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Abstract

The aim of this article is to analyze bone regeneration using semi-demineralized autologous dentin as
graft material in patients requiring alveolar preservation after dental extraction. Previous studies have
demonstrated that dentin, due to its similarity to bone, can be an effective biomaterial for bone regeneration.
The study was conducted on 11 patients, whose alveoli were preserved using semi-demineralized dentin,
followed by implant placement after 6 months. Implant stability was assessed with the Ostell device, using
ISQ values. The results revealed a significant increase in bone density after 6 months of regeneration and
adequate implant stability (70 ISQ). Histological evaluations confirmed the formation of new bone tissue and
the progressive resorption of the semi-demineralized dentin graft.
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Introduction

With the introduction of the concept of prosthetically guided implantology, merely achieving osseointegration is
no longer sufficient to consider a treatment successful. The correct placement of the implant should replicate the
natural position of the extracted tooth’s root within its alveolus. However, in most cases, the alveoli have undergone
a bone resorption process, requiring the selection of an alternative location. This deviation compromises not
only masticatory function but also other key factors, such as the three-dimensional orientation of the implant,
the esthetics of the emergence profile, and the presence of cantilevers [1]. These situations often necessitate
the design of more complex prostheses, which may result in a lack of structural passivity, leading to adverse
outcomes such as prosthetic fractures or peri-implant bone resorption. Moreover, deviating from the alveolar
bone increases the risk of inadvertently invading sensitive anatomical structures, such as the maxillary sinus, the

inferior alveolar canal, or the nasal cavities, adding complexity and risk to the procedure.
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The decision-making process must be based on a logical approach tailored to the patient’s specific conditions,
which is an essential requirement for the success of any implant rehabilitation. The diagnosis and treatment plan
will largely depend on the morphological and structural characteristics of the alveolus prior to the extraction.
In this analysis, not only is a detailed clinical inspection crucial, but also the diagnostic support provided by
radiological images. Conventional 2D radiographs, along with the three-dimensional images generated by cone-
beam computed tomography (CBCT), offer a more precise and comprehensive view, facilitating surgical and
prosthetic planning and optimizing outcomes [2,3].

After a dental extraction, the alveolus undergoes a series of morphological, histological, and dimensional changes
that affect both the bone structure and the surrounding soft tissues. Since the late 20th century, many authors have
observed that bone reduction occurs both horizontally and vertically. Recent studies have shown that horizontal
bone loss reaches up to 63%, which is greater than the vertical loss, typically ranging between 11-22% within the
first 6 months post-surgery. Further gradual reduction occurs over the following 6 months [4].

Several authors agree in recommending the implementation of guided bone regeneration (GBR) techniques
in cases where it is not feasible to place the implant in an ideal prosthetic position. This recommendation is
particularly relevant in the anterior region, where managing the emergence profile becomes more complex due
to high aesthetic and functional demands, as well as the need to preserve gingival harmony and integration with
adjacent structures [5].

Numerous biomaterials are available for guided bone regeneration, each with intrinsic properties that influence
their effectiveness in different ways. Regardless of their origin - whether synthetic (alloplastic), animal-derived
(xenogeneic), obtained from human tissue banks (homologous), or from the patient themselves (autologous)-
they all share one essential property: osteoconduction. This refers to their ability to provide a suitable matrix for
the key processes involved in bone tissue regeneration [6].

However, only one of these materials exhibits two additional characteristics that make it unique: the presence of
proteins thatinduce bone regeneration (osteoinduction) and the direct contribution of osteoblasts (osteogenesis).
This material is autologous bone, which is considered the gold standard among biomaterials.

Despite its numerous advantages, autologous bone presents significant challenges, such as the limited availability
of material, morbidity associated with the donor site, prolonged surgical intervention time, and a range of
postoperative discomforts and complications. These include not only physical complications butalso psychological
effects that may negatively impact recovery [7,8]. These limitations have led the scientific community to seek
more viable alternatives, and one of the biomaterials that has recently gained attention in certain research circles
is autologous dentin.

Dentin as a Biomaterial for Autologous Regeneration

When a tooth is transplanted or reimplanted, repair processes are triggered in the affected area that culminate
in ankylosis, that is, the integration of the tooth with the surrounding bone. Since the composition of cementum
and dentin is similar to that of bone, osteoblasts deposit new material directly onto these structures, creating
an ankylosed dentin-bone interface. This phenomenon is the same as that which occurs when avulsed teeth are
successfully reimplanted. These findings led several scientists to suggest that both cementum and dentin, when
properly treated, could be useful as graft materials [9,10].

Among the tissues that make up the tooth, dentin, after enamel, has the highest mineral content, even surpassing
any bonederivative. However, itisnotjustthischaracteristicthat contributestoits capacity forboneregeneration;
its organic matrix also makes it comparable to autogenous bone (Fig. 1). This combination allows it to act as a
suitable physical matrix on which new bone formations can be deposited, while also inducing osteoformation.
Therefore, dentin can be considered an optimal biological and bioactive material for hard tissue regeneration.

Hard dental tissues originate from different embryonic layers: enamel is produced by ameloblasts of ectodermal
origin, while dentin is formed by odontoblasts of mesodermal origin. Dentin, pulp, cementum, and alveolar bone
share the same embryonic origin, as well as the composition of type I collagen and several proteins common

among these tissues [11-13] (Fig. 2).
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In 1967, Urist was a pioneer in using dentin and obtained positive results in animal studies. Over the past
55 years, numerous research teams have successfully explored the use of dentin as a promising biomaterial,
highlighting its favorable properties for bone regeneration.
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Fig.2 Comparison of bone and dentin matrices

Materials and Methods

This study was conducted at the Oral Surgery Teaching Unit of the Faculty of Medicine and Dentistry at the
University of Santiago de Compostela. Based on previously published studies on this technique, we selected 11
patients who required dental extractions and subsequent alveolar preservation through regeneration with semi-
demineralized autologous dentin grafts. Implants were placed in these patients six months after the regeneration
procedure.

In addition to standard surgical instruments, two specific devices were used for this procedure. The first
device is the Tooth Transformer (Fig. 3) (TT Tooth Transformer srl, Milan, Italy), a medical device designed to
obtain demineralized dentin through two distinct cycles. In the first cycle, lasting up to 4 minutes, the tooth is
ground into particles between 0.4 and 0.8 mm in size. In the second cycle, which lasts 25 minutes, the particles
are demineralized, disinfected, and hydrated using liquids contained in single-use cartridges, resulting in

demineralized dentin suitable for use as graft material in alveolar preservation techniques.
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The second device used is the Ostell (Fig. 3) (W&H - Biirmoos, Austria), which uses resonance frequency (kHz)
to measure the ISQ (Implant Stability Quotient), indicating implant stability: ISQ values below 60 suggest low
stability, values between 60 and 65 indicate medium stability, and values above 70 are considered to indicate
high stability.

Fig. 3 - Ostell and Tooth Transformer devices

Osstell Device Tooth Transformer Device

The extracted teeth were processed immediately. After removing tartar, attached periodontal tissue, remnants of
amalgams, composites, and other restorative materials, the teeth were sectioned into fragments measuring 4 to
5 mm. These fragments were placed in the Tooth Transformer device for 5 minutes, producing particles between
0.4 and 0.8 mm. A second cycle was then initiated in the device to demineralize, disinfect, wash, and hydrate the
particles, thereby creating a biomaterial suitable for use.

The alveolus was filled with this material for preservation, covered with a collagen membrane, and then sutured
using 4.0 Nylon sutures.

Three months after the surgery, the density of the regenerated alveolus was evaluated using Hounsfield Units and
compared with a second evaluation conducted six months after the regeneration surgery and prior to implant
placement surgery.

Results

At 3 months post bone regeneration, CBCT images showed that the average Hounsfield unit (HU) value was
583.64, with higher values in the lower anterior region compared to other areas of the mouth. In the second
evaluation at 6 months, prior to implant placement, this value increased to 722.36, remaining higher in the lower
anterior region. These values correspond to D3-type bone according to the Misch classification, although in the
lower anterior region, the values approach the threshold for D2-type bone (850 Hounsfield units). At 6 months,
the average bone density was observed to increase.

After implant placement, the stability of each implant was measured using the Ostell device, with an average 1SQ
value of 70, which is the minimum required for immediate loading of an implant. These measurements correlate
with the good density achieved through the semi-demineralized dentin graft and the high implant stability in
terms of ISQ. (Fig. 4)
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Additionally, histological samples from other patients were taken to evaluate the state of the regenerated tissue
at 3, 6, and 8 months post-regeneration, and we observed the following:

In histological samples obtained at our teaching unit, three months after alveolar preservation using an identical
technique, we observed the formation of new bone tissue around dentin particles, which exhibited partial
resorption (Fig. 5). Our research team recently published results on the use of Tooth Transformer® technology
applied after the extraction of supernumerary teeth, including canines and third molars. Although these studies
were exclusively clinical, we were able to radiographically confirm adequate bone formation at 6 and 12 months
post-surgery [12].

Fig.5 - Histological section 3 months: (A) Stained Dentin particles (B) Unstained Dentin particles (C) Developed
bone tissue (D) Newly formed bone tissue around the dentin particles

Histological samples taken by our team revealed that, at six months, a significant portion of the dentin had been
resorbed, though not as much as at eight months, when very few dentin particles were observed in the samples

(Fig. 6).
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Fig.6 - Histological section 8 months: (A) Mature bone, with some dentin particles in the process of resorption.
(B) Areas where these particles have notably integrated. (C) Formed bone tissue, with complete replacement of
dentin particles by bone with varying degrees of trabeculation, presenting areas of bone remodeling, with the
formation of lamellae around blood vessels.

Discussion

Currently, two distinct protocols have been developed for the use of demineralized dentin grafts as a bone
substitute. The first involves a rigorous demineralization process, ensuring the graft is properly prepared. In
contrast, the second protocol uses fresh autogenous dentin without the need for demineralization, directly
leveraging its natural biological properties to promote bone regeneration.

As previously mentioned, dentin is a tissue with a higher degree of mineralization compared to bone, and its
organic portion presents a remarkably similar composition. It not only shares a comparable proportion of type
[ collagen but also contains essential growth factors for bone regeneration, positioning it as a biomaterial with
great osteoinductive potential. This second alternative, using the Tooth Transformer, the protocol we have been
employing in our Oral Surgery Clinical Unit at the University of Santiago for the past six years - provides us with
a dentin preparation that is completely free of bacteria. This ensures not only predictable structuring but also its
immediate use as a biomaterial, offering a safe and efficient option for bone regeneration [14].

The studies conducted by Kim et al. in 2010, in which serial extractions of several permanent teeth were
performed, followed by grinding and simultaneous use as graft material during implant placement [11], were
crucial for initiating clinical trials in patients. Three months later, coinciding with the second surgical phase, small
biopsies were taken, demonstrating that a significant portion of the dentin had been resorbed and replaced by
new bone in percentages ranging from 39% to 79%.

Kabir’s research group was the first to systematically use demineralized dentin grafts following the extraction
of an upper third molar, with the aim of preventing distal bone resorption of the second molar, a phenomenon
that often occurs after this surgical procedure[13]. Through clinical and radiographic evaluations conducted at 3
and 12 months post-extraction, they confirmed that a significant portion of the demineralized dentin matrix was
adequately replaced by new bone tissue, partially mitigating the undesirable effects on the second molar.

Conclusion

Since there is no osseointegration between the graft surface and the implant, it is desirable that the biomaterials
used are progressively resorbable once they have fulfilled their function, thus allowing the formation of high-
quality bone. Ideally, these biomaterials should be fully resorbable, with a gradual resorption process synchronized
with the timing of bone regeneration. However, not all biomaterials possess this property, and some may remain
at the regeneration zone indefinitely.
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In the case of semi-demineralized dentin grafts, we have observed that resorption is gradual and nearly complete,
from the beginning of the regenerative process until 8 or 9 months. Additionally, we have confirmed that the
regenerated zone, at 6 months, presents an optimal bone density for implant insertion, and that the implants,
once placed, show a very suitable ISQ stability index for immediate loading. Moreover, at 9 months (three months
after implant placement), the presence of dentin is virtually nonexistent, ensuring full contact at the bone-implant
interface.

For all the reasons mentioned, we consider that semi-demineralized dentin grafts should be the material of
choice (whenever possible) in cases of alveolar preservation. However, we acknowledge that further studies are
still required to confirm this with absolute certainty.
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