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Abstract

Background:This study analyzed the influence of implant protrusion length (IPL) on the possible factors that affect
the long-term outcomes utilizing non-grafting osteotome sinus floor elevation (OSFE) with simultaneous implant
placement, and to explore the optimal range of IPL.

Materials and methods:A retrospective study design was adopted. The clinical and radiographic data of 105
implants in 65 patients were collected after 3–9 (mean 5.04) years follow-up. IPL was divided into three groups
(group1, IPL<2mm; group2, 2mm� IPL<4mm; group3, IPL� 4mm). Endo-sinus bone gain (ESBG), peri-implant
marginal bone loss (MBL), bone to implant contact length (BICL), and percentage of ESBG (%ESBG) were used to
evaluate non-grafting OSFE. A Kaplan-Meier analysis was performed to assess the cumulative survival rate. Multiple
linear regression model was used to explore the relationship between the possible influence factors and ESBG.
Analysis of variance (ANOVA) was applied to explore the correlation of IPL with ESBG, MBL, BICL, and %ESBG.

Results:A total of 102 implants in 62 patients fulfilled the survival criteria, giving the cumulative survival rates of
96.4% and 94.1% for implant-based analysis and patient-based analysis, respectively. The mean ESBG, MBL, and BICL
at the latest follow-up were 1.95±0.88 mm, 0.58±0.68 mm, and 5.51±1.47 mm. ESBG was found to be positively
correlated to IPL. A significant decreased bone formation efficiency was found when IPL was over 4 mm (P=0.02).

Conclusions:An optimal range of IPL within 4 mm was recommended for better long-term outcomes when
applying non-grafting OSFE with simultaneous implant placement.
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Introduction
Implant-supported rehabilitation in posterior maxilla is
one of the most challenging procedure due to the
limited residual bone height and poor bone quality [1].
To obtain sufficient bone volume, sinus floor elevation
techniques have been developed over decades [2].

Osteotome sinus floor elevation (OSFE) is more widely
used since the surgical procedure is less invasive, the
healing period is shorter, and postoperative discomfort
is minimal [3, 4], compared with lateral sinus floor ele-
vation (LSFE). With the development of the implant ma-
terials, implant design, and surgical technique, OSFE has
been demonstrated to be highly predictable in long-term
studies [3, 5–8]. Even in cases with an extremely atro-
phic posterior maxilla with a residual bone height (RBH)
less than 5 mm, an over 90% implant survival rate has
been extensively reported [9–12].
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Although OSFE is worldwide applied in clinical prac-
tice today, a debate on whether it is necessary to use
bone grafting materials after elevating the sinus mem-
brane through OSFE technique still remains controver-
sial. Autologous bone or different types of bone
substitutes have been used in OSFE to maintain the
space for better outcomes according to the previous
studies [10, 12, 13]. However, many studies investigated
that no significant differences in clinical and histological
outcomes were found whether grafting material was
used or not [9, 11, 14–17]. Researchers indicate that
grafting material utilization was not a prerequisite in the
sinus floor elevation surgery regarding the osteogenic
capability of the bony walls and Schneiderian membrane
as well as the maintenance of endo-sinus space around
implants beneath the elevated membrane [18, 19].

Implant protrusion length (IPL), part of the implant
length protruding into the sinus, is a critical factor re-
lated to the new bone formation in the maxillary sinus.
Several studies [14, 20–23] have found that the IPL was
positively correlated with the endo-sinus bone gain
(ESBG) following non-grafting OSFE. The protruding
implant was considered as the maintenance for endo-
sinus space under the elevated membrane, which
contributes to bone formation around implants [22].
Therefore, greater ESBG can be obtained with a longer
IPL.

However, due to the limitation of the osteogenic
capability and elasticity of the membrane [24], it can be
hypothesized that above a certain height in sinus, bone
would not fill the newly created space and only the risk
of intraoperative sinus membrane perforation and post-
operative complications would increase. This hypothesis
has been confirmed by some experiments in dog models.
Sul et al. [25] found the implants with a longer IPL were
not fully covered with intact membrane and did not ob-
tain greater ESBG than those with the IPL of 4 mm.
Both Zhong et al. [26] and Elhamruni et al. [27] reported
the apexes of the implants were exposed in sinus with-
out membrane or bone coverage with the IPL over 3
mm.

On the other hand, the importance of implant success
of OSFE is not exclusively related to ESBG but also need
sufficient bone-to-implant contact (BIC), which repre-
sents an important factor for implant survival [28].
Therefore, it can be reasonably speculated that there is
an optimal range of IPL for implants when planning a
non-grafting OSFE technique, which can provide suffi-
cient ESBG and BIC for implant stability with better
implant survival rates and clinical outcomes.

To the best of our knowledge, no clinical study to date
has thoroughly assessed the influence of IPL on non-
grafting OSFE technique and explored the optimal range
of IPL. Hence, the aim of the present study is to analyze

the correlation between IPL and the possible factors that
would affect the long-term outcomes of non-grafting
OSFE technique, and to explore the optimal range of
IPL for implants. This was done by (a) evaluating the cu-
mulative implant survival rate, (b) measuring ESBG
under the elevated membrane, (c) measuring the bone-
to-implant contact length (BICL), and (d) analyzing the
potential influence factors related to the bone
remodeling.

Material and methods
Study design and patient selection
This retrospective study was approved by the Ethics
Committee of Guanghua School of Stomatology,
Hospital of Stomatology, Sun Yat-sen University, China
(Approval No. ERC-[2016]-12). The study procedure
was conducted in strict accordance with Helsinki Dec-
laration revised in 2008. All patients in the study signed
the informed consent and were treated at the Depart-
ment of Oral Implantology, Guanghua School of Stoma-
tology, Hospital of Stomatology, Sun Yat-sen University,
China, from December 2010 to December 2016. All the
methods applied in the study were complied with the
STROBE guidelines.

Inclusion criteria
The patients were selected based on the following inclu-
sion criteria:

(i) Age ≥18 years
(ii) Good systemic health without any uncontrolled

disease
(iii)Good oral hygiene
(iv)Teeth loss in the posterior maxilla for at least 3

months
(v) Received non-grafting OSFE technique with simul-

taneous implant placement
(vi) Signed informed consent and capable to comply

with the study protocol

Exclusion criteria
The patients were excluded based on the following
criteria:

(i) Uncontrolled systemic diseases
(ii) Untreated oral disorders
(iii)Severe acute or chronic sinus disease
(iv) Previous implants placement or bone augmentation

surgery at the surgical site
(v) Heavy smoker (≥20 cigarettes per day)
(vi)Drug or alcohol addiction [29]
(vii)Bruxism [30]
(viii)Pregnant or attempting to get pregnant at the time

of screening
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Surgical and prosthetic procedures
The details of procedures have been described in our previ-
ous study [31]. Briefly, all patients received an appropriate
treatment related to endodontic or periodontal disorders
before surgery. Periapical radiograph (MInray, SoredexPalo-
dex Group Oy, Finland) was taken to estimate the height of
the bone crest. Additional cone-beam computed tomog-
raphy (CBCT) (NewTom VGi, Italy) was also required if
patients have extremely atrophic posterior maxillae. The
surgery was performed under local anesthesia with 4% arti-
caine. A midcrestal incision was used for flap elevation, and
vertical or periosteal release incision was not applied. The
preparation of the implant site was performed with drills
and ended 1 mm from the sinus floor based on radiography
examinations. After preparation, a set of osteotomes with
various diameters were used to elevate sinus floor by tap-
ping in vertical direction to create a“greenstick” fracture.
Tapping should be done gently to minimize the risk of
Schneiderian membrane perforation. The Valsalva maneu-
ver was performed to reinsure the membrane intactness
(nose blowing test) [32]. No grafting materials were used.
Implants (4.3×8 mm, 4.3×10 mm, 5×10 mm, NobelReplace,
Nobel Biocare, Sweden; 5×6 mm, 5×8 mm, Bicon, Boston,
USA) were placed in the prepared sites without tapping.
Flaps were sutured with polyglycolic acid 4/0 sutures
(OPTIME, Peters Surgical, France). Periapical radiograph
or CBCT was taken after surgery.

All patients received Cefradine 500 mg four times for 5
days as a preventive method for infection, together with an-
algesics if needed. Oral hygiene education was performed,
including using chlorhexidine gargle 10 mL twice daily and
no tooth-brushing around implant sites for 7 days. Sutures
were removed 7 to 10 days after surgery. After a healing
period of 3-6 months, the patients were asked to come back
for second-stage surgery and restoration. Periapical radio-
graphs were taken to examine whether there was any peri-
implant bone radiolucency. Single crowns (SCs) and
multiple-unit implant-supported fixed dental prostheses
(FDPs) were applied for restoration.

Follow-up examination
The patients were recalled for radiographic and clinical
examinations every year after restoration. The clinical
assessment of implants, prostheses, and peri-implant tis-
sues was conducted. The patients experiencing implant
loss or other complications were recorded. Periapical
radiograph was taken to evaluate the endo-sinus bone
gain (ESBG), peri-implant marginal bone loss (MBL),
and bone to implant contact length (BICL).

Outcome measurements
Implant survival
The implant survival was evaluated by the criteria pro-
posed by Buser et al. [33]: (i) the absence of clinically

detectable implant mobility, (ii) the absence of pain or
any subjective sensation, (iii) the absence of recurrent
peri-implant infection, and (iv) the absence of continu-
ous radiolucency around the implant.

Radiographic assessment
Digital radiographs taken at the baseline (immediately
after surgeries) and every follow-up visit were assessed
and analyzed by a radiography software program
(Soderex, DigoraOptime, Finland). Some reference lines
were drawn as Fig.1 as follows:

(a) Implant longitudinal axis
(b) Implant apex line: the most apical level of the im-

plant, vertical to (a)
(c) Implant coronal line: the level of implant-to-

abutment contact, vertical to (a)
(d) Apical bone line: the most apical level of the new

bone in the sinus, vertical to (a)
(e) Crest bone line: the most coronal level of bone-to-

implant contact, vertical to (a)
(f) Sinus floor line: the most coronal level of sinus

floor cortical bone, vertical to (a)
The following parameters were recorded at the mesial

and distal sides for each implant, and then averaged:
• Implant length (IL): distance from (b) to (e)
• Residual bone height (RBH): distance from (e) to (f),

assessed at the baseline
• Apical bone level (ABL): distance from (d) to (b),

assessed at the baseline and every follow-up visit
• Peri-implant crestal bone level (CBL): distance from

(c) to (e), assessed at baseline and every follow-up visit
• Bone to implant contact length (BICL): distance from

(b) to (e). If the ABL is higher than the implant apex;
distance from (d) to (e). If the ABL is lower than the im-
plant apex, assessed at the baseline and every follow-up
visit

• Implant protrusion length (IPL): distance from (b) to
(f), assessed at the baseline; IPL was divided into three
groups. Group 1, IPL<2mm; group 2, 2mm≤IPL<4mm;
group 3, IPL≥4mm. Reasons were stated as follows:

The average IPL in some studies was around 2 mm
and achieved a high percentage of ESBG [22, 23, 34].
Thus, we selected 2 mm as the first interval point in this
study in order to see whether the %ESBG would be
higher with a IPL over than 2 mm. Nedir et al. [21, 35]
have proposed that grafting was unnecessary to achieve
an average of ESBG around 4 mm. Therefore, 4 mm was
chosen as the second interval point to see if more ESBG
could be obtained in non-grafting OSFE when the IPL
was more than 4 mm. The method of division was also
consistent with some previous studies [14, 20, 34].

To account for the errors caused by radiographic dis-
tortion, all these measurements were adjusted to coeffi-
cient from the radio of “true implant length/implant
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length on radiograph.” Endo-sinus bone gain (ESBG)
was the sum of IPL at baseline and ABL at each follow-
up visit. If the newly formed bone is higher than the im-
plant apex, ABL is positive; otherwise, it is negative;
marginal bone loss (MBL) was measured by subtracting
CBL at each follow-up visit from that at baseline; the
value of the percentage of ESBG (%ESBG) was calculated
by the formula of:

%ESBG¼ ESBG=IPL � 100%

Statistical analysis
Data collection of all the radiographic measurements
was carried out by two independent inspectors. If the
difference between the two observed values was 0.5 mm
or less, use the average value of these measurements,
otherwise, rechecked radiographs and sought consensus.
SPSS Software (SPSS 19.0; SPSS Inc., Chicago, IL, USA)
was applied to perform the statistical analysis.

Descriptive statistics were performed in the study.
Continuous variables were described with mean ± stand-
ard deviation (SD). Both absolute and relative frequen-
cies distributions were provided for the qualitative
variables. Kaplan–Meier survival curves were used to es-
timate implant survival over time. Due to the fact that
the measurements of multiple implants within one
patient might have correlation in nature, the implant
survival rate was assessed by patient-based analysis and
implant-based analysis, respectively. Multiple linear re-
gression model was used to explore the relationship be-
tween the possible influence factors and ESBG at the
latest follow-up. Analysis of variance (ANOVA) was
used to analyze the correlation of ESBG, MBL, BICL,
and the percentage of ESBG within different IPL groups.
The homogeneity of variances and the linearity of the re-
lationship between dependent and independent variables

were tested. AllP values were interpreted in a descrip-
tive sense and have no confirmatory value. AP value
smaller than 0.05 is considered statistically significant.

Results
Patient and implant information
A total of 105 implants placed simultaneous with
non-grafting OSFE in 65 patients (37 males and 28
females) with a mean age of 51.2 (ranging from 23 to
77) years old were enrolled in the present study. The
mean follow-up time was 5.04 years. Sixty-two im-
plants with a length of 6 mm, 16 implants with a
length of 8 mm, and 27 implants with a length of 10
mm were used. Ninety-two of the 105 implants were
5 mm in diameter and the rest of them were 4.3 mm.
The characters and distribution of patients and
implants were shown in Table1.

Baseline/radiographic measurements
The IPL and RBH of the implants were measured at the
baseline. The IPL of the implants was ranged from 0.8
mm to 6.1 mm, with a mean value of 2.64±1.10mm.
Thirty-two implants in group1 (mean: 1.44±0.33 mm,
ranging from 0.8 to 1.9 mm), 58 implants in group 2
(mean: 2.88±0.54 mm, ranging from 2.0 to 3.9 mm) and
15 implants in group 3 (mean: 4.54±0.54mm, ranging
from 4.0 to 6.1 mm) were measured. The average RBH
was 4.69±1.60 mm (ranging from 2.2 to 8.6 mm). Sixty-
five of the 105 implants were placed in sites with a bone
height of less than 5 mm (mean: 3.63±0.73mm, ranging
from 2.2 to 4.9 mm), and the other implants were placed
in sites with RBH≥5mm (mean: 6.40±1.02mm, ranging
from 5.0 to 8.6 mm).

Implant survival rate
Three implants in three patients failed during the
follow-up period, so they were excluded from the study.

Fig. 1 a Radiographic assessment. Reference lines were drawn as follows: (a) Implant longitudinal axis; (b) implant apex line: the most apical level
of the implant, vertical to (a); (c) implant coronal line: the level of implant-to-abutment contact, vertical to (a); (d) Apical bone line: the most
apical level of the new bone in the sinus, vertical to (a), at the mesial site (dm) and at the distal site (dd); (e) crest bone line: the most coronal
level of bone-to-implant contact, vertical to (a), at the mesial site (em) and at the distal site (ed); (f) Sinus floor line: the most coronal level of sinus
floor cortical bone, vertical to (a) , at the mesial site (fm) and at the distal site (fd).b Endo-sinus bone remodeling after non-grafting OSFE
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