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Abstract
Purpose This study aimed to compare the three-dimensional volumetric changes of human maxillary sinuses after reconstruction
using 5 different bone grafts.
Patients and methods Patients underwent unilateral maxillary sinus bone height reconstruction using 5 bone substitutes allo-
cated in different groups as follows: group 1 was grafted with autogenous bone graft alone; group 2 with beta-tricalcium
phosphate (β-TCP); group 3 with β-TCP + autogenous bone graft 1:1; group 4 with bioactive glass; and group 5 with bioactive
glass + autogenous bone graft 1:1. The patients were submitted to cone beam computed tomography in two periods: 15 days after
the surgical procedure (T1) and after 6 months (T2). The results were evaluated as the formula T2-T1 expressing the three-
volumetric changes of the biomaterials in elapsed time.
Results The resorption rate of autogenous bone graft was −630.699 ± 300.9 mm3; in the β-TCP group, it was −315.772 ± 125.6
mm3; in the group withβ-TCP + autogenous bone graft 1:1, it was −336.205 ± 195.7 mm3; and in groups with bioactive glass and
with the addition of autogenous bone graft 1:1, it was −428.878 ± 311.6 mm3 and −576.917 ± 471.6 mm3, respectively, without
statistical difference (p = 0.167). Pearson’s correlated test revealed a strong correlation as well as a progressive resorption of the
grafts during bone healing.
Conclusion The similar outcomes for the three-dimensional volumetric changes using the bone substitutes evaluated after 6
months of bone healing suggest that all these grafts can be performed to maxillary sinus reconstruction.
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Introduction

Oral rehabilitation using dental implants in the posterior maxilla is
often limited because of the residual bone height resulting from

physiological events such as alveolar process resorption and max-
illary sinus pneumatization after dental extractions. To reverse
these events, it is necessary to use effective and predictable surgical
procedures and conduct research on alternate biomaterials [1].
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There is no consensus found in the literature regarding the
best bone substitute, although the use of autogenous bone
grafting has been highlighted because of its osteogenic,
osteoinductive, and osteoconductive properties [2].
However, having a secondary surgical site can cause sequelae
such as edema, pain, and neurosensory disturbances [3]. To
mitigate these sequelae, several biomaterials, which present
suitable alternatives for oral rehabilitation with dental im-
plants, have been studied [4].

Bioactive glass and beta-tricalcium phosphate (β-TCP) are
biomaterials that have been widely used in bone reconstruc-
tion [5, 6]. Although these bone substitutes are not osteogenic
or osteoinductive, several studies have indicate that they yield
suitable results for maxillary sinus height reconstruction be-
cause of their osteoconductive properties [7–10].

There is limited literature available regarding the compar-
ison of these biomaterials when used alone or with autogenous
bone grafts, particularly for evaluating three-dimensional vol-
umetric changes in the maxillary sinuses using dental im-
plants. Importantly, a dental professional should be able
to assess shrinkage of the bone graft(s) after the period
of healing. Cone beam computed tomography (CBCT)
can provide three-dimensional evaluation with high pre-
cision and a low dose of radiation compared with other
computed tomography.

This study aimed to compare the three-dimensional volu-
metric changes of human maxillary sinuses after reconstruc-
tion using 5 different biomaterials for posterior dental implant
placement.

Material and methods

Human subjects

This study was in accordance with the ethical standards of the
institutional and national research committee approved with
the number 47711015.4.0000.5420 by Plataforma Brasil/
CONEP, with the 1964 Helsinki declaration and its later
amendments. Quality assessment was carried out according
to the CONSORT Statement’s RCT checklist [11] (Fig. 1).

Number of samples to be evaluated and
randomization

The number of maxillary sinuses to be reconstructed for each
group was determined using a power test using SPSS version
22.0 (IBM Corporation, Armonk, NY, USA) based on previ-
ously published results [12] as follows: a standard de-
viation of 9.57, an average difference of 11.9%, a sig-
nificance level of 5%, and 95% power in a one-tailed
hypothesis test. A clinical assistant assigned the groups
for each graft material to be used via random draw.

Inclusion and exclusion criteria

Each patient underwent CBCT (i-CAT; Image Sciences
International, Hatfield, PA, USA) of the maxilla and mandible
to identify pathologies and anatomical structures prior to sur-
gery. Patients without uncontrolled systematic disease who
decided to undergo rehabilitation for posterior maxillary
edentulism with dental implants were included. Patients with
residual dental roots in maxillary sinuses, those who had pre-
viously received radiation to the head and neck region, those
who had uncontrolled periodontal disease, those who were
smokers, and those who had paranasal sinuses diseases were
excluded. Fifty-eight patients from Araçatuba Dental School
ambulatory - UNESP were elected to participate of this re-
search. However, 40 patients with unilateral maxillary sinus
bone height deficiency were selected and 18 were excluded.

Groups formation

The following 5 groups were created, with 8 maxillary sinuses
in each group:

Group 1: 8 maxillary sinuses using autogenous bone
grafts (control group)
Group 2: 8 maxillary sinuses using only β-TCP
(ChronOS; DePuy Synthes, Paoli, CA, USA)
Group 3: 8 maxillary sinuses using 1:1 β-TCP + autoge-
nous bone grafts
Group 4: 8 maxillary sinuses using only bioactive glass
(Biogran®; Biomet 3i, Warsaw, IN, USA)
Group 5: 8 maxillary sinuses using 1:1 bioactive glass +
autogenous bone grafts

Surgical procedure

All surgical procedures were performed under local anesthesia
using lidocaine 2% with adrenaline 1:100,000 (DFL –
Jacarépaguá, Rio de Janeiro/Brazil). The autogenous bone
grafts were harvested according to the procedure reported by
Pereira et al. [3] and milled with a bone crusher (Neodent,
Curitiba/Brazil). The maxillary sinus reconstructions were per-
formed using a procedure described by Boyne and James [12].
To reduce pain, 500 mg of paracetamol was prescribed 4 times
a day, and 500 mg of amoxicillin was prescribed 3 times a day
to reduce the chance of infection.

Volumetric analysis

Threeweeks after the first surgical procedure, patients underwent
CBCT of the face, standardized with 14-bit gray scale and
0.25 mm voxels (T1). The scanner was programmed to use
120 kVp, 5 mA, and 20 s of exposure. DICOM data were
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reconstructed using OsiriX 4.1.2, 32-bit software (OsiriX
Foundation, Geneva, Switzerland); the image orientation was
standardized according to the study by Spin-Neto et al. [13].
An additional CBCT was performed on each patient after 6
months of bone healing but prior to the dental implant placement
(T2) to determine the volumetric changes using the formula T2-
T1. Eighty examinations were performed: 40 for T1 and 40 for
T2. The standardization of image orientation, application of con-
trast and filters, and analysis of volume data acquisition were
performed according to the procedure described by Gorla et al.
[14]. The T1 and T2 results were calculated and the resorption
average was expressed in cubic millimeter. One researcher with
previous training performed all evaluations. To demonstrate the
relationship between the bone graft volume changes and elapsed
time, 30% of the measures were recalculated after 1 month and
then evaluated using Pearson’s correlation test.

Statistical analysis

The homoscedasticity of the measures was verified using the
Kolmogorov–Smirnov test. The comparison among the
groups was performed using analysis of variance (ANOVA)
followed by Tukey’s pos hoc test (SPSS version 22.0; IBM
Corporation, Armonk, NY, USA). A priori, p < 0.05 was
defined as significant.

Results

Forty patients (30 female and 10 male) presenting age ranging
from 30 to 63 years old underwent maxillary sinus bone aug-
mentation using the biomaterial purposed.

Fig. 1 CONSORT diagram of the patients’ allocation by randomization
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Volumetric analysis

The resorption rate for autogenous bone graft was −630.699 ±
300.9 mm3 (Table 1); in the β-TCP group, it was −315.772 ±
125.6 mm3 (Table 2); in β-TCP + autogenous bone graft 1:1,
it was −336.205 ± 195.7 mm3 (Table 3); and in groups with
bioactive glass and its addition with autogenous bone graft
1:1, it was −428.876 ± 311.6 mm3 and −576.917 ± 471.6
mm3, respectively (Tables 4 and 5, respectively). In one sam-
ple from the group with bioactive glass added to autogenous
bone graft 1:1, bone augmentation (91.680 mm3) was ob-
served. There was no statistical significance among the groups
according to the ANOVA test (p = 0.167) (Fig. 2). The
Pearson correlated test revealed the following: r = 0.95 for
group autogenous bone graft; r = 0.88 for group β-TCP; r =
0.87 for group β-TCP + autogenous bone graft 1:1; and r =

0.81 for groups bioactive glass and bioactive glass + autoge-
nous bone graft 1:1, demonstrating a strong correlation as well
as a progressive resorption of the grafts during bone healing.

Discussion

The main concern with oral bone reconstruction is the main-
tenance of the bone grafts for posterior rehabilitation with
dental implants. The dental professional has to understand that
the three-dimensional bone volume grafted change over time
is physiological. The choice of the ideal biomaterial is impor-
tant due to the maintenance of a minimum volume which can
allow the dental implants placement. With this, the present
research could demonstrate that the bone volume changing
for the biomaterials evaluated it’s physiological corroborating
with previous literature [14, 15].

Table 1 Outcomes for the initial bone volume grafted with autogenous
bone graft (T1), after 6 months of bone healing (T2), and the volumetric
changes (T2-T1)

Maxillary sinus T1 (mm3) T2 (mm3) T2-T1 (mm3)a

1 1414.265 540.548 −873,702
2 1775.226 862.849 −912,377
3 742.154 367.429 −374.425
4 786.822 444.552 −342.27
5 1649.556 998.912 −650.644
6 1152.243 712.326 −439.917
7 3251.667 2143.878 −1107.789
8 1266.441 921.503 −344.467
Mean 1504.797 874.000 −630.699
SD 795.7 561.8 300.9

a Negative values indicate volume graft loss

Table 2 Outcomes for the initial bone volume grafted with beta-
tricalcium phosphate (T1), after 6 months of bone healing (T2), and the
volumetric changes (T2-T1)

Maxillary sinus T1 (mm3) T2 (mm3) T2-T1 (mm3)a

9 1734.586 1252.288 −482.298
10 1068.977 742.789 −326.188
11 755.213 501.946 −253.267
12 524.189 338.634 −185.555
13 549.607 352.063 −197.544
14 1070.176 651.718 −418.458
15 501.779 305.731 −196.048
16 1160.536 693.720 −466.816
Mean 920.633 604.861 −315.772
SD 424.6 312.4 125.6

a Negative values indicate volume graft loss

Table 3 Outcomes for the initial bone volume grafted with beta-
tricalcium phosphate + autogenous bone graft 1:1 (T1), after 6 months
of bone healing (T2), and the volumetric changes (T2-T1)

Maxillary sinus T1 (mm3) T2 (mm3) T2-T1 (mm3)a

17 1053.823 533.364 −520.459
18 1681.477 963.339 −718.138
19 541.171 311.940 −229.231
20 966.323 636.196 −330.127
21 977.063 702.896 −274.167
22 584.695 431.674 −153.021
23 1003.025 864.897 −138.353
24 708.729 382.585 −326.144
Mean 939.538 603.361 −336.205
SD 360.1 232.1 195.7

a Negative values indicate volume graft loss

Table 4 Outcomes for the initial bone volume grafted with bioactive
glass (T1), after 6 months of bone healing (T2), and the volumetric
changes (T2-T1)

Maxillary sinus T1 (mm3) T2 (mm3) T2-T1 (mm3)a

25 1339.350 329.399 −1069.360
26 834.254 423.419 −410.835
27 485.472 249.679 −235.793
28 346.928 194.213 −152.715
29 1473.008 867.748 −605.260
30 1087.202 692.321 −394.881
31 1358.204 877.419 −480.785
32 269.643 188.268 −81.375
Mean 899.258 477.808 −428.876
SD 483.9 292.5 311.6

a Negative values indicate volume graft loss
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Many researchers have studied the histological behav-
ior of β-TCP and new bone formation in maxillary si-
nus bone augmentation [16–19]. According to Kurcku
et al. [20], β-TCP is a rapidly resorbable biomaterial
that can aid in bone formation. According to Pereira
et al., 47.6% new bone formed in reconstructed maxil-
lary sinuses was in sinuses grafted with β-TCP; similar
results have been found by Szabó et al. (38.34%) and
Suba et al. (34.7%) [7, 19, 21]. Bioactive glass is an
osteoconductive bone substitute with a different type of
resorption. Previous literature has described chemical
dissolution in addition to particle breakage, which cre-
ates a suitable environment for bone formation [22].
The literature reports that 35.6 to 45.6% of bone forma-
tion occurs after maxillary sinus reconstruction using
bioactive glass [8, 23]. The present study demonstrates
that despite the bone graft resorption, the literature con-
firms suitable histological results for the biomaterials
evaluated, making it possible to receive dental implants.

he use of autogenous bone grafts combined with
others biomaterials has been defended in literature be-
cause of the addition of pluripotential cells as osteo-
blasts and mesenchymal cells [4] [7, 24]. When a 1:1
β-TCP + autogenous bone graft was used to reconstruct
maxillary sinuses, 25.4% of new bone formed was
found; however, the tridimensional volumetric changes
compared to those noted with the use of autogenous
bone grafts alone were similar [15]. The use of 1:1
bioactive glass + autogenous bone grafts yielded better
results than those reported in the literature as reported
by Menezes et al. [25]. They demonstrated 45.8% bone
formation in human maxillary sinuses and an average of
37.9% of bone volume change. The present study shows
that the combination of either bone substitute with au-
togenous bone grafts in a 1:1 proportion have suitable
results compared to autogenous bone grafts alone.
Further, the physiological resorption in groups with the
mixture of autogenous bone graft 1:1 corroborated with
that described in previous literature.

The literature reports the use of non-resorbable bio-
materials in order to avoid the resorption as well as
repneumatization [26, 27]. Nkenke and Stelzle [28]
showed that the bone graft resorption does not influence
on dental implant survival using autogenous bone graft
or bone substitutes. In the present study, the resorption
rates for the bone grafts tested presented similar out-
comes with the autogenous bone graft. Thus, the use
of mixing bone grafts has its use reduced for specific
cases as the necessity to increase the amount of bone
graft or, in cases with few maxillary sinus bone floor
remaining due to the decrease of pluripotent cells, sup-
ply for the bone substitute healing.

As limitations for this research, only bone volume chang-
ing was studied in the present research. Thus, future studies in
order to determine the dental implants survivor placed in these
bone grafts can answer the success rate in a long-time period.

Table 5 Outcomes for the initial bone volume grafted with bioactive
glass + autogenous bone graft 1:1 (T1), after 6 months of bone healing
(T2), and the volumetric changes (T2-T1)

Maxillary sinus T1 (mm3) T2 (mm3) T2-T1 (mm3)a

33 1074.513 398.191 −679.322
34 897.436 529.111 −368.325
35 951.180 581.036 −370.144
36 3539.428 1973.540 −1565.888
37 1586.362 1678.042 91.680

38 1908.938 1290.531 −618.407
39 799.726 374.116 −425.61
40 1074.513 398.191 −679.322
Mean 1479.012 902.845 −576.917
SD 914.0 646.9 471.6

a Negative values indicate volume graft loss

Fig. 2 Graphic showing the mean
of three-dimensional volumetric
changes of the 5 groups evaluat-
ed. Data with the same letters
(capital for each group) indicate
no statistical difference (p > 0.05).
AB, autogenous bone graft; β-
TCP, beta-tricalcium phosphate;
BG, bioactive glass
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Conclusion

The similar outcomes for the three-dimensional volumetric
changes using the bone substitutes evaluated after 6 months
of bone healing suggest that all these grafts can be performed
to maxillary sinus reconstruction. However, the present re-
search evaluated only bone graft resorption being required
further researches to answer the biological behavior of the 5
bone substitutes studied.
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