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Abstract

Introduction: Teeth intended for use as autogenous augmentative material may carry
microbiological contamination, which can compromise the safety of regenerative proce-
dures in the oral cavity. Therefore, effective disinfection protocols are crucial to ensure
the microbiological purity of dentin-derived graft materials. Objective: This study aimed
to evaluate the effectiveness of a 30% alkaline ethanol solution containing 0.5 M sodium
hydroxide in eliminating microorganisms from dentin material intended for autogenous
augmentation. Materials and Methods: The study included 44 extracted teeth that were
processed using the Smart Dentin Grinder procedure. The presence of microorganisms
was analysed using standard microbiological methods before and after treatment with
the disinfectant solution. Additionally, the potential association between tooth eruption
status and the effectiveness of the disinfection process was evaluated using Fisher’s exact
test, with odds ratios calculated using the Haldane-Anscombe correction to address zero
cell counts. Results: Processing dentin in a 30% alkaline ethyl alcohol solution containing
0.5 M sodium hydroxide is an effective method for eliminating microorganisms, thereby
rendering the material completely microbiologically pure. Conclusions: The dentine pro-
cessing procedure used appears to ensure the production of autogenous material free from
microbiological contamination, indicating its potential safety in clinical applications.

Keywords: autogenous augmentation; dentin; microbial contamination; autografts;
disinfection; dental materials

1. Introduction

Tooth extraction is a standard dental and maxillofacial surgical procedure, usually
necessary due to advanced tooth decay, gum disease, periapical inflammation, mechanical
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trauma, or overcrowding, particularly in the case of wisdom teeth [1-7]. Following tooth
extraction, the alveolar socket often requires augmentation with a bone substitute to enable
proper tissue regeneration before planned implantation. Various materials can be used for
this purpose, including autogenous, allogeneic, xenogeneic, and alloplastic materials [8].

The first attempts to use dental material for reconstructing bone defects were made
in 1967. Over the following years, the importance of biomaterials obtained from teeth
increased, and they were analysed more frequently in scientific research. This led to the
development of the method and the first use of demineralised dental material in allogeneic
transplantation in humans in 1975. Then, in 2003, an autogenous transplantation procedure
was performed. In 2015, a freshly demineralised tooth was probably used for the first
time as material for autogenous transplantation [9-13]. Many technological solutions and
devices for grinding and processing teeth have been developed over the years, enabling
them to be used as an autogenous bone substitute [14-18]. One such device is the Smart
Dentin Grinder®, manufactured by KometaBio Inc., Cresskill, NJ, USA.

Autogenous processed dentin (autogenous dentin/tooth graft) is increasingly being
used in alveolar ridge reconstruction, particularly in procedures such as socket preservation
following tooth extraction or bone augmentation before implant placement. In a prospective
clinical study, Kim et al. [19] used autogenous tooth bone graft material (AutoBT), made
from crushed dentin, to fill post-extraction sockets in 15 patients. This allowed for implant
stabilisation and minimised bone loss at the 22.5-month follow-up. A randomised clinical
trial comparing autogenous whole tooth grafts (AWTG) and autogenous demineralised
dental grafts (ADDG) also observed bone regeneration without signs of inflammation and
found that the newly formed bone integrated with the graft [20]. In turn, the studies by
Alramli et al. [21] involved sinus lift augmentation using dentin matrix combined with PRF
(platelet-rich fibrin). CBCT imaging and histomorphological studies showed the formation
of new bone surrounding the processed dentin particles. Pogorzelska et al. [22] presented a
case study of a 42-year-old female patient for whom autogenous dentin material, prepared
from her ground tooth 18 using a Smart Dentin Grinder device, was used to raise the
floor of the maxillary sinus. Following a two-year observation period, the implant in
the area of tooth 16 was found to be stable, with no resorption or adverse radiological
changes observed at the graft site. Another clinical report used demineralised dentin
from a deciduous tooth to regenerate and preserve the alveolar socket. After two years of
observation, normal mineralisation and integration with the bone were observed [23]. A
meta-analysis by Mahardawi et al. [24] indicates that autogenous dentin grafting is effective
in preserving ridge width after tooth extraction, making it an attractive option in alveolar
ridge surgery. Processed dentine therefore combines the advantages of osteoinduction and
osteoconduction while using autologous material, reducing the immunological risk and
eliminating the need to harvest bone from other sites.

The KometaBio Inc. protocol for obtaining autogenous dental material begins with the
proper preparation of a previously extracted tooth. This involves removing fillings and pros-
thetic restorations and cleaning the periodontal ligament surface to remove any remnants,
deposits, and tartar. Additionally, discoloured dentin and carious tissue must be removed.
Once prepared, the tooth can be processed in the Smart Dentin Grinder®, which involves
grinding and sieving through a set of vibrating sieves of varying diameters and takes
approximately 20 s. The resulting granulate consists of grains sized 300-1200 micrometres.
To minimise material loss, this process is repeated several times. To eliminate bacteria
and their toxins, the obtained granules are treated with an alkaline ethyl alcohol solution
containing 30% 0.5 M sodium hydroxide. Next, the material is washed twice with sterile
phosphate-buffered saline. The final, optional stage involves thermal treatment of the
material by roasting it at 140 °C using an electric hot plate. The dry material obtained in
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this way can be used for auto-transplantation. Demineralised dentin can be utilised for
post-extraction socket augmentation, maxillary sinus floor elevation, and periodontal tissue
regeneration [16,25].

In vitro studies of the Dentin Cleanser™ action and its main ingredients—sodium hy-
droxide and ethanol—indicate that these substances exhibit clear antimicrobial properties
against certain oral bacteria. The 0.5 M NaOH solution containing 20% ethanol—the standard
composition of Dentin Cleanser™—effectively inhibits the growth of periodontopathogenic
and endodontic bacteria such as Porphyromonas gingivalis and Enterococcus faecalis. This has
been demonstrated by the diffusion method in a study by Calvo-Guirado et al. [26], among
others. In contrast, PBS lacks bactericidal properties and serves only as a neutral buffer in
culture models. Kommerein et al. [27] showed the effectiveness of ethanol solutions in vari-
ous dilutions (REPHA-OS® containing 69% ethanol or analytical ethanol solution (69%)),
indicating that its effect on oral biofilms depends on concentration: low concentrations only
cause a stress response in bacteria, while higher concentrations destroy biofilm structures.
On the other hand, NaOH is a strong base that alters the pH, making the environment
unfavourable for the survival of many bacterial species. However, its effect on complex
oral biofilms has not yet been comprehensively studied [28]. These analyses suggest that,
while the main components of Dentin Cleanser™ exhibit antimicrobial activity, extensive re-
search evaluating their effect on the multi-species microflora of the oral cavity and biofilms
characteristic of clinical conditions is lacking.

The normal range of permanent teeth in young adults is 28-32 [29-36]. Third molars of-
ten lack sufficient space to erupt fully. Due to their position and the limited available space,
they usually become impacted or cause dental problems requiring their removal [5,7,37-39].
A completely impacted tooth is fully embedded in the jawbone and has not broken through
the gum, meaning it has no contact with the bacteria present in the mouth or the heavy
metals that may be found in food, water, or the air we breathe in. On the other hand, a
partially impacted tooth has broken through the gum but is blocked or unable to erupt
fully. Their difficult-to-clean position makes partially impacted teeth more susceptible to
infection and decay, as it is impossible to maintain proper hygiene, thereby contributing
to bacterial accumulation. Furthermore, a partially impacted tooth is in contact with the
external environment, which can lead to contamination by heavy metals [40-46].

The oral microbiota of a healthy person consists of a complex community of microor-
ganisms that naturally colonise various surfaces in the mouth, including the tongue, gums,
teeth, tonsils, palate, and inner cheeks. This ecosystem consists mainly of bacteria, but also
includes fungi, viruses, and archaea. The genera Bifidobacterium, Lactobacillus, Peptococcus,
Fusobacterium, Staphylococcus, and Streptococcus naturally occur in the oral cavity. Maintain-
ing the biological balance of the microbiota supports carbohydrate digestion and protects
the body [47-53]. However, some of these microorganisms can become etiological factors in
infection when they enter the post-extraction wound. Therefore, materials used for alveolar
ridge regeneration must be free of pathogens.

The Purpose of the Study

This study aimed to evaluate the effectiveness of a 30% alkaline ethanol solution
containing 0.5 M sodium hydroxide in eliminating microorganisms from dentin material
intended for autogenous augmentation.

2. Materials and Methods

Before commencing the study, approval was obtained from the Bioethics Committee
of the Medical University of Wroclaw (No. 278/2019). The research material was received
at the end of 2019 /beginning of 2020 from the Independent Public Healthcare Centre of
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the Ministry of Internal Affairs and Administration in Szczecin. All participants were
informed of the study’s purpose before providing informed consent for the use of their
extracted tooth.

2.1. Research Material

The research material consisted of 44 third molars from 44 patients aged 1647 who
underwent surgical extraction. The extraction of completely impacted teeth was performed
without separating them. Half of the teeth were partially affected, and the other half were
completely impacted.

2.2. Preparation of the Research Material

All extracted teeth were processed using a single standardised protocol. Only teeth
without any signs of carious lesions were included in the study; specimens presenting even
minimal initial caries were excluded from further preparation.

Each tooth was treated as a separate sample. After extraction, the teeth were stored at
—380 °C for one month before processing. Each sample was then placed in the chamber of
a KometaBio Smart Dentin Grinder (KometaBio Inc., Cresskill, NJ, USA) and processed
according to the manufacturer’s instructions (see Figures 1 and 2).

Figure 1. The tooth grinding process (duration: 30 s).

The material obtained was divided into two samples: a control and a research sample.
The test samples were flooded with the KometaBio Dentin Cleanser solution (KometaBio
Inc., Cresskill, NJ, USA) included in the kit for 10 min to moisten and cover all the ma-
terial resulting from grinding and sorting the tooth. After 10 min, any excess solution
was drained off using sterile gauze pads. Next, the dentin material was flooded with
a dedicated Dulbecco’s Phosphate-Buffered Saline KometaBio solution (KometaBio Inc.,
Cresskill, NJ, USA) for 3 min. As in the previous step, the excess fluid was absorbed using
sterile gauze pads.

https:/ /doi.org/10.3390/app16010238


https://doi.org/10.3390/app16010238

Appl. Sci. 2026, 16,238

5o0f 14

Figure 2. Material sorting process (duration: 10 s).

2.3. Microbiological Evaluation

Both the control and test samples were transferred to 10 mL of liquid thioglycollate
broth (Biomaxima, Lublin, Poland). The samples were incubated at 37 °C for 10 days, with
microorganism growth monitored every 24 h.

After incubation, the solid media were inoculated to identify the anaerobic and aerobic
bacteria present. Schaedler agar containing 5% sheep blood (BD, Heidelberg, Germany) was
used for anaerobic bacteria (37 °C, 48 h in the presence of the GENbag atmosphere generator,
anaer (Biomereiux, Marcy-l’Etoile, France)), and Columbia agar (BD, Heidelberg, Germany)
for aerobic bacteria (37 °C, 48 h). Isolated colonies from Schaedler agar (incubated anaerobi-
cally) were transferred onto two sets of plates: one set incubated aerobically and the other
anaerobically. Growth observed in both environments confirmed that the microorganism
was a facultative anaerobe.

The analysis performed focused solely on the qualitative aspect (presence or absence
of bacteria).

The cultured microorganisms were isolated and grouped based on colony morphology
and Gram staining (Chempur, Piekary Slaskie, Poland).

2.4. Statistical Analysis

The obtained data were analysed statistically using Fisher’s exact test due to small
sample sizes. The strength of the association between sample type (control vs. research)
and the presence of bacteria, analysed separately for wholly and partially impacted
teeth, was expressed as an odds ratio (OR). To allow OR estimation in the presence
of a zero cell, the Haldane—Anscombe correction was applied before calculating the
OR and its confidence interval. Statistical analysis was performed using Statistica 13
(StatSoft, Krakow, Poland) software.

3. Results

The results of microbiological cultures showed that all microorganisms belonged to
the group of facultative anaerobes. Bacterial cultures were obtained from all 22 partially
retained teeth samples that had not been disinfected (control samples), indicating microbio-
logical contamination in each case (see Table 1).
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Table 1. Microbiological analysis of samples from partially retained teeth.

No. . . . .
of Sample Sample Type Microbiological Analysis
1 * control 1A: Gram+ cocci
** research 1B: Gram+ cocci
2 control 2A1: Gram+ cocci 2A2: Gram+ cocci 2A3: Gram+ rods
research 2B1: Gram+ cocci 2B2: Gram+ cocci -
3 control 3A.l : gram+ Gy 3A2: Gram+ cocci
stringing together
research - 3B2: Gram+ cocci
4 control 4A1: Gram+ cocci
research -
5 control 5A1: Gram+ cocci
research 5B1: Gram+ cocci
6 control 6A1: Gram+ cocci
research -
7 control 7A1: Gram+ cocci 7A2: Gram+ rods ek Qram+ cocct
forming clusters
research - 7B2: Gram+ rods -
8A1: Gram+ cocci, 8A2: Gram+ cocci,
8 control L :
stringing together forming clusters
8B2: Gram+ cocci,
research - -
forming clusters
9A1: Gram+ cocci,
9 control .
forming clusters
research -
10 control 10A1: Gram- rods
research 10B1: Gram- rods
11 control 11A1: Gram+ rods 11fA2: Gram+ coecl,
orming clusters
11B2: Gram+ cocci,
research - .
forming clusters
12 control 12A1: Qram+ cocal, 12A2: Gram+ cocci
forming clusters
12B1: Gram+ cocci,
research X -
forming clusters
13A1: Gram+ cocci,
13 control ..
stringing together
research -
14 control 14A1: Gram+ cocci
research 14B1: Gram+ cocci
15 control 15A1: Gram+ cocci 15A.2: Gram+ cocey,
stringing together
research 15B1: Gram+ cocci 158.2: Qram+ coccl,
stringing together
16 control 16A1: Gram+ cocci 16A2: Gram+ rods 16A3: Qram+ coca
forming clusters
research 16B1: Gram+ cocci - 16B3: Cram+ cocal
forming clusters
17 control 17A1: Gram+ rods 17A2: Gram+ cocci
research - -
18 control 18A1: Gram+ cocci
research -
19 control 19A1: Gram- rods 19A2: Gram+ cocci
research - 19B2: Gram+ cocci
20 control 20A1: yeast 20A2: Gram+ rods
research - -
21 control 21A1: Gram+ cocci 21A2: Gram+ cocci
research 21B1: Gram+ cocci -
22A1: Gram+ cocci,
22 control ..
stringing together
research -

* control—sample without disinfection, ** test—sample after disinfection, green indicates complete reduction in
microorganisms after using Dentin Cleanser.

Of the 22 samples of completely impacted teeth that had not undergone disinfection,
bacterial growth was found in 17, indicating a high level of microorganisms (Table 2).
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Table 2. Microbiological analysis of samples from completely impacted teeth.

No. . . . .
of Sample Sample Type Microbiological Analysis
1 * control 23A1: Gram+ cocci 23A2: Gram+ cocci
** research - -
9 control 24A1: Gram+ cocci
research =
25A: Gram+ cocci
control L
3 stringing together
research -
26A1: Gram+ cocci,
control o
4 stringing together
research =
control -
5
research -
6 control 28A1: Gram+ cocci
research -
29A1: Gram+ cocci,
control T
7 stringing together
research =
8 control 30A1: Gram+ cocci
research =
9 control 31A1: Gram+ cocci
research -
control 32A1: Gram+ cocci
10
research =
control -
11
research -
control -
12
research -
35A1: Gram+ cocci,
control .
13 forming clusters
research 35B1: Gram+ cocci
control 36A1: Gram+ cocci
14
research =
control - -
15
research - _
control
16
research -
control 39A1: Gram+ rods
17
research -
control 40A1: Gram+ cocci 4OA.2: Qram+ Ry
18 stringing together
research - -
41A1: Gram+ cocci,
control .
19 forming clusters
research =
42A1: Gram+ cocci,
control .
20 forming clusters
research -
43A1: Gram+ cocci,
control ..
21 stringing together
research =
control 44A1: cocci
22
research =

* control—sample without disinfection, ** test—sample after disinfection, green indicates complete reduction in

microorganisms after using Dentin Cleanser.
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Statistical analysis revealed a significant difference in the presence of microorganisms
in the samples before and after processing. Taking tooth eruption status into account,
processing was less effective in partially impacted samples than in completely impacted
ones. No microbial growth was observed in any of the samples from completely impacted
teeth. In partially impacted samples, no microorganism growth occurred in 8 of 22 cases
(approximately 36.4%; see Table 3).

Table 3. Effect of dentin processing on the presence of microorganisms.

Presence of Bacteria in
The Process of

the Sample
Tooth Eruption Sample Type P Total P OR
Present Absent

control 22 0 22
Partially retained research 14 8 22 0.002 26.4

Total 36 8 44

control 17 5 22

Completely

impacted research 0 22 22 <0.001 1432

Total 17 27 44

The disinfection procedure was fully effective for completely impacted teeth, whereas
for partially retained teeth, results varied (Table 4).

Table 4. Effectiveness of disinfection procedures depending on the condition of tooth retention.

The Process of Presence of Bacteria in the Sample Total p OR
Tooth Eruption Present Absent
Partially retained 14 8 22 <0.001 770
Completely impacted 0 22

4. Discussion

In recent decades, significant advances in regenerative medicine, particularly in den-
tistry, have been made. The occurrence of numerous bone defects resulting from trauma
and disease poses an essential challenge in clinical practice, emphasising the importance of
materials that facilitate bone regeneration [54].

Of the various materials available, autologous bone grafting (i.e., autotransplantation,
involving the transportation of bone or tooth tissue from one site to another within the
same patient) is widely accepted due to its osteoregenerative properties [55].

Using infected autogenous dentin material for bone augmentation is associated with a
high risk of surgical and biological complications [56]. The presence of bacterial biofilms
on the graft can lead to persistent inflammation, impaired healing, and the development
of abscesses or fistulas. This is due to bacteria embedded in biofilms being resistant to
antibiotics and to the host’s immune response [57,58]. Furthermore, infected material
can disrupt the balance between bone resorption and formation, resulting in decreased
osteoconduction and potential loss of osteogenic properties. This is evident from the
observation that even minor contamination can negatively impact osteoblast activity [59].
Consequently, graft integration with the bone may be delayed or prevented entirely, thereby
increasing the risk of material removal. In cases of augmentation in preparation for implant
placement, infected dentin can further increase the risk of early infection and subsequent
peri-implantitis [60]. Insufficient graft sterility may also lead to soft tissue dehiscence and
material exposure, worsening the prognosis and complicating surgical treatment [61].
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When transplanting processed dentin material, it is essential that the material is
decontaminated and acts as an osteoconductive scaffold. This scaffold should provide a
mineral substrate during resorption, stimulate osteoinductive cell activity to generate new
bone, and release growth factors, such as bone morphogenetic proteins (BMPs). BMPs
play a vital part in converting undifferentiated mesenchymal cells into osteogenic cells
(osteoblasts) [54].

An important issue is the impact of sterilisation methods on the preservation of den-
tine’s biologically active components. Although decontamination procedures are necessary
to eliminate microorganisms, they may also lead to partial degradation of extracellular
matrix proteins, including growth factors responsible for osteoinduction. High-temperature
sterilisation methods, such as autoclaving and heat treatment, effectively ensure material
sterility but are associated with protein denaturation and reduced BMP activity, which may
limit the regenerative potential of the graft [62]. In contrast, chemical and low-temperature
methods are considered gentler, allowing for the preservation of a greater amount of den-
tine bioactive components [63-65]. Studies indicate that appropriately selected chemical
decontamination protocols enable effective microbial elimination while maintaining the
material’s ability to release BMP-2 and induce an osteogenic response, which is crucial for
successful bone augmentation [66].

Teeth are made up of four types of inorganic calcium phosphate material: hydroxyap-
atite, tricalcium phosphate, amorphous calcium phosphate, and octacalcium phosphate.
These materials are known to have osteoconductive properties, making them biocompatible
for bone grafting. The organic matrix of dentin is dominated by a fibrous network of type
I collagen, accounting for 90% of its composition. The remaining 10% consists of non-
collagenous proteins, such as osteocalcin, osteonectin, sialoprotein, and phosphoprotein,
which play a role in bone calcification and growth. These growth factors include bone
morphogenetic proteins (BMPs), LIM 1 mineralisation protein, and insulin-like growth
factors. These properties give teeth osteoinductive capabilities [67].

Our research has demonstrated the high effectiveness of dentin processing using
a 30% alkaline ethyl alcohol solution containing 0.5 M sodium hydroxide in eliminat-
ing microorganisms. This confirms its usefulness as an autogenous material for bone
tissue regeneration. Other researchers have obtained similar results. For example,
Calvo-Guirado et al. (2021) demonstrated that using both dentin cleanser (a 30% alkaline
ethyl alcohol solution containing 0.5 M sodium hydroxide) and EDTA (ethylenediaminete-
traacetic acid) inhibits the growth of bacteria such as Escherichia coli, Enterococcus faecalis, and
Porphyromonas gingivalis [26]. Furthermore, Khanijou et al. and Dlucik et al. demonstrated
that there was no bacterial growth 10 min after application of the solution [14,68].

However, Kubaszek et al. [69] demonstrated the presence of Staphylococcus epidermidis,
Streptococcus sanguinis, and Blautia producta in material treated with a 30% alkaline solution
of ethyl alcohol containing 0.5 M sodium hydroxide for 10 min. It should be noted,
however, that the protocol’s effectiveness may vary depending on the stage of tooth
eruption. Kubaszek et al. [69] did not specify whether the teeth were entirely or partially
impacted, but the presence of bacteria after disinfection may suggest partial retention. This
is consistent with microorganisms’ tendency to form biofilms, known as dental plaque,
which adhere tightly to the complex structures of partially impacted teeth. Numerous
studies have shown that microorganisms living in biofilms exhibit increased tolerance to
antiseptics compared to their free-living (planktonic) counterparts [70-73].

Complete sterility is not always achieved in partially impacted teeth, underscoring
the need for further in vitro and in situ research to confirm the safety of dentin materials
under various clinical conditions.
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The microbiological purity of processed dentin is a key factor in the safety and effec-
tiveness of autogenous grafts. Studies show that the mechanical grinding process itself, as
well as the use of dentin cleanser and Dulbecco’s Phosphate-Buffered Saline (PBS) solutions
in dentin processing, do not ensure sterility in an analysis by Wojtowicz et al. [74], for
example, only a small percentage of samples were completely free of microorganisms, and
the bacteria detected mainly originated from the natural microflora of the patient’s oral
cavity [75]. Mahajan et al. [76] confirmed that various sterilisation protocols, including
chemical and thermal ones, effectively eliminate microorganisms. However, they may
differ in their impact on the osteogenic properties of the graft by altering BMP-2 (bone mor-
phogenetic protein-2) levels, a key protein that induces bone formation. Pelozo et al. [77]
reported that autoclaving is highly effective microbiologically, but it can alter dentine’s
physical properties, including reducing its microhardness. In practice, this means that,
while the tissue may be sterile, its structure could be less conducive to the stability and
integrity of the biomaterial. The technological process of dentine processing requires careful
consideration of the chosen decontamination method. The study of Minetti et al. [78] and
a systematic review by Inchingolo et al. [79] confirm that properly cleaned and deminer-
alised dentine is safe and promotes bone regeneration. Furthermore, Kubaszek et al. [69]
demonstrated that appropriately prepared autogenous dentin matrix does not introduce
new pathogens. This microflora is similar to the patient’s, potentially reducing the risk
of immune reactions. These findings suggest that ensuring the microbiological purity of
autogenous dentin material hinges not on grinding alone, but on a rigorous, standardised
protocol for decontaminating and processing dentin.

When properly processed and microbiologically clean, autogenous dentin material
used in alveolar bone augmentation has a wide range of clinical applications. As an
autogenous material, it eliminates the risk of immune reactions. It can be used in guided
tissue regeneration, alveolar volume preservation, alveolar ridge augmentation, maxillary
sinus bone grafts, and reconstructions following tumour resection or cyst enucleation. It
can also be used in other procedures requiring bone tissue reconstruction [80].

Certain limitations of this study should be taken into account, including the absence
of data for primary Dental Hygiene in patients from whom the teeth were obtained for the
survey. The microbiological assessment was limited to the detection of microorganisms,
without quantitative analysis or species-level identification. Furthermore, the relatively
small sample size reflects the study’s preliminary nature. Future studies should include
a larger study group, as well as quantitative assessment and species-level identification
of bacterial isolates, to more comprehensively evaluate the effectiveness of the dentin
disinfection protocol.

5. Conclusions

Using a 30% ethyl alcohol solution containing 0.5 M sodium hydroxide enables the
complete removal of microorganisms from dentin in cases of complete impaction, making
the solution a microbiologically safe bone substitute. For partially impacted teeth, the
disinfection protocol significantly reduces the presence of microorganisms, though it does
not guarantee complete sterility.

Future studies should also consider the stage of mechanical biofilm removal, for
example, by using a sterile swab or brush on the tooth surface during dentin preparation, as
this may further reduce the number of microorganisms in material obtained from partially
retained teeth.
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