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sgistract

Diabetes mel27 s (DM) is a metabolic disease characterized by hyperglycemia that occurs due
to abnormalities in insulin secretion, insulin action, or both. 341e prevalence of DM in Indonesia in
2021 ranked 5th, with a prevalence of 19.5 million cases. ' Tooth extraction is the act of rer 3, ing
the tooth from the socket, which involves bone and soft tissue in the oral cavity. The phases in 5 e
healing process after tooth extraction consist of: the coagulation and hemostasis phase; the
inflammation phase; the proliferation phase; and the shaping and remodeling phase. DM affects

3

each phase of wound healing so that the healing process is delayed. =~ 37
To understand the mechanism of DM influence on each phase that plays a role in wound
healing after tooth extraction, which is useful in helping to determine the target therapy.

Hyperig/cemic conditions in DM produce metabolic products through four pathways that can
increasqereactive oxygen species (ROS). Increased ROS causes endothelial dysfunction and
affects the production of pro-inflammatory cytokines, so that the inflammatory process occurs more
frequently and is prolonged. The proliferation phase is impaired because hyperglycemia increases
apoptosis in fibroblasts and osteoblasts. In addition, it affects the RANKL/OPG ratio, which can
interfere with the bone remodeling process after tooth extraction.

Hyperglycemia-induced intracellular glucose metabolic products affect all stages of the
inflammatory phase through various mechanisms.
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Introduction

Tooth exfraction is the act of removing the
tooth and t@ root from the socket, involving
bone tissue and soft tissue in the oral cavity. The
number of tooth extractions at the University of
Jember's RSGM in 2014 increased from 1577
cases in 2013 to 1913. * Certain systemic
conditions need attention when performing tooth
extractions, one of which is in diabetic patients.
Based on a survey conducted at RSGM
UNSRAT, the three largest systemic conditions in

*Corresponding author:
E Narmada,

patients for extraction are diabetes mellitus (DM)
patients. ®

Diabetes mellitus (DM) is one of the
systemic diseases that can cause the healing
process to be delayed and uncoordinated. DM is
a group of metabolic diseases characterized by
hyperglycemia that occurs due to abnormalities
in insulin secretion, insulin action, or both.
Common symptoms of DM are polyuria,
polyphagia, and polydipsia. The classifications of
DM are Type 1 DM, Type 2 DM, Gestational DM,
and Other Types of DM. '

The International Diabetes Federation
(IDF) organization estimates that at least 463
million people aged 20-79 in the world had
diabetes in 2019, equivalent to a prevalence rate
of 9.3% of the total population of the same age.
Indonesia is ranked 5th, with a prevalence of
19.5 million cases in 2021.
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DM has an impact on the healing of
dental extractions. As many as 97 people out of a
total sample of 147 comorbid people (DM,
hypertension, smoking) had complications after
extraction. There was a significant difference in
post-extraction complications in DM patients. As
many as 12.5% of patients with DM
complications  experienced delayed post-
extraction healing. ® The healing of tooth
extractions in diabetics is slower than in groups
without DM. 7 The condition of DM is a risk factor
for actions that cause tissue injury, such as tooth
extraction. There can be post-extraction
complications such as dry socket or alveolar
ostitis due to infection of the socket and damage
to the blood clot.®? These conditions can interfere
with the stages of the wound healing phase and
iﬂterfere with the process of forming new tissue.

29

Diabetes impairs the delivery of nutrients
and the removal of by-products of glucose
metabolism, which in turn affects microvascular
and macrovascular circulation. Changes in
microvascular circulation result in a reduced
inflammatory response. Among them are
reducing leukocyte migration, tissue perfusion,
and hyperemia disorders. This results in
increased postoperative rif)"

Diabetes leadfJto an increase in reactive
oxygen species.”” Reactive oxygen species
(ROS) are key signaling molecules that play an
important role in the development of
inflammatory  disorders.  Increased = ROS
formation by polymorphonuclear neutrophils
(PMN) at sites of inflammation leads to
endothelial dysfunction and tissue injury.™

Discussion

The healing phase after tooth extraction
consist of: (1) the coagulation and hemostasis
phases, which occur immediately after tooth
extraction. (2) The inflammation phase, which
begins immediately after hemostasis. The
inflammatory response under normal conditions
peaks at 48 hours and will disappear after 1
week. (3) The proliferation phase, which begins
in the following days and incorporates most of
the [Epling process, occurs between days 3 and
14. The proliferation phase is characterized by
the formation of granulation tissue in the wound.
(4) The formation and remodeling phases aim to
restore form and function. This phase occurs

from 3 weeks to 1 year. 13,14 Each phase
contributes to the success of the next.3*
Metabolic products of diabetes can
stimulate Reactive oxyg@h species through four
pathways, namely the polyol pathway,
hexosamine, protein kinase C (PKC) activation,
and increased advanced glycation end products
(AGE). 12
1. Polyol pathway. Hyperglycemia stimulates
aldose reductase (AR) enzyme activity to
catalyze glucose into sorbitol wvia the
sorbitol/polyol pathway. This results in an
increase in intracellular sorbitol and fructose and
a decrease in the ratio of NADPH to NADP. The
increase in intracellular sorbitol will activate p38
MAPK and JNK, triggering the production of
several inflammatory mediators and the
inflammatory process. ' 35
2. Hexosamine pathway. Under normal
circumstances, intracellular glucose is
metabolized through glycolysis to produce
glucose-6-phosphate (G6P), assisted by the
enzyme hexokinase or glucokinase, resulting in
the formation of fructose-6-phosphate (F6P) from
glucose-6-phosphate  (G6P).  Hyperglycemia
Bhuses part of the FG6P compound to be
converted to glucosamine-6-phosphatase and
UDP (uridine diphosphate) N-acetyl glucosamine
(GIcNAc) by the enzyme glucosamine fructose-6-
phosphate amidotransferase/GFAT via the
hexosamine pathway.’®  The N-acetyl
glucosamine formed will bind to transcription
factor serine and threonine residues that play a
role in activating cofﬂors so as to induce gene
expression such as transforming growth factor-
B1 (TGF-1) and plasminogen activator inhibitor-1
[@AI-1). Increased levels of TGF-1 and PAI-1
play an important role in the mechanism of
cellular hypoperfusion, which triggers an increase
in reactive oxygen comp@gpds. *°
3. Diacyl glycerol (DAG)/protein kinase C
(PKC) pathway. Hyperglycemia increases the
synthesis of the diacyl glycerol molecule. This
molecule is the classical form of protein kinase-C,
-a, and -3 compounds. Activation of PKC
Bads to the expression of various genes such as
endothelin-1, VEGF, TGF-B, PAI-1, NF«B,
NAD(P) oxidase, and decreased levels of
endotheline nitic  oxide synthetase/eNOS.
Increased expression of these genes causes
vascular system abnormalities and inflammatory
reactions. "' Increased NADPH oxidase
enzymes in the PKC pathway will increase
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reactive oxygen compounds, while decreased
eNOS will reduce nitric oxide and NO production.
Low levels of NO cause vasoconstriction of blood
vessels, leading to cellular hypoperfusion and
ultimately increasing the production of reactive
oxygengg@mpounds.’’
4. Advanced glycation end products (AGEs).
It is a product of the non-enzymatic glycation
process of hef@rogeneous proteins, lipids, and
nucleic acids in patients with diabetes mellitus
through the glyoxylation pathway. In the early
stages of hyperglycemia, it is compensated by
the reaction of sugar reduction (aldose) with
proteins non-enzymatically so that Schiff bases
and Amadori products (ketoamine compounds)
are formed, which are reversible. Long-term
conditions result in the formation of AGEs, which
are irreversible. AGEs that are formed will
accumulate in various body tissues and blood
vessels and cause various complications of
diabetes. This glycation product will bind to its
receptor (RAGE} RAGE-AGEs binding in
diabetes triggers increased production of reactive
oxygen species (ROS) and up-regulation of
inflammatory processes.'®

RAGE expressed on the cell surface of
monocytes (macrophages) will cause
postreceptor signals on these cells, namely
activating NF-«B, so that the inflammatory stages
Brcur, namely the formation of pro-inflammatory
cytokines such as tumor necrosis factors (TNF-a
and TNF-B), interleukins ) 1, 6, 8, and 18, and
interferon-y, as well as growth factors such as

vascular endothelial growth factor (VEGF),
increased  endothelial  permeability, — and
monocyte chemotaxis. '

Effect of DM on coagulation and

hemos@EJis phases

The first step in the healing process of
tooth extraction is the formation of blood clotting.
Platele@lorm clots and carry growth factors that
further play a role in the inflammatory process.™
Infrinsic and extrinsic coagulation factors cause
hemostasis reactions so that they can fill the
wound basin and form a provisional matrix as a
scaffold for the migration of inflammatory cells in
the infigimatory phase.”

Non-enzymatic modification of plasma
proteins such as albumin, fibrinogen, and
globulin due to hyperglycemia can produce
various adverse effects, including platelet
activation and impaired fibrinolysis."

Several studies have shown that there is
an increase in local thrombin formation and
platelet activation, as well as unfavorable
changes in the blood clot picture, in diabetic
patients.?"?? The decrease in NO due to ROS will
activate NFKB as a transcription factor for the

production of VCAM-1, selectin, and ICAM.
These proteins play a role in vascular
permeability, mediation, and leukocyte

aggregation. 2

AGEs is a Non-enzymatic production of
glucose results. AGEs form covalent bonds with
active amino groups, then damage blood vessels
by increasing oxidative stress and inducing
monocytes  to produce platelet-derived
growth. 25 Thus, the blood vessels become
pathologically permeable and inelastic, and
blockage of blood flow occurs.'®* Endothelial
dysfunction due fo the binding of AGEs and their
receptor RAGE can release factor Il to initiate
extrinsic pathway coagulation and factors XI, VIII,
and IX that play a role in the intrinsic
pathway.?%?” Damaged endothelium will release
tissue factor, which will then activate factor
Then Factor VI, together with calcium ions, will
activate Factor X, which, together with Factor V
and tissue phospholipids, will form a prothrombin
activator complex.?

Effect of DM on the Inflammatory Phase

Inflammatory cells, including neutrophils,
monocytes, and macrophages, in the fibrin
skeleton promote tissue debridement and recruit
vital growth factors for wound healing. In this
phase, pathogens and dead cells are removed
through phagocytdgds. The inflammatory process
contributes to the release of local growth factors
classically associated il bone formation (such
as BMPs and TGF-B), as well as the promotion
of cell chemotaxis associated with the repair
process.™

In DM conditions, AGE-RAGE bonding
occurs in various cells, incll@g endothelial and
neutrophil cells. The bond between AGEs and
RAGEs on the surface of endothelial cells can
increase the formation of ROS. This bond will
activate the enzyme NADPH oxidase, which
triggers the formation of intracellular ROS and
causes oxidative stress. Furthermore, it
stimulate the activation of NF-kB and affect the
expression of  pro-inflan§flatory  cytokines,
namely IL-1B and TNF-a, growth factors (GF)
such as TGF-B1, IGF-1, and metalloproteases
(MMP-1, MMP-2, MMP-3, and MMP-13). In
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addition, there is increased expression of
adhesion molecules such as selectin, vascular
adhesion molecule-1 (VCAM-1), and intercellular
adhesion molecule-1 (ICAM-1) on endothelial
cells. These molecules are normally required in
the process of margination, which is the
withdrawal of leukocytes from the blood
circulation towards the endothelial surface of
blood vessels.”>'"'® Overexpression of these
molecules can interfere with the diapedesis and
chemotaxis of inflammatory cells, such as
neutrophils. This leads to decreased chemotaxis
and phagocytic activity of neutrophils, decreased
intracellular bacterial elimination capacity, and
increased ROS produfibn in patients with DM."®

Diabetes suppresses the expression of miloger@
growth factors and increases the expression o

pro-inflammatory  cytokines, mediated by
epigenetic mechanisms. Hyperglycemic
conditions can promote M1 macrophage

polarization through excess ROS production
under inflammatory stimulation in type 1 DM
mice.?? The increased M1 polarization and
reduced M2 macrophages are responsible for the
delay in healing in DM subjects through aberrant
expression of TNF and peroxisome proliferator-
activated receptor-g.%°

Effect of DM on the Proliferation Phase

The proliferation phase is known as the
[broplasia phase. This phase has various phases,
such as angiogenesis, fibroplasia, granulation of
tissue formation, collagen deposition,
epithelialization, and wound contraction.? In this
phase, there is a turnover of granulation tissue
into more mature connective  tissue.
Characterized by increased fibroblast activity
synthesizing extracellular matrix, resulting in an
[ rease in collagen fibers.*
Growth factors such as TGEB1 and FGF-2 are
responsible for promoting thernliferatiun and
activation of fibroblasts, which play an important
role in the synthesis of the temporary matrix of
tissue granulation.” In diabetic conditions, there
is a de@ase in TGFp1.%2

Platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), and TGF are
decreased in diabetic conditions.*** These
conditions  occur  because AGEs cafgg
interference with the biomolecular activity of the
wound healing process and trigger cell apoptosis.
One of the dominant AGEs found in the serum of
patients with DM, CML-collagen, can increase
programmed cell death, or apoptosis, in

fibroblasts and osteoblasts. CML-collagen
stimulates the expression of p38 and JNK genes
involved in the apoptotic pathway through
activation of caspase-3 in the cytoplasm and
mitochondria of cells. This condition causes
many fibroblasts and osteoblasts to undergo
apoptosis. Increased apoptosis of these cells will
inhibit matrix synthesis activity and disrupt the
bone formation process.®

The increase in  proinflammatory
cytokines in DM, for example, is TNFa. TNFa

induces the release of arachidonate from
diacylglycerol and increases prostaglandin
synthesis in osteoblast cultures. These

prostaglandins can induce apoptosis and the
death of osteoblasts.®

Bone formation is the first step of the
healing process, characterized by an increase in
BMP2, BMP4, and BMP7. RUNX2 expression is
a transcription factor involved in osteoblast
differentiation. However, in DM conditions, there
is a decrease in BMP2 levels and collagen
degradation due fo increased production of
proinflammatory cytokines and NFKB 323

Effect of DM on the Bone Remodeling
Phase

Continues in the bone remodeling phase.
It is an act of ingBlvement by both osteoclasts
and osteoblasts. The increase in the number of
osteoclasts parallels the stabilization of
osteoblast density observed in the remodeling
period.3"%8

Dysregulation due to decreased insulin
causes an increase in osteoclasts, which is
thought to be the result of an increase in the
RANKL/OPG ratio. The dysregulation also results
in decreased bone formation due to decreased
BMP, RunX2, and increased PPAR, resulting in
decreased osteoblast proliferation and increased

apoptosis in osteoblasts through increased
TNFa.*®

q In diabetes, there is an increase in
inflammatory mediators, such as increased

expression of TNFa and IL-18. TNF-a stimulates
osteoclastogenesis by increasing the production
of M-CSF and RANKL in gf@row stromal cells.
42 TNFa and IL-1B can cause osteoblasts to
express RANKL protein, which will further
stimulate osteoclast precursors to differentiate
and directly result in an imbalance of OPG and
RANKL in DM conditions, namely an increase in
RANKL and a decrease in OPG. %40
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Proinflammatory medi§B§rs can regulate
receptor activator of NF-kB ligand (RANKL) to
bind to receptor activator of NF-kB (RANK), thus
leading to increased differentiation  of
preosteoclasts into osteoclasts and accelerating
the osteoclastic process.*! 24

Hyperglycemia directly modulates the
RANKL/OPG ratio and indirectly through
AGE/RAGE, which can trigger inflammation aigg)
destruction. AGE-RAGE contributes to
osteoclastogenesis through increased expression
of RANKL and downregulation of OPG. 46-AGEs
can increase RANKL [EEBtivation and induce
osteoblast apoptosis.*? Increased RANKL/OPG
and TNF ratios lead to excessive bone resorption,
resulting in disruption of the bone remodeling
process in diabetic conditions.*?

Conclusions

Intracellular glucose metabolism products
due to hyperglycemia can affect all stages of the
inflammatory phase. So it is necessary to pay
attention to each phase of the healing process
after t@f@h extraction to avoid complications that
occur in diabetic patients and prolonged wound
healing.

Declaration of Interest
The authors report no conflict of interest.
References

1. IDF Diabetes Atlas | Tenth Edition. International Diabetes
Federation. Published 2021. Accessed January 2, 2023.
https://diabetesatlas.org/

2. De Sousa Gomes P, Daugela P, Poskevicius L, et al. Molecular
and Cellular Aspects of Socket Healing in the Absence and
Presence of Craft Materials and Autologous Platelet
Concentrates: a Focused Review. J Oral Maxilofac Res.
2019;10(3):e1. doi:10.5037/JOMR.2019.10302

3. Ghiasi MS, Chen J, Vaziri A, Rodriguez EK, Nazarian A. Bone
fracture healing in mechanobiological modeling: A review of
principles and methods. Bone Rep. 2017:6:87-100.
doi:10.1016/J.BONR.2017.03.002

4. Fithri Z, Rochim A, Cholid Zainul. Pencabutan Gigi Berdasarkan
Karakteristik Sosiodemografi pada Pasien RSGM Distribusi
Pencabutan Gigi Berdasarkan Karakteristik Sosiodemografi.
Pustaka Kesehatan. 2017;5(1):177-184. Accessed December
27, 2022.
https:/fjumal.unej.ac.idfindex.php/JPK/article/view/5751

5. Heny Payung, Pritartha S. Anindita, Bernat S. P. Hutagalung.
GAMBARAN KONTRAINDIKASI PENCABUTAN GIGI DI
RSGM UNSRAT TAHUN 2014. jurnal kedokteran komunitas
dan tropik. 2015;3(3):170-179.

6. Power DJ, Sambrook PJ, Goss AN. The healing of dental
extraction sockets in insulin-dependent diabetic patients: a
prospective controlled observational study. Aust Dent J.
2019;64(1):111-116. doi:10.1111/ADJ . 12669

7

9

1.

14.

1

@

©

20.

Gadicherla S, Smriti K, Roy S, Pentapati KC, Rajan J, Walia A
Comparison of extraction socket healing in non-diabetic,
prediabetic, and type 2 diabetic patients. Clin Cosmet Investig
Dent. 2020;12:291-296. doi:10.2147/CCIDE.S264196

Blum IR. Contemporary views on dry socket (alveolar osteitis):
a clinical appraisal of standardization, aetiopathogenesis and
management: a critical review. Int J Oral Maxiliofac Surg.
2002:31(3):309-317. doi:10.1054/1JOM.2002.0263

Torres Lagares D, Serrera Figallo MA, Romero Ruiz MM,
Infante Cossio P, Garcia Calderdn M, Gutiérrez Pérez JL.
Update on dry socket: a review of the literature. Med Oral Patol
Oral Cir Bucal. 2005;10(1):81-85; 77. Accessed January 2,
2023. hitps:/feuropepme.org/article/med/15627911

. Heather L O, David Keast, Louise Forest. Basic Principles of

wound healing. Published 2011. Accessed January 2, 2023.
https://www.woundscanada.ca/docman/public/iwound-care-
canada-magazine/2011-vol-8-no-2/424-wece-spring-2011-v9n2-
principles-wound-healing/file

Patel S, Srivastava S, Singh MR, Singh D. Mechanistic insight
into diabetic wounds: Pathogenesis, molecular targets and
treatment strategies to pace wound healing. Biomedicine &
Pharmacotherapy. 2019:112:108615.
doi:10.1016/J.BIOPHA.2019.108615

. Mooradian AD. Antioxidants and diabetes. Indian J Endocrinol

Metab. 2012;16(Suppl 2). doi:10.4103/2230-8210.104057

. Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB. Reactive

Oxygen Species in Inflammation and Tissue Injury. Antioxid
Redox Signal. 2014;20(7 :1126. doi:10.1089/ARS.2012.5149
De Sousa Gomes P, Daugela P, Poskevicius L, etal. No 3 | e2 |
p.1J Oral Maxillofac Res. J Oral Maxillofac Res. 2019;10:3-5.
doi10.5037/jomr.2019.10302

. Schalkwijk CG, Stehouwer CDA. Vascular complications in

diabetes mellitus: the role of endothelial dysfunction. Clin Sei
(Lond). 2005;109(2):143-159. doi:10.1042/CS20050025

. Inoguchi T, Sonta T, Tsubouchi H, et al. Protein kinase C-

dependent increase in reactive oxygen species (ROS)
production in vascular tissues of diabetes: role of vascular
NAD(P)H oxidase. J Am Soc Nephrol. 2003;14(8 Suppl 3).
doi:10.1097/01.ASN.0000077407.90309.65

. Brownlee M. The pathobiology of diabetic complications: a

unifying mechanism. Diabetes.
doi:10.2337/DIABETES.54.6.1615

2005;54(6):1615-1625.

. Negre-Salvayre A, Salvayre R, Augé N, Pamplona R, Portero-

Otin M. Hyperglycemia and glycation in diabetic complications.
Antioxid Redox Signal. 2009;11(12):3071-3109.
doi:10.1089/ARS.2009.2484

19. Vieira AE, Repeke CE, De Bamos Femeira Junior S, et al.

Intramembranous Bone Healing Process Subsequent to Tooth
Extraction in Mice: Micro-Computed Tomography,
Histomorphemetric and Molecular Characterization. Published
online 2015. doi:10.1371/journal.pone.0128021

Landén NX, Li D, Stdhle M. Transition from inflammation to
proliferation: a critical step during wound healing. Cell Mol Life
Sci. 2016;73(20):3861-3885. doi:10.1007/500018-016-2268-0

21. Gambaran hemostasis darah pada pasien diabetes melitus tipe

22,

2 yang menjalani hemodialisis di RSUD Arifin Achmad Provinsi
Riau Periode Januari 2015 — Desember 2020 | Lumban Tobing
| Jurnal K 1 Syiah Kuala. A d Dy 14, 2023.
https:/fjurnal.usk.ac.id/J KS/article/view/23474

Undas A, Wiek |, Stépien E, Zmudka K, Tracz W.
Hyperglycemia s Associated With Enhanced Thrombin
Formation, Platelet Activation, and Fibrin Clot Resistance to
Lysis in Patients With Acute Coronary Syndrome. Diabetes
Care. 2008;31(8):1590. doi:10.2337/DC08-0282

23. Funk SD, Yurdagul A, Orr AW. Hyperglycemia and Endothelial

24,

Dysfunction in Atherosclerosis: Lessons from Type 1 Diabetes.
Int J Vasec Med. 2012;2012. doi:10.1155/2012/569654
Yamagishi S ichi, Fukami K, Matsui T. Crosstalk between
advanced glycation end products (AGEs)-receptor RAGE axis
and dipeptidy| peptidase-4-incretin system in diabetic vascular
complications. Cardiovasc Diabetol. 2015:14(1):1-12.
doi:10.1186/512933-015-0176-5/FIGURES/2

‘ Volume - 17 - Number 024 ‘




IJuurnaI of International Dental and Medical Research ISSN 1309-100X

Tooth Extraction Socket Healing
Puspa Dila Rohmaniar et al

25

26

27

28

29

30

33

34

35

36

37

38

39

40

. Portero-Otin M, Negre-Salvayre A, Salvayre R, Augé N,
Pamplona R, Portero-Otin M. Hyperglycemia and Glycation in
Diabetic Complications. Published online 2009.
doi:10.1089/ARS.2009.2484

. Malik MI, Nasrul E, Asterina A. Hubungan Hiperglikemia
dengan Prothrombin Time pada Mencit (Mus musculus) yang
Diinduksi Aloksan. Jurnal Kesehatan Andalas. 2015:4(1).
Accessed December 14, 2023.
http:/fjurnal.fk.unand.ac.id/index.php/jka/article/view/219

. Zhao Y, Zhang J, Zhang J, Wu J. Diabetes Mellitus Is
Associated with Shortened Activated Partial Thromboplastin
Time and Increased Fibrinogen Values. PLoS One.
2011:6(1):e16470. doi:10.1371/JOURNAL.PONE.0016470

. By John E. Hall PMDWAT and El. Guyton Dan Hall Buku Ajar
Fisiologi Kedokteran, 13th Edition. Vol 13.; 2019

. Zhang B, Yang Y, Yi J, Zhao Z, Ye R. Hyperglycemia
modulates M1/M2 macrophage polarization via reactive oxygen
species overproduction in ligature-induced periodontitis. J
Periodontal Res. 2021:56(5):991-1005. doi:10.1111/JRE.12912

. Shen X, Shen X, Li B, et al. Abnormal macrophage polarization

impedes the healing of diabetes-associated tooth sockets. Bone.

2021;143:115618. doi:10.1016/J.BONE.2020.115618
. Rodrigues MTV, Cardoso CL, de Carvalho PSP, et al
Experimental alveolitis in rats: microbiological, acute phase
response and histometric characterization of delayed alveolar
healing. J  Appl  Oral  Sci.  2011;19(3):260-268.
doi:10.1590/S1678-77572011000300015
. Xu MT, Sun S, Zhang L, et al. Diabetes mellitus affects the
biomechanical function of the callus and the expression of TGF-
betat and BMP2 in an early stage of fracture healing. Brazilian
Journal of Medical and Biological Research. 2015;49(1):e4736.
doi10.1590/1414-431X20154736
. Qian C, Zhu C, Yu W, Jiang X, Zhang F. Sun J. Bone
morphogenetic protein 2 promotes osteogenesis of bone
marrow stromal cells in type 2 diabetic rats via the Wnt
signaling pathway. Int J Biochem Ceil Biol. 2016;80:143-153.
doi:10.1016/J.BIOCEL.2016.09.025
. Alikhani Z, Alikhani M, Boyd CM, Nagac K, Trackman PC,
Graves DT. Advanced glycation end products enhance
expression of pro-apoptotic genes and stimulate fibroblast
apoptosis through cytoplasmic and mitochondrial pathways.
Journal of Biological Chemistry. 2005;280(13):12087-12095.
doi10.1074/JBC .M406313200
. Chen TL, Xu EL, Lu HJ, et al. The influence of diabetes
enhanced inflammation on cell apoptosis and periodontitis.
Advances in Bioscience and Biotechnology. 2012;3(6):712-719.
doi:10.4236/ABB.2012.326092
. Pritama MFA, Syaify A, Suryono S. Differences in levels of
bone morphogenetic protein-2 in periodontitis patients with and
without type 2 diabetes mellitus. Majalah Kedokteran Gigi
Indonesia. 2023;9(2):156-162. doi:10.22146/majkedgiind.83286
. Halloran D, Durbano HW, Nohe A. Bone Morphogenetic
Protein-2 in Development and Bone Homeostasis. J Dev Biol.
2020;8(3). doi:10.3380/JDB8030019
. Harrison CA, Al-Musawi SL, Walton KL. Prodomains regulate
the synthesis, extracellular localisation and activity of TGF-B
superfamily ligands. Growth Factors. 2011;29(5):174-186.
doi:10.3109/08977194.2011.608666
. Cochran DL. Inflammation and Bone Loss in Periodontal
Disease. J Peiiodontol. 2008;79(8s).1569-1576.
doi:10.1902/JOP.2008.080233
. Santos VR, Lima JA, Gongalves TED, et al. Receptor activator
of nuclear factor-kappa B ligandfosteoprotegerin ratio in sites of
chronic periodontitis of subjects with poorly and well-controlled
type 2 diabetes. J Periodontol. 2010;81(10):1455-1465.
doi:10.1902/J0OP.2010.100125

41. Ganapathy N, Venkataraman S, Daniel R, Aravind R,

Kumarakrishnan V. Molecular biology of wound healing. J
Pharm  Bioallied Sci. 2012;4(6).334. doi:10.4103/0975-
7406.100294.

42. Alikhani M, Alikhani Z, Boyd C, et al. Advanced Glycation

4

w

Endproducts Stimulate Osteoblast Apoptosis Via the MAP
Kinase and Cytosolic  Apoptotic ~ Pathways.  Bone.
2007;40(2):345. doi:10.1016/).BONE.2006.09.011

. Pacios S, Kang J, Galicia J, et al. Diabetes aggravates

periodontitis by limiting repair through enhanced inflammation.
FASEB J. 2012;26(4).1423-1430. doi:10.1096/FJ.11-196279.

‘ Volume - 17 - Number 024 ‘




Effect of Diabetes Mellitus on Each Phase of Tooth Extraction
Socket Healing

ORIGINALITY REPORT

19, 13« 15« 5«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.science.gov 1 y
0

Internet Source

.

Isaias Dichi, José Wander Bregand, Andréa 1 o
Name Colado Simao, Rubens Cecchini. "Role °
of Oxidative Stress in Chronic Diseases", CRC

Press, 2014

Publication

2]

erepo.unud.ac.id 1
Internet Source %
www.mdpi.com /
Internet Source %
www.scielo.br /
Internet Source %
E "Diabetes and Aging-related Complications", 1 o
. . . . 0
Springer Science and Business Media LLC,
2018
Publication
Alvaro Francisco Bosco, Paula Lazilha Faleiros, 'I o
0

Luana Rodrigues Carmona, Valdir Gouveia
Garcia et al. "Effects of low-level laser therapy
on bone healing of critical-size defects treated
with bovine bone graft", Journal of
Photochemistry and Photobiology B: Biology,
2016

Publication

E Submitted to University of Central Lancashire 1 o
0

Student Paper

www.dmsjournal.com



Internet Source

%

N
o

silo.pub

Internet Source

%

—
—

www.thieme-connect.com

Internet Source

%

N
N

Asdar Gani, Risfah Yulianty, Supiaty Supiaty,
Machirah Rusdy et al. "Effectiveness of
Combination of Chitosan Gel and
Hydroxyapatite from Crabs Shells (Portunus
pelagicus) Waste as Bonegraft on Periodontal
Network Regeneration through IL-1 and BMP-
2 Analysis", International Journal of
Biomaterials, 2022

Publication

%

"Pearls and Pitfalls in Skin Ulcer

. . . <l%
Management", Springer Science and Business
Media LLC, 2023
Publication

I\/!ehmet Em'in (?nger, Hasan Géger( Alper <1 %
Cirakli, Ismail BuyUkceran, Mesut Kilig,
Suleyman Kaplan. "Effect of Electromagnetic
Wave on Bone Healing in Fixed and Unfixed
Conditions", Journal of Craniofacial Surgery,
2016
Publication
Submitted to Monash University Sunway

. <1%
Campus Malaysia Sdn Bhd
Student Paper

Victor R. Preedy. "Adhesion Molecules", CRC <1 %
Press, 2016
Publication
novapublishers.com

Internet[SJource <1 %




Kang I. Ko, Anton Sculean, Dana T. Graves. <1 o
"Diabetic Wound Healing in Soft and Hard °
Oral Tissues", Translational Research, 2021
Publication
cellandbioscience.biomedcentral.com <'
Internet Source %
dokumen.pub ’
Internet Source p < %
synapse.koreamed.or '
In%irnetEource g < %
Andrew J. Peacock, Robert Naeije, Lewis |. < o
Rubin. "Pulmonary Circulation - Diseases and °
Their Treatment, Fourth Edition", CRC Press,
2019
Publication
Evapthla I_'a-IIa. Diabetes mellitus and <'| %
periodontitis: a tale of two common
interrelated diseases", Nature Reviews
Endocrinology, 06/28/2011
Publication
Taonr,Joth., Philip M Preshaw, f‘:\nd <1 %
Evanthia Lalla. "A review of the evidence for
pathogenic mechanisms that may link
periodontitis and diabetes", Journal Of Clinical
Periodontology, 2013.
Publication
en.wikipedia.or v
Internet Sou[race g < %
ijnaa.semnan.ac.ir 7
I-rlwternet Source < %
dfs.semanticscholar.or '
IEw)ternet Source g < %
slideplayer.com /]
Internetgourzle < %




www.dovepress.com

Internet Source p <1 %
Lawrence T. Dauer, Bae P. Chu, Pat B.

30 , . o . <l
Zanzonico. "Dose, Benefit, and Risk in Medical
Imaging", CRC Press, 2018
Publication
P. Mark Bartold. "Mechanisms and control of

31 . : : " <l
pathologic bone loss in periodontitis”,

Periodontology 2000, 06/2010
Publication
Priscila Maria Colavite, Michelle de Campos

32 e . ) ) <l
Soriani Azevedo, Carolina Favaro Francisconi,

Angélica Cristina Fonseca et al. "Intermediate
and Transitory Inflammation Mediate Proper
Alveolar Bone Healing Outcome in Contrast to
Extreme Low/High Responses: Evidence from
Mice Strains Selected for Distinct
Inflammatory Phenotypes", Biology, 2024
Publication
link.springer.com '

Internet S[?)urceg < %
repositori.usu.ac.id /

Inteﬁmt Source < %
ridnmd.or v

Ir%]ternet Source g < %
sryahwapublications.com '

Inte>r/net Sourcep < %
www.jetir.or ’

Internet SJource g < %
www.researchgate.net /

Internet Source g < %

l. Isnandar, Olivia Avriyanti Hanafiah, <' %

Muhammad Fauzan Lubis, Lokot Donna Lubis
et al. "The effect of an 8% cocoa bean extract




gel on the healing of alveolar osteitis
following tooth extraction in Wistar rats",
Dental Journal, 2022

Publication

Sammy E. Aggrey, Huaijun Zhou, Michele <1
- : %
Tixier-Boichard, Douglas D. Rhoads.
"Advances in poultry genetics and genomics",
Burleigh Dodds Science Publishing, 2020
Publication
Yan-Xia Zhang, Mi-Rong Jing, Chun-Bo Cai, <1 %

Shuai-Gang Zhu et al. "Role of hydrogen
sulphide in physiological and pathological
angiogenesis", Cell Proliferation, 2022

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography  On



Effect of Diabetes Mellitus on Each Phase of Tooth Extraction
Socket Healing

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6




