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Introduction

Journal of International Dental and Medical Research, a journal of the Ectodermal Dysplasia
Group-Turkey, is published three times anually [or 4 times per year] to promote practice,
education, and research specifically related to the specialty of dental and medical research.
Manuscripts are accepted for consideration if neither the article, nor any part of its essential
substance, tables, or figures has been or will be published in another journal or is
simultaneously submitted to another journal. Published papers do not necessarily represent
the views of the editor, the Ectodermal Dysplasia Group-Turkey.

Types of articles

The journal publishes full-length scientific articles not exceeding 8 printed pages (20 double-
spaced 8 1/2x11-in document pages; font no smaller than 12-point Times New Roman or
Arial); and clinical articles and case reports not exceeding 4 printed pages (10 double-spaced
8 1/2x11-in document pages).

Authors are encouraged to review these Instructions carefully prior to submitting their
manuscripts.

Submission of manuscripts

Submission of manuscripts tolthe Journal of International Dental and Médicdl:Research is
via e-mail, also hard copy with electronic record submissions will be accepted. Submitting
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authors must provide all information requested during the submission process, including:
correiggpcji;}g ‘tho'{,’s contact information; names, titles (such as “associate professor,”
“chairman,”), academic degrees (such as”"DMD,” “M8,” “PhD,™) ,'and affiliations of all
authors; short (running) title; and 2 to 5 keywords. Honorary designations should not be
included (eg, “FRCS,”, “FICD”, “Diplomate, ABPD,” etc). Authors should ensure that the
keywords appear in the U.S. National Library of Medicine Medical Subject Headings, or
“MeSH” (found at http://www.nlm.nih.gov/mesh/.).

Both an UNBLINDED and BLINDED version of the manuscript must be sent to the journal.
Tables and graphs should appear at the end of the main document, while photos and
photomicrographs should be submitted as separate files (jpg or Aiff format). Prior to
submission, the corresponding author must guarantee that the article has not been published,
and is not being considered for publication elsewhere. Submission of multi-authored
manuscripts implies participation of each of the authors in the preparation of the paper. Only
individuals who have made a significant contribution to the study or manuscript should be
listed as authors. The efforts of others should be noted in the Acknowledgments section at the
end of the manuscript. The corresponding author should submit the following statement: “All
authors have made substantive contribution to this study and/or manuscript, and all have
reviewed the final paper prior to its submission.” Authors (including authors of letters to the
editor) are responsible for disclosing all financial and personal relationships that might bias
their work. If such conflicts exist, the authors must provide additional detail in the letter to
the editor. Funding sources for the work being submitted must be disclosed in

the Acknowledgments section of the manuscript.

Manuscript organization

Scientific articles should be organized under the following headings: Abstract, Introduction,
Methods, Results, Discussion, Conclusions, Acknowledgments, and References.

Titles of all papers should not exceed 15 words.

The Introduction section should include only pertinent references. When included for a study,
the Methods section should be sufficiently detailed to replicate the study. The Results section
should include only results and not discussion of the data. The Discussion section should
discuss the results, but not repeat them. The Conclusions section should consist of succinct,
numbered statements that are supported by the results of the study. They should not repeat
the Results section.

Abstracts: All submissions must include an abstract. Abstracts should be brief providing the
reader with a concise but complete summary of the paper. Generalizations such as “methods
were described” should not be used. Scientific articles should have approximately 200 words

Key Words: Submitting authors must provide 2 to 5 keywords
from http://www.bilimterimleri.com .

Editorial style: Papers will be published in English, using American spelling. Manuscripts
must be submitted with proper English grammar, syntax, and spelling. Authors should
express their own findings in the past tense and use the present tense where reference is made
to existing knowledge, or where the author is stating what is known or concluded. Footnotes
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should be avoided and their content incorporated into the text. Numbers should be
represented as digits; only numbers beginning a sentence should be spelled out. The editors
reserve the right to revise the wording of papers in the interest of the journal’s standards of
clarity and conciseness.

Units of measure: Authors should express all quantitative values in the International System
of Units (ST units) '

unless reporting English units from a cited reference. Figures and tables should use SI units,
with any necessary conversion factors given in legends or footnotes. All numbers should be
expressed as digits, and percent values should be expressed as whole numbers. Laboratory
data values should be rounded to the number of digits that refl ects the precision of the results
and the sensitivity of the Measurement procedure.

Statistical tests: The results of all statistical comparisons should be reported to include the
statistical test value and the associated P value and confi dence interval, if appropri- ate.

If P> P .01, the actual value for P should be expressed to 2 digits, whether or not P is signifi
cant, unless rounding a signifi cant P value expressed to 3 digits would make it nonsignifi
cant (eg, P=.049, not P P=.05). If P P<.01, it should P be expressed to 3 digits (eg, P=.003,
not P P<.05). Actual P P values should be expressed unless P<.001, in which case

they P should be so designated. Nonsignifi cant values should not be expressed as “NS.” For
confi dence intervals, the number of digits should equal the number of digits in the point
estimate. For example, for an odds ratio of 3.56, the 95% confi dence interval should be
reported as “1.23, 5.67,” not as “1.234, 5.678.”

Tooth names: The complete names of individual teeth should be given in full in the text of
articles using the following convention: [primary/permanent] [maxillary/mandibular]
[right/left] [central/lateral or first/second/third] [tooth type]. Examples: “primary maxillary
right first molar,” “permanent mandibular first molars,” but “mandibular right second
premolar.” In tables these names may be abbreviated by the Universal system (A-T for
primary teeth, 1-32 for permanent teeth).

Commercially-produced Materials: Any mention of commercially produced materials,
instruments, devices, software, etc, must be followed by the name of the manufacturer and
the manufacturer’s location in parentheses. Example: ... in an Excel spreadsheet (Microsoft,

Inc,Redmond, Wash).”

Abbreviations: Abbreviations should be used to make manuscripts more concise. The first
time an abbreviation appears, it should be placed in parentheses following the full spelling of
the term (eg, “...permanent first molars (PFMs)...”). In manuscripts using more than three
abbreviations, authors should use bold typeface for the first appearance of each abbreviation.

Permissions: For materials taken from other sources, a written statement from the authors
and publisher giving permission to Journal of International Dental and Medical Research for
reproduction must be provided. Waivers atric and statements of informed consent must
accompany the manuscript when it is submitted for review. Waivers should accompany any
photograph showing a human subject unless the subject’s features are blocked enough to

prevent identifi catton.
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Celluler Analysis In Orthodontic Tooth Movement
Post Robusta Coffee Extract Administration

Herniyati'*, Happy Harmono?, Leliana Sandra Devi®, Sri Hernawati’

1. Associate Professor , Department of Orthodontic, Faculty of Dentistry, Jember University, Jember, Indonesia.

2. Lecturer, Department of Biomedical, Faculty of Dentistry, Faculty of Dentistry, Jember University, Jember, Indonesia
3. Lecturer, Head, Department of Orthodontics, Faculty of Dentistry, Jember University, Jember, Indonesia.

4. Associate Professor , Department of Oral Medicine , Faculty of Dentistry, Jember University, Jember, Indonesia

Abstract

This study aimed to analyze the number of osteoclasts, osteoblasts, fibroblasts, and the
improvement of dental movement post Robusta coffee extract administration.

10 guinea pigs were divided into 2 groups i.e. group C: guinea pigs were applied using
orthodontic force, and group T: guinea pigs were applied using orthodontic force and 87.5 mg / 500
g BW of Robusta coffee extract. Orthodontic force in guinea pigs was carried out using a
orthodontic bracket and open coil spring with strength of 52.5 grams. Observations were conducted
on the day 15 by performing histological processing to calculate of the number of osteoblasts,
osteoclasts and fibroblasts. The improvement of tooth movement was measured by an X-Ray u-CT
device.

Robusta coffee extract increased the number of osteoclasts, osteoblasts, and fibroblasts. The
number of osteoclasts in the compression area was greater than that in the tension area (p < 0.05).
The number of osteoblasts and fibroblasts in the tension area was greater than that in the
compression area (p < 0.05). The Robusta coffee extract also improved the movement of the teeth

(p < 0.05).

Robusta coffee extract increased the number of osteoclasts, osteoblasts, fibroblasts and

improved orthodontic tooth movement.

Experimental article (J Int Dent Med Res 2019; 12(3): 969-976)
Keywords: Osteoclasts, osteoblasts, fibroblasts, orthodontic tooth movement, Robusta coffee.

Received date: 06 October 2018

Introduction

The theory of tooth movement states that
in a few seconds post force application, a tooth
shifts its position in the space of periodontal
ligament resulting in compression in several
places and tension in the other sides of
periodontal ligament’. In the tooth movement,
orthodontic force will alter blood flow in the
periodontal ligament and local hypoxia occurs.
The O2 tension reduction stabilizes HIF-
1(hypoxia inducible factor-1), a transcription
factor that activates vascular RANKL (Receptor
activator of Nuclear Factor-igB Ligand) and
expression of VEGF (Vascular endothelial growth

*Corresponding author:

Herniyati
Department of Orthodontics,

Faculty of Dentistry, Jember University, Jember, Indonesia,

Email: herniyati@unej.ac.id

Accept date: 05 January 2019

factor) in osteoblasts and fibroblasts; osteoclast
differentiation increases, causing resorption in
the compression area.>** Hypoxia and fluid flow
in the same time will promote bone remodeling
and periodontal ligaments. The compressive
force causes the compression area and the
tension area in the periodontal ligament and is
closely related to nerve and blood vessel tips.
When the nerve tips are distorted, they release

vasoactiveneurotransmitters e.g. CGRP
(calcitonin  gene-related peptide) and SP
(substance P), which interact with vascular
endothelial cells causing vasodilatation and
increases permeability with plasma leakage.>®
Activated endothelium binds and recruits
circulatin  leukocytes  macrophages, and

monocytes to the periodontal ligament, indicating
acute inflammation.’”® Leukocytes release growth
factors, prostaglandins, cytokines and colony-
stimulating factors that promote remodeling of
tissue.>'° After a few days, inflammation changes
from acute to chronic and the process of
proliferation involves osteoblasts, fibrosblasts,

Volume - 12 - Number - 3 - 2019 Page 969
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osteoclasts, and endothelial cells.
Osteoclasts are bone degrading cells.*
Active osteoclasts are filled with mitochondria in
the cytoplasm to provide the necessary energy
for bone resorption. Active osteoclasts will result
in bone resorption.**** Bone resorption will

subsequently lead to tooth movement of
orthodontic followed by remodeling of periodontal

ligament and alveolar bone.® Differentiation of
osteoclasts is regulated by cytokines i.e. RANKL
and M-CSF (Macrophage colony-stimulating
factor), which are important roles responsible for
the survival and proliferation of precursor cells of
osteoclast. It also causes expression of RANK in
precursor cells of osteoclast generate an efficient
response to signal path of the RANKL-RANK. 3

Osteoblasts are cells that bone form and
have several important roles in remodeling of
bone: expression of osteoclastogenic factors,
production of bone matrix proteins, and
mineralization of bone.** New bone is formed in
the tension area as a result of orthodontic force
during orthodontic treatment.'® Osteoblasts are
"non-core” and special bone-forming cells.
Osteoblasts can synthesize type | collagen matrix
and express Runx2 (Runt-related transcription
factor-2)/Cbfal(Core Binding Factor a-1), a
master switch for differentiation of osteoblast
from mesenchymal progenitor cells.*®
Osteoblasts that function in bone formation are
needed for remodeling in the resorption sites of
compression area, and form new bone in the
compression area and tension area.*’

Fibroblasts are important cells that may
carry out the function of collagen formation as
well as resorption function or collagen destruction.
In the tension area, during ortgodontic tooth
movement, the periodontal ligament will extend
and fibroblast proliferation occurs. The fibroblasts
synthesize extracellular matrix proteins including
glycosaminoglycan, fibronectin, and collagen
which are protein structures of periodontal
connective tissue. Subsequently, it occurs bone
remodeling and re-formation of periodontal
cords.”® In the orthodontic tooth movement,
collagen cords in the ligament of periodontal are
required to continue undergoing remodeling in
order to adapt to the changes of tooth position.™

The success of orthodontic treatment is
influenced by many factors, including oral
hygiene, periodontal health, and orthodontic
strength.?® A number of studies on the effects of
materials and medicines on orthodontic tooth

movement have been carried out for instance
medicines demonstrating the effects that inhibit
orthodontic tooth movement e.g. osteoprotegerin

and bisphosphonate (Pamidronat)®*?* and those
which  may accelerate orthodontic tooth
movement e.g. caffeine.”®** Application of

injection or topical PGE2 (Prostaglandin E2) may
also improve tooth movement.?>%%’

Coffee is widely consumed as beverage
which has a high antioxidant content.?® Coffee
contains caffeine which may increase osteoclast
formation through increased RANKL.??° Some
compounds in coffee have antioxidant effects i.e.
chlorogenic acid, ferulic, caffeic and n
coumaric.*® In roasted coffee, melanoidins or
brown pigments will be formed which consider as
strong antioxidants.** Caffeic and chlorogenic
acids which have antioxidant effects, may reduce
oxidative stress in osteoblasts.*> The studies
showed chlorogenic acid promotes osteogenesis

in  hAMSCs ( human adipose-derived
mesenchymal stem cells).>® Caffeic acid
accelerates wound healing by stimulating

collagen synthesis by fibroblasts.**

This study aimed to analyze the Robusta
coffee extract effects on the number of
osteoblasts, osteoclasts and fibroblasts, as well
as the improvement of tooth movement using
animal experiment i.e. guinea pigs.

Materials and methods

This experimental laboratories research
used 10 guinea pigs with following criteria: male,
healthy, aged 10-12 months, and weighing about
500 grams. The guinea pigs were divided
randomly into 2 groups: control group (C): the
guinea pigs were applied using orthodontic force
and treatment group (T): the guinea pigs were
applied using orthodontic force and Robusta
coffee extract of 875 mg/500 g of BW
(equivalent with that contained in 1 cup of coffee).
The orthodontic force applied to guinea pigs was
performed by means of anesthetizing guinea pigs
using ketamine, afterward each mandible incisor
of the animals was installed using a band matrix
and orthodontic bracket (Ortho-technology, USA)
and moved to the distal using an open coil spring
(Ortho-technology, America) with strength of 52.5
grams. (Figure 1).
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Figure 1. Installation of an orthodontic
appliance in the guinea pigs. A band matrix and
orthodontic bracket (yellow arrow) were installed
on the mandible incisors, and moved distally
using an open coil spring (red arrow)

Observations were made by means of
sacrificing guinea pigs on the day 15, and taking
their right and left mandible incisors and their
periodontal tissues. The tissue was subsequently
processed histologically and HE staining was
performed. Calculation of the number of
osteoclasts, osteoblasts and fibroblasts was
conducted using a light microscope (Olympus,
Tokyo, Japan). The measurement of improved
tooth movement in the animals was performed by
measuring from the mesial of right mandible
incisor passing the top of the alveolar bone
between the two teeth to the mesial left mandible
incisor using Micro-Computed Tomography (u-
CT) Bruker SkyScan 1173 High X-Ray device.
Energy Micro-CT at FMIPA ITB Micro-CT

Laboratory. The initial processing was
repositioning of objects in 3D room, and object
analysis in the form of length measurements was
performed using Data Viewer software (Bruker
Micro-CT, Belgium).

The data was analized using independent
t test and paired t test with 95% level of
significance (a = 0.05). This research has been
approved by the Ethical Research Committee of
the Medical Faculty, Jember University, Number:
1150/H25.1.11/KE/2017.

Results

The effect of Robusta coffee extract on
the number of osteoclasts, osteoblasts,
fibroblasts and the improvement of right and left
mandible incisor movement were shown in the
Tables 1,2,3 and 4 and the Figures 2,3,4, and 5.

The mean and standard deviation of the
number of osteoclasts in the control and the
treatment groups in the compression and tension
areas are shown in Table 1. The data shows that
Robusta coffee extract administration increased
the number of osteoclasts in the compression
area (p <0.05) and the tension area (p> 0.05),
Robusta coffee extract increased the number of
osteoclasts in the compression area greater than
that in the tension area (<0, 05). The histology of
osteoclast in the compression and the tension
areas in the Control (C) and Treatment (T)
groups shown in Figure 2.

Groups N > Osteoclasts (Mean * Standard Deviation ) p
Compression Tension
Control 5 2,140 £ 0,114 0,220 £ 0,130 0,000**
Treatment 5 3,940+ 0,114 0,240+ 0.114 0,000**
p 0,000* 0,803*

Table 1. The mean and standard deviation of the number of osteoclasts and the results of
different tests between the compression areas and the tension areas in the control group and

treatment group

Notes :  p < 0,05 = significant
p > 0,05 = non significant
* Based on t test
** Based on paired t test

Groups N > Osteoblasts (Mean * Standard Deviation ) p
Compression Tension
Control 5 12,320 £ 0,277 12,420 + 0,311 0,606**
Treatment 5 13,320 £ 0,277 15,380 + 0.349 0,000**
p 0,000* 0,000*

Table 2. The mean and standard deviation of osteoblasts and the results of different tests
between the compression areas and the tension areas in the control group and treatment group.

Notes : p < 0,05 = significant
p > 0,05 = non significant
* Based on t test

** Based on paired t test
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Groups N | > Fibroblasts (Mean * Standard Deviation ) p
Compression Tension
Control 5 20,060 + 0,207 24,000 + 0,158 0,000**
Treatment 5 22,900 + 0,339 28,580 + 0.192 0,000**
p 0,000* 0,000*

Table 3. The mean and standard deviation of fibroblasts, and different test results between the

compression area and the tension area in the control group and treatment group
Notes : p < 0,05 = significant
p > 0,05 = non significant
* Based on t test
** Based on paired t test

Groups n > Tooth movement (mm)
Control 5 2,967 + 0,005
Treatment 5 4,450 + 0,002
p 0,000*

Table 4. The mean and standard deviation of the distance between the mesial of the right
mandible incisor and the mesial of the left mandible incisor which shows the right and left mandible

incisor movement, and the different test results between the control group and the treatment group.
Notes : p < 0,05 = significant
* Based on t test

Figure 2. Osteoclasts in in periodontal ligament are marked with blue arrows: in compression
area of control group (A), tension area of control group (B), compression area of treatment group (C)
and tension area of reatment group (D) (HE, 100x magnification).
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Figure 3. Osteoblasts in periodontal ligament are marked with white arrows: in compression
area of control group (A), tension area of control group (B), compression area of treatment group (C)
and tension area of treatment group (D) (HE, 400x magnification).

Figure 4. Fibroblasts in in periodontal ligament are marked with red arrows: in compression
area of control group (A), tension area of control group (B), compression area of treatment group (C)
and tension area of treatment group (D) (HE, 400x magnification).
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Figure 5.Improved right and left mandible inéisor movement to distal which is the distance
between the mesial of the right mandible incisor and the mesial left mandible incisor using X-Ray
Micro-Computed Tomography (u-CT) in the control group (A) and the treatment group (B) indicated

by yellow arrow.

The mean and standard deviation of the
number of osteoblasts in the control and the
treatment groups in the compression and the
tension areas are shown in Table 2. The data
show that Robusta coffee extract administration
increased the number of osteoblasts in the
compression area (p <0.05) and the tension area
(p <0.05). Robusta coffee extract increased the
number of osteoblasts in the tension area greater
than that in the compression area (p <0, 05).The
histology of osteoblasts in the compression and
the tension areas in the Control (C) and
Treatment (T) groups shown in Figure 3.

The mean and standard deviation of the
number of fibroblasts in the control and the
treatment groups in the compression and the
tension areas are shown in Table 3. The data
show that Robusta coffee extract increased the
number of fibroblasts in the compression area (p
<0.05) and the tension area (p <0.05). Robusta
coffee extract administration increased the
number of fibroblast in the tension area greater
than that in the compression area (p <0,05). The
histology of fibroblast in the compression and the
tension areas inthe Control (C) and Treatment
(T) groups shown in Figure 4.

The improvement of right and left
mandible incisor movement using X-Ray Micro-
Computed Tomography (u-CT) was obtained by
measuring the distance from the mesial of the
right mandible incisor passing through the
alveolar bone to the distal of the left mandible
incisor in the Control (C ) and Treatment (T)
groups. (Figure 5). The measurement results
were a distance between the mesial of the right
mandible incisor and the mesial of the left
mandible incisor are shown in Table 4.

Volume - 12 - Number - 3 - 2019

Table 4 shows the mean and standard
deviation of the distance between the mesial of
the right mandible incisors and the mesial of the
left mandible incisors indicating the movement of
the right and left mandible incisors to the distal in
the control group and treatment group. The test
results showed that administration of the Robusta
coffee extract improved the distance between the
mesial of the right mandible incisors and the
mesial of the left mandible incisors compared to
the control group (p <0.05)

Discussion

The ability of the tooth to move through
the bone depends on the periodontal ligament
attached to the tooth to the adjacent bone. The
periodontal ligament is a structure of solid fibrous
connective tissue consisting of cells, collagen
cords, nerve and the components of vascular,
and tissue fluid. Cells contained in the
periodontal ligament include: 1) synthetic cells i.e.
fibroblasts ranged 50-60%, osteoblasts,
cementoblasts, 2) resorptive cells i.e. osteoclasts,
fibroblasts and cementoclasts, 3) progenitor cells
including undifferentiated mesenchymal cells, 4)
defense cells i.e. macrophages, lymphocytes and
mast cells, and 5) epithelial cells which are
remnants of the epithelial root sheath of Hertwig."

Robusta coffee extract increases the
number of osteoclasts in the compression and
the tension areas compared to the control, while
in the compression area the number of
osteoclasts is more than that in the tension area.
This is because coffee contains caffeine which
may increase osteoclast formation through an
increase in RANKL.” RANKL which is a
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regulator of bone remodeling during tooth
movement,*® subsequently binds to RANK on
precursors of osteoclast, which promotes
osteoclast differentiation and proliferation allowing
osteoclasts become active and result in
increased resorption of bone.'*** Bone resorption
will shortly cause orthodontic tooth movement,
followed by remodeling of alveolar bone and
periodontal ligament.® Increased osteoclasto-
genesis in the compression area of periodontal
ligament that causes an increase in tooth
movement is also evident in this study which
showed an increase in the right and left mandible
incisor movement towards distal.

Differentiation of osteoclasts is regulated
by the transcription factor NFATcl (Nuclear
Factor of Activated T-cells 1)". NFATc1 is the main
regulator that induces osteoclast differentiation
and plays an important role in fusion and
activation of osteoclast through increased
regulation of various genes responsible for
osteoclast attachment, migration, acidification,
degradation of inorganic and bone organic matrix
% The research showed that Robusta coffee
extract increased NFATcl in rats induced by
orthodontic forces.*’

Osteoblasts function to form bone,
necessary to remodeling the resorption area in
the compression area and forming new bone in
the compression area and tension area.'’
Differentiation of osteoblast in alveolar bone
involves an increase in expression of Runx2/
Cbfal.®®* Runx2 induces differentiation of
multipotent mesenchymal cells into immature
osteoblasts.*

Robusta coffee extract increases the
number of osteoblasts in compression and
tension areas due to the content of chlorogenic,
caffeic ferulic, and n coumaric acids which has
antioxidant properties.*®* ROS may increase
peroxidation of lipid which is the main cause of
damage to cell membranes, the structure and
function of osteoblast cells. The results studies
have also shown that oxidative stress reduces
the rate of bone formation by decreasing the
osteoblasts differentiation and life.*® Chlorogenic
acid and caffeic acid convert free radicals into
stable products*, may reduce oxidative stress in
osteoblasts,*® thus increasing differentiation and
the life of osteoblasts, as well as important for
stimulating osteoblast activity.*> The results
showed that Robusta coffee extract increased the
Runx2 in rats induced with orthodontic force.®’

Application of orthodontic force may

emerge hyalinization, cause necrosis of
periodontal ligament cells, and bone resorption,
resulting in damage to the periodontal cord
structure **. Fibroblast cells experience swelling
in the endoplasmic reticulum, vacuole formation,
fibroblast cells rupture and cytoplasmic loss.®

Robusta coffee extract increased the
number of fibroblasts on the compression and
tension area compared to those not administered
with Robusta coffee extract. It occurs because
the content of coffee is chorogenic acid and
caffeic acid may increase the number of
fibroblasts **. Other studies have also shown that
topical application of chorogenic acid may
increase TGF B1 expression on days 6 to 15 *° |
which functions as a factor that stimulates
fibroblasts and osteoblasts in the periodontal
ligament and proliferates to improve protein
matrix, in addition TGFB1 also helps mediate
macrophages to clear tissue debris, spread
angiogenesis, help recrystallize and increase
collagen deposition in the proliferation phase “°.
Topical application of caffeic acid found in coffee
may increase collagen and fibroblast cell
proliferation on days 10 and 15.*'

The number of osteoblasts and fibroblasts
in the tension area is greater than that in the
compression area. It occurs because the large
areas in tension area required more osteoblasts
and fibroblasts for the formation and repairing of
bone tissue and periodontal ligaments.

Conclusions

The administration of Robusta coffee
extract increases the number of osteoblasts,
osteoclasts and fibroblasts. The Robusta coffee
extract improves the movement of mandible
incisors to distal direction.
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