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Abstract

Objectives The present study was performed to comparatively evaluate the peri-implant bone stability and conditions of
marginal tissues at 3 years following transcrestal and lateral sinus floor elevation (tSFE and ISFE, respectively).

Materials and methods Patients included in a parallel-arm randomized trial comparatively evaluating tSFE and 1SFE were
recalled at 3 years post-surgery. Twenty-one and 24 patients in tSFE and ISFE groups, respectively, participated in the follow-
up visit. Peri-implant bone support was evaluated as the proportion of the entire implant surface in direct contact with the
radiopaque area (totCON%) on 3-year periapical radiographs. The conditions of the marginal peri-implant tissues at 3-year
visit were classified as peri-implant health, peri-implant mucositis, or peri-implantitis.

Results At 3 years, both groups showed an implant survival rate of 100%. Median totCON% was stable at 3 years, being
100% in both groups (p =0.124). Peri-implant health and mucositis were diagnosed in 10 (47.6%) and 11 (52.4%) patients,
respectively, in the tSFE group, and in 8 (33.3%) and 16 (66.7%) subjects, respectively, in the ISFE group (p =0.502).
Conclusions At 3 years following surgery, implants placed concomitantly with tSFE and 1SFE fully maintain peri-implant
bone support. Peri-implant mucositis was the most prevalent condition, with a similar prevalence between groups.

Clinical relevance.

Based on 3-year data on peri-implant bone support and prevalence of peri-implant diseases, the study suggests that tSFE and
ISFE represent two equally valid options for the rehabilitation of the posterior maxilla. ClinicalTrials.gov ID: NCT02415946.
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Introduction Radiographic analyses consistently indicate that, after its

displacement with tSFE, the dimensions of the endo-sinusal

Maxillary sinus floor elevation with transcrestal and lat-
eral access (tSFE and ISFE, respectively) are two validated
options for vertical bone augmentation in the atrophic pos-
terior maxilla. Both techniques were associated with high
implant survival rates at long-term follow-up intervals [1, 2].
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grafted area tend to reduce overtime, although this tendency
did not consistently reach statistical significance in all stud-
ies [3—-8]. Also, it was shown that this reduction may lead to
the exposure of the endo-sinusal portion of the implant [4,
6, 8]. Similar findings were reported for sites undergoing
ISFE [9].

To date, the clinical outcomes of tSFE and ISFE have
been compared in several trials [7, 10-21]. Among these,
few randomized trials comparatively evaluated the impact
of the dimensional reduction of the grafted area on peri-
implant bone support at a follow-up of at least 2 years fol-
lowing tSFE and ISFE [14, 22]. In particular, endo-sinus
bone—implant contact rates (as assessed radiographically)
were similarly high and stable through the observation
period, and amounted to 97.19% and 98.15% for tSFE
and ISFE groups, respectively, at 2 years. Also, the 2-year
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position of the crestal bone level was found always coronal
to the implant shoulder except for one patient in ISFE group
[22]. Interestingly, a recent multivariate analysis conducted
within a multicenter cross-sectional study identified the sur-
gical access to the maxillary sinus as a factor influencing the
risk for peri-implantitis occurrence [23]. In particular, ISFE
was associated with significantly higher risk (OR =6.75)
for peri-implantitis compared to tSFE at a mean follow-up
of 67.65 months from surgery. In the interpretation of their
findings, the authors attributed increased peri-implantitis
risk for ISFE to the combined effect of factors that may have
determined early marginal bone loss: (i) extensive full thick-
ness flap and a prolonged surgical time, (ii) compromised
blood supply to the residual bone crest, and (iii) mechanical
and thermal stress of the bone during underpreparation of
the implant bed to obtain implant primary stability [23].
The evaluation of the incidence of peri-implant biological
complications around implants undergoing tSFE vs ISFE
within the context of a randomized trial remains confined
to a limited number of studies [19, 22].

Recently, we performed a bi-center, parallel-arm, ran-
domized trial comparatively evaluating tSFE and ISFE
when applied concomitantly with implant placement at
sites with limited (3—6 mm) residual bone. The results
related to the clinical outcomes, morbidity, costs, and
aspects of quality of life have already been published
[15-17]. Based on the same cohort, the present study pre-
sents data related to (i) peri-implant bone stability and
(i1) the conditions of the peri-implant marginal tissues at
3 years following tSFE and 1SFE.

Materials and methods

Experimental design, ethical aspects, and trial
registration

The present study consists of the 3-year evaluation of
patients included in a bi-center, parallel-arm, single-blind,
randomized trial comparatively evaluating tSFE and ISFE
in terms of radiographic outcomes, intra- and postoperative
morbidity, costs, and impact on specific aspects of quality
of life [15-17]. The experimental protocol was approved by
the Local Ethical Committees of Ferrara (protocol number:
140386) and Modena-Reggio Emilia, Italy (protocol num-
ber: 144/14). Each patient provided a written informed con-
sent before participation. All the clinical procedures were
performed in accordance with the standards of the Declara-
tion of Helsinki, and the manuscript was prepared according
to the CONSORT guidelines. The study was registered in
www.clinicaltrials.gov (study ID: NCT02415946).
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Study population

Patients were consecutively treated at two University Hos-
pitals (Ferrara and Modena, Italy) according to the selec-
tion criteria reported by Farina et al. [15]. Each patient
contributed the study with one maxillary quadrant with> 1
maxillary posterior site edentulous for at least 6 months
and showing a residual bone height (RBH) of 3—-6 mm.

Clinical procedures

In patients assigned to receive tSFE, prosthetically guided
preparation of the implant site/s was performed according
to a validated technique based on a standardized sequence
of instruments (Smart Lift; Meta CGM, Reggio Emilia,
Italy) [8, 15-17, 24-32]. The tSFE procedure was com-
bined with a plug of collagen matrix (Mucograft Seal®;
Geistlich Pharma, AG, Wolhusen, Switzerland), which was
placed in the future implant site before the fracture of the
sinus floor, and an amount of deproteinized bovine bone
mineral (DBBM; Bio-Oss® spongiosa granules, particle
size 0.25-1.0 mm; Geistlich Pharma, AG, Wolhusen, Swit-
zerland) which was pre-determined on the programmed
extent of implant penetration into the sinus [15-17, 28].

In patients assigned to receive ISFE, the antrostomy was
used to place DBBM (Bio-Oss® spongiosa granules, par-
ticle size 0.25-1.0 mm or 1-2 mm; Geistlich Pharma, AG,
Wolhusen, Switzerland) under the elevated sinus mem-
brane. After prosthetically guided implant bed preparation
according to the sequence of burs recommended by the
implant manufacturer (Thommen Medical AG; Grenchen,
Switzerland), the antrostomy was covered with a resorb-
able collagen membrane (Bio-Gide; Geistlich Pharma,
AG, Wolhusen, Switzerland).

In both tSFE and ISFE groups, implants (SPI Inicell
Element®; Thommen Medical AG, Grenchen, Switzer-
land) were inserted immediately after the completion of
the grafting procedure. The healing protocol (submerged
or transmucosal) was left at the operator’s discretion.

Implants placed with a submerged healing protocol at
day O were surgically exposed at 20 weeks post-surgery,
and a healing abutment was positioned.

Between week + 24 and week + 32 (6-month visit),
implants were loaded with a provisional or definitive,
cemented or screw-retained restoration (according to their
treatment plan).

At 1-year visit, patients received personalized indica-
tions regarding their supportive periodontal therapy (SPT)
program based on their periodontal risk level [33-35], and
were left free to perform SPT at the center where they
underwent surgery or other dental settings.
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At 3 years, patients were recalled for a follow-up visit
where clinical and radiographic assessments were performed
to evaluate the conditions of peri-implant tissues.

Radiographic and clinical measurements

Clinical and radiographic measurements were performed
by a single, trained examiner (G.F.) who had previously
undergone a calibration session on a sample of patients not
included in the study and had participated as examiner in
previous clinical trials including radiographic assessments
of the outcomes of sinus lift procedures [8, 15, 16, 27-32].

Radiographic measurements

Periapical radiographs were taken at 1 and 3 years post-
surgery with a paralleling technique using a Rinn film holder
with a rigid film-object X-ray source. All available radio-
graphs were scanned, digitized, stored at a resolution of 600
dpi, and analyzed using an image processing software (NIS
Elements® v4.2; Nikon Instruments).

On each radiograph, the following measurements were
performed:

— Peri-implant marginal bone level at the mesial (mMBL)
and distal (AMBL) aspects of the implant: distance (in
mm) from the apical margin of the implant shoulder to
the first bone-to-implant contact at the mesial and distal
aspect of the implant, respectively. To account for radio-
graphic distortion, mMBL and dMBL were adjusted for
a coefficient derived from the ratio: true length of the
implant/radiographic implant length (rIL);

— Proportion of the entire implant surface in direct con-
tact with the radiopaque area (totCON%): derived as the
ratio (%) between the length (mm) of the implant surface
in direct contact with the peri-implant radiopaque area
(native bone + newly formed tissue) and the extent of
implant surface [8].

Clinical measurements

At 3-year visit, the following clinical parameters were
assessed using a manual periodontal probe (UNC15; Hu-
Friedy, Chicago, USA) with a probing force of approxi-
mately 15 g at 6 sites (mesio-buccal, buccal, disto-buccal,
disto-lingual, lingual, mesio-lingual) for each implant placed
concomitantly with tSFE or ISFE:

— Probing depth (PD), measured in mm from the margin of
the peri-implant mucosa to the bottom of the peri-implant
sulcus/pocket;

— Bleeding on probing (BoP), recorded as positive (BoP +)
when bleeding of the peri-implant mucosa was detected
at the implant site after PD assessment;

— Suppuration on probing (SoP), recorded as positive
(SoP +) when pus was detected at the implant site after
PD assessment.

Mucosal recession (REC) was measured at the buccal
aspect of the implant as the distance between the peri-
implant mucosal margin and the implant-abutment junction
(whenever visible), and recorded to the nearest mm.

Clinical measurements were assessed without removing
the implant-supported prosthesis.

Diagnosis related to the conditions
of the peri-implant marginal tissues

Based on data on interproximal bone loss, PD, BoP, and
SoP, the conditions of the peri-implant tissues at 3-year
visit were retrospectively classified according to Berglundh
et al. [36]: peri-implant health (i.e., no interproximal bone
loss > 0.5 mm compared to 1-year radiograph, no increase
in PD compared to 1-year visit, and no BoP + and/or
SoP + sites); peri-implant mucositis (i.e., no interproximal
bone loss > 0.5 mm compared to 1-year radiograph and at
least 1 BoP + and/or SoP + site); or peri-implantitis (i.e.,
interproximal bone loss > 0.5 mm compared to 1-year radio-
graph, increased PD compared to 1-year visit, and at least 1
BoP + and/or SoP + site).

Statistical analysis

Details of sample size calculation (which was based on a
radiographic outcome measure) for the intention-to-treat
(ITT) study population have been reported in a previous pub-
lication [16]. In the present study, a per protocol (PP) anal-
ysis was performed, including all patients undergoing the
experimental protocol with no major deviations and attend-
ing the 3-year follow-up visit. The patient was regarded as
the statistical unit. For patients receiving two implants con-
comitantly with sinus floor elevation in the experimental
quadrant, only the implant which was previously selected
for the 1-year follow-up study [16] was included for the
3-year evaluation. Since all numerical variables showed
a non-normal and non-symmetric distribution, they were
expressed as median and interquartile range (IR). For the
primary outcome measure (totCON%), descriptive statistics
incorporated also mean values.

totCON% was compared either within (i.e., 1-year vs
3-year) or between groups. Changes from 1-year to 3-year
visit in mMBL and dMBL were calculated. mMBL and
dMBL were compared either within or between groups.
For the formulation of peri-implant diagnosis, the greatest

@ Springer



3978

Clinical Oral Investigations (2022) 26:3975-3986

change at either mMBL or dMBL was considered to deter-
mine if interproximal bone loss was > 0.5 mm or <0.5 mm.
Within-group comparisons were performed by the Wil-
coxon test, and treatment groups were compared using the
4 test or Fisher’s exact test for categorical variables and the
Mann—Whitney U test for numerical and ordinal variables.
The level of statistical significance was fixed at 0.05.

Results
Study population
The PP study population consisted of 21 patients in the

tSFE group and 24 patients in the ISFE group (Fig. 1).
The patient- and implant-related characteristics of the PP

population are reported in Table 1, and did not show signifi-
cant differences between groups. The 1- and 3-year periapi-
cal radiographs of two paradigmatic tSFE and ISFE cases
are illustrated in Fig. 2.

Implant survival

The implant survival rate was 100% in both groups.
totCON%

Raw data related to totCON% in tSFE and ISFE groups are
reported in Fig. 3. At 1 year, median totCON% was 100%
(IR: 100-100%) in both groups (p =0.281). Mean 1-year
totCON% values were 97.0% and 99.2% in tSFE and ISFE
groups, respectively. The proportion of implants that showed

placement (n=1);

+ early implant loss due to failure of osseintegration (n= 1)
+ hospitalized due to acute myocardial infarction,
postponed all radiographic exams (n= 1)

ENROLLMENT
Assessed for eligibility
(n=105) Excluded
(n=48)
+ not meeting inclusion criteria (n= 45)
" + declined to participate (n=3)

Randomized

(n=57)
|
ALLOCATION
[ (ITT POPULATION) b
Allocated to tSFE group Allocated to ISFE group
(n=29) (n= 28)
Lost to follow-up
(n=3)
+ implant removed due to lack of implant primary stability at

1-YEAR VISIT
Completed 1-year visit Completed 1-year visit
(n=26) (n=128)
Lost to follow-up Lost to follow-up
(n=5) (n=4)
+ unavailable for follow-up visit (n= 5) + unavailable for follow-up visit (n= 4)
3-YEAR VISIT
(PP POPULATION)
Completed 3-year follow-up Completed 3-year follow-up
(n=21) (n=24)

Fig. 1 Flow chart of patient inclusion and follow-up
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Table 1 l?at.icnt and implant tSFE group (n=21) ISFE group (n=24) p value
characteristics of the per
Pmlwwl study population. Age (years) 51.0 (49.0-60.0) 53.5 (49.8-62.5) 0.600
Values are expressed as median 5L 0 of males/females) 12/9 9/15 0.308
(IR) or frequencies
Smoking (no. of never smoked/former  17/2/2 20/2/2 1
smokers/current smokers)
RBH (mm) 4.0 (3.9-5.1) 4.5 (4.0-5.4) 0.275
Implant length (mm) 9.5 (9.5-11.0) 9.5 (9.5-11.0) 0.431
Implant diameter (mm) 4.0 (4.0-4.0) 4.0 (4.0-4.0) 0.134

Fig.2 One- and 3-year follow-up periapical radiographs of two rep-
resentative tSFE and ISFE cases. a tSFE, 1 year. b tSFE, 3 years. ¢
ISFE, 1 year. d ISFE, 3 years

increased, stable, or decreased totCON% values at 3 years
compared to 1 year was 9.5%, 76.2%, and 14.3%, respec-
tively, in the tSFE group, and 4.2%, 87.5%, and 8.3%,
respectively, in the ISFE group. From 1-year to 3-year visit,
within-group change in totCON% was not statistically sig-
nificant in the tSFE group (p=0.313). A limited 1-3-year
variation in totCON% (which prevented inferential statis-
tics) was observed in the 1SFE group. At 3 years, median

totCON% was 100% (IR: 84.6-100%) in the tSFE group and
100% (IR: 100-100%) in the ISFE group, with no significant
inter-group difference (p =0.124). Mean 3-year totCON%
values were 95.1% and 98.8% in tSFE and ISFE groups,
respectively. In the tSFE group, 14 patients (67%) had a
3-year totCON% of 100%, while 7 patients (33%) had lower
totCON% values (80%, 83%, 84%, 85%, 85%, 85%, 96%).
In the ISFE group, 20 patients (83%) had 3-year totCON%
of 100%, while 4 patients (17%) had lower totCON% values
(85%, 94%, 95%, 98%). The suboptimal (i.e., < 100%) 3-year
totCON% values were mainly due to the exposure of the
implant apex to the sinus cavity (Fig. 4).

Secondary outcome measures

Raw data related to mMBL and dMBL in tSFE and ISFE
groups are reported in Table 2. mMBL and dMBL values of
0 mm were observed in the vast majority of patients at both
1 and 3 years. In patients showing mMBL and/or dMBL
apical to the implant shoulder at 1 year, a coronal migration
of the marginal bone level was observed at 3 years. Only
one case in ISFE showed a bone loss (0.30 mm) from 1
to 3 years. Median mMBL and dMBL was 0 (IR: 0-0) in
both treatment groups at either 1 or 3 years, with no signifi-
cant inter-group differences. A limited 1-3-year variation in
mMBL and dMBL (which prevented inferential statistics)
was observed in both groups.

Clinical measurements are reported in Table 3. Median
PD was 3 mm, with most patients (tSFE: 95.2%; ISFE:
83.3%) showing PD <5 mm. Prevalence of BoP per
patient was 16.7% in both groups, and all patients showed
REC =0 mm. No SoP + sites were recorded in both groups.
No significant differences in any of the investigated clinical
measurements were found between groups.

Conditions of the peri-implant tissues

Peri-implant health and mucositis were diagnosed in 10
(47.6%) and 11 (52.4%) subjects, respectively, in the tSFE
group, and in 8 (33.3%) and 16 (66.7%) subjects, respec-
tively, in the ISFE group. No significant inter-group dif-
ference in patient distribution according to peri-implant
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Fig.3 Raw data related to 1-year and 3-year totCON% values in tSFE and 1SFE groups
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Fig.4 Exposure of the implant apex to either the maxillary sinus or oral cavity in cases with suboptimal (< 100%) totCON% values at 3 years in
tSFE and ISFE groups

diagnosis was observed (p =0.502). In subjects with peri- Discussion
implant mucositis, the proportion of BoP-positive sites
was 33% (IR: 25.0-33.3%) in the tSFE group and 33% (IR:  As in previous analyses conducted on the present patient

16.7-54.2%) in the ISFE group (p = 0.660).
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Table 2 Raw data related to 1- and 3-year mMBL and dMBL in tSFE and ISFE groups. Negative changes in MBL indicate a coronal migration
of the marginal bone level from 1-year to 3-year visit

Treatment group  Patient number 1-year 3-year mMBL p value (intra- 1-year 3-year dMBL p value
mMBL mMBL change group compari- dMBL dMBL change (intra-group
(mm) (mm) (mm) son) (mm) (mm) (mm) comparison)
tSFE group 1 0 0 0 0 0 0
(n=21) 2 0.88 0.51 -0.37 0.86 0.39 —0.47

3 0 0 0 0 0 0

4 0.71 0 -0.71 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0.83 0 -0.83 0 0 0

8 0 0 0 0 0 0

9 0 0 0 0 0 0

10 0 0 0 0 0 0

11 0 0 0 0 0 0

12 0 0 0 0 0 0

13 0 0 0 0 0 0

14 0 0 0 0 0 0

15 0 0 0 0 0 0

16 0 0 0 0 0 0

17 0 0 0 0 0 0

18 0 0 0 0 0 0

19 0 0 0 0 0 0

20 0 0 0 0 0 0

21 0 0 0 0 0 0
Median 0 0 0 * 0 0 0 *
IR 0-0 0-0 0-0 0-0 0-0 0-0
ISFE group 1 0 0.30 0.30 0.80 0.80 0

(n=24) 2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0

8 0 0 0 0 0 0

9 0 0 0 0 0 0

10 0 0 0 0 0 0

11 0 0 0 0 0 0

12 0.85 0.85 0 0.58 0.58 0

13 0 0 0 0 0 0

14 0 0 0 0 0 0

15 0 0 0 0 0 0

16 0 0 0 0 0 0

17 0 0 0 0 0 0

18 0 0 0 0 0 0

19 0 0 0 0 0 0

20 0 0 0 0 0 0

21 0 0 0 1.29 0.40 —-0.89

22 0 0 0 0 0 0

23 0 0 0 0 0 0

24 0 0 0 0 0 0
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Table 2 (continued)

Treatment group  Patient number 1-year 3-year mMBL p value (intra- 1-year 3-year dMBL p value
mMBL mMBL change group compari- dMBL dMBL change (intra-group
(mm) (mm) (mm) son) (mm) (mm) (mm) comparison)

Median 0 0 0 * 0 0 0 *

IR 0-0 0-0 0-0 0-0 0-0 0-0

p value (inter- 0.259 0.655 0.040 0.394 0.345 0.975

group compari-
son)

“The limited variation in data between 1 and 3 years prevented the statistical comparison by the Wilcoxon test

Table 3 Three-year clinical
measurements in tSFE and ISFE

tSFE group (n=21) 1SFE group (n=24) p value

groups PD (mm)

Highest PD: 3mm/4mm/5mm/6 mm/7 mm (no. 6/10/4/1/0

of patients)

Proportion of peri-implant BoP + sites per patient (%)
Proportion of peri-implant SoP + sites per patient (%)

REC (mm)

3.0 (2.3-4.0) 3.0 (3.0-4.0) 0.217
5/8/7/3/1 0.636

16.7 (0-33.3) 16.7 (0-37.5) 0.290

0 (0-0) 0 (0-0) 1

0 (0-0) 0 (0-0) 1

on sinus floor elevation procedures [8, 22], the proportion
of the implant surface in direct contact with the radiopaque
area was used to quantify the peri-implant bone support
following sinus floor elevation. In our study, totCON%
encompasses both portions of the implant which are in
contact with (1) the pristine bone and (2) the endo-sinusal
grafted space, which may become indistinguishable dur-
ing the process of endo-sinusal bone formation and graft
remodeling. At 3 years, the median totCON% was 100% in
both groups, indicating that the peri-implant bone support
obtained at 1 year was fully maintained at 3 years for both
tSFE and ISFE.

Some considerations may be advanced to explain the
stability of peri-implant bone support overtime follow-
ing sinus floor elevation. The high proportion of patients
showing totCON% of 100% at 1 year may be partly
ascribed to the considerable sinus floor elevation that can
be obtained with DBBM in combination with tSFE [27,
28, 30] and ISFE [37, 38]. Also, a limited incidence of
intra- and postoperative complications was observed in
both groups [15]. In this respect, a sub-analysis conducted
on the present cohort showed that the appropriate intraop-
erative management of membrane perforation resulted in
a limited impact of membrane perforations on the 1-year
radiographic outcomes, in general, and totCON%, in par-
ticular [16]. The stability in totCON% observed from 1
to 3 years may be partly explained by the use of DBBM
that was shown to undergo slow resorption/degradation
rate following sinus lift [39-42]. In particular, previous
analyses showed that 72.6% of the vertical dimension of
the area grafted with DBBM is maintained from 6 months

@ Springer

to 3 years post-surgery [8]. Consistently with our results,
a recent randomized trial reported that the use of DBBM
resulted in similarly high and stable values of endo-sinus
bone—implant contact rates (as assessed radiographically)
for both tSFE and ISFE over a 2-year observation period
[22].

Some technical aspects of the investigated interventions
may have accounted for the minimal to null incidence and
extent of MBL loss observed at 3 years post-surgery in both
treatment groups. All patients received tissue-level implants
with an intraoperatively conditioned hydrophilic surface. For
this type of implants, stable levels of peri-implant marginal
bone were reported at 3 [43] and 5 years [44] post-surgery,
and similarly low apical migration of the peri-implant bone
crest was reported at 2 years following their placement con-
comitantly with tSFE (0.35 mm) and ISFE (0.40 mm) in a
randomized trial [14]. In the present material, implants were
placed with the 1.0-mm polished collar above the bone crest.
Data from a prospective trial on the same implant system
showed that the displacement of the implant-abutment junc-
tion at least 0.5 mm coronal to the bone crest had a positive
impact on peri-implant bone loss at 1 year, which amounted
to 0.2 mm and 0.4 mm for implants with 0.5-mm and 2.5-
mm polished collar, respectively [45]. Interestingly, data
from another randomized study where bone-level implants
were used showed that the crestal bone level was always
coronal to the implant shoulder in all tSFE cases and all but
one ISFE cases at 2 years [22].

In the present study, the healing protocol (submerged or
transmucosal) was left at the operator discretion. Due to dif-
ferent healing conditions and the need for additional surgery
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for implant uncovering in the submerged approach, it could
be hypothesized that the healing protocol may have partly
influenced our findings on MBL. A meta-analysis conducted
on 11 clinical studies, however, reported a non-significant
estimate of the difference in 12-month MBL of —0.01 mm
between submerged and transmucosal implant placement
protocols [46]. Also, the same review indicated a limited
impact of the healing protocol on the outcomes of bone aug-
mentation procedures, although this conclusion was based
on a limited amount of data [46].

At 3 years, peri-implant mucositis occurred in tSFE and
ISFE groups with a similar prevalence (52.4% and 66.7%,
respectively) and extent (33% BoP +sites per implant in
both groups). Within the limitations due to the heterogene-
ity in case definitions of peri-implant mucositis that have
been used through the years, our findings confirm that peri-
implant mucositis is a highly prevalent biological complica-
tion at dental implants, including those placed concomitantly
with sinus floor elevation procedures in the atrophic poste-
rior maxilla. In this respect, subject-based summary estimates
for the prevalence of peri-implant mucositis as reported in
influential systematic reviews were 42.9% [47] and 46.83%
[48]. Also, clinical trials conducted on implants placed after
staged ISFE indicate that this complication is prevalent even at
short-term (1 year) follow-up, reaching incidence higher than
60% [49]. The extent of peri-implant mucosal inflammation
(expressed in terms of prevalence of BoP +sites per implant
with mucositis) is also rather consistent with other studies,
where implant-level mean BoP values amounted to 43% [50].
Among the factors that have been associated with BoP around
dental implants [51, 52], some may explain the high preva-
lence of BoP in our cohort. Given the statistically significant
positive relationship between BoP and PD [50, 51, 53, 54],
the presence of sites with moderate PD in both treatment
groups (Table 3) may have contributed the high BoP preva-
lence. Since BoP assessments were performed maintaining
the implant-supported prosthesis in situ, some BoP-positive
sites may also have been caused by improper use/angulation
of the probe with consequent tissue trauma.

Despite the high prevalence of peri-implant mucositis,
no peri-implantitis cases (or implant failures/loss due to
peri-implantitis progression) were observed in either the
tSFE or ISFE group. Some hypotheses can be advanced to
explain the absence of peri-implantitis cases in the present
study cohort. First, the follow-up (3 years) may have been
too short for peri-implantitis to become clinically mani-
fest. In this respect, the incidence of peri-implantitis was
showed to increase at the increasing of the mean function
time [47]. The exclusion of heavy smokers from the study
during the screening phase and the low prevalence of cur-
rent and former smokers in our treatment groups may have
limited the negative effect of smoking on the risk for peri-
implantitis [23, 55].

A potential limitation of the study may reside in the
lack of data on 9 patients who participated in the 1-year
visit, but were not available for the 3-year visit. Also,
differently from a previous analysis [16], totCON% was
assessed on bidimensional (periapical) radiographs taken
without a customized film holder at both 1 and 3 years.
Although periapical radiographs may suffer from dimen-
sional distortion due to deformation of the film on the
palate and allow for the evaluation of the mesial, distal,
and apical implant aspect only, recent findings showed a
high level of agreement between linear measurements of
peri-implant bone anchorage performed on non-standard-
ized periapical radiographs and CBCTs [56]. However,
whether and to what extent a bidimensional evaluation
of totCON% may reflect the peri-implant bone condition
when assessed 360° around the implant by a CT/CBCT is
currently undetermined, and the lack of a customized film
holder remains a potential limitation of the present study
that may have partly affected the reliability of within- and
between-group comparisons. Another limitation is the lack
of information on the amount of plaque deposits as well
as the characteristics of supportive periodontal care from
1 to 3 years. In this respect, the onset and severity of peri-
implant diseases has been previously associated with the
amounts of plaque deposits [57, 58] as well as the efficacy
of a supportive periodontal care regimen [59, 60].

Conclusions

In conclusion, the results of the present study indicate that,
at 3 years following surgery, implants placed concomitantly
with tSFE and ISFE fully maintain peri-implant bone sup-
port. Peri-implant mucositis was the most prevalent condi-
tion, with a similar prevalence between groups.
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