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Abstract

Purpose Maxillary molars have low alveolar bone height diameter due to the presence of the maxillary sinus;
thus, a sinus lift may be required in some cases. Changes in the volume of bone substitutes can affect the success
of implant therapy. Therefore, this study aimed to compare the changes in the volume of two different bone sub-
stitutes—one based on carbonate apatite and the other on octacalcium phosphate—used in maxillary sinus floor
elevation.

Methods Nineteen patients and 20 sites requiring maxillary sinus floor elevation were included in the study. Digi-

tal Imaging and Communications in Medicine data for each patient obtained preoperatively and immediately

and 6 months postoperatively were used to measure the volume of the bone grafting material using a three-dimen-
sional image analysis software. The immediate postoperative volume of octacalcium phosphate was 95.3775 mm?

per piece of grafting material used. It was multiplied by the number of pieces used and converted to mL to determine
the immediate postoperative volume.

Results The mean resorption values of carbonate apatite and octacalcium phosphate were 12.7 +3.6%
and 17.3+3.9%, respectively. A significant difference in the amount of resorption of the two bone replacement mate-
rials was observed (P=0.04).

Conclusions The results of this study indicate that both bone substitute materials tend to resorb. The two bone
grafting materials that are currently medically approved in Japan have not been in the market for a long time,
and their long-term prognosis has not yet been reported. Further clinical data are warranted.

Keywords Dental implant, Maxillary sinus floor elevation, Bone substitute material, Carbonate apatite, Octacalcium
phosphate

Background

Implant treatment using materials with various sur-
face properties and implant morphologies has recently
become available, enabling the provision of treatment
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cases that require implant rehabilitation. Although the
survival rate of short implants placed in the posterior
region of the maxilla was not significantly different than
that of standard-length implants, the long-term prog-
nosis is unknown [4]. Lin et al. [5] reported an aver-
age alveolar bone height of 6.62+1.32 mm in maxillary
molars before extraction. However, bone resorption
commonly occurs horizontally and vertically after tooth
extraction [6]. Therefore, even with short implants,
implant treatment may not be possible without the use
of techniques such as maxillary sinus floor elevation [7,
8]. Various types of bone substitutes are used for maxil-
lary sinus floor elevation, and selecting the appropri-
ate material is important in order to obtain long-term
survival rates for implant treatment [9-11]. As a bone
substitute, only autogenous bone has osteogenesis, oste-
oinduction, and osteoconduction capabilities. However,
because of the invasive nature of the procedure and
limited amount of bone that can be harvested, artificial
materials are increasingly used [12]. In Japan, Cytrans®,
a granular formulation based on carbonated apatite, was
launched in 2018 with the first medical approval for an
implant indication [13]. In 2022, Bonarc®, also medi-
cally approved for implant indications, was launched
in sponge form and composed mainly of octacalcium
phosphate (OCP) and collagen (Col) (80 wt% OCP and
20 wt% Col) [14]. Because these two materials have only
been on the market for a short time, there are few clini-
cal reports and no studies comparing the changes in vol-
ume of the two materials. Changes in the volume of bone
substitute after maxillary sinus floor elevation can affect
the prognosis of implant therapy. In measuring changes
in the volume of bone substitute after maxillary sinus
floor elevation, Digital Imaging and Communications in
Medicine (DICOM) data after preoperative and postop-
erative computed tomography (CT) imaging are usually
measured using three-dimensional image analysis soft-
ware [15, 16]. Therefore, this study aimed to compare the
volume changes of Cytrans® and Bonarc® as substitutes
for sinus lifts immediately after surgery using a three-
dimensional image analysis software.

Methods

The study included 19 patients (10 males and 9 females;
20 sites) with a mean age of 59.1 years, who required
maxillary sinus floor elevation for implant treatment.
Nine patients and 10 sites were included in the Cytrans®
(GC, Tokyo, Japan) group, and 10 patients and 10 sites
were included in the Bonarc® (TOYOBO CO,, LTD,,
Shiga, Japan) group. Patients had to be at least 20 years
old, non-smokers, free of systemic disease, and have no
thickening of the maxillary sinus mucosa on cone-beam
CT (CBCT) imaging. All maxillary sinus floor elevations
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Fig. 1 Bone substitute material used. a Cytrans® (size, M; particle size,
0.6-1.0 mm). b Bonarc® (disk)

were performed with a staged approach using the lateral
window technique [17]. Either Cytrans® (size, M; particle
size, 0.6-1.0 mm) or Bonarc® (disk) was used as a bone
substitute material for maxillary sinus floor elevation
(Fig. 1). These procedures were conducted once the study
parameters were explained to the patients, and their
consent was obtained. This study was approved by the
Kanagawa Dental University Ethics Committee (approval
number: 906).

Volume measurement

The volume of bone substitute material was determined
using CBCT images (3DX®, Morita, Tokyo, Japan), with
T1 set for preoperative, T2 for immediate postoperative,
and T3 for 6 months postoperative. During the imag-
ing, the upper and lower dentition were opened such
that they did not overlap. The obtained DICOM data of
each patient was then used to measure the volume using
a three-dimensional image analysis software (SYNAPSE
VINCENT®, FUJIFILM, Tokyo, Japan). In the Cytarans®
group, the fusion function of SYNAPSE VINCENT®
was used to superimpose T1 and T2 data to calculate T2
immediately after surgery, and T1 and T3 data to calcu-
late T3, the volume 6 months postoperative. Bonarc® has
low X-ray permeability, which makes identification of the
enlarged volume after CBCT imaging challenging. Since
Bonarc® (disk) has a diameter of 9 mm and a height of
1.5 mm, the volume of the cylinder was determined to be
4.5 mmx4.5 mmx3.14X 1.5 mm, or 95.3775 mm® per
piece. The volume of T2 was measured by multiplying
the volume of this single sheet by the number of sheets
used and converting the units to mL. The volume of T3
was measured by superimposing the T1 and T3 data as in
the Cytarans® group. In both cases, the change in volume
was measured by subtracting T2 from T3.

The SYNAPSE VINCENT® measurement method
was based on the “manual image alignment” option of
the fusion function, which was selected by importing
preoperative and postoperative DICOM, and superim-
posed with reference to the remaining dentition (Fig. 2).
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Afterwards, “image reconstruction” was selected, excess
data were trimmed from the obtained 3D data, and “over-
all measurement” was selected to measure the volume of
the remaining bone. The volume of the remaining bone
substitute was measured [18] (Fig. 3).

Statistical analysis

The Student’s ¢-test (P<0.05) was used to compare the
amount of resorption of each bone substitute material.
The statistical analysis software used was BellCurve
for Excel (Social Survey Research Information Co.,
Ltd., Tokyo, Japan). The sample size was not calculated
because of the limited number of cases in this study.

(a)
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Fig. 3 The excess data were trimmed, and the volume of bone replacement material was measured
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Results

The results of this study showed that Cytrans® resorbed
an average of 12.7+3.6% and Bonarc® resorbed an
average of 17.3+3.9%. Significant differences in the
resorption of the two bone substitutes were observed
(P=0.04) (Fig. 4). The respective resorption amounts
are shown in Table 1.

Discussion

The results of this study showed a significant difference
in the amount of resorption of the two bone substi-
tutes. Carbonate apatite has the same composition as
hydroxyapatite and the inorganic component of bone. It

(b)
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Fig. 4 Amount of resorption of Cytrans® and Bonarc®

has been clinically applied for many years, and its safety
has been confirmed; thus, it is used as a substitute for
maxillary sinus floor elevation and socket preservation
[19, 20].

Kudoh et al. [13] performed maxillary sinus floor
elevation in eight patients using carbonate apatite.
They reported that the postoperative bone height
diameter increased to 14.0+1.9 mm but decreased to
12.4+ 1.3 mm after 7 months and to 11.7 + 0.6 mm after
12 months after prosthetic loading. Nakagawa et al.
[21] also reported that maxillary sinus floor elevation
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using carbonate apatite in 13 patients increased to
13.3+1.7 mm postoperatively and decreased to
9.6+ 1.4 mm after 18 months. The results were simi-
lar to ours such that carbonate apatite tended to
resorb after maxillary sinus floor elevation. Mano et al.
[22] measured the amount of new bone formation
of NEOBONE, Bio-Oss, and Cytrans containing 0.1,
5.5, and 12.0% carbonate, respectively, in dogs. It was
reported that NEOBONE had 4.7%, Bio-Oss 39.5%, and
Cytrans 75.2% of new bone at 12 weeks postoperatively,
with Cytrans inducing the highest amount of new bone.
High carbonate content reportedly plays an important
role in bone replacement and high osteoconductivity
[23]. Therefore, Cytrans induced a higher amount of
new bone mass. Atsuta et al. [24] reported that mixing
carbonated apatite with autologous bone, rather than
carbonated apatite alone, increases osteoclasts and
osteoblasts and provides additional osteogenesis. This
may lead to shorter sinus lift treatment time and fur-
ther reduction of resorption. The prognosis of maxil-
lary sinus floor elevation with carbonate apatite is not
encouraging; Ogino et al. [25] reported a 100% survival
rate at 3 years after 17 implantations in 13 patients, and
long-term prognosis is expected in the future.

Table 1 Clinical data on the volume of bone-filling material in procedures using Cytrans® and Bonarc®

Cytrans® Age Sex Deficit condition (FDI) T2 (mL) T3 (mL) Absorbed amount (%)
1 67 F 14-17 2.547 2371 6.90

2 41 F 16 2.108 1.791 15.00

3 59 M 26,27 1.506 1222 18.90

4 67 M Edentulous 3.763 3375 10.30

5 67 M Edentulous 2392 215 10.10

6 67 F 24-27 278 2.386 14.20

7 56 F 16,17 2.543 2241 10.90

8 62 M 15,16 2.863 2.568 10.30

9 56 M 15,16 3.237 3.085 15.20

10 70 M 15,16 142 1.261 15.90

Bonarc® Age Sex Deficit condition (FDI) Number of T2 (mL) T3 (mL) Absorbed

sheets amount (%)

1 40 M 26 16 1526.0 1323 13.30
2 69 M 16 10 953.8 724.3 24.10
3 80 F 13-16 13 12399 1068 13.90
4 21 M 14-16 17 16214 1250 2290
5 61 F 26 20 1907.6 1596 16.30
6 67 F 25-27 18 1716.8 1474 14.10
7 73 F 24-27 20 1907.6 1613.2 15.40
8 40 M 24-27 15 1430.7 11393 2040
9 59 M 24-27 20 1907.6 16284 14.60
10 68 F 14-17 20 1907.6 1563 18.10




Nagata et al. International Journal of Implant Dentistry (2024) 10:7

OCP is considered a precursor of biological apatite
crystals in bones and teeth. It has been proven to pro-
mote osteoblast differentiation and bone regeneration
and is indicated for medical treatment [26, 27]. Kawai
et al. [28] used OCP/Col for the first time in human bone
defects and reported that postoperative wound healing
was uneventful, and no infection or allergic reaction was
observed. Miura et al. [14] were the first to use OCP/Col
as a substitute for maxillary sinus floor elevation in clini-
cal practice. They reported that the vertical bone height
diameters of six sites in a staged approach averaged at
15.8 mm at 3 months, 14.4 mm at 6 months, and 14.3 mm
at 12 months after surgery. Miura et al. [29] also reported
a change in volume in three patients who underwent
maxillary sinus floor elevation using OCP/Col: 4.79 c¢m?
at 6 months versus 4.61 cm?® at 1 year. There were no
reports that measured the volume of OCP/Col immedi-
ately after maxillary sinus floor elevation. Therefore, this
study is the first report to measure volume absorption
immediately after surgery. We also considered the possi-
bility that Bonarc® might increase in volume when used
for maxillary sinus floor elevation. However, consider-
ing this study and these previous reports, there is clearly
a trend toward resorption immediately after the proce-
dure and over time, similar to that in carbonate apatite.
Because Bonarc® had only been on the market for a short
time, no prognostic reports existed. The results of this
study showed that Bonarc® resulted in greater absorp-
tion. Although Bonarc® is spongy and therefore, easier to
manipulate, we believe that the amount of resorption was
greater than that of the granular bone substitute because
of the gaps between the materials. Because Bonarc® has
low X-ray permeability, measuring the volume immedi-
ately after surgery from DICOM is challenging; thus, the
overall volume was calculated from the volume per piece.
On the other hand, the granularity of Cytrans® makes it
difficult to accurately measure the volume used intraop-
eratively. Therefore, T2 for the two materials were meas-
ured in different ways. Since both T2 and T3 of Cytrans®
measure volume from DICOM superimposition,
Cytrans® may have a larger error margin when artifact
issues are taken into account. The densities at T3 of the
two materials may also be different. Although obtaining
CT values would be ideal to reduce errors in volumetric
measurements, it was not possible the present study as
CBCT was used. This issue should be addressed in future
studies.

Regarding insertion torque, Kawai et al. [30] performed
maxillary sinus floor elevation in a staged approach using
OCP/Col. The insertion torque values were less than
20 Ncm in 25 patients, and they reported that this was
due to the fact that the majority of the bone was newly
formed and there was little mature bone. On the other
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hand, Ogino et al. [25] reported an average insertion
torque of 25.1+13.2 Ncm for 17 implants after maxillary
sinus floor elevation using carbonated apatite. However,
insertion torque depending on the implant system used,
bone quality, alveolar bone height diameter, and tech-
nique is still not considered; thus, more detailed data are
needed in the future. Our study had certain limitations.
First, the sample size was small owing to the limited
number of cases of maxillary sinus floor elevation. Sec-
ond, the prognosis after implantation was not tracked in
the present study. We plan to report on the system, ini-
tial fixation, and survival rates in future studies. Only two
bone substitutes, Cytrans® and Bonarc®, are currently
indicated for implantation. Moreover, due to the pau-
city of clinical reports, future reports on their long-term
prognosis are needed.

Conclusions

Two bone substitutes currently approved for medi-
cal use were found to have a tendency to resorb after
maxillary sinus floor elevation. A significant difference
in the amount of resorption was also observed. Short-
term prognosis has been reported for Cytrans®, which is
slightly earlier in the market, but not for Bonara®. More-
over, long-term prognosis for both is still to be reported.

Abbreviations
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Col Collagen

CBCT Cone-beam computed tomography

DICOM  Digital Imaging and Communications in Medicine
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