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Abstract

Background: We reviewed the literature to examine if the thickness of the sinus membrane is a risk factor for
perforation during lateral sinus lift surgery.

Material and Methods: We searched Embase, PubMed, and Web of Science databases till 4th December 2023
for studies examining the risk of perforation with different sinus membrane thicknesses. Studies reporting sinus
membrane thickness in perforation and non-perforation cases were also included.

Results: Eleven studies were eligible. All studies used cone beam computed tomography for measuring sinus
membrane thickness. Meta-analysis showed that sinus membrane thickness was significantly lower in perforation
cases as compared to non-perforation cases (MD: -0.91 95% CI: -1.48, -0.33 12=94%). Four studies used 2mm as
the cut-off to define thick and thin sinus membranes. Pooled analysis failed to demonstrate any significant dif-
ference in perforation rates (OR: 0.97 95% CI: 0.44, 2.17 12=56%). Meta-analysis of studies using 1.5mm (OR:
0.66 95% CI: 0.29, 1.48 12=72%) and Imm cut-off (OR: 0.93 95% CI: 0.34, 2.56) also demonstrated similar non-
significant results.

Conclusions: Our study shows that the sinus membrane is significantly thinner in cases with perforations as com-
pared to those with no perforations. However, a meta-analysis based on different membrane thickness cut-offs
failed to demonstrate a relationship between thinner sinus membranes and a higher risk of perforation. There is a
need for further studies examining the role of sinus membrane thickness on perforation rates.
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Introduction maxillary sinus which makes dental implant placement

Rehabilitation of an edentulous posterior maxilla has
been challenging owing to the limited density of bone
and proximity of the maxillary sinus. Loss of the teeth
and age-related changes lead to resorption of the alveo-
lar bone leaving minimal bone between the crest and the
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difficult (1). In such cases, implant rehabilitation can be
done by augmenting the bone on the crest or elevating
the sinus membrane to allow sufficient space and pre-
vent protrusion of the implants in the maxillary sinus.

Maxillary sinus augmentation has become a standard
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procedure to augment bone in the posterior maxilla for
dental implant rehabilitation (2). Two major techniques
have been described, namely, the lateral window tech-
nique and the osteotome-mediated transalveolar sinus
lift (3). The former is more commonly used as it allows
for significant membrane elevation and bone grafting
compared to the transalveolar method. In clinical prac-
tice, the lateral window approach is used when the re-
sidual bone height is <Smm (4). Research shows high
success rates ranging from 88-100% in cases of implant
placement with sinus augmentation using the lateral
window approach (5,6).

Several factors can influence the success of sinus aug-
mentation with the lateral window technique. The cur-
vature of the sinus, presence of septae, bone height, and
antroliths can alter the success of sinus augmentation
(7,8). Perforation of the sinus membrane is considered
an important intraoperative complication that can jeop-
ardize the procedure and cause dislodgement of the
graft into the sinus cavity (9). However, there is con-
flicting evidence on the effect of such perforations on
the survival of dental implants with some studies re-
porting reduced survival rates while others reporting
no impact on success/survival (10-12). Nevertheless,
intraoperative sinus perforations require appropriate
management techniques to accommodate the graft and
improve the outcome of the procedure (13). Also, mem-
brane perforations can disrupt the normal physiologic
sinus function and cause postsurgical sinusitis (14).
One important factor considered by several studies in
literature as a risk factor for membrane perforation is
membrane thickness. Nevertheless, there is no clarity
on how membrane thickness influences the risk of per-
foration. We hereby reviewed the evidence in the litera-
ture to examine if sinus membrane thickness is a risk
factor for perforation during sinus augmentation via the
lateral window approach.

Material and Methods

The current work is a systematic review and meta-
analysis of observational studies reported in line with
the PRIMA guidelines (15). The protocol was prepared
and registered on the international database of system-
atic reviews, PROSPERO (accessible at https:/www.
crd.york.ac.uk/prospero/ with the registration number,
CRD42023483303).

- Search and eligibility criteria

Articles were searched from the literature by two re-
viewers in collaboration with a medical librarian ex-
perienced in systematic reviews. English-language
studies listed on the databases of Embase, PubMed,
and Web of Science were searched based on the listed
inclusion criteria. The search was completed on 4th
December 2023. The search queries used are shown
in Table 1 and include a combination of the keywords:
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“sinus membrane; Schneiderian membrane; sinus
lift; sinus augmentation, thickness; complications;
and perforation”. The search strategy combined these
keywords into various combinations with “AND” and
“OR” to optimize the results.

Table 1: Search queries.

Search queries
(((sinus lift) OR (sinus augmentation)) AND (thickness))
AND (complications)

(((schneiderian membrane) OR (sinus membrane)) AND
(thickness)) AND (complications)
(((sinus lift) OR (sinus augmentation)) AND (thickness))
AND (perforation)
(((schneiderian membrane) OR (sinus membrane)) AND
(thickness)) AND (perforation)

The results of the databases were then combined in the
reference manager software. Any studies found by gray
literature search were then added. All duplicate studies
were removed and the remaining were scanned based
on the inclusion criteria.

Inclusion criteria were: 1. Studies conducted on patients
undergoing lateral window sinus lift 2. Studies compar-
ing patients with thick vs thin sinus membranes and
reporting perforation rate OR 3. Studies report sinus
thickness in perforation and non-perforation cases.
Studies on osteotome sinus lift procedures, studies not
reporting sinus thickness, and not reporting perforation
rates were excluded. Conference abstracts and unpub-
lished data were also not eligible for inclusion.

The reviewers identified relevant studies and read their
full texts. Studies fulfilling all criteria were included.
The reference list of these studies was also searched for
any missed trials. Any disagreements between review-
ers were resolved by discussion.

- Extracted data and outcomes

Data collected from the studies included: authors,
publication year, study type, sample size, mean age,
gender, residual bone height, number of patients with
perforation, cut-off for sinus membrane thickness,
and membrane thickness in perforation and non-per-
foration cases. Using a data extraction form, two re-
viewers collected the data. Any variations were then
cross-checked and corrected by discussion. If data was
incompletely reported, the Correspondence was con-
tacted once by email.

- Evaluation of study quality

Two authors independently assessed methodological as-
sessment for risk of bias. The Newcastle Ottawa Scale
(NOS) (16) was used as all studies were observational.
Points were awarded for the representativeness of the
study cohort, comparability of groups, and measure-
ment of outcomes with each receiving a maximum of
four, two, and three points respectively.
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- Statistical analysis

All statistical analysis was done on “Review Manager”
(RevMan, version 5.3; Nordic Cochrane Centre (Co-
chrane Collaboration), Copenhagen, Denmark; 2014).
Given the inherent methodological heterogeneity be-
tween studies, we preferred the random-effects meta-
analysis model. Continuous and binary outcomes were
pooled to generate mean difference (MD) and odds ratio
(OR) respectively with 95% confidence intervals (CI).
Funnel plots were drawn for publication bias. The 12 sta-
tistic was the tool to determine inter-study heterogeneity.
12 <50% meant low and >50% meant substantial hetero-
geneity. P values below 0.05 were considered significant.
Subgroup analysis was conducted for different cut-offs
of sinus membrane thickness. A leave-one-out meta-
analysis was conducted to check for outliner studies.

Fig. 1: Flow-chart of the search.
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Results

The number of search results and study selection pro-
cess are shown in the PRISMA flow diagram (Fig. 1).
The literature search initially led to 1104 citations. Af-
ter deduplication, 482 articles were screened and 27
were found relevant to the review of which eleven were
selected (17-27). The agreement between the reviewers
was high (kappa=0.95).

Details of the eleven studies are shown in Table 2. The
year of publication of studies ranged from 2014 to 2023.
Two were prospective while others were retrospective.
Studies were from China, Iran, Austria, the USA, Ko-
rea, Taiwan, Turkey, and Switzerland. Cumulatively
1841 sinus lift procedures were examined in the includ-
ed studies. The mean age ranged from 46.3 years to 57
years.
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Table 2: Data extracted from included studies.

Study Location | Type S.asrir;le)le l\:egzn Mﬁ‘erilgll)l(:ne f:{i?l; I\;Ilfil;ll?;:;e Cut-off :‘):{it;)l; sl\if))rse
(sinuses) | (years) (mm) rate
Nemati 2023 27) | Iran P 140 546 283 | N IOIPEOLL NR [ NR | 7
Zhou2021 26) | China | R 320 515 NR e e S S | 7
Shao2021 (17) | China | R 278 50.3 379 | pesA L NR SIS ] T
Krennmair 2020 (25)| Austria | R 355 55.9 380 | aesoa | LRSSl el 0 g

Park 2019 (24) Yes: 24 | 6.1£7.3

USA | R 65 59 NR [ Yesa ) GRSl NR | NR |7
Marin 2018 22) | Austria | P 137 55.1 NR | ae R ONR SR P
Lum 2017 (23) USsA | R 167 58.5 321 | ST ORI NR | NR |7
Lim 2017 (20) Korea | R 172 46.3 NR (eIl Nk | SFOT W] g
Lin 2015 (21) Taiwan | R 7 53.8 307 | YsONR S| 8 7
Gurler 2015 (19) | Turkey | R 57 49.6 NR [ Y 2SI NR O NR |7

Yes: 21 1.3+ 1.02 <1:32 9
No: 56 | 2.4+3.29 >1: 45 12

Arx 2014(18)sex, Switzer-

smoking habit land R 7 57 NR

CBCT, cone beam computed tomography; NR, not reported; Newcastle Ottawa score.

All studies used preoperative cone beam computed
tomography (CBCT) to measure the sinus membrane o1
thickness. The perforation rate in studies ranged from
10 to 37%. None of the studies used propensity score
matching to match the baseline groups, hence the NOS
score was 7 for all studies.

Seven studies reported sinus membrane thickness in
perforation and non-perforation cases. Meta-analysis
showed that sinus membrane thickness was significant-
ly lower in perforation cases as compared to non-perfo- 15
ration cases (MD: -0.91 95% CI: -1.48, -0.33 12=94%))
(Fig. 2). On leave-one-out analysis, no study was found : o
to be an outliner and the results did not change in sta- 250 EN § 5o 160
tistical significance. The funnel plot showed no gross Fig. 3
asymmetry indicating no publication bias (Fig. 3).
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~100 -50 0 50 100

Test for overall effect: Z = 3.09 (P = 0.002) Favours [Perfortion] Favours [No perforation]

Fig. 2: Meta-analysis of sinus membrane thickness in perforation and non-perforation cases.
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Meta-analysis based on various sinus membrane thick-
ness cut-offs is shown in Fig. 4. Four studies used 2mm
as the cut-off to define thick and thin sinus membranes.
Pooled analysis failed to demonstrate any significant
difference in perforation rates (OR: 0.97 95% CI: 0.44,
2.17 12=56%). Meta-analysis of studies using 1.5mm
(OR: 0.66 95% CI: 0.29, 1.48 12=72%) and 1mm cut-off
(OR: 0.93 95% CI: 0.34, 2.56) also demonstrated similar
non-significant results (Fig. 4).

Discussion

The most important structure involved in sinus aug-
mentation surgery is the Schneiderian membrane itself
which needs to be elevated from the maxillary bone. The
membrane consists of three layers namely, pseudostrati-
fied columnar epithelium, a vascular lamina propria,
and the periosteum. Prior anatomic studies have shown
that mean sinus membrane thickness is about 0.09mm
ranging from 0.02 to 0.35mm (28) while clinical studies
report a thickness of usually 1-2mm (29,30). Membrane
perforation is one of the most common complications
seen in approximately 30% of all sinus lift cases (31).
Perforation of the membrane can occur at different steps
of the procedure like preparation of the bony window,
elevation of the lining, placement of graft material, and
placement of the implant itself. Advances in technol-
ogy and the adoption of piezoelectric devices replacing
conventional rotary instruments have helped reduce the
risk of perforations during the initial step (32). Never-
theless, such perforations are not completely avoidable

Experimental Control

Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year

Membrane thickness and risk of perforation

and often lead to sinus pathologies and also affect graft
and implant survival rates (10-12). Therefore, it is pru-
dent that factors influencing membrane perforation are
recognized and such complications avoided to improve
the success of the surgery (29,30).

An in-vitro study by Pommer et al (28) on 20 cadavers
has shown that the sinus membrane can be stretched to
125 to 133% of its original size in one and two dimen-
sions respectively. Also, force greater than 7.3N/mm?2
led to membrane perforations with thicker membranes
showing higher load limits. In clinical practice, sinus
membrane thickness of <2mm is considered normal
while those with more than 2mm thickness are con-
sidered pathological (29). Pathological sinus thicken-
ing is not uncommon and is noted in around 12-30% of
patients reporting for dental treatment (33,34). In this
meta-analysis, we thoroughly examined the association
between the thickness of the sinus membrane and the
risk of perforations during the procedure. In the first
analysis, it was noted that sinus membrane thickness in
perforation cases was significantly lower as compared
to non-perforation cases. The results were consistent
amongst the included studies with six of the seven stud-
ies in the meta-analysis noting thinner membranes in
cases with perforation. However, on segregating the
patients based on a specific cut-off of membrane thick-
ness, we could not find any statistically significant re-
sults. There was no difference in perforation rates based
on cut-offs of 2mm, 1.5mm and Imm. One reason for
such inconsistent results could be the lower number
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1V, Random, 95% CI

1.2.1 >2 vs <2

Lin 2015 6 22 8 59  9.8% 2.39(0.72,7.92) 2015 -1
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Marin 2018 6 53 13 84 11.9% 0.70 [0.25, 1.96) 2018 —
Zhou 2021 9 71 22 249 15.5%  1.50[0.66, 3.42) 2021 T
Subtotal (95% ClI) 251 549 46.3% 0.97 [0.44, 2.17] -
Total events 24 57

Heterogeneity: Tau? = 0.37; Chi? = 6.84, df = 3 (P = 0.08); I* = 56%

Test for overall effect: Z = 0.07 (P = 0.95)
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Fig. 4: Meta-analysis of perforation rates with different sinus membrane thickness cut-offs.
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of studies in the later meta-analysis and the variabil-
ity in the cut-offs used by the included studies. Sec-
ondly, Lin et al (21) have shown that the relationship
between membrane thickness and perforation follows a
U-shaped curve. A higher risk of perforations was noted
in both very thin and thick sinuses. In their study, cases
with sinus membrane thickness of <0.5mm and >3mm
had perforation rates of 17% and 25% respectively and
the lowest perforation rate of 7% was seen with a thick-
ness of 1-1.5mm. Thus, it is plausible that very thin si-
nus membranes have lower load limits causing a higher
number of perforations. However, even extremely thick
pathological membranes are not amenable to sinus aug-
mentation procedures and the thickened connective tis-
sue does not have a similar load limit as that of a healthy
membrane.

Prior reviews have also shown reduced membrane per-
forations with thickened sinuses. Monje ef a/ (30) in a
meta-analysis of six studies noted no statistical differ-
ence in the perforation rates with thick and thin sinus
linings but showed a reduced trend of perforations with
thicker membranes. In comparison with the current
review, Monje et al (30) did not perform a subgroup
analysis of different cut-offs of membrane thickness
and all studies with different cut-offs were pooled in a
single analysis. Another review by Fang et al (29) com-
bined studies on both the lateral window and osteotome
technique to show lower perforation rates in patients
with thickened sinuses. The perforation rate in normal
sinuses was 14% and in cases with thick sinus lining,
it was 6%. By conducting an updated literature search
and including maximum studies on a single technique
of sinus augmentation, our review presents the most
comprehensive and up-to-date evidence on the associa-
tion between sinus membrane thickness and the risk of
perforations with the lateral window technique. Addi-
tionally, two separate meta-analyses were conducted in
our review. One on the thickness of the membrane in
perforation and non-perforation cases and the second
using different cut-offs of membrane thickness.
Nevertheless, there are limitations to this study. The
number of studies in each meta-analysis was not high.
Inconsistent cut-offs and reporting of data precluded a
meta-analysis of all 11 studies in both meta-analyses.
Secondly, sinus membrane perforation is also depen-
dent on several other confounding factors like the size
of the edentulous region, the thickness of the lateral
window, the type of instruments used, the presence of
septae, the amount of bone graft inserted, etc. Addition-
ally, the experience of the operator can also impact the
risk of complications. It is necessary to understand that
the current results are based on crude data and several
such known and unknown confounders could have al-
tered the risk of perforations. Thirdly, the size of the
perforations was not accounted for in the included stud-
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ies. Perforation size has important intra-operative and
prognostic significance as small perforations can be left
in situ or covered with a collagen membrane while ex-
tremely large perforations may lead to abandoning of
the procedure (9). Lastly, all studies used CBCT to mea-
sure the thickness of the sinus membrane and it may not
be an accurate measurement as compared to histologi-
cal thickness.

Conclusions

Our study shows that the sinus membrane is signifi-
cantly thinner in cases with perforations as compared
to those with no perforations. However, a meta-analysis
based on different membrane thickness cut-offs failed
to demonstrate a relationship between thinner sinus
membranes and a higher risk of perforation. There is
a need for further studies examining the role of sinus
membrane thickness on perforation rates.
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