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RESUMO

INTRODUCAO: O tecido 6sseo passa continuamente por um processo de remodelagio
para manutencdo da homeostase. Na remodelagdo atuam-se mediadores como a Esclerostina,
porém ainda ndo se sabe completamente como os mecanismos bioldgicos 6sseos atuam frente
a variacdes de cargas mecanicas. OBJETIVO: Associar a expressdo da esclerostina com as
deformac¢des mecanicas no osso alveolar de ratos submetidos a extracdo dental. MATERIAIS
E METODOS: Foram utilizados 24 ratos machos (Rattus norvegicus albinus), linhagem
Wistar, com 2 meses de idade. Ao completarem 2 meses de idade, foi realizada a extragdo do
dente incisivo central superior (lado direito), e a eutanasia ocorreu nos periodos 5 (n=6), 7 (n=6)
e 14 (n=6) dias apos o dia 0 da exodontia. No grupo controle (n=6), foi mantida a denti¢do sem
extragdo dental. A eutanasia do grupo controle ocorreu no periodo de 14 dias ap6s o dia 0 da
exodontia. A cabeca de 01 rato por grupo foi submetida & microtomografia computadorizada.
Apods a reconstrucdo tridimensional do crinio e da mandibula do rato em cada grupo, a
simulacdo computacional para andlise de elementos finitos foi realizada para simular uma
mordida nos incisivos. Na analise de elementos finitos, foram avaliados os padrdes de
deformacao 6ssea ocorridos ap6s aplicagdo da for¢a de mordida. Logo apds a eutanasia, os ratos
de todos os grupos, tiveram sua maxila esquerda removida e¢ separadas ao meio. As pegas
passaram por processamento histologico de rotina e em seguida, a marcagdo imunohistoquimica
foi realizada para marcagdo da expressdo do anticorpo primario Esclerostina. Os resultados
obtidos nas andlises das deformagdes (Strain) foram relacionados com a analise da expressao
da esclerostina, proposta neste estudo. O terco médio da 1amina 6ssea lingual foi analisado tanto
na FEA quanto na andlise imuno-histoquimica. RESULTADOS: A andlise realizada pela
Analise de Elementos Finitos foi capaz de detectar alteragdes nos padrdes de deformacgdes do
osso alveolar frente a uma for¢a mecanica mastigatdria entre os grupos controle e experimental.
As analises qualitativas por imunohistoquimica da expressdo da esclerostina mostrou
marcagdes para esclerostina nas lacunas dos ostedcitos e também na regido pericelular dos
grupos controle e 5 dias. CONCLUSAO: Os achados da presente pesquisa reforcam a hipotese
de que a expressdo da esclerostina ¢ altamente dependente do contexto biomecanico

demonstrado pela FEA.

Palavras-chave: Ratos, Analise de elementos finitos



ABSTRACT

INTRODUCTION: Bone tissue continually undergoes a remodeling process to maintain
homeostasis. Mediators such as sclerostin act in remodeling, but it is not yet fully understood
how bone biological mechanisms act in response to variations in mechanical loads.
OBJECTIVE: To associate sclerostin expression with mechanical deformations in the alveolar
bone of rats subjected to tooth extraction. MATERIALS AND METHODS: Twenty-four
male Wistar rats (Rattus norvegicus albinus), 2 months of age, were used. When they were 2
months old, the upper central incisor tooth (right side) was extracted, and euthanasia occurred
at5 (n=6), 7 (n=6) and 14 (n=06) days after day 0 of tooth extraction. In the control group (n=6),
the dentition was maintained without tooth extraction. The euthanasia of the control group
occurred 14 days after day 0 of the extraction. The head of 01 rat per group was subjected to
microcomputed tomography. After three-dimensional reconstruction of the skull and mandible
of the rat in each group, the computational simulation for finite element analysis was performed
to simulate a bite on the incisors. In finite element analysis, the patterns of bone deformation
that occurred after the application of the bite force were evaluated. Immediately after
euthanasia, the rats of all groups had their left maxilla removed and separated in half. The pieces
underwent routine histological processing and then immunohistochemical staining was
performed to mark the expression of the primary antibody Sclerostin. The results obtained in
the deformation analysis (Strain) were related to the analysis of sclerostin expression proposed
in this study. The middle third of the lingual bone plate was analyzed both in FEA and
immunohistochemical analysis. RESULTS: The analysis performed by Finite Element
Analysis was able to detect changes in the patterns of deformation of the alveolar bone in the
face of a mechanical masticatory force between the control and experimental groups.
Qualitative analyses by immunohistochemistry of sclerostin expression showed sclerostin
markings in the osteocyte lacunae and also in the pericellular region of the control and 5-day
groups. CONCLUSION: The findings of the present study reinforce the hypothesis that
sclerostin expression is highly dependent on the biomechanical context demonstrated by the
FEA.

Key words: Rats, Finite element analysis.
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1. INTRODUCAO

O tecido 6sseo € dinamico e passa continuamente por um processo de remodelagdo, no
qual, células atuam na manutencdo da homeostase. Os osteoclastos sdo responsaveis pela
reabsor¢do e os osteoblastos pela formagdo do tecido, sendo essa comunicagdo entre as células
regulada por meio de expressao de proteinas (Kim et al., 2020).

O osteocito ¢ uma célula do tecido 6sseo conhecida por regular a remodelagdo 0Ossea,
atuando na producdo de RANKL e da glicoproteina esclerostina, codificada pelo gene Sost, que
atua como uma reguladora da formacdo dssea por meio de seu efeito inibitorio na sinalizagdo
Whnt, provocando diminuicao da atividade osteoblastica e, consequentemente, da formacao de
0sso (Omran et al., 2022; Marahleh et al., 2023). A esclerostina atua, portanto, na homeostase
Ossea e sua acdo na remodelacdo dssea esta diretamente associada a reducdo da formacéao ossea.
Assim, a deficiéncia desse marcador ou sua neutralizagdo por meios farmacoldgicos causam o
aumento da formagdo de osso (Delgado-Calle, 2017).

A formacao Ossea ¢ regulada pela via Wnt/B-catenina, na qual proteinas Wnt se ligam a
um complexo chamado LRP5/6-Frizzled (Fz), ativando sinais intracelulares que estabilizam a
proteina B-catenina. Quando isso ocorre, a P-catenina entra no nucleo dos osteoblastos,
estimulando genes que promovem o crescimento e a sobrevivéncia dessas células, favorecendo
a formag@o 6ssea. No entanto, quando essa via esta inativa, a B-catenina ¢ degradada, impedindo
esse processo. A esclerostina, sendo uma proteina inibitoria, impede a ativagdo dessa via ao
bloquear a interagdo entre Wnt e o complexo LRP5/6-Fz, reduzindo a estabilizacdo da -
catenina e, consequentemente, a atividade dos osteoblastos. Dessa forma, a esclerostina
desempenha um papel fundamental no equilibrio do tecido 6sseo, controlando a formagéo dssea
e evitando o crescimento excessivo do osso (Clevers, 2006, Shakeri et al., 2020).

Entendendo que a esclerostina ¢ uma proteina que quando expressada, atua inibindo a
via formadora de tecido 6sseo, um estudo utilizou um anticorpo anti-esclerostina (Scl-Ab) a
fim de provocar aumento de volume 6sseo, densidade mineral 6ssea e a altura do osso alveolar
apoés periodontite experimental em ratos (Taut et al., 2013).

Um fator que pode influenciar na homeostase ossea, a fim de impactar maiores
atividades celulares de reabsor¢do ou na formagédo de tecido dsseo sdo as diferentes cargas
mecanicas aplicadas sobre o osso (Yokota et al., 2011).

Os osteocitos desempenham um papel fundamental na remodelagdo dssea em resposta
as variagdes das cargas mecanicas. Embora os mecanismos moleculares que regulam a

expressdao da esclerostina diante de diferentes estimulos mecanicos ainda ndo estejam
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totalmente compreendidos (Galea et al., 2016), ja se sabe que essa modulagdo pode ocorrer a
partir de interferéncias biomecanicas. Robling et al. (2008) demonstraram que a carga mecanica
leva a reducdo da expressdo do gene Sost/esclerostina nos osteocitos, enquanto a auséncia de
estimulo mecanico resulta em sua elevagdo, sugerindo que a esclerostina ¢ um mediador
sensivel a mecanotransducao 6ssea (Delgado-Calle, 2017). Assim, regides 0sseas que recebem
estimulos mecanicos mais intensos e apresentam maior formagdo d6ssea demonstram uma
diminui¢@o mais acentuada no numero de ostedcitos positivos para esclerostina, bem como na
intensidade da marcagdo dessa proteina por célula (Robling et al., 2008).

A imunohistoquimica ¢ uma técnica essencial para detectar a expressdo de proteinas
especificas, como a esclerostina, permitindo compreender os mecanismos de remodelagdo
6ssea mediados pela via Wnt/B-catenina (Wu et al., 2016).

Sabe-se que a alteragcdo da carga mecanica mastigatoria estd diretamente relacionada
com a estrutura dssea alveolar (Mavropoulos et al., 2010), sendo que a hipofun¢@o mastigatdria
pode induzir a uma alteragao da for¢a de mordida, esta que ¢ responsavel por uma manutengao
da homeostase dssea (Shimomoto et al., 2007)

O M¢étodo dos Elementos Finitos (MEF) ¢ uma abordagem computacional utilizada para
analisar o comportamento mecénico de estruturas por meio de simulagoes. Esse método permite
estimar deslocamentos, tensdes ¢ deformagoes em diferentes materiais, sendo satisfatério para
a investigacdo biomecanica do tecido 6sseo. Na area da biomecénica craniofacial, o MEF pode
atuar como uma ferramenta eficaz para compreender a distribuicdo de forcas e a resposta
mecanica do esqueleto, auxiliando em estudos sobre a funcionalidade e adaptagdo Ossea
(Richmond et al., 2005, Furlan et al., 2024).

A alteracdo da carga mecanica mastigatoria, por exemplo, como ocorre apos a extragao
de um dente, acarreta em um padrao modificado na mastigag@o, podendo gerar padrdes distintos
de deformagdes mecanicas no osso alveolar, que podem ser identificadas pelo MEF (Ferreira
et al., 2020).

A partir do conhecimento da funcdo da proteina esclerostina e da remodelagao 6ssea por
alteragdo de carga mecanica mastigatoria, o objetivo deste estudo foi associar a expressdao da
esclerostina com as deformac¢des mecanicas no osso alveolar de ratos submetidos a extracdo

dental.
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2. ARTIGO:

Titulo: RELATIONSHIP BETWEEN THE SCLEROSTIN MARKER AND THE
MECHANICAL RESPONSE OF ALVEOLAR BONE POST-DENTAL EXTRACTION
IN RATS

Autores: Camila Carrillo Furlan, Alexandre Rodrigues Freire, Beatriz Carmona

Ferreira-Pileggi, Roberta Okamoto, Ana Claudia Rossi

Artigo submetido ao periodico: European Journal of Anatomy (ANEXO 1).

INTRODUCTION

Bone tissue is dynamic and continually participates in a remodeling process, in which
cells act to maintain homeostasis. Osteoclasts are responsible for reabsorption and osteoblasts
for tissue formation, and this communication between cells is regulated through protein
expression (Kim et al., 2020).

The osteocyte is a bone tissue cell known to regulate bone remodeling, acting in the
production of RANKL and the glycoprotein sclerostin, encoded by the Sost gene, which acts as
a regulator of bone formation through its inhibitory effect on Wnt signaling, causing a decrease
in osteoblastic activity and, consequently, bone formation (Omran et al., 2022; Marahleh et al.,
2023). Sclerostin therefore acts on bone homeostasis and its action on bone remodeling is
directly associated with the reduction of bone formation. Thus, the deficiency of this marker or
its neutralization by pharmacological means causes increased bone formation (Delgado-Calle,
2017).

Bone formation is regulated by the Wnt/p-catenin pathway, in which Wnt proteins bind
to a complex called LRP5/6-Frizzled (Fz), activating intracellular signals that stabilize the [3-
catenin protein. When this occurs, -catenin enters the nucleus of osteoblasts, stimulating genes
that promote the growth and survival of these cells, favoring bone formation. However, when
this pathway is inactive, f-catenin is degraded, preventing this process. Sclerostin, as an
inhibitory protein, prevents the activation of this pathway by blocking the interaction between
Wnt and the LRP5/6—Fz complex, reducing the stabilization of B-catenin and, consequently, the
activity of osteoblasts. Thus, sclerostin plays a fundamental role in the balance of bone tissue,
controlling bone formation and preventing excessive bone growth (Clevers, 2006; Shakeri et
al., 2020).
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Understanding that sclerostin is a protein that, when expressed, acts by inhibiting the
bone tissue-forming pathway, a study used an anti-sclerostin antibody (Scl-Ab) to cause an
increase in bone volume, bone mineral density and alveolar bone height after experimental
periodontitis in rats (Taut et al., 2013).

One factor that can influence bone homeostasis, to impact greater cellular resorption
activities or bone tissue formation, is the different mechanical loads applied to the bone (Yokota
etal., 2011).

Osteocytes play a fundamental role in bone remodeling in response to variations in
mechanical loads. Although the molecular mechanisms that regulate sclerostin expression in
response to different mechanical stimuli are not yet fully understood (Galea et al., 2016), it is
already known that this modulation can occur through biomechanical interference. Robling et
al. (2008) demonstrated that mechanical load leads to a reduction in Sost/sclerostin gene
expression in osteocytes, while the absence of mechanical stimulus results in its elevation,
suggesting that sclerostin is a sensitive mediator of bone mechanotransduction (Delgado-Calle,
2017). Thus, bone regions that receive more intense mechanical stimuli and present greater
bone formation demonstrate a more pronounced decrease in the number of sclerostin-positive
osteocytes, as well as in the intensity of sclerostin labeling per cell (Robling et al., 2008).

Immunohistochemistry is an essential technique for detecting the expression of specific
proteins, such as sclerostin, allowing us to understand the mechanisms of bone remodeling
mediated by the Wnt/p-catenin pathway (Wu et al., 2016).

It is known that changes in the mechanical load during mastication are directly related
to the alveolar bone structure (Mavropoulos et al., 2010), and that masticatory hypofunction
can induce changes in the bite force, which is responsible for maintaining bone homeostasis
(Shimomoto et al., 2007).

The Finite Element Method (FEM) is a computational approach used to analyze the
mechanical behavior of structures through simulations. This method allows us to estimate
displacements, stresses, and deformations in different materials, and is satisfactory for the
biomechanical investigation of bone tissue. In the area of craniofacial biomechanics, FEM can
act as an effective tool to understand the distribution of forces and the mechanical response of
the skeleton, aiding in studies on bone functionality and adaptation (Richmond et al., 2005;
Ferreira et al., 2020; Rossi et al., 2021; Furlan et al., 2024).

Changes in the mechanical masticatory load, for example, as occurs after tooth

extraction, result in a modified pattern in mastication, which can generate distinct patterns of
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mechanical deformations in the alveolar bone, which can be identified by FEM (Ferreira et al.,
2020; Rossi et al., 2021).

Based on knowledge of the function of the protein sclerostin and bone remodeling due
to changes in the mechanical masticatory load, the aim of this study was associate the
expression of sclerostin with mechanical responses in the alveolar bone of rats subjected to

dental extraction.

MATERIAL AND METHODS

This study was approved by the Ethics Committee on Animal Experimentation (CEUA)
from the Biology Institute (IB) of the University of Campinas (UNICAMP) (protocol number:
4674-1/2017) (ANEXO 2).

Experimental Design

Twenty-four male rats (Rattus norvegicus albinus), Wistar linage, 2 months old (average
body weight of 200-250 g) were used, from the Multidisciplinary Center for Biological
Research in Science in Laboratory Animals-CEMIB-UNICAMP. They were kept in the animal
research house (four animals/box) of the Piracicaba Dental School (FOP-UNICAMP), with a
temperature of 22 + 2 °C, a controlled light cycle (12 h/12 h) and free access to water and food.

The rats were divided into four groups, according to the explanation bellow:

Group Rats per Description Euthanasia
group
Control 6 Normal dentition 14 days after exodontia

of the other groups

Period 1 6 Right upper incisor 5 days after exodontia
extracted

Period 2 6 Right upper incisor 7 days after exodontia
extracted

Period 3 6 Right upper incisor 14 days after exodontia

extracted
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Tooth Extraction

The right upper incisor was extracted under sedation via an intraperitoneal injection of
40-87 mg/kg of ketamine hydrochloride (Syntec do Brasil Ltd., Santana do Parnaiba, SP,
Brazil) and 5-13 mg/kg of xylazine (Xilazine-Coopers, Brazil, Ltd., Osasco, SP, Brazil) to
promote anesthesia and muscle relatation, respectively. The extraction was performed with the
adapted instruments (Okamoto and de Russo, 1973). The gingival fibromucous was then
sutured with 4/0 polyglactin 910 (Vicryl), and an injection of ketoprofen (NSAID—5 mg/kg)

via subcutaneous, one time, per 1 day was administered.
Euthanasia

Euthanasias were realized with predetermined time points for control and experimental
groups (5, 7 and 14 days after exodontia) using an excessive anesthetic dose. The head was
separated from the body and dissected to obtain the skull, which was then fixed in a 10%
formalin solution with 0.1 M phosphate buffer (pH 7.4) for 24 hours at 4°C.

Microcomputed Tomography Scanning

One sample from the control group and one from the experimental group (14 days post-
extraction) were scanned using the Skyscan 1174 microtomograph (Bruker, Belgium). The
scanning parameters included a peak voltage of 50 kV and a tube current of 800 pA, with an
image pixel size of 30 um. Following the scanning process, the images were imported into the
NRecon Reconstruction software (SkyScan, Leuven, Belgium) for grayscale reconstruction in
the axial plane, displaying X-ray attenuation coefficients corresponding to mineralized

structures.
Laboratory processing for decalcified tissues

After euthanasia, the left maxilla of rats in all experimental groups was removed and
sectioned in half. The samples were placed in a 10% formaldehyde solution and subsequently
decalcified using 3.14% EDTA (Merck®, EMD Millipore Corporation, Germany). When
decalcification was confirmed, the fragments were subjected to histotechnical processing,
undergoing the steps of dehydration with selected solutions at different concentrations,
diaphanization with xylene, infiltration and embedding in Paraplast® paraffin (Embedding
Media, McCormick Scientific, USA). The paraffin blocks formed were then sectioned in a
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Lupetec MRP03 microtome (Industria Tecnologica de Equipamentos para Laboratério LTDA

— ME, Sao Carlos-SP) into 5 um thick sections and fixed on silanized slides.

Three-Dimensional Model Construction

The images acquired through microtomography were imported into Materialise Mimics
Research v. 18 (Materialise, Belgium) for the segmentation of bone structures, periodontal
ligament, enamel, dentin, and pulp. The pulp and periodontal ligament were reconstructed based
on their respective spaces, allowing the creation of a three-dimensional model. This model was

then converted into a finite element mesh through the transformation of 3D surfaces.

Computer Simulation Using Finite Element Analysis (FEA)

The finite element model was imported to Ansys v. 17.2 (Ansys Inc., USA), where the
mechanical properties of the anatomical structures were defined, considered linearly elastic and
isotropic, with their values experimentally determined in rats based on the studies by Cox and
Jeffery and Cox et al. (2012).

To simulate the bite force on the central incisors, both in the control group models
(without alterations) and in the experimental group (with the absence of the upper right central
incisor), the analysis was configured to represent the phase of maximum masticatory force,
corresponding to the breaking of the food, using a value of 24.31 N (Robins, 1977).

To ensure the stability of the skull during the bite simulation, preventing any unwanted
movement, displacement restrictions were applied to the nodes of the elements located on the
posterior edge of the model.

In finite element analyses, the bone deformation (strain) in the alveolar bone adjacent to
the extracted upper incisor in the lingual region of the middle third of the alveolus, occurring
after the application of the bite force. The results were obtained by calculating the amount of

deformation (equivalent strain).
Immunohistochemistry Analysis

For immunohistochemistry reactions, endogenous peroxidase activity was inhibited
with 100v hydrogen peroxide. The slides went through the antigen retrieval step with phosphate
citrate buffer (pH 6.0).

The primary antibody used was Anti-Sclerostin antibody - C-terminal - 100ug - Goat -
Standard - Applications = IHC-P - Shipped temperature = 4°C; Manufacturer: ABCAM - Ref.:
ab194940ugl100. The secondary antibody Universal Polymer, biotin-free, anti-Mouse and
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Rabbit for use in Immunohistochemistry Peroxidase, with rat tissues N-HISTOFINE® SIMPLE
STAIN RAT MAX PO (MULTI) (NICHIREI BIOSCIENCES), and diaminobenzidine (Dako)
as chromogen was used.

Images of the slides were captured using a light optical microscope (LeicaR DMLB,
Heerbrugg, Switzerland) coupled to the camera.

In the immunohistochemistry analyses, it was analyzed the expression of sclerostin was
evaluated qualitatively. The positive markings were evaluated in the lingual alveolar bone in
the middle third of the upper left incisor alveolus (Figure 1).

The osteocyte lacunae and pericellular region of the osteocytes that stained with the
diaminobenzidine chromogen (brown areas) were considered positive. For that, a 40x objective
was used.

Both analyses (finite elements and immunohistochemistry) were directed to the same

region to enable comparisons between the results.

RESULTS
Immunohistochemistry Analysis

Qualitatively, the levels of Sclerostin signaled by the areas marked by diaminobenzidine
(brown areas) in the lingual bone of the middle third of the alveolus were found increased in
the Control and 5-day periods, with the 5-day group being less marked than the control. It was
found that this increased intensity of positive Sclerostin staining was concentrated in the
osteocyte lacunae and in the pericellular region. Representative sections of each group in the

40x objective (Figure 1).
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Figure 1. On the left, a representation of the slide with the alveolus and the tooth under the 5x
objective highlighting the region of interest evaluated. Representative sections of each group
under the 40x objective. The brown areas represent the staining of sclerostin by the chromogen.
Counterstain: Hematoxylin. C: Control; 5d: 5 days; 7d: 7 days; 14d: 14 days.

FEA

The results were analyzed considering the location of the areas in which changes in the
amount of strain (€) were detected. The analysis of the control group served as a parameter to
characterize the normal distribution of the amount of strain during the phase of maximum bite
force required for feeding. Therefore, the color scale with the ranges of strain values was
standardized based on the values of the control group. A non-uniform distribution of areas with
a greater amount of strain can be observed in the control group, with these areas located in all
bone laminae in the cervical third of the alveolus (Figure 2).

However, as a region of interest for the study, the middle third of the alveolus has areas

with a greater amount of strain in the lingual bone lamina
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Figure 2. The amount of strain in the alveolar bone of the control group (C), showing the areas
of greatest amount of strain inside the alveolus (light blue) in sagittal section. The color scale
shows ranges of strain values. In the inferior part, the middle third of the left alveolus can be
seen (the tooth was removed for better visualization) with emphasis on the strain in the lingual
bone lamina (red arrow). C: Control.

In the experimental group, the action of the bite force resulted in a uniform distribution
of the amount of strain, in addition to regions with a low amount of strain differentiating it from
the control group (figure 3). The amount of strain in this group was lower in the lingual lamina

in the alveolus compared to the control.
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Figure 3. The amount of strain in the alveolar bone of the control group (C), showing the areas
of greatest amount of strain inside the alveolus (light blue) in sagittal section. The color scale
shows ranges of strain values. In the inferior part, the middle third of the left alveolus can be
seen (the tooth was removed for better visualization) with emphasis on the strain in the lingual
bone lamina (red arrow). E: Experimental.

DISCUSSION

Sclerostin, a protein secreted mainly by osteocytes, acts as an important negative
regulator of the Wnt/B-catenin pathway, suppressing bone formation by inhibiting -catenin
activation through blocking LRP5/6 co-receptors. Its expression is strongest modulated by
mechanical stimulation. It is understood that sclerostin is repressed in regions subjected to
mechanical deformation and expressed in greater quantities in areas of reduced stimulation.
This function makes sclerostin a key sensor of bone mechanotransduction, linking physical
stimulation to the molecular responses that control bone remodeling (Robling et al., 2008).

In the present study, in the control group (animals without dental extraction) was
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identified the presence of sclerostin in the pericellular region and osteocyte lacunae of the
lingual alveolar bone. This reflects a physiological state of bone homeostasis under stable
mechanical deformation, in which there is sufficient basal expression of sclerostin to balance
the processes of bone formation and resorption. This data confirms the homeostatic role of the
protein under conditions of normal functional loading. In the experimental groups, the
redistribution of masticatory forces caused by tooth loss modified the local mechanics of the
alveolar bone. Also in the present study, in the 5-day group, several positive sclerostin markings
were observed. Since this is a recent period after tooth extraction, it is still understood that the
homeostatic role of the protein was maintained. In the study by Ferreira et al., (2020), in which
the same experimental condition was simulated in rats (extraction of the upper right incisor and
analyses of the lingual alveolar bone on the left side), in the 5-day group, an increase in the
expression of f-catenin was observed in specific regions of the lingual bone, which suggests
that sclerostin in this initial post-extraction period is already decreasing, induced by new
mechanical deformation. This early increase in Wnt signaling is compatible with the osteogenic
activation necessary to initiate bone adaptation to the new biomechanical environment, which
could be observed in the computational simulation by finite element analysis.

In the present study, sclerostin did not appear in the 7- and 14-day groups. While in the
study by Ferreira et al. (2020), B-catenin expression increased again, suggesting a second phase
of osteogenic response. This resumption may reflect the progressive restructuring of the
masticatory loading pattern, again inducing the suppression of sclerostin and, thus, the
activation of the Wnt pathway. This oscillation in -catenin activity, with peaks on days 5 and
14, indicates that the process of bone adaptation to the new mechanical stimulus is dynamic,
with direct involvement of sclerostin regulation over time.

Even without direct measurement, the B-catenin patterns (Ferreira et al., 2020) observed
at different periods suggest that sclerostin is actively involved in modulating the adaptive
response of alveolar bone after tooth loss. These data are in line with other studies
demonstrating that mechanical stimulation suppresses sclerostin and promotes bone formation

(Robling et al., 2008; Lin et al., 2009).

CONCLUSION

The findings of the present study reinforce the hypothesis that sclerostin expression is
highly dependent on the biomechanical context demonstrated by FEA and that its temporal
regulation directly influences sclerostin activation in osteocytes during the bone remodeling

process. In addition, they highlight the temporal and spatial complexity of mechanically
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induced bone remodeling.
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3 CONCLUSAO

Os achados da presente pesquisa reforgam a hipdtese de que a expressao da esclerostina
¢ altamente dependente do contexto biomecanico demonstrado pela FEA e que sua regulagéo
temporal influencia diretamente a ativag@o da esclerostina nos ostedcitos durante o processo de
remodelagdo 6ssea. Além de destacar a complexidade temporal e espacial da remodelagdo 6ssea

induzida mecanicamente.
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