterogeneity: Chi*= 0.04, df=1 (P=0.84),/*=0%

Test for overall effect: Z= 2.02 (P= 0.04) 2

6 WKGZALR AR
Fig 6 Forest plot of WKG changes
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&3, Meta 3 Hr4s S R . FLS 41 5 FL 4 MSBI
Z S LG E L [MD=-0.14, 95%CI

FFL,

i 5% Singh &' A 57 45 5N A . FLS B9 MPLIAIK

PIZH 22 6] 22 5 A e it

Mean Difference
IV, Random, 95% CI

Experimental Control Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI
7.3.1 6months immedia implant
Singh, N. 2022 28 043 50 32 073 48 55% -0.40[-0.64,-0.16]
Stoupel, J. 2016 27 084 18 3 0.9 pal 1.4% -0.30 [-0.85, 0.25]
Subtotal (95% CI) 68 69 6.9% -0.38[-0.60,-0.17]
Heterogeneity: Tau®= 0.00; Chi*= 0.11, df= 1 (P = 0.74); /*= 0%
Test for overall effect Z= 3.44 (P = 0.000 6)
7.3.2 12months immediate implant
Singh, N. 2022 21 039 50 27 01 48 11.2% -0.60[0.71,-0.49]
Stoupel, J. 2016 3 11 18 34 029 21 16% -0.40[-0.92 012
Subtotal (95% CI) 68 69 12.8% -0.59[-0.70,-0.48]
Heterogeneity: Tau®= 0.00; Chi*= 0.54, df=1 {F= 0.46); /*= 0%
Test for overall effect Z=10.54 (P = 0.00001)
7.3.3 1motns delayed implant
Jiao, G. 2018 2 02 45 288 022 43 126% -0.88[0.97,-0.79)
Subtotal (95% CI) 15 43  12.6% -0.88[-0.97,-0.79]
Heterogeneity: Mot applicable
Testfor overall effect. Z=19.18 (£ = 0.000 01)
7.3.4 1.5months delayed implant
Tsoukaki, M. 2013 1.88 006 18 259 006 15 151% -0.71 [-0.75,-0.67]
Subtotal (95% CI) 15 15  15.1% -0.71[-0.75,-0.67]
Heterogeneity: Not applicable
Test for overall effect Z=32.41 (F = 0.00001)
7.3.5 3months delayed implant
Tsoukaki, M. 2013 1.93 006 15 243 0.06 15 151% -0.50[-0.54,-0.46]
Subtotal (95% CI) 15 15 15.1% -0.50 [-0.54, -0.46]
Heterogeneity: Not applicable
Test for overall effect 2= 22.82 (£ = 0.00001)
7.3.6 6months delayed implant
Froum, 8.J. 2017 2.089 1.023 14 213 0562 14 1.2%  -0.04 [-0.65, 0.57]
Shamsan, Y 2018 1.33 058 6 196 056 7 1.1% -0.63[1.25,-0.01]
Wang, F. 2017 21 003 20 27 004 20 157% -0.60[0.62,-0.58]
Subtotal (95% CI) 40 41 18.0% -0.51[-0.80,-0.23]
Heterogeneity: Tau®= 0.03; Chi*= 3.22, df= 2 (F= 0.20), /*= 38%
Testfor overall effect: 7= 3.58 {(P=0.000 3)
7.3.7 12montths delayed implant
Bdmicke, W 2017 289 0865 19 34 0.7 16 2.0% -0.50[-0.95,-0.05)
Froum, 5.J. 2017 1.873 0.561 14 2143 0546 14 24%  -0.27[-0.68,014]
Wang, F. 2017 23 o008 20 29 004 20 152% -0.60[-0.64,-0.56]
Subtotal (95% CI) 53 50 19.6% -0.55[-0.70,-0.39]
Heterogeneity: Tau®= 0.01; Chi*= 2.64, df= 2 (P=0.27),/*= 24%
Testfor overall effect: 7= 6.90 (P < 0.00001)
Total (95% CI) 304 302 100.0% -0.60 [-0.67,-0.53]

Heterogeneity: Tau= 0.01; Chi*= 82.69, df= 12 (P < 0.000 013; /*= 87%
Testfor overall effect: Z=17.19 (P = 0.00001)
Testfor subaroun differences: Chi*=85.01. df=6 (P < 0.000 01).F= 92.9%
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Fig 7 Forest plot of PD (subgroup of follow-up time and implanting timing)

Experimental Control Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95% Cl

Mean Difference
IV, Random, 95% CI

Bashutski,J. D. 2013 257 046 12 228 046 12 433% 0.29 [-0.08, 0.66]
Sunitha, R. V. 2013 275 005 20 195 006 20 56.7% 0.80[0.77,0.83]
Total (95% CI) 32 32 100.0%

Heterogeneity. Tau®= 0.11; Chi*= 7.31, df= 1 (P= 0.007), /*= 86%

0.580.08, 1.07]
'

100 -50 0 50

100
Testforoverall effect 2= 2.20 (F= 0.0 Favours [experimental] Favours [control]
8  PPIMYERHIE
Fig 8 Forest plot of PPI

Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean __SD_Total Mean SD Total Weight IV, Random, 95% Cl IV. Random, 95% CI
Singh, N. 2022 121 045 50 154 07 48 451% -0.33[-0.56,-0.10] ——
Wang, F. 2017 068 023 20 071 024 20 549% -0.03[-0.18,0.12)
Total (95% Cl) 70 68 100.0% -0.17[-0.46,0.13]
Heterogeneity: Tau®= 0.04; Chi*= 4.55, df= 1 (P= 0.03);/*= 78% g o5 3 o5 :

Test for overall effect Z=1.11 (P=0.27)

9 MPLIHJZRME

Fig 9 Forest plot of MPLI

S [SMD=-0.44, 95%CI (-0.78,
P=0.01],
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0.06), P=0.17] (& 10), 178U Hr
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FFL, MAZEZERAZRI¥E X,
2.3.7 PLI

A 4R SCHRN g 4T PLL,  HE R DT I R AT
WA T, BEHLRLN Meta 23 BT 45 5 7% . FLS4H
PLI 5 FL#Z 2R T4 it5E L [MD=-0.02,
95%CI (-0.33, 0.29), P=0.91] (K 11), ZHU&
PEHI R, SRRk kA B k2

2.3.8 GIf7Efk

A 35 SCER P S T GLINAR L, BEATLAK N
Meta 3 Hr 45 5 7~ . FLS 4H GL 284k 5 FL 41 22 |A]
ZER G X [MD=0.22, 95%CI (-0.25,
0.68), P=0.36] (&l 12), &BUSEMHIRL, &
R R R LB B EE2E R A, IEH
G Meta rHr g ke . nTEE.

SIS, IEB A I Meta 0BT 45 S RE . PIEE

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV. Random, 95% Cl
Singh, N. 2022 11 02 50 1.35 0.64 48 436% -0.25(-0.44,-0.08) ——
Wang, F. 2017 087 0.1 20 092 02 20 56.4% -0.05[-0.18,0.08]
Total (95% Cl) 70 68 100.0% -0.14[-0.33,0.06]
Heterogeneity: Tau= 0.01; Chi*= 2.95, df= 1 (P= 0.09); /*= 66% 1 0 P ) 075 1

Test for overall effect. Z=1.38 (P=0.17)

K 10 MSBIARHE
Fig 10 Forest plot of MSBI

Experimental Control Mean Difference Mean Difference

dy o h ea ean D IV. Random. 95%
3.1.2 1month
Jiao, G. 2018 03 003 45 0.78 0.07 43 243% -0.48[-0.50,-0.46] N
Subtotal (95% CI) 45 43 243% -0.48[-0.50,-0.46] ]
Heterogeneity: Not applicable
Test for overall effect: Z= 41.47 (P < 0.000 01)
3.1.3 3~4months
Siu, T.L. 2023 0.1 0.2 12 02 02 12 229% -0.10[-0.26,0.06] —
Bashutski, J. D. 2013 064 048 12 048 05 12 176% 0.16 [-0.23, 0.55] —
Subtotal (95% CI) 24 24 404%  -0.03[-0.26,0.19] e
Heterogeneity: Tau®= 0.01; Chi*=1.45,df=1 (P=0.23); *= 31%
Test for overall effect: Z= 0.30 (P= 0.76)
3.1.4 6months
Bashutski, J. D. 2013 076 1.03 12 0.39 057 12 11.5% 0.37 [-0.30,1.04)
Subtotal (95% CI) 12 12 115%  0.37[-0.30, 1.04] | e ER——
Heterogeneity: Not applicable
Test for overall effect. Z=1.09 (P=0.28)
3.1.5 9months
Bashutski, J. D. 2013 09 098 12 058 05 12 124% 0.32-0.30,0.94] —f————————
Subtotal (95% CI) 12 12 124% 0.32[-0.30, 0.94] ——eoHEfER——
Heterogeneity: Not applicable
Test for overall effect: Z=1.01 (P=0.31)
3.1.6 12months
Bomickes W 2017 1 0 18 1 o 17 Not estimable
Subtotal (95% CI) 18 17 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
3.1.7 15months
Bashutski, J. D. 2013 064 1.02 12 054 061 12 11.4% 0.10[-0.57,0.77]
Subtotal (95% CI) 12 12 11.4% 0.10 [-0.57,0.77] | e ——
Heterogeneity: Not applicable
Test for overall effect: Z= 0.29 (P=0.77)
3.1.8 36months
Bomicke, W 2017 1 0741 18 d 0 16 Not estimable
Subtotal (95% CI) 18 16 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI) 141 136 100.0%  -0.02[-0.33,0.29]
Heterogeneity: Tau®= 0.10; Chi*= 46.22, df= 5 (P < 0.000 01);/*=89%

Test for overall effect. Z=0.11 (P=0.91)

Test for subaroun differences: Chi*= 30.61. df= 4 (P < 0.000 01)./*= 86.9%

Favours [experimental] Favours [control]

; ——

R -05 0 05
Favours [experimental] Favours [control]

Bl 11 PLIRYZRARIET (BEVIRT4L)
Fig 11 Forest plot of PLI (subgroup of follow-up time)

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean _ SD Total Mean SD Total Weight IV.Random,95% Cl IV, Random, 95% Cl
Bashutski,J.D. 2013 013 049 12 -049 048 12 352%  062(0.23,1.01) ——
Bomicke, W 2017 00741 19 0 1481 16 197%  0.00[0.80,0380]
Siu, T.L. 2023 04 02 12 01 01 12 451%  0.00[(0.13,013]
Total (95% CI) 43 40 100.0%  0.22[-0.25,0.68]
Heterogeneity: Tau®= 0.12; Chi*= 8.88, df= 2 (P= 0.01);*= 77% * ) s )

Test for overall effect. Z= 0.92 (P= 0.36)

12 GUEALRIARFRIE

Favours [experimental] Favours [control]

Fig 12 Forest plot of GI changes
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