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[Abstract] Objective The present study aimed to evaluate the clinical efficacy of hydraulic sinus floor elevation

for the treatment of insufficient bone height in the posterior maxilla through a systematic review and Meta-analysis, so
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as to provide evidence for clinical practice. Methods Databases including PubMed, Embase, Cochrane Library, and
Clinical Trials.gov were searched up to May 2025. Randomized controlled trials, non-randomized controlled trials, co-
hort studies, cross-sectional studies, and case-control studies that involved patients receiving hydraulic sinus floor eleva-
tion with simultaneous or delayed implant placement were included. Exclusion criteria comprised in vitro studies, ani-
mal experiments, narrative reviews, unpublished data, commentaries or expert opinions, studies with unclear sample
sizes, and publications without full-text access or unavailable outcome data. Three investigators independently per-
formed literature screening and quality assessment. A single-arm Meta-analysis was conducted using Stata 18.0 for stud-
ies meeting the inclusion criteria. The outcome measures were the incidence of sinus membrane perforation, implant
survival rate, and endo-sinus bone gain. The Cochrane Risk of Bias 2 (RoB2) tool and the Joanna Briggs Institute (JBI)
critical appraisal checklist were used to assess the methodological quality of randomized controlled trials and non-
randomized controlled trials, respectively. The overall certainty of evidence was assessed using the GRADE ( Grading of
Recommendations Assessment, Development and Evaluation ) system. Results Nineteen studies with 982 patients, 1
151 elevated sites, and 1 263 implants were finally included. The Meta-analysis showed that the intraoperative sinus
membrane perforation rate of hydraulic sinus floor elevation was 2.0% [ES = 0.02, 95% CI (0.00, 0.04)] (18 studies, 1
061 sites); the implant survival rate was 99.0% [ES = 0.99, 95% CI (0.97, 1.00)] (17 studies, 1 253 implants); and the
mean vertical bone gain was 7.80 mm. For this outcome, heterogeneity among studies was extremely high (I* = 98.6%),
thus only descriptive analysis was performed. Egger’s test revealed no significant publication bias for the three out-
comes. GRADE grading indicated very low certainty of evidence for mucosal perforation, implant survival rate, and
endo sinus bone gain. Conclusion Current preliminary evidence suggests that hydraulic sinus lift may be a safe mini-
mally invasive technique, but the evidence is very low, and more high quality, long term follow up randomized con-
trolled clinical trials are still needed for further verification.

[Key words] maxillary sinus floor elevation; hydraulic; sinus membrane perforation; implant survival rate;
vertical gain height; Meta-analysis; dental implant; bone augmentation; complication
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Table 1  Literature search strategy
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Search strategy
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Pubmed (((maxillary sinus) OR (paranasal sinus)) AND ((((elevation) OR (augmentation)) OR (lift)) OR (lifting)) AND 50

(sinus)) AND ((hydrostatic) OR (hydraulic))

Cochrane Library ~ #1 (maxillary sinus) OR (paranasal sinus)

#2 (augmentation) OR (elevation) OR (lift) OR (lifting)

#3 (hydrostatic) OR (hydraulic)
#4 #1 and #2 and #3

11

Embase ((maxillary sinus) OR (paranasal sinus)) AND ((lifting) OR (elevation) OR (augmentation)) AND ((hydrostatic 469
pressure) OR (hydraulic pressure))

Clinical Trials.cov  Condition/disease : maxillary sinus; Other terms : paranasal sinus; Treatment/Intervention : (hydraulic) OR (hy- 5
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() Records from databases (n=535)
_g Medline Pubmed=50 Additional records identified
K] Embrase=11 through other sources
= Cochrane=469 (n =0)
= Clinical Trail.Gov=5
=
\ Y A4
PR Records after duplicates removed
(n=414)
o0
=]
]
£ Records screened Unrelated articles excluded
% (n=414) ’ (n=366)
= v Full-text articles excluded,
= with reasons (n=29)
_—SD Full-text articles -Abstract: (n=2)
LT: assessed for eligibility » -Case report: (n=8)
(n=48) -Duplicated data: (n=3)
) -Review: (n=5)
S -Inconsistent surgical
methods: (n=8)
il -Data not extractable: (n=3)
~
= Studies included in
T:j quantitative synthesis
= (Meta-analysis)
(n=19)
Figure 1  Study selection process
Bl 1 SCHRTHGE R
x2 PAWRIEAG R
Table 2 Baseline of the included studies
SFE SFE Follow-up/
Studies Implants (n) Volume/pressure Graft Implant timing
sites (n) approach months
Bensaha(2012)1*) 31 35 TSFE 2-4.5 mL PRF and BG Simultaneous 5.25
Blase(2021)*! 136 202 LSFE NM NHA Simultaneous/delay 48+9
Gatti(2018) 49 49 TSFE 2-3 mL DBBM/ Graftless Simultaneous 37.3
Kim(2012)(CIDRR )" 70 NM TSFE NM BG Simultaneous NM
Kim(2012)(1D)*"! 250 353 TSFE NM PRF/ PRF+DBBM Simultaneous 17.3
Kim(2014)*" 11 16 TSFE NM CGF Simultaneous 8.5
Li(2013) 33 33 TSFE NM DBBM Simultaneous 20.4
Tallarico(2017)** 50 50 TSFE 2-3 mL Flowable Graft Simultaneous 15.8+2.1
Jesch(2013)"! 20 20 TSFE 1.5 bar DBBM Simultaneous 18
Bruckmoser(2018)%! 191 191 TSFE 1.5 bar DBBM Simultaneous/delay 2-100.8
Ro(2021)"! 9 9 TSFE (25.0+13) kPa NM Simultaneous NM
Sotirakis(2005)**! 13 16 TSFE 3 mL BG / Draftless Simultaneous 2-30
Andreasi Bassi(2015)°"! 13 13 TSFE NM NHA Delay 12
Kher(2014)) 28 29 TSFE NM NHA Simultaneous 12
ChO(ZOZO)Im 45 45 TSFE 5 mL Graftless/PRF Simultaneous 12
Huang(ZOZS)m] 46 46 TSFE NM PRF/DBBM Simultaneous 12
Bacevic(2021)1""! 16 16 TSFE NM DBBM Simultaneous/delay 12-18
Naqvi(2023)[2“] 90 90 TSFE 5 mL Graftless Simultaneous 12
Chaushu(2020)*! 50 50 TSFE 2 mL BG Simultaneous 12-36

CIDRR and ID are journal name abbreviations for Clin Implant Dent Relat Res and Implant Dent respectively, used to differentiate the two studies by
Kim (2012) from different journals. SFE: sinus floor elevation ; TSFE : transcrestal sinus floor elevation; LSFE: lateral sinus floor elevation; PRF: palate

rich fibrin; NHA : nanohydroxyapatite; DBBM: deproteinized bovine bone material; CGF: concentrated growth factor; BG: bone graft; NM: not mentioned
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CIDRR and ID are jour-

2 3 4 5 1 otal bias
| 1] 2] 3]a]s[6]7]8]0]10]Toulbs . nal name abbreviations
; es
Bensaha (2012) [ J @] [ A BN ) ©® | Medium for Clin Implant Dent
Blase (2021) . [ ] @] (5] [ [ ) High Not clear
Gatti (2018) NI ® o o ©o o o © Low P Relat Res and Implant
Kim (2012)(CIDRR)| ® | ® | ® | ® [ AN BK | @ Low Dent respectively, used
Kim (2012)(ID)| @ | @ [ J ®@ ©® 0 O O HMedum to differentiate the t
Kim (2014)| ® | @ @ 0/ 0/ 0/ 0 0 6 L o Cierenie e e
Li2013)| @ (@ (@ | @ o o000 I studies by Kim (2012)
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Kher (2014)| @ | @ ® o oo |0 ® | Medium pant - identiication
Chaushu (2020)| @ | @ o ®© | 0|0 | ® @ Medium complete enrollment of

patients; 5: consecutive

enrollment of patients; 6: complete patient information; 7: complete clinical information; 8: complete outcome data; 9: geographical description of

patients; 10: rational statistical analysis

Figure 2 Risk of bias assessment of non-randomized controlled trials
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Figure 3  Risk of bias assessment of randomized controlled trials
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Study ES(95%CI) Weight(%)
Bensaha(2012) . — 0.00 (0.00, 0.11) 4.96
Blase(2021) o 0.03(0.01, 0.07) 9.19
Gatti(2018) -— 0.00(0.00,0.07)  6.34
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a: forest plot showing the medium heterogeneity (> = 54.01%) and overall effect size (0.02) of the included studies; b: publication hias was as-

sessed based on 95% confidence limits. The distribution was symmetrical with no obvious publication bias. CIDRR and ID are journal name abbre-
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ES: effect size; SE(ES): standard error of effect size

Figure 4 Meta-analysis of sinus membrane perforation incidence with hydraulic sinus floor elevation
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a: forest plot showing the medium heterogeneity (I* = 61.09%) and overall effect size (0.99) of the included studies; b: publication hias was as-

sessed based on 95% confidence limits. The distribution was symmetrical with no obvious publication bias. ES: effect size; SE(ES): standard error

of effect size

Figure 5 Meta-analysis of implant survival rate after hydraulic sinus floor elevation
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Table 3 Quality of evidence graded by the GRADE system
Outcome Risk of bias Inconsistency Indirectness Imprecision Publication bias Quality
SMP Medium(-1) Medium(-1) No No Very low
ISR Medium(-1) Medium(-1) No No Very low
ESBG Medium(-1) Serious(-1) Serious(-1) No Very low

GRADE: Grading of Recommendations Assessment, Development and Evaluation; SMP: sinus membrane perforation ; ISR: implant survival rate ; ESBG:

endo sinus bone gain
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