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Background: Implant placement in the posterior maxilla is typically complicated by a shortage of bone. Gelatin sponge could
be combined with an appropriate material to enhance mechanical strength and maintain stability of an im-
plant. This study aimed to evaluate the clinical application of bone grafting with bovine bone mixed with gel-
atin sponge.

Material/Methods: Fifty-four patients were divided into a control group (deproteinized bovine bone, n=26) and a test group (de-
proteinized bovine bone combined with gelatin sponge, n=28). Implants were placed in patients simultaneous-
ly after surgery (operation). Cone-beam computed tomography examination was carried out immediately and
6 months after surgery. Space with grafting materials was measured with Mimics software (version 16.0).

Results: No remarkable differences were found for simultaneous placement, height of residual bone, delayed placement,
width of residual bone, graft volume immediately after surgery (V,), graft volume 6 months after surgery (V,),
or volumetric change rate between the test group and the control group (P>0.05). Graft volume V, was remark-
ably decreased compared with V| in the control and test groups (P=0.01). There were no significant differenc-
es for bone height immediately after surgery (H,) and bone height at 6 months after surgery (H,) between the
2 groups. Bone height H, was markedly decreased compared with H, (P<0.05). At 1 year after implantation,
there was 1 implant loss in the control group and 2 in the test group. The implant survival rate in the control
group was 97.62% and 95.24% in the test group.

Conclusions: Absorbable gelatin sponge combined with bovine bone particles was an effective and economical material for
use in routine sinus floor elevation surgery.
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Background

Replacement of an implant in the posterior maxilla can com-
monly cause bone shortage, and bone resorption and/or sinus
pneumatization can caused height shortage [1]. The maxillary
sinus floor elevation approach is an effective and safe strate-
gy demonstrating higher implant survival rate, and it has been
commonly applied for resolving the limitations of implant re-
placement [2-4]. Tan et al [3] reported that implants inserted
in combination with sinus floor elevation had a lower incidence
of complications during and after surgery. Pjetursson et al [4]
also found that insertion of the dental implant combined with
maxillary sinus floor elevation was associated with higher im-
plant survival rates and a lower incidence of surgical complica-
tions. Therefore, the maxillary sinus floor elevation approach
is a promising method for efficient placement of an implant.
Bovine bone grafts are currently extensively used for grafting
implants (or material) [5,6], although some research has sug-
gested that its low absorption rate has a negative impact on
new bone formation [7,8].

Gelatin is characterized by biocompatibility, biodegradability,
noncarcinogenicity, and nontoxicity, and it is extensively ap-
plied in medical fields for engineering scaffolds and as drug
carriers [9]. As a scaffold with a porous 3-dimensional (3D)
structure, gelatin sponge could provide ample area for cell
adhesion, but it demonstrates poor mechanical strength [9].
However, fortifying the gelatin sponge scaffold with an ap-
propriate material can enhance its mechanical strength and
maintain the stability during the implantation [10]. A few stud-
ies have reported the use of gelatin sponge as a suitable ma-
terial for generating 3D bovine chondrocyte cultures [11,12].
Moreover, a sinus lift without grafting material is not a wide-
ly accepted concept and is controversial [13,14]; however, the
sinus demonstrates potentially high self-healing capability.
We speculated that a mixture combining deproteinized bo-
vine bone (DBB) with gelatin sponge would serve as a novel
grafting implant material in patients.

In this study, we hypothesized that the clinical outcomes of
patients after routine sinus floor elevation surgery using DBB
combined with gelatin sponge would be satisfactory. Therefore,
the present clinical research was designed and conducted to
provide evidence supporting the application of a novel graft-
ing strategy in the sinus.

Material and Methods

Ethics and Consent

This study was approved by the Ethics Committee of the College
of Stomatology of Xi’an Jiaotong University (No. xjkq11[2017]
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No.14). The project complies with the regulations contained
in the National Statement on Ethical Conduct in Research in-
volving humans and complies with the regulations governing
experimentation on humans. All patients provided informed
consent prior to enrolling in the study.

Inclusion Criteria

Eligibility for the study was based on the following inclusion
criteria: (1) patients were 18 years or older at the time of sur-
gery; (2) the height of the residual alveolar bone for the eden-
tulous maxilla below the sinus floor was less than 5 mm and
more than 1 mm, while the width of the residual alveolar bone
was more than 6 mm, based on measurement by cone-beam
computed tomography (CBCT); (3) results were available for
repeat CBCT examinations (prior to the surgery, immediately
after surgery, and 6 months after the maxillary sinus floor el-
evation); (4) patients were free of chronic or acute infection
of the sinus and other disorders of the maxillary sinus; and
(5) patients were generally healthy, did not experience com-
plications after local anesthesia, and had no systemic disor-
ders that could influence wound healing.

Exclusion Criteria

Patients were considered ineligible if any of the following cri-
teria were met: (1) they received any therapeutic treatment
that could interfere with surgery or the operation or influence
wound healing after the maxillary sinus floor elevation; (2) cur-
rent pregnancy; (3) presence of psychiatric problems or physi-
cal disability that could interfere with proper oral hygiene; (4)
a history of chronic drug administration or abuse of alcohol,
or smoking more than 10 cigarettes daily; (5) use of medica-
tions that interfere with bone formation; (6) the presence of
mucosal diseases such as erosive lichen planus or uncontrolled
periodontal disease; (7) previous radiotherapy and/or chemo-
therapy; (8) severe bruxism or jaw-clenching habits; (9) signs
or symptoms of acute sinus infections or the presence of be-
nign/malignant tumors of the maxillary sinus; and (10) the
presence of large sinus membrane perforations that could not
be repaired/healed during the sinus floor elevation process.

Sample Size Estimate

To minimize the overall sample size of the pilot and the main
trial together, we used Kieser and Wassmer’s method to set
the pilot trial sample size, as described by Whitehead et al [15].
They applied the 80% upper confidence limit approach to the
sample size calculation and found that a pilot trial sample size
between 20 and 40 would minimize the overall sample size for
a main study sample size of 80-250, corresponding to stan-
dardized effect sizes of 0.4 and 0.7 (for 90% power based on
a standard sample size calculation).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€930785-2




Chang X. et al:
Novel implant for sinus floor elevation operation
© Med Sci Monit, 2021; 27: €930785

LAB/IN VITRO RESEARCH

Around the window area, only bovine bone particles were used.

Participant Recruitment and Study Design

This study complied with CONSORT guidelines [16]. A con-
trolled clinical trial was designed to compare the clinical re-
sults of a modified grafting technique with the traditional meth-
od. According to the inclusion and exclusion criteria, a total of
60 patients were recruited in the Hospital of Stomatology of
Xi’an Jiaotong University, between October 2014 and October
2016. CBCT was done for all participants before surgery, im-
mediately after surgery, and 6 months after surgery. The op-
posite dentition of all the patients enrolled in this study was
their natural dentition. Written informed consent was ob-
tained from all subjects for use of their clinical and radiolog-
ical data for research purposes. The randomization approach
was used to allocate the patients to the control group (n=30)
or the test group (n=30). The 2 surgeons (Dr. Du and Dr. He)
were trained, and all participants (n=60) were randomly as-
signed to the control group (Dr. Du) or the test group (Dr. He)
by a nurse (Mrs. Liu). Large-diameter particles (1-2 mm) of
Bio-Oss® only (Geistlich Pharma AG, Switzerland) were used
in the control group (n=30). In the test group (n=30), large-
diameter particles (1-2 mm) of Bio-Oss® and gelatin sponge
(Jingling Pharm, Nanjing, China) were used, with 1 package of
0.5 g (or 0.5 cm?®) Bio-Oss® bone paired with 1 sheet of gela-
tin sponge (0.6 cm3).

The height of residual alveolar bone and the stability for den-
tal implant materials were assessed during the operation, and
the patients received transplants with dental implant materi-
als simultaneously after the operation. Patients could also re-
ceive transplants with a dental implant at 6 months after the
maxillary sinus floor elevation, but if the height of the residu-
al alveolar bone was more than 3 mm, the patients had to re-
ceive the dental implant material simultaneously.

A total of 60 patients received maxillary sinus elevation, but 6
were excluded from the analysis owing to indistinct CBCT im-
ages that prevented accurate 3D reconstruction. The remain-
ing 54 patients were divided into the control group (n=26) and
the test group (n=28).

Surgical Procedure

All patients received antibiotic prophylaxis therapy 30 min pri-
or to surgery. A 0.2% chlorhexidine mouth rinse was utilized 3
times, 3 min each time, prior to surgery. All patients underwent
the same surgery for sinus floor elevation using a lateral wall
method under local anesthesia. Middle/crestal incisions and
vertical incisions were made along the residual alveolar bone
to enhance the muco-periosteal flap and expose the wall of
the buccal sinus. In the lateral wall of the maxilla, a piezoelec-
tric osteotome was used to create a rectangular access win-
dow following the treatment plan and the patient’s anatomy.
Bone surrounding the access window was gently fractured us-
ing the osteotome and conserved in normal saline, while intact
sinus membranes were enhanced superiorly. Bio-Oss® was used
to fill the lifted space in the control group, while the mixture
combining Bio-0ss® plus gelatin sponge was used in the test
group (Figure 1). Based on the residual alveolar bone height
(>3 mm) and the primary stability (10 N-cm) of the dental
implant, most patients received the dental implant placement
simultaneously. The bone preserved in saline was replaced in
the buccal window and the collagen membrane was covered
on top. The flap was sutured for primary closure.

CBCT was used to observe the result of the graft surgery. All
patients underwent the same surgical protocol. Antibiotic pro-
phylaxis therapy (0.5 g amoxicillin, 3 times daily, and metronida-
zole 0.4 g, twice daily) was administered for 7 days postopera-
tively, and patients were instructed to use a 0.2% chlorhexidine
mouth rinse for 10-14 days and pain killer as needed. Follow-up
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occurred at 10-14 days after surgery, 2 months after surgery,
and 6 months after surgery. Patients without a simultaneous
implant placement received implant placement at 6 months.

Clinical Follow-up

All patients received cement-retained or screw-retained fixed
prosthetic restorations. Evaluation of the implant condition 1
year after loading included clinical examination of implant loos-
ening and X-ray of the implant without continuous shadow. After
1 year of functional loading of the implant, the bone absorp-
tion in the vertical direction was less than 1.5 mm. In addition,
patients had no signs or symptoms of persistent or irreversible
subjective pain, such as foreign body sensation and so forth [17].

Radiographic Analysis

Personnel were trained to calculate the volume of every CBCT
and were blind to whether patients were in the control or test
group. To evaluate the volumetric bone graft changes, CBCT
was conducted at 3 time points, including prior to surgery, im-
mediately after surgery, and 6 months after surgery. The CBCT
images were obtained with a CBCT scanner (DCTPro, Vatech.
Co, Korea) at 120 kVp and 18.54 mA, with a voxel size of 0.2
mm and a field of view of 12x8 cm.

The data derived from CBCT were captured as files in digi-
tal images and communications of medicine (DICOM) format.
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Volumetric changes for implant were evaluated and analyzed
with professional Mimics software (version 16.0; Materialise
Europe, Leuven, Belgium). Three-dimensional reconstruction
was used for the sinus bone grafting area to assess volume
changes for the implants in the test and control groups. The
3D reconstruction analysis was carried out using the area-sum
method, which is an approach for calculating the volume from
sequential computed tomography images [18]. The linear meth-
od for the measurements and the dimensional variation analy-
ses were carried out as previously described [19]. For each sec-
tion, the software calculates the volume in cubic centimeters
within the delineated region of interest, according to the thick-
ness of the slice. The individual volume of each slice was add-
ed to the volume of the preceding sections, until the complete
delineation was reached. At this point, the volumetric function
of the software was added, and the result was automatical-
ly obtained (Figure 2). The reduction rate of the grafting vol-
ume was (V,-V,)/V,x100%, where V, was the volume immedi-
ately after surgery and V, was the volume at 6 months after
surgery. The height was defined as the measurement from the
implant tip to the bone end above the implant tip. The height
change above the implant was calculated as (H,-H,)/Hx 100%.

Statistical Analysis
The primary measured outcomes included reductions in graft-

ed bone volume and in bone height between the top of the
implants and the sinus membrane after 6 months. Data were
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Figure 2. Digital (3-dimensional) reconstruction technique was carried out through selecting the grafting volume, while the artificial
reconstruction was also calculated according to the threshold values. In this study, the threshold values were selected based
on gray values for the native bone, grafting bone, sinus cavity, and soft tissue, with analysis by Mimics software (version
16.0, Leuven, Belgium). This representative image is from a patient at 6 months after surgery.
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Table 1. Patients and implants distribution in groups.

Residual bone height, Residual bone width,

Simultaneous placement

Groups Delaying placement

(D) (P/1) meanSD meanSD
Control 23/36 3/6 3.26+£0.89 mm 7.39£1.13 mm
et w3 ar 318:077mm 7414133 mm
Cpvaler ose9 074 os48 o745

P/l — number of patients/number of implants; SD — standard deviation. * P value was based on a comparison of simultaneous
placement and delay of placement in both groups.

Table 2. Graft volumes and volumetric change rates for both groups.

CIBUPS S me:r:,:SD me::tSD VOlumEtr:li:ac::;ge "
Control 26 1.82+0.78 cm? 1.62+0.72 cm? 12.76+5.45%
et 8 177s0stem  1elso76cm  1022:437%
CPvaue N o9ss 006

SD - standard deviation; V, — graft volume immediately after surgery; V, - graft volume at 6 months after surgery. * Volumetric change
rate=(V -V )/V,x100%.

Table 3. Bone height reduction rate between the tip of implant and sinus membrane.

—
Control 42 4.04+1.57 mm 3.35+1.54 mm 19.10+10.28%

et 0 s95:176mm 330s162mm  17.26:1234%

Cpvae 0s3 0os&2 0467

H, - height immediately after surgery; H, — height 6 months after surgery; SD - standard deviation. * Mean height reduction
rate=(H,-H,)/H x100%.

statistically analyzed with t test, using SPSS Statistics 13.0 soft-
ware (SPSS Inc., Chicago, IL, USA). For all analyses, significant
difference was defined as a P value less than 0.05.

Implant Distribution Between Test and Control Groups

Table 1 presents the ratio of implants simultaneously insert-
ed, the residual alveolar bone height and width, and their re-
spective P values for the test and control groups. Our find-
ings showed no marked differences for height of residual
bone, simultaneous placement, width of residual bone, and
delayed placement between the test group and the control
group (Table 1, P>0.05).

Results

Characteristics of Patients

A total of 84 implants (n=78 for BEGO implant systems (Bremen,

Germany), n=6 for OSSTEM implant systems (Seoul, Korea))
were placed successfully. Age and sex distribution between
the test group (mean: 51.1849.70 years; 17 men, 11 women)
and the control group (mean: 52.27+7.69 years; 14 men, 12
women) had no significant differences (P=0.879).
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Graft Volumes and Volumetric Change Rates Between Test
and Control Groups

There were no remarkable differences for the graft volume
immediately after surgery (V,) (1.82+0.78 cm® vs 1.77+0.81
cm?, P=0.793), graft volume at 6 months after surgery (V.)
(1.62+0.72 cm? vs 1.61+0.76 cm?, P=0.956), and volumetric
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change rates (12.76+5.45% vs 10.22+4.37%, P=0.069) between
the control and test groups (Table 2, P>0.05). However, graft
volume was remarkably decreased at 6 months after surgery
(V,) compared with immediately after surgery (V,) in both the
control and test groups (Table 2, both P=0.01).

Bone Height Between Test and Control Groups

Our data showed no remarkable differences for the bone height
immediately after surgery (H,) (4.04+1.57 mm vs 3.95+1.76
mm, P=0.803) and bone height at 6 months after surgery (H,)
(3.35+1.54 mm vs 3.30+1.62 mm, P=0.882) between the con-
trol and test groups (Table 3). Meanwhile, there was no signif-
icant difference for the mean height reduction rate between
the control and test groups (Table 3, P>0.05). For both the con-
trol and test groups, bone height was markedly decreased at
6 months after surgery (H,) compared with immediately after
surgery (H,) (Table 3, both P<0.05).

Implant Loss Among Patients

At 1 year post implantation, there was one implant loss in
the control group and 2 implant losses in the test group.
Furthermore, the implant survival rate was 95.24% in the test
group and 97.62% in the control group, and these rates were
not significantly different (P>0.05).

Discussion

Whether grafting material is a necessity in sinus floor eleva-
tion is controversial. Some studies showed clinical success with
rigid synthetic resorbable barriers used for space maintenance
without bone grafts after maxillary sinus floor elevation [20,21].
Other studies showed clinical success without grafting materi-
al[13,14,22]. However, the usage of bone particles in the sinus
is generally deemed necessary, but few attempts have been
made to apply new materials or mixtures [23,24].

We have some experience in osteotome sinus elevation with-
out grafting material, and some research supports that ap-
proach [25,26]. However, the clinical situation of sinus floor el-
evation using the lateral wall method is different. This method
requires more space and would permit more implants.

Lundgren et al [14] showed that sinus lift could be successful
without grafting materials, which Palma et al [13] previous-
ly proved in a primate model. Meanwhile, a study conducted
by Ahn et al [27] indicated that no new bone formed in 6 out
of 8 patients. Due to such findings, not using grafting materi-
al in patients undergoing sinus elevation does not appear to
be a wise choice.
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Gelatin sponge was previously used as a hemostatic materi-
al after tooth extraction, and the white or yellow soft and po-
rous sponge made from special gelatin could degrade and be
absorbed. Owing to its porous nature, the gelatin can absorb
blood, promote platelet rupture, make fibrinogen turn into fi-
brin, and allow blood to coagulate. Gelatin is also an excel-
lent scaffold in terms of biocompatibility and biodegradabili-
ty in tissue engineering [28,29].

Step-by-step attempts were made to use gelatin sponge as
part of grafting material. At first, it was only used in the pos-
terior area of the sinus where no implant could be inserted.
Later, gelatin sponge was placed between the implant’s end
and the sinus membrane, and then small chunks of gelatin
sponge were mixed with bone particles at a ratio of almost
1: 1. Finally, a pilot study was carried out to obtain more infor-
mation on the absorption of the graft materials and the clin-
ical results. CBCT was more accurate and reliable than 2-di-
mensional X-ray imaging techniques [30-32] and was used to
measure bone graft volumetric contraction in the current study.

The reduced volume following the procedures of augmenta-
tion was primarily affected by the characteristics of the bone
implant material. Because gelatin sponge is readily absorp-
tive and will certainly be absorbed when grafted within a
short time, the expected contraction of the graft area should
be greater than with the traditional method. As it has limited
or no resorption, DBB has been widely used in recent years.
According to previous studies [33,34], the resorption rate for
DBB ranged from 6% to 20% following surgery for sinus floor
elevation. In the current study, the volume reduction rate was
12.7645.45% in the control group, which was close to previ-
ous literatures. Interestingly, the study results showed that
the contraction between the 2 groups was not significantly
different (P=0.069), although the contraction rate was low-
er in the test group.

There are several possible reasons why the test group had bet-
ter results. First, when gelatin sponge was grafted into the si-
nus, it was compressed and there may have been some ex-
pansion in the hours after the surgery; after contraction, the
result was then close to the control group. Second, DBB par-
ticles in the sinus would absorb blood and become stable.
When gelatin sponge was cut into small chunks, the gelatin
sponge chunks would also absorb blood and became stable
blood clots surrounding stable DBB particles after grafting.
The osteogenic speed within DBB particles was slower than in
natural blood clot, and this phenomenon (grafted DDB after 6
months was still soft, but new bone was always much hard-
er in the extraction socket site after 6 months) could easily
be seen in patients. The blood clot with gelatin sponge would
act like small chamber within stable grafted bone materials,
DBB was osteo-inductive, the sinus membrane had features

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€930785-6




Chang X. et al:
Novel implant for sinus floor elevation operation
© Med Sci Monit, 2021; 27: €930785

such as periosteum, the blood supply in sinus was good, the
space of sinus was stable, and the small chamber could turn
into cancellous bone with very limited contraction. Meanwhile,
Yanfeng et al [35] reported that bovine basic fibroblast growth
factor/human bone morphogenetic protein combined with
gelatin sponge could accelerate and improve fracture heal-
ing compared with the combination without gelatin sponge
involvement. Additionally, sinus lift without grafting material
is not a widely accepted concept and is controversial [13,14].
Therefore, in our study, we added the gelatin sponge to the
DBB materials. However, the best ratio of bone particles and
small gelatin sponge chunks needs further study; the volume
ratio used in the current study was 1: 1.2 (0.5 cm? bone par-
ticles: 0.6 cm?® gelatin sponge).

The clinical results were successful, most implants were re-
stored on time. The 2 failed implants in the test group oc-
curred in 1 patient, mostly because of soft bone and poor os-
seo-integration and loosening after loading. The failed implant
in the control group became loose after 2 months because of
poor osseo-integration. The wounds healed later, and the si-
nus floor grafts were stable afterward.

This study had a few limitations. First, it did not include histo-
logical analysis at 6 months after healing. Second, no conclu-
sions could be made on the relationship between volumetric
reduction and histo-morphometric measurement. Most pa-
tients received implant insertion right after the grafting sur-
gery, specimen harvest would have caused additional trauma,
and most patient refused to do the surgery. Third, the alloca-
tion treatments were not disclosed after the sinus mucosa el-
evation at the time of placing the filler; however, the meth-
ods in this study did not allow this. Fourth, this study did not
apply the same protocol for the delayed implant insertion and
the simultaneous implant insertion. The material could be har-
vested easily at the time of the second surgery to conduct a
histological analysis. Fifth, the patients’ selection as distal bi-
lateral edentulism could have permitted performing a split
mouth evaluation with removal of interindividual differences
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for the test procedure and the control procedure; however, this
was not done in this study. Sixth, this study only included fol-
low-up time of 6 months after surgery, which was too short
for meaningful clinical findings on the implant survival rates.

In a future study, we would like to conduct a histological anal-
ysis at 6 months after healing and clarify the relationship be-
tween the volumetric reduction and histo-morphometric mea-
surement. In addition, the allocation treatments would also be
disclosed after the sinus mucosa elevation at the time of plac-
ing filler, and a longer follow-up after the surgery would be
conducted. The application of gelatin sponge combined with
bovine bone particles in routine sinus floor elevation surgery
should be assessed in a larger sample of patients.

Conclusions

The gelatin sponge combined with bovine bone particles in rou-
tine sinus floor elevation surgery demonstrated improved si-
multaneous placement, height of residual bone, delayed place-
ment, width of residual bone, graft volume immediately after
surgery (V)), graft volume 6 months after surgery (V,), and
volumetric change rate. No implant loss occurred and higher
implant survival rates were demonstrated in the patients un-
dergoing the above treatment. Therefore, the absorbable gel-
atin sponge combined with bovine bone particles was an ef-
fective and economical material used in routine sinus floor
elevation surgery.
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