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Purpose: The aim of this study is to analyze SMAD 3, integrin and VEGF expressions in the periodontal ligament during orthodontic
tooth movement induced by hyperbaric oxygen therapy and Stichopus hermanii.
Materials and Methods: Thirty Cavia cobaya were divided into 5 groups, namely, a normal control group (KN) without installation of
helical springs or administration of HBOT and Stichopus hermanii gel. The negative control K(-) had helical spring without administration
of HBOT and Stichopus hermanii gel for 14 days, while P1 had helical spring for 14 days then on day 3–14, Stichopus hermanii gel was
added. Also, the helical spring was installed in P2 for 14 days then on day 8–14, HBOT 2.4 ATAwas added 3 × 30 minutes a day, while P3
had helical spring for 14 days then on day 3–14, the gel was applied, and on day 8–14, HBOT 2.4 ATAwas administered 3 × 30 minutes
a day. Furthermore, SMAD3, integrin, and VEGF expressions were examined using immunohistochemical staining.
Results: SMAD3, integrins, and VEGF expressions showed significant differences within the groups. The combination of HBOT and
Stichopus hermanii increased the expression of SMAD3 and VEGF compared to the single administration of Stichopus hermanii. The
combination treatment also decreased integrin expression compared to a single HBOT administration.
Conclusion: The combination of HBOT and Stichopus hermanii increases the expression of SMAD3, integrins, and VEGF compared
to control but did not show significant differences compared to single HBOT treatment.
Keywords: collagen, vascularization, periodontal ligament fibers, orthodontic treatment

Introduction
The global prevalence of malocclusion is 56%, with no differences in gender.1,2 It is defined as an irregularity in teeth alignment
during dental occlusion beyond the normal range, thereby affecting several oral functions, such as chewing, swallowing,
speaking,3 and temporomandibular dysfunction. It also influences dentofacial aesthetic and psychosocial self-reliance.4,5

Treatment for correcting malocclusion using orthodontic appliance aims to achieve an aesthetic dentofacial appear-
ance by adjusting the crowding of teeth, rotational and apical deviations, as well as creating good occlusion within
a period of ± 1–2 years. Accelerating orthodontic treatment can reduce the duration of the active phase of therapy and
also increase patient satisfaction.6 There are many methods regarding accelerating tooth movement using pharmacolo-
gical agent, physical stimuli and also surgical.

Orthodontic appliance pressure such as helical spring appliance when applied to the tooth causes movement that leads
to the remodeling of the periodontal ligament and alveolar bone in areas of stress and tension.6 Helical spring, in which
a wire is wrapped in a coil that appears as a screw thread, is the most commonly used mechanical spring. It can be
designed to press or pull the mechanical force. The tissues usually affected during Orthodontic Tooth Movement (OTM)
include the periodontal ligament, capillaries and nerves, alveolar bone, as well as the cementum.7 Meanwhile, several
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cellular changes commonly observed during this procedure include modifications in cells, cell-matrix, and gingival
crevicular fluid (GCF), which is a biomarker of the periodontium.8 Vascularization is also important in remodeling,9

considering that Vascular Endothelial Growth Factor (VEGF) plays a role in collagen synthesis.10 Collagen is
a constituent of the periodontal ligament, while SMAD3 is a protein transcription factor needed for its proliferation.11

Also, integrin protein plays a vital role in the binding of the periodontal ligament to the alveolar bone.12

Oxygen is important in periodontal tissue remodeling,8,10 while Hyperbaric Oxygen Therapy (HBOT) is a treatment
method for breathing pure oxygen (100%) at a pressure greater than the normal range. It is usually given within the range
of 1 to 3 (1.5 and 2.4) ATA with a duration of 90–120 minutes.8,10 Previous studies showed that hyperbaric oxygen
stimulates repair and growth of blood vessels, prevents the inflammatory phase, reduces free radicals, and increases
osteoblast activity in tooth movement.8 Furthermore, Stichopus hermanii is a marine biota that plays a role in
inflammation, wound healing, and also contains active ingredients of flavonoids, chondroitin sulfate, hyaluronic acid,
and arginine, which accelerate the remodeling process of orthodontic tooth by 60%.12,13

The combination of HBOT and Stichopus hermanii is thought to play a role in the remodeling of the periodontal
ligament and alveolar bone to accelerate orthodontic tooth movement. Stichopus hermanii functions locally when
administered topically, while HBOT acts systemically through inhalation.14,15 Local treatment of Stichopus hermanii
and systemic treatment of hyperbaric oxygen yield favorable outcomes in orthodontic tooth movement due to the
consideration variability of periodontal ligament remodeling during orthodontic tooth movement. The combination of
these two agents with a logical approach suggests that Stichopus hermanii can increase periodontal ligament remodeling
due to active ingredients such as collagen, flavonoid, chondroitin sulphate, and hyaluronic acid, in line with hyperbaric
oxygen, which can increase periodontal ligament remodeling through increased vascularization. However, studies on the
combination of the two treatments for accelerating tooth movement have not been carried out. This study aims to analyze
SMAD 3, integrin and VEGF expressions in a periodontal ligament during orthodontic tooth movement induced by
hyperbaric oxygen therapy and Stichopushermanii.

Materials and Methods
Experimental Design and Ethics Approval
This is a true experimental study with a single post-test control group design. Meanwhile, ethical permission and
clearance was approved and issued by The Ethical Clearance of Health Experiment Committee, Faculty of Dentistry
Hang Tuah University, registration number 055/KEPK/I/2020. All Cavia cobaya were healthy and housed in accordance
with Government Regulation of The Republic of Indonesia Number 95 of 2012 Concerning Veterinary Public Health
And Animal Welfare. Research and testing using animal should comply with ethical principles standard means
a technical specification or standardized including procedures and methods prepared based on consensus of all- parties
concerned with due regard to the requirements for safety, security, health, environment, development of science and
technology, and experience of current and future developments to obtain maximum benefit.

Preparation of Animal Model
This study used experimental animals, namely, male Cavia cobaya aged between ± 2 and 3 months, which is categorized
as young adults given that the married age ranges from 3 to 4 months. Also, the bodyweight ranged from 300 to 400
grams, and all had good physical health, while the randomization technique used was simple random allocation. Thirty
samples were divided into 5 groups, namely a normal control (KN) without helical springs installation or administration
of HBOT and Stichopus hermanii gel as well as a negative control K (-) with helical spring installation but without
HBOT and Stichopus hermanii gel for 14 days. Furthermore, P1 was the treatment group with the helical spring installed
for 14 days and then on days 3–14, the gel was added. Similarly, P2 was a treatment group with helical spring installation
for 14 days then on day 8–14, HBOT 2.4 ATA was added 3 × 30 minutes a day, while P3 group had helical spring
installed for 14 days, then on day 3–14, Stichopus hermanii gel was applied, and on day 8–14, HBOT 2.4 ATAwas given
3 × 30 minutes a day.11,13 Cavia cobaya was prepared according to pre-determined criteria, the samples were kept in
a cage and placed in a space with sufficient air and light, while food was provided by placing it in a container with
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drinking water ad libitum. Furthermore, the samples were adapted for 1 week to obtain good general health and
adjustment to the environment before treatment, while the parameter measurements were carried out routinely to meet
sample criteria.

Preparation of Stichopus hermanii Gel
Stichopus hermanii purchased from the Madura (Sumenep) island in wet conditions was cleaned for the stomach contents
and washed under running water. Furthermore, it was placed in a plastic bag, weighed up to 1 kg, and then blended using
a Waring Commercial Model HGBTWT laboratory blender until smooth and placed into an Erlenmeyer flask with
a spatula and dried (freeze dryer) at −85°C with a pressure of 5 m Torr for approximately 72 hours. The dried sample was
then weighed and blended again using a laboratory blender until 31 grams of powder was obtained.

Moreover, Stichopus hermanii gel with a dose of 3.5% was prepared by mixing 0.35 g of 100% powder with 0.2 g of
NaCMC. The 2% NaCMC gel was made by mixing 0.2 g of the powder with 10 mL of distilled water. Each of these
mixtures was then stirred using a mortar and pestle on a hot plate.

Stichopus hermanii Gel Administration to Cavia cobaya
The experimental animals were prepared as follows: the insulin syringe needle was blunt using scissors to avoid damaging
the gingival sulcus. Afterward, incisive bands and helical springs were installed on the left and right maxillary incisors
using a plier for 14 days in groups K(-), P1, P2, and P3. The administration of Stichopus hermanii gel started from the
third day after the orthodontic appliance was installed and removed until the 14th day 2 times daily with 0.025 mL in the
morning and afternoon consecutively. Stichopus hermanii gel was made with a concentration of 3.5% by mixing 0.35 g of
100% powder with 0.2 g of NaCMC, dissolved in 10 mL of distilled water. Meanwhile, HBOTwas applied with a pressure
of 2.4 ATA for 3 × 30 minutes a day with 5-minute intervals inhaling normal air was for 7 consecutive days.

Preparation of Hyperbaric Oxygen Therapy in Cavia cobaya
The hyperbaric oxygen therapy in groups P2 and P3 was carried out on days 8–14 without releasing the maxillary
expansion in experimental animals. Meanwhile, in the chamber, the animal felt uncomfortable due to changes in air
pressure, which tend to cause ear pain. This pain was overcome by giving food/drink; therefore, the swallowing process
occurs which then reduced the pain. After the P2 and P3 groups were put into the multiplace chamber, the pressure was
increased to 2.4 ATA and 100% pure oxygen flowed for 3 × 30 minutes per day with 5-minute intervals breathing with
normal air, then the process was stopped and lowered to its original condition, namely 1 ATA. The samples were then
removed from the chamber and brought to the original cage; this treatment was carried out on days 8–14.

Immunohistochemical Staining for SMAD, Integrin and VEGF Expression in Periodontal
Ligament
On the 14th day, groups K(N), K(-), P1, P2, and P3 were sacrificed to measure the distance of tooth movement using
overdose anesthesia, namely, Overdose of Chemical Anesthetic and ketamine-acepromazine, then the samples were
decapitated to take the maxilla and the teeth. Furthermore, the maxilla was fixed in a buffered solution of formalin and
Ethylene Diamine Tetra Acid (EDTA). The next step was deparaffinization and staining process of IHC
(Immunohistochemical) with SMAD3, Integrin, and VEGF monoclonal antibodies. Positive SMAD3, integrin
and VEGF expressions were examined with CX22 Binocular, Olympus (×200). Expressions in each sample were assessed
semiquantitatively based on the modified Kaemmerer method.15 Immunoreactive Score (IRS) is scored by multiplication
percentage of positive cells score with the intensity of staining score produced in that cell. The percentage of positive cells
score is based on: 0 = no positive cells, 1 = positive cells less than 30%, 2 = positive cells 30%–60%, 3 = positive cells more
than 60%. The intensity of staining score produced in that cell indicator is based on: 0 = no color reaction, 1 = low intensity
of the color reaction, 2 = medium intensity, and 3 = intense intensity. Positive cells with anti-SMAD3, integrin and VEGF
indicated brown color. Data obtained from the calculated expressions of SMAD3, integrin and VEGF in tension area were
tabulated and were analyzed by Kruskal–Wallis test and continued with Mann–Whitney test.

Clinical, Cosmetic and Investigational Dentistry 2022:14 https://doi.org/10.2147/CCIDE.S348234

DovePress
143

Dovepress Prameswari et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Results
This study aims to SMAD3, integrin andVEGF expression in a periodontal ligament during orthodontic toothmovement induced
by hyperbaric oxygen therapy 2.4ATA and StichopusHermanii gel 3.5%.Data on the expression of SMAD3 (Figure 1), integrins
(Figure 2), andVEGF (Figure 3) were obtained from calculations on immunohistochemical images of the periodontal ligament in
the tension areawith 400xmagnification. Positive cells with anti-SMAD3, integrin andVEGF indicated brown color. The ordinal
data obtained were analyzed using descriptive statistical tests as well as Kruskal–Wallis and Mann–Whitney tests with
a significance level of 95% (P = 0.05) using the SPSS version 22 program. The immunohistochemical scoring parameters for
SMAD3 expression, Integrin, and VEGF are presented using a point score (Table 1).

Figure 1 SMAD3 expression in periodontal ligament Cavia cobaya. (A) SMAD3 expression in negative control group. (B) SMAD3 expression in normal control group. (C)
SMAD3 expression in treatment group with Stichopus hermanii gel (D) SMAD3 expression in treatment group with HBOT (E) SMAD3 expression in treatment group with
HBOT and Stichopus hermanii gel. Positive SMAD expression marked in brown (red arrow) examination with CX22 Binocular, Olympus (×200).
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Immunohistochemical Overview of SMAD3, Integrin, VEGF Expression in the
Periodontal Ligament
SMAD3 expression was examined using antibody staining from Sigma Aldrich, while integrin and VEGF used Abcam.
The three components were assessed semi-quantitatively to calculate the expression score.

Examination of SMAD3, integrins, and VEGF expression scores used immunohistochemical methods to observe the
differences between the groups, namely, K (N), K (-), P1, P2, and P3. The mean data show varying expression scores for
the five groups. The combination of HBOT and Stichopus hermanii increased the expression of SMAD3, integrins, and

Figure 2 Integrin expression in periodontal ligament Cavia cobaya. (A) Integrin expression in negative control group. (B) Integrin expression in normal control group. (C)
SMAD3 expression in treatment group with Stichopus hermanii gel (D) Integrin expression in treatment group with HBOT (E) Integrin expression in treatment group with
HBOT and Stichopus hermanii gel. Positive Integrin expression marked in brown (red arrow) examination with CX22 Binocular, Olympus (×200).
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VEGF compared to the control group. Based on the Kruskal–Wallis test, there was a significant difference in the SMAD3
(P ≤ 0.05), integrin (P ≤ 0.05), and VEGF expression (P ≤ 0.05) for the periodontal ligament during orthodontic tooth
movement accelerated by the combination treatment (Table 2).

The Mann–Whitney analysis results showed significant differences within groups for the three parameters. SMAD3
expression (Figure 1) in all treatment groups showed a significant increase compared to the normal control (P ≤ 0.05), but
only the HBOT treatment group and its combination with Stichopus hermanii increased significantly compared to the
control (-) (P ≤ 0.05). Among the treatment groups, the combined treatment showed a significant increase compared to
the single administration of Stichopus hermanii with P = 0.023 (Table 3).

Figure 3 VEGF expression in periodontal ligament Cavia cobaya. (A) VEGF expression in negative control group. (B) VEGF expression in normal control group. (C) VEGF
expression in treatment group with Stichopus hermanii gel (D) VEGF expression in treatment group with HBOT (E) VEGF expression in treatment group with HBOT and
Stichopus hermanii gel. Positive VEGF expression marked in brown (red arrow) examination with CX22 Binocular, Olympus (×200).
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Table 1 Immunohistochemical Scoring Parameters

Point Score A B AXB

0 No cells with a positive reaction. No color reaction. 0–1 = negatif

1 ≤10% cells with a positive reaction. The low intensity of the color reaction. 2–3 = low

2 11%-50% cells with a positive reaction. The medium intensity of the color reaction. 4–8 = medium

3 51%-80% of cells with a positive reaction. Intense color reaction. 9–12 = strong

4 80% cells with a positive reaction.

Notes: The IRS semiquantitative scale is a product of the percentage of the positive cells score (A) with the intensity of staining score (B), becoming an immunoreactive
score (IRS) = (A x B).

Table 2 Mean and Median of SMAD3, Integrin, and VEGF Expression as Periodontal Ligament Parameters with the Administration of
HBOT and Stichopus hermanii to Accelerate Tooth Movement

Group N SMAD3 Integrin VEGF

Mean Median p-value Mean Median p-value Mean Median P-value

K(N) 6 2 2 0.001* 1.17±0.4 1 0.001* 1 1 0.001*

K(-) 6 5±1.1 5 1.33±0.5 1 1.83±1.1 1.5

P1 6 5.83±1.8 6 2.83±1.1 3 1.83±0.4 2

P2 6 8.67±2.6 9 3.5±0.8 4 2.67±0.8 2.5

P3 6 8.5±1.2 9 2 2 3 3

Note: *significantly different on P ≤ 0.05.

Table 3 Association Among Expressions of SMAD3, Integrin, and
VEGF as Parameters of the Periodontal Ligament with the
Administration of a Combination of HBOT and Stichopus hermanii to
Accelerate Tooth Movement Using Mann Whitney Test

Groups Mann Whitney Test (p-value)

K(N) vs K(-) 0.002* 0.523 0.058

K(N) vs P1 0.002* 0.016* 0.005*

K(N) vs P2 0.002* 0.003* 0.002*

K(N) vs P3 0.001* 0.005* 0.001*

K(-) vs P1 0.423 0.029* 0.523

K(-) vs P2 0.024* 0.004* 0.068

K(-) vs P3 0.005* 0.019* 0.038*

P1 vs P2 0.064 0.262 0.020*

P1 vs P3 0.023* 0.107 0.001*

P2 vs P3 0.674 0.006* 1.000

Note: *significantly different on P ≤ 0.05.

Clinical, Cosmetic and Investigational Dentistry 2022:14 https://doi.org/10.2147/CCIDE.S348234

DovePress
147

Dovepress Prameswari et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Integrin expression (Figure 2) in all treatment groups showed a significant increase compared to the normal control
and the control group (-) with P ≤ 0.05. Among the treatment groups, the combination of HBOT and Stichopus hermanii
decreased significantly compared to a single HBOT treatment (P = 0.006) (Table 3). VEGF expression (Figure 3) in all
treatment groups showed a significant increase in the normal control group (P ≤ 0.05), but only the combined treatment
showed a significant increase compared to the control group (-) (P = 0.038). Furthermore, the treatment group using
HBOT and the combination with Stichopus hermanii showed a significant increase compared to the single administration
of Stichopus hermanii (P ≤ 0.05) (Table 3).

Discussion
This study used a combination of 3.5% Stichopus hermanii gel on days 3–14 and hyperbaric oxygen therapy with 2.4
ATA on days 8–14 to analyze the expression of SMAD3, integrins, and VEGF of the periodontal ligament in the tension
area of orthodontic tooth movement. The experimental animal used as the sample was Cavia cobaya.

Orthodontic tooth movement is characterized by changes in the remodeling of the periodontal ligament tissue (PDL),
alveolar bone, pulp, and gingiva. This alters PDL vascularization, leading to a local synthesis of important molecules
such as neurotransmitters, cytokines, growth factors, colony-stimulating factors, and arachidonic acid metabolites.16

When pressure is applied adequately to the teeth, it leads to the remodeling of the periodontal structure. In relation to
oxygen administration, vascularization performs an important role in the process of remodeling and the oxygen pressure
also contributes to a shared role.14 The administration of mechanical force with orthodontic pressure on the periodontal
ligament causes changes in blood vessels, both in diameter and in the number of blood vessels, as well as transformations
in the endothelium as a signal for periodontal tissue remodeling.10,14

The periodontal ligament is a collagenous structure that supports the tooth architecture separating it from the alveolar
bone with a width of approximately 0.5 mm along the tooth root.17 Meanwhile, SMAD3 is a protein that maintains the
stability of the periodontal ligament and induces collagen formation.11 The ligament responds to pressure on tooth
movement,12,14,17 hence, stretching causes a decrease in blood flow and changes in blood vessels in both diameter and
number, as well as changes in the endothelium.18 Furthermore, VEGF (Vascular Endothelial Growth Factor) is a growth
factor that regulates vascularization and is released from the endothelium.10,14,17,19

The results showed that orthodontic mechanical stress affects SMAD3, while integrins and VEGF had no effect. This
is consistent with a previous study, which reported that mechanical stress causes changes in type 1 collagen mRNA
expression, and alkaline phosphatase activity in osteoblasts/cementoblasts.19 Mechanical stimulation causing an increase
in type 1 collagen mRNA indicates that strain stress facilitates cellular differentiation from periodontal ligaments to
osteoprogenitor cells.11

The use of marine biota for orthodontic treatment has been developed, for example, Stichopus hermanii 3% has been
shown to raise tooth movement by 60% through increased bone remodeling.12,13 The compounds contained in Stichopus
hermanii include lectins, sterols, saponins/tripertens glycosides, proteins, collagen, mucopolysaccharides, glycosamino-
glycans, chondroitin sulfate E and fucosylate, amino acids, fatty acids including eicosapentaenate (EPA) and docosahex-
esaenate (DHA), vitamins, namely, thiamine, riboflavin, niacin, C, E, and Carotenoids. It also contains minerals such as
iron, magnesium, calcium, zinc, chromium, as well as polyphenols, flavonoids, and SOD.20–22

According to Prameswari (2017) and Shahrulazua (2013), the highest content of Stichopus hermanii is 86% protein of
which 80% is collagen, and others are minerals, mucopolysaccharides, glucosaminoglycans (GAGs), chondroitin, omega-
3, 6, and 9, as well as cell growth factors. There was an increase in the average expression of SMAD3, integrins, and
VEGF, but the most significant was integrins with P = 0.029.13,23 Compared with other studies using low-energy laser
irradiation to accelerate orthodontic tooth movement, low-energy laser radiation has also been reported to have a role in
fibroblast proliferation and collagen synthesis, too.24

Integrins are cell surface receptors composed of α- and β- subunits; it causes cell adhesion both in the cell-matrix and
between cells, as well as transduces chemical and mechanical signals. Certain integrins have a function in mediating
mechanical stress to induce proliferation and stress shear that activates extracellular regulated-protein kinases (ERKs),
and c-Jun kinases (JNKs) pathways referred to as mechanotransduction.25 Furthermore, the expression of integrins in
stretched ligaments plays a role in the transduction of mechanical stimuli and activates several signaling pathways.26
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Integrin α2β1 is the main receptor of type 1 collagen expressed on Th 17 cells to mediate the attachment to bone27 and
increase the synthesis as well as the turnover of type 1 collagen.12 Meanwhile, Stichopus hermanii has been shown to
increase integrin α2β1 in previous studies on orthodontic relapse. The use of 2.5% and 3% gel increased integrin 2β1 as
type 1 collagen, thereby decreasing orthodontic relapse.12

Based on the results, the administration of HBOT increased SMAD3, integrins, and VEGF expressions compared to
normal (P ≤ 0.05) and controls (-) but only SMAD3with P = 0.024 and integrins P = 0.04 showed significant differences. Anti-
inflammatory cytokines, such as IL-4 and IL-10, have been demonstrated to increase expression after treatment with HBOT.28

Besides, HBOT modulates nitric oxide (NO), which contributes importantly to maintaining blood vessel tone, increasing
VEGF and bFGF, and transforming growth factor-β1 (TGF-β) expression.10 Furthermore, VEGF, bFGF, TGF-β, together with
fibroblasts, stimulate the synthesis of angiogenesis, which is one of the stages in wound healing.29 Angiogenesis involves the
formation of new branches from pre-existing blood vessels with the onset of vasodilation in response to NO and the increased
permeability by VEGF.30 Blood vessels also contribute significantly to providing oxygen, nutrients, and other materials that
are important for orthodontic tooth movement.31 Meanwhile, HBOT increases TGF-β1, which plays a pivotal role in
connective tissue regeneration and bone remodeling.32,33 The TGF-β family-induced SMAD pathway involves two different
classes of serine/threonine kinase receptors called types I and II. SMAD pathway is a key process through which TGF-β1
modulates osteogenesis. The overexpression of SMAD3 in MC3T3-E1 cells enhances ALP activity and mineralization.
Moreover, Borton et al showed that mice with a targeted deletion of SMAD3 had osteopenia and a decreased rate of bone
formation.34

The combination of HBOT and Stichopus hermanii increased the expression of SMAD3, integrins, and VEGF
compared to the normal (N) and the control group (-) with P ≤ 0.05 because the contents of the two components
interact. The content of Stichopus hermanii which acts locally and HBOT systemically has a synergistic effect. HBOT
increases SMAD3 through TGF-β,10,34 while Stichopus hermanii through glycosaminoglycans (chondroitin sulfate) also
raise TGF-β and integrins levels.12,35

The combination of HBOT and Stichopus hermanii did not significantly increase SMAD3 and VEGF expression
compared to single HBOT treatment, but integrin showed a significant decrease with P = 0.004. The interactions of
integrins with the extracellular matrix extracellularly and with cytoskeletal components intracellularly are considered to
be force-transducing elements in fibroblasts. Furthermore, the periodontal ligament fibroblasts interact with the extra-
cellular matrix via integrin binding of different collagenous and non-collagenous substrates.36 Based on the results,
integrin α2β1 decreased, indicating a reduction in the synthesis and the attachment of type 1 collagen as a matrix in the
alveolar bone. Integrins as mechanical links act as mechanosensors and generate signals that affect cell physiology
through complex intracellular signaling mechanisms, including autocrine and paracrine.37,38 Besides, mechanical tension
also increases its affinity,39 therefore, the decrease in integrin indicates that the combination of HBOT and Stichopus
hermanii exhibits reduced strain due to orthodontic mechanical stress.

Conclusion
The combination of HBOT and Stichopus hermanii increases the expression of SMAD3, integrins, and VEGF compared
to the normal (N) and the control group (-) with P ≤ 0.05. However, the combination did not show significant differences
compared to a single HBOT treatment. Dentists can use this combination of HBOT and Stichopus hermanii because this
combination can maintain the stability of the periodontal ligament and induce collagen formation, as well as exhibits
reduced strain due to orthodontic mechanical stress.
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