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Abstract

When placing implants in the posterior maxilla, sinus floor elevation is often required due to insufficient alveolar
bone volume. During the sinus augmentation procedure, the Schneiderian membrane is elevated, and the newly created
space is filled with bone graft materials. Among various graft materials, autogenous bones are considered the most
biologically suitable. However, harvesting autogenous bone can cause donor site morbidity and postoperative discom-
fort.

Block-type autogenous tooth bone graft material is derived from a patient’s own extracted teeth. It offers the biological
stability of traditional autogenous bone while minimizing the disadvantages such as donor site risks and postoperative
discomfort. Due to these advantages, block-type autogenous tooth grafts have been widely studied.

In this study, we observed the outcomes of maxillary sinus augmentation using block-type autogenous tooth bone
grafts in 18 patients treated at Daegu Catholic University Dental Hospital between April 2017 and October 2022. The
extracted teeth were processed by creating micro-holes and demineralizing them in 0.6N HCI for 30 minutes to produce
the graft material. A lateral bony window was created using a piezoelectric surgical device, and the sinus membrane
was elevated. Implants and the block-type tooth grafts were placed in the created space, and the lateral window was
repositioned to complete the procedure.

Postoperative clinical evaluation and radiographic analysis were conducted to assess the amount of sinus membrane
elevation, gain in alveolar bone height, and osseointegration of the implants. The results demonstrated that the alveolar
bone height increased in proportion to the size of the block-type graft and showed long-term stability. Even in cases of
sinus membrane perforation, no postoperative complications or implant failures were observed.

This study suggests that maxillary sinus augmentation using block-type autogenous tooth bone grafts offers excellent

osteoinductive potential and biocompatibility, making it a highly favorable option for both clinicians and patients.
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|l. Introduction

The widespread use of dental implants in edentulous ar-
eas has led to the need for complex surgical procedures to
enhance the amount of available bone. Implant surgery in
the posterior maxilla presents challenges due to a thin and
low alveolar ridge, poor bone quality, and increased pneu-
matization of the maxillary sinus [1, 2].

Implant failure in the maxillary molar region is often
associated with inadequate residual bone height, insuffi-
cient ridge width, and poor bone quality [3, 4]. To address
these challenges, maxillary sinus augmentation has been
employed to increase bone height [5].

There are various surgical methods for elevating the
maxillary sinus. Lateral window technique, which in-
volves creating a window in the lateral wall of the sinus
to allow direct visualization and instrumentation [6]. The
transcrestal approach is a more conservative method that
involves elevating the sinus floor through the implant bed
[7]. The Caldwell-Luc operation is a traditional method
that involves making an incision in the lateral wall of the
sinus and elevating the Schneiderian membrane to insert
bone grafts [8]. The Minimal Invasive Sinus Elevation
(MISE) is a recently developed minimally invasive tech-
nique that reduces the risk of membrane perforation and
increases implant success rates [9]. The sinus intrusion
osteotomy technique involves elevating the Schneiderian
membrane while simultaneously inserting bone grafts.
The piezoelectric osteotomy uses ultrasonic waves to cut
bones, allowing for more precise incisions [10]. These
methods each have their advantages and disadvantages,
and the choice depends on the patient's condition and de-
sired outcome.

In the lateral approach, bone graft materials are used
to fill the space created beneath the elevated Schneiderian
membrane. A variety of grafts are employed, including
autogenous, allogenic, xenogenic, synthetic bone, and
combinations thereof. These materials promote bone re-
generation and support the Schneiderian membrane, en-
suring a stable environment for dental implants. The
choice of graft depends on the patient's needs and the de-
sired outcome [11].

However, challenges related to graft materials per-
sist. These include unpredictable resorption, the limited
availability and donor site requirements of autogenous
bone, the inability of alloplastic materials to promote
bone regeneration, and the slow resorption rate of xeno-
grafts [12].

Additionally, a substantial volume of graft material
is required for sinus augmentation. On average, 5—6 cc of
autogenous bone is needed per sinus cavity, while combi-
nation graft materials require approximately 2—3 cc per

site [13].

To address these limitations, some studies have ex-
plored the potential of using a patient’s own blood or
platelet-rich plasma (PRP) to facilitate bone formation
without additional graft materials [14, 15]. While previ-
ous research has reported favorable bone regeneration in
the absence of bone grafts, there is limited long-term fol-
low-up data on grafted sinus augmentation cases [16].
When sinus augmentation is performed without bone
grafts, significant shrinkage of the augmented space is of-
ten observed. Therefore, we focused on autogenous de-
mineralized tooth block bone as a potential solution to the
challenges associated with other graft materials [17].

Recently, graft materials derived from teeth have
been frequently used in both alveolar bone and sinus aug-
mentation procedures [18,19]. Demineralized autogenous
tooth block bone shows great potential as bone graft ma-
terials. These grafts are made from extracted teeth, such
as recently removed wisdom teeth and teeth extracted
caused by periodontal or endodontic disease [20]. Prior
research has indicated that human teeth exhibit biocom-
patibility and possess both osteoinductive and osteocon-
ductive characteristics [21].

As mentioned above, tooth block bone grafts are of
particular interest because they naturally contain osteoin-
ductive growth factors and a collagen-mineral matrix
similar to alveolar bone, potentially enhancing bone re-
generation and biocompatibility compared to other graft
materials. Therefore, this retrospective study evaluates
the effectiveness of using demineralized autogenous
tooth block bone for sinus augmentation through the lat-
eral approach in cases with limited residual bone height.
The aim of this study was to assess whether tooth block
bone material is a safe and effective alternative for
achieving bone height gain, implant success, and mini-
mizing postoperative complications.

2. Materials and methods

2.1 Patient selection

This retrospective study analyzed 18 patients who under-
went implant treatment with maxillary sinus augmenta-
tion at the Department of Dentistry, Daegu Catholic Uni-
versity Hospital, Republic of Korea, between 2017 and
2022. The study was approved by the Institutional Re-
view Board of Daegu Catholic University Medical Center
Institutional Review Board (Approval IRB No. CR-22-
174-L). Prior to surgery, all patients received an explana-
tion of the procedure and provided written informed con-
sent.
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Each patient’s medical history was thoroughly re-
viewed before inclusion, and individuals with conditions
affecting bone metabolism were excluded. Smokers were
not excluded from the study, but they were informed that
smoking could negatively affect implant and sinus aug-
mentation procedure. All selected patients had no contra-
indications for surgery. The procedure was performed us-
ing a standardized surgical approach in the maxillary pre-
molar and molar regions of partially or fully edentulous
patients.

Implant mobility was the primary criterion for deter-
mining implant failure, which was defined as the need for
implant removal. The survival rate was assessed by meas-
uring the duration from implant placement to either the
last follow-up visits or implant failure. Preoperative radi-
ographic evaluations were conducted to analyze sinus
conditions and residual bone height.

Panoramic radiographs (Ponit HD; Pointnix, Seoul,
Korea) and cone beam computed tomography (CBCT)
scans (Implagraphy; Vatech, Gyeonggi-do, Korea) were
used for preoperative assessment and postoperative eval-
uation of bone gain. Residual bone height was measured
in millimeters using dedicated software, and the maxil-
lary sinus width was recorded at its broadest point. Since
the Schneiderian membrane may collapse in the absence
of tenting material, the extent of membrane elevation was
determined by measuring the distance from the original
sinus floor to the highest point of the grafted bone.

2.2. Preparation of autogenous tooth
block bone

Extracted maxillary premolar and molar teeth were
converted into demineralized autogenous tooth block
bone. The preparation involved sectioning the extracted
tooth along its longitudinal axis using a disk, followed by
the creation of multiple micro-holes with a round carbide
bur to enhance blood penetration.

The tooth block underwent demineralization for 30
minutes with 0.6 N hydrochloric acid in a vacuum-ultra-
sonic system (Vacua-Sonic System, CosmoBioMedicare
Co., Seoul, Republic of Korea). Then, the tooth block was
sterilized using a peracetic acid ethanol solution in a spe-
cialized device equipped with vacuum compression and
ultrasonic vibration. After sterilization, the demineralized
dentin-derived matrix particles were washed with phos-
phate-buffered saline (PBS), treated with a sterilization
reagent, and rinsed with PBS and distilled water.

2.3. Surgical protocol

All patients followed the same pharmacologic protocol
for prophylactic antibiotic administration. The routine
prescription included amoxicillin sodium (Augmentin;
Ilsung Pharmaceutical, Seoul, Korea) 500 mg, taken three

times daily from one day before surgery until seven days
after surgery. Additionally, a single intravenous dose of
amoxicillin sodium (Amocla; Kunil Pharm, Seoul, Korea)
1 g was administered one hour before surgery.

Local anesthesia was administered via a posterior
superior alveolar nerve block using 2% lidocaine contain-
ing 1:100,000 epinephrine. The alveolar crest and the lat-
eral wall of the maxillary sinus were uncovered by full-
thickness mucoperiosteal flap reflection. To create the
lateral window, a piezoelectric device (Surgybone;
Silfradent, Sofia, Italy) equipped with a thin saw tip (S-
Saw; Bukboo Dental, Daegu, Korea) was used under con-
tinuous saline irrigation (Figure 1A, 1B). The anterior
vertical osteotomy line was positioned 3 mm posterior to
the anterior sinus wall, while the distal osteotomy line
was created approximately 15 mm posterior to the ante-
rior vertical line. The vertical osteotomy height measured
around 10 mm.

The osteotomy design consisted of anterior and infe-
rior cuts angled at 45° to the lateral sinus wall, whereas
the superior and posterior osteotomies were made perpen-
dicular to the lateral wall. This trapezoidal configuration
facilitates repositioning the bony window to its original
location after surgery (Figure 1C). The bony window was
carefully seperated from the maxillary sinus wall. The ex-
posed Schneiderian membrane was then gently elevated
using a flat sinus lift instrument (Figure 1D). The sinus
membrane was continuously lifted until the medial and
posterior walls of the maxillary sinus were exposed, after
which implant placement was performed simultaneously
(Figure 1E).

The prepared demineralized autogenous tooth block
bone was applied to the space between the apex of the
placed implant and the elevated Schneiderian membrane.
This helps maintain the Schneiderian membrane eleva-
tion (Figure 1F). The bony window, once detached from
the sinus wall, was repositioned to its original location.
The process helps prevent soft tissue infiltration into the
sinus space and promotes new bone formation (Figure
1G). Polytetrafluoroethylene sutures (Cytoplast; Osteo-
genics Biomedical, Lubbock, TX) were used to suture the
flaps with a combination of continuous locking and inter-
rupted suturing techniques to ensure passive primary clo-
sure (Figure 1H).

Postoperative instructions included avoiding nose
blowing for two weeks and preventing forceful sneezing
or coughing with a closed mouth. Antibiotic prophylaxis
continued for one week postoperatively, and sutures were
removed two weeks after surgery.

After surgery, panoramic radiographs and dental cone
beam computed tomography (CBCT) scans were taken
to assess the surgical procedure. A healing period of 6 to
8 months was observed for osseointegration before the
second-stage procedure. Prior to this phase, additional
CBCT scans were performed (Figure 2).

Author, et al

Biomaterials Connect


https://doi.org/10.x/journal.x.x.x

2025, Vol. 2, Issue 1
doi:10.x/journal.x.x.x

& sCIFINITI

Figure 1: Intraoral photograph of subject number 4:
(A) Intraoral photograph of edentulous site (14~#17).

(B) Exposure of maxillary sinus by using piezoelectric
saw.

(C) Osteotomy of replaceable bony window.

(D) Elevation of the Schneiderian membrane.

(E) Placement of dental implants after sinus lift.

(F) Insertion of the demineralized tooth block bone.
(G) Reposition of the bony window.

(H) Suturing of the surgical site.

Figure 2: Cone-beam computed tomography of subject
number 4:

(A) Pre-operative CBCT of #16 area.
(B) Post-operative CBCT of #16i.
(C) CBCT on re-entry surgery of #16i.

3. Results

3.1. Clinical results

A total of 18 patients (11 males and 7 females) with a
mean age of 53.7 years participated in this study, and all
patients attended follow-up visits without any dropouts.
Sinus augmentation was performed bilaterally in one pa-
tient and unilaterally in 17 patients, resulting in a total of
19 Schneiderian membrane elevation procedures and 25
implant placements.

During the follow-up period, except for the swell-
ing at the surgical site in the early postoperative period,
no significant complications occurred. Additionally,
none of the patients exhibited an infection or sinus-re-
lated disease.

Schneiderian membrane perforations, each measur-
ing less than 3 mm, were encountered in three cases dur-
ing the sinus lift. These perforations were successfully
managed using absorbable collagen material (CollaTape;
Zimmer Dental, Carlsbad, CA). The overall implant sur-
vival rate was 100%, with no instances of implant mo-
bility throughout the study. These findings suggest that
minor Schneiderian membrane perforations had no ad-
verse impact on clinical outcomes.
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3.2. Radiographic results

Radiographic evaluation in this study consistently
demonstrated a significant increase in alveolar bone
height and stable new bone formation around implants
following sinus augmentation with demineralized autog-
enous tooth block bone (Figure 3). Notably, the newly
formed bone maintained its height and density during the
follow-up period, with no evidence of marginal bone loss
or sinus pathology on panoramic and CBCT images.
These findings suggest that the tooth block graft provided
effective space maintenance and osteoconductive sup-
port, likely due to its physical stability and biological
compatibility.

Importantly, the data revealed a positive correlation
between the extent of Schneiderian membrane elevation
and the amount of new bone formation, while preopera-
tive bone height and sinus width did not significantly af-
fect bone gain (Figure 4), (Table 1). This indicates that,
within the study’s parameters, the success of bone regen-
eration was more closely related to the surgical elevation
achieved than to initial anatomical limitations. The ab-
sence of radiographic complications such as sinusitis or
graft resorption further supports the safety and predicta-
bility of this approach. These radiographic outcomes are
in line with previous studies, which have shown that au-
togenous tooth-derived grafts can provide both structural
support and biological stimulation for bone regeneration.

Figur 3: Panoramic radiograph of subject number 4:
(A) Pre-operative Panorama

(B) Post-operative Panorama

(C) 1-year follow up Panorama

(D) 1.5-year follow up Panorama
(E) 4-year follow up Panorama
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Figure 4: Correlation between the amount of membrane
elevation and increment of bone height.
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Table I: Radiographic assessment about maxillary sinus and alveolar crest.

Subject | Sex/Age | Region | Schneiderian | Pre-operative | Amount of membrane Increment of
membrane bone height elevation (mm) bone height
perforation (mm) (mm)

1 M/50 #16 No 5 18 9

M/46 #26 No 3 17 10

3 F/50 #27 No 5 16 9

#14 No 5 15 10

#15 No 3 18 13

4 M/a6 #16 No 5 14 9

#17 No 5 16 8

#26 No 4 16 11

> M/39 #27 No 4 16 8

6 F/57 #26 No 6 18 14

7 F/52 #17 Yes 2 16 13

8 F/52 #27 No 2 19 16

9 M/65 #16 Yes 2 16 12

#16 No 3 23 17

10 M/30 #26 No 3 20 19

#26 No 3 19 17

1 F/s8 #27 No 2 18 14

12 F/47 #27 No 4 16 11
13 M/64 #16 No 5 14

14 M/75 #26 No 4 12 8

15 F/54 #16 No 1 22 17

16 M/45 #17 No 5 17 15

#26 No 6 10 9

17 M52 #27 No 6 11 10

18 M/45 #27 No 3 12 11

4. Discussion

In areas with a thin maxillary alveolar ridge, it is im-
portant to perform simultaneous sinus augmentation and
implant placement during implant surgery. This approach
helps maintain a stable graft volume, reduces the number
of surgical procedures, shortens the overall healing pe-
riod, and minimizes treatment costs [22].

The conventional lateral approach for sinus augmen-
tation utilizes powder-type graft materials derived from
various bone sources. This method allows direct access to
the sinus floor and is known for its predictability and sim-
plicity [23]. However, it requires a large volume of graft
material, and carries a risk of sinusitis if the graft particles
penetrate the Schneiderian membrane due to membrane

perforation [24].

There have been several studies reporting successful
sinus augmentation using only PRP and peripheral blood
without the use of bone graft materials. Moon et al. per-
formed lateral sinus augmentation without any bone graft
materials, using only peripheral venous blood in 14 pa-
tients [25]. As a result, 2 out of 31 implants failed, show-
ing an implant success rate of 93.5%. The failed cases
were also associated with poor primary stability or imme-
diate placement after extraction [25]. Therefore, the ef-
fectiveness of peripheral venous blood was demonstrated.

There has been other study in which sinus augmen-
tation was performed using only blood clots without any
graft material. In one histomorphometric study of the sta-
bility of newly formed bone after elevation of the floor of
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the maxillary sinus, there was some newly formed lamel-
lar bone embedded in fatty tissue after 10 weeks [26]. The
augmented height and area decreased significantly from
2 to 6 weeks [26]. This result might be due to the positive
air pressure within the sinus cavity, which promotes sinus
pneumatization. The blood clots alone may not withstand
this pressure, leading to rapid resorption.

To minimize the risk of graft resorption caused by
air pressure, bone graft materials were utilized for sinus
augmentation. For a certain period following the proce-
dure, the augmented bone height remained stable [27].
This observation suggests that xenograft particles can
withstand air pressure, which is known to trigger osteo-
clastic bone resorption [28]. However, clinical biopsy re-
sults indicate that xenogenous graft material exhibits slow
resorption or may even remain non-resorbable for up to
six years [28]. Since non-resorbable grafts do not trans-
form into new bone, they may not integrate functionally
with the surrounding bone tissue [29].

This study aimed to explore an alternative to con-
ventional sinus augmentation methods, addressing their
inherent limitations. We investigated the use of a patient’s
extracted tooth as a grafting material for sinus augmenta-
tion. Since the extracted tooth serves as an autogenous
graft, it eliminates the risk of donor site complications. To
achieve this, the extracted tooth was processed into a de-
mineralized autogenous tooth block.

This technique required a smaller volume of graft
material compared to traditional methods. In fact, a single
posterior molar was sufficient for one sinus augmenta-
tion. Also, it can simplify the implant surgery, as only a
single block needed to be placed in the sinus. Further-
more, utilizing the patient’s own extracted tooth signifi-
cantly reduced costs compared to commercially available
graft materials [20]. Additionally, our findings indicate
that the demineralized autogenous tooth block effectively
maintained the augmented space by withstanding air pres-
sure of maxillary sinus [30].

The ideal properties of sinus graft materials should
ensure biological safety, promote osteoinduction, and
provide space maintenance [31]. Demineralized autoge-
nous tooth block bone has been shown to effectively pre-
serve space, thereby preventing pneumatization. Addi-
tionally, there have been several reports that demineral-
ized autogenous tooth bone stimulates osteogenesis
[32,33]. This osteogenic potential is attributed to the pres-
ence of various growth factors, including transforming
growth factor-beta (TGF-B), fibroblast growth factor
(FGF), bone morphogenetic proteins (BMPs), platelet-de-
rived growth factor (PDGF), and epidermal growth factor
(EGF) [34].

Many dentists, when performing a sinus lift using
the lateral approach, grind the lateral wall of the maxillary
sinus to expose the Schneiderian membrane [35]. In such
cases, after surgery, the area should be covered with an
additional membrane to prevent soft tissue from growing

into the maxillary sinus [35]. In contrast, in this study, a
precise osteotomy technique was applied to a lateral wall
of the maxillary sinus and the bony window was com-
pletely detached. Therefore, the bony window could be
repositioned after the sinus surgery.

Through this procedure, the intrusion of soft tissue
into the maxillary sinus was prevented, and the bony win-
dow acted as an osteoinductive scaffold, promoting new
bone formation within the sinus [36]. Additionally, it
eliminated the need for membranes, reducing both mate-
rial costs and surgical time required for membrane stabi-
lization [36].

A precise osteotomy is crucial for repositioning the
bony window accurately. In this study, the use of a piezo-
electric device facilitated the surgical procedure. First, the
thin saw tip enabled a precise osteotomy of the sinus lat-
eral wall, and it also allowed for easy repositioning of the
bony window after the surgery. In addition, this device
offers several benefits, including enhanced new bone for-
mation, improved visibility of the surgical site, precise
bone cutting, and effective soft tissue protection, which
helps prevent arterial damage [37].

This study had two main limitations. First, the retro-
spective design with a relatively small sample size limits
the generalizability of the findings. Second, there was no
direct comparison with other graft materials, making it
difficult to determine whether demineralized autogenous
tooth block bone is superior to alternative options. Future
prospective studies with larger cohorts and direct compar-
isons to other graft materials are needed to validate and
expand upon these findings.

5. Conclusions

Based on clinical and radiographic findings, this ret-
rospective study demonstrates that sinus bone grafting
can be successfully achieved using only a single piece of
demineralized autogenous tooth block bone.

In this study, all 18 patients (25 implants) achieved
a 100% implant survival rate during the follow-up period,
with no cases of implant mobility or failure. No signifi-
cant postoperative complications, infections, or sinus-re-
lated diseases were observed, even in cases with minor
Schneiderian membrane perforation. Radiographically, a
significant increase in alveolar bone height and consistent
new bone formation around the implants were observed
in all cases. Furthermore, the extent of Schneiderian
membrane elevation showed a positive correlation with
new bone formation, while preoperative bone height and
sinus width did not significantly affect the outcome.

The findings clearly indicate that demineralized au-
togenous tooth block bone contributes to a favorable
prognosis in sinus augmentation. Therefore, this tech-
nique offers significant benefits for both patients and cli-
nicians, providing a biologically safe and cost-effective
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alternative to conventional grafting methods.
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