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ABSTRACT

Background: Relapse during passive orthodontic treatment is a major issue, with 70-90% frequency.
Purpose: This study also aims to analyze the effect of caffeine on orthodontic relapse in rats.

Methods: This study utilized 18 male Wistar rats which were randomly divided into two groups: caffeine and the control group (CG). The rats
were subjected to a 35 cN orthodontic force for a duration of 7 days, after which the rats were conditioned to be passive. During this phase,
the caffeine group received daily administration of caffeine. Subsequently, the appliances were detached to facilitate relapse. The distance
between the mesial tips was measured using a digital caliper at three consecutive time points: 0, 3, 5, and 7 days after debonding.

Results: The number of osteocytes was examined using hematoxylin—eosin staining. The data were subjected to statistical analysis using
a t-test. The relapse distance of the Caffeine group was lower than that of the control groups on day 7. Histological examinations using

hematoxylin—eosin (HE) staining showed a significant increase osteocytes during orthodontic relapse movement (p < 0.05).

Conclusion: This study found that caffein may reduce orthodontic relapse by increasing osteocytes number in rats.
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Introduction

One of aspect the hardest in plan maintenance orthodontics is
maintain tooth in position end post maintenance orthodontics
finished. In 1934, Oppenheim asserted that maintain results
obtained after maintenance orthodontics is one of the matter the
hardest from all aspect overall care [ 1]. Maintenance orthodontics
need retention for stabilize results and maintain harmony teeth.
Without retention, teeth tend return to position originally, a
condition called relapse. Various methods and assess which
method is best for every patient for minimize relapse Already
widely done [2]. Coffee is one of the lots of drinks liked all
circles age, no except patients who are orthodontic treatment [3].

Coffee contains compound bioactive with characteristic
antioxidants and anti- inflammatory, including sour chlorogenic
acid, magnesium, lignans, quinides, trigonelline, diterpenes
and N-methylpyridine [4]. Coffee contains, among other
things, a substance called caffeine (1,3,7 trimethylxanthine),
acid chlorogenic and caffeic acids, as well as flavonoids which
have effect antioxidants. Robusta coffee has activity high
antioxidant compared to with Arabica coffee and others [5].
Meanwhile, several epidemiological studies have shown that
caffeine accelerates calcium loss, potentially increasing the
risk of bone loss and osteoporosis [6]. Researchers have also
found that caffeine can stimulate bone resorption in two ways:
by increasing osteoclast differentiation and maturation and by
affecting the osteogenic differentiation and bone-forming ability
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of bone marrow-derived mesenchymal stromal cells [7]. The
activity of osteoclasts and osteoblasts is not regulated, bone
metabolism will be negatively affected [4]. Animal studies have
shown inconsistent results, with some studies reporting that
high-dose caffeine consumption (diet with 0.2% caffeine or 100
mg/kg) inhibits bone growth, reducing bone mineral density [8].

Caffeine can also reduce the differentiation of mesenchymal
stem cells (MSCs) into osteoblasts by reducing the binding of
alpha-1 core binding factor (Cbfal). Caffeine exposure in the
right dose can inhibit the formation of osteoblast cells and cause
a decrease in bone mineral density (BMD). Decreased BMD can
trigger accelerated bone remodeling and shorten the duration
of orthodontic treatment [9]. Based on other researchers, it has
been shown that moderate caffeine intake (around 400 mg in
humans) can maintain bone homeostasis by affecting the balance
of osteoclast and osteoblast numbers. However, long-term high-
dose caffeine consumption (around 800 mg in humans) can have
adverse effects on the skeletal system [7]. The amount research
that examines the impact of caffeine on orthodontic treatment,
but the research has mostly reviewed its effects on accelerating
tooth movement and there has been little research on its effects
on relapse, making it interesting to conduct research.

Research Methods

Study this quasi experimental with design study post-test only
control group design has get permission from commission
FKG UNISSULA ethics with No.578/B.1-KEPK/SA-FKG/
V1/2024. Caffeine (purity 50% and 100%) was obtained from
the distributor of Nusantara coffee.

In this study, 36 10-week-old male Sprague—Dawley (weighing
250-300 g) were randomly divided into two groups and then
divided into four subgroups based on observation time (days)
namely 0 (3 hours), 3, 7 and 14 after orthodontic appliance
installation. Ketamine (35 mg/kg BW) and xylazine (5 mg/
kgBW) anesthesia were given before orthodontic appliance
installation. The bracket used was Edgewise which has no
memory. The force was applied using a 0.12x0.30 NiTi open
coil spring (diameter = 2 mm; wire arm length = 2.1 mm) and
a 0.16x0.22 rectangular stainless steel main wire (DiynaFlex,
Missouri, USA) with cinch back at both ends of the wire. The
orthodontic force used was 3.5 oz which was measured using
an orthodontic force meter and obtained a central interincisor
distance of 4 mm. Shortly after orthodontic appliance placement,
caffeine was administered to rats in the treatment group orally
once a day using an oral tube at 9 am.

Samples were taken on the day to 0, 3, 7, and 14 after release
device orthodontics (phase post stabilization). Taking sample day
0 done quick after release device orthodontics group days 0, 3, 7
and 14. Retrieval sample done in the morning day 08.00-10.00
WIB. Anesthesia animal use chloroform, after respiratory arrest,
mandibular jaw in relapse area taken (decapitation) with cut use
saw small with cutting from direction sagittal. Jaw lower Then
entered to in tube contains 10% formalin for fixation network
and labeled on the media location, then checked in the Histology
Laboratory of the Faculty of Medicine, Sultan Agung Islamic
University. Two-way ANOVA test for now difference between
group. Further testing Post Hoc Tukey for now different groups.

Results

Research result osteocytes in a way histological use coloring
Hematoxylin-Eosin (HE) and microscopy with 400x
magnification. HE staining selected Because give good contrast,
so that the cell nucleus looks blue old or purple, and cytoplasm
seen red young, like seen in Figure 1.

Figure 1: Histology relapse area 10x magnification with HE
staining using microscope light. (TA) alveolar bone, (LP)
periodontal ligament, (S) cementum, (E) enamel

In the group control, no There is improvement amount osteocytes
day 0 to day 14. In contrast, in the group that received caffeine 50
mg/kg and 100 mg/kg showed improvement amount osteocytes
on days 7 and 14, although No There is increase on day 0 and
3. Histological picture osteocytes from each group can see in
Figure 2.
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Figure 2: Histological picture cell osteocytes with HE staining at
400x magnification using microscope light on days 0, 3, 7, and
14. (A) group control negative aquadest (B) treatment giving
caffeine 50 mg/kg (C) treatment giving caffeine 100 mg/kg.

Observation and calculation osteocytes of five fields view stock
histological and analyzed using descriptive tests for determine
mean and standard deviation each group treatment. The results
showed that amount osteocytes lowest found in the group control
negative aquadest on day 0, the amount highest found in the group
treatment caffeine 100 mg/kg on day 14, as shown in Figure 3.
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Figure 3: Graph Development Average Amount Osteocytes

Two-way ANOVA test p value =0.000 (p<0.05), exists difference
significant between dose caffeine and phase post-stabilization
orthodontics to amount osteocytes. Tukey’s post hoc test p value
<0.05, there is difference significant between time in day and
group day 0 and 3 (p=0.086). Group control aquadest and group
giving caffeine 50 mg/kg and 100 mg/kg (p=0.000), were present
difference significant. In the group control negative distilled
water, no There is improvement amount osteocytes. In contrast,
in the group giving caffeine 50 mg/kg and 100 mg/kg, occurred
improvement amount osteocytes on days 7 and 14.

Discussion

Component main coffee, caffeine own Lots benefit in metabolism
and bone remodeling. Research previously show that intake
caffeine can influence metabolism bones, with effects that
depend on several factors, such as dosage, method granting,
and conditions test animals [10]. Study other show results that
giving caffeine effective increase expression osteocalcin in the
area pressure and tensile areas [11]. Osteocalcin This secreted
by osteoblasts. The amount osteocalcin in the area pulls bigger
than area pressure. Osteocalcin This play a role in regulation
metabolism bone with interact with cells bone others and factors
growth. Osteoclastin also helps in maintenance balance between
formation bone new (osteogenesis) and resorption the bone that
occurs in a way experience in the bone remodeling process [12].

Osteocytes own a very important role in the bone remodeling
process, namely in arrange balance between formation bone new
and resorption old bone. Osteocytes functioning for to regulate
two types of activities cell bone main, namely osteoblasts and
osteoclasts. Osteocytes produce various factor molecular such
as RANKL and OPG, both of which own function specific in
arrangement activity osteoblasts and osteoclasts. RANKL
is responsible answer for stimulate formation and activity
osteoclasts, which play a role in the process of resorption or
destruction bone on the other hand, OPG works as inhibitor
activity osteoclast with binds to RANKL, preventing it from
interact with receptors on osteoclasts. Interactions dynamic
between RANKL and OPG is very important in arrange balance
resorption bones, ensure that the bone remodeling process in
progress in a way controlled and balanced. Relapse occurs on
day 1 to 24th day after release orthodontic appliance [13].

Periodontal ligament and surrounding gingiva tooth will
experience stretching when tool orthodontics used for move
teeth. Movement process This trigger activity cells osteoblasts
and osteoclasts, osteoblasts to form bone new and osteoclasts
bone destruction [14]. Contraction gingival fibers will happen
after maintenance orthodontics that can causing relapse

especially If amount active osteoblasts lower compared to with
amount osteoclasts that break down bones. The growth pattern is
still in progress after maintenance orthodontics can also become
reason relapse occurs due to improvement activity osteoclast
in change supporting bones teeth. Teeth that have been moved
will surrounded by new osteoid formed which is produced by
osteoblasts. This is can result in relapse if amount osteoblasts
No Enough For stabilize position new teeth. Condition medium
bone experience calcification this, if No balanced with activity
adequate osteoblasts No will give sufficient stabilization For
teeth, so that increase possibility relapse occurs due to domination
osteoclast in the bone remodeling process [15].

Osteocytes in the area pull with more amount tall found in mice
with treatment giving caffeine with dose of 100mg/kg compared
with dose of 50 mg/kg. This is can concluded that in the area
pull the happen improvement activity metabolism more bones
tall compared to the group control aquadest. This is Still needing
inspection more carry on about activity metabolism bone is a
positive thing or going to changes that can be made lower density
bone. Osteocytes Alone Already often known as regulating cells
homeostasis from bone. Osteocytes arrange signal from the bone
remodeling process, both going to phase regeneration and also
degeneration phase [13].

Research conducted by Miao et al., which traced effect from
giving caffeine to osteoclastogenesis and osteoblastogenesis.
Animal experiments giving dose moderate (55.44 mg/kg)
protection to erosion bone consequence ovariectomy with hinder
osteoclastogenesis and promote osteogenesis, whereas at doses
high (110.88 mg/kg) increasingly to worsen erosion bones and
reduce strength bone with inhibits osteogenesis and promotes
osteoclastogenesis.

In vitro, caffeine dose moderate (12.5 pug /mL) inhibits track
RANKL -induced signals (MAPKs and NF- kB) with obstruct
RANK interaction with c-Fos. In addition, it hinder MAPK, NF-
kB, and AKT pathways that stimulate Runx2 expression, so that
promotes osteogenesis. In contrast, caffeine dose high (50 pg /
mL) increases track RANKL (MAPKs and NF- kB) signaling
with facilitate interaction between RANK and c-Fos. It also
activates phosphorylation IkB a, P65, and JNK, which decrease
Runx2 expression and with thus suppress osteogenesis [7].

Amount osteocytes in study This is also influenced by factors
time. Time factor can influence osteocytes in study about
influence giving caffeine to amount cell osteocytes in the
area of post- alveolar bone relapse stabilization orthodontics
Because happen improvement activity osteoblasts. Osteoblasts
are cells the bones responsible answer on formation matrix
bone. Activity increased osteoblasts can produce improvement
production matrix bones, which in turn can trigger proliferation
and differentiation of osteocytes [16].

Osteocytes is cells bone mature involved in the process of bone
remodeling, incl bone resorption and apposition [17]. This
process need time for happens and changes in amount osteocytes
can observed as response to external stimuli like giving caffeine.
Osteocytes can react to caffeine with change activity they,
proliferation, or metabolism bones, but response This Possible
need time certain For observed or assessed [18].
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On day 0 and 3 no there is difference amount osteocytes that
may cause by the range short time. Osteocytes plays a role in
bone remodeling some activities [19]. In the study histological
show that stage first bone remodeling that is resorption happen
in 3-5 days followed with recovery in 5-7 days. In line with
results study This moment resorption process occurs that is, day
3rd no There is addition amount osteocyte cells [20]. This is
followed by the stage end apposition bone between 7 and 14
days. Apposition the bone that occurs during movement tooth
orthodontics is a biological process that involves response
inflammation acute. Stage end This happen addition or formation
bone new (osteogenesis) around moving teeth [21]. This is in
accordance with our findings were found improvement amount
cell osteocytes on the 7th and 14th day, which can indicate the
ongoing osteogenesis process happened. Recommendation
clinic in study This that caffeine capable affect post relapse
maintenance orthodontics.

Thank-You Note

We say accept love to Department Orthodontics Faculty Dentistry
of Sultan Agung Islamic University and LPPM Sultan Agung
Islamic University Semarang on behalf of support in study This.

Reference

1. Inchingolo F, Inchingolo AM, Ceci S, Carpentiere V,
Garibaldi M, et al. Orthodontic Relapse after Fixed or
Removable Retention Devices: A Systematic Review. Appl
Sci. 2023. 13: 11442.

2. Melrose C, Millett DT. Toward a perspective on orthodontic
retention? Am J Orthod Dentofacial Orthop. 1998. 113:
507-514.

3. Shirazi M, Vaziri H, Salari B, Motahhari P, Etemad-
Moghadam S, et al. The effect of caffeine on orthodontic
tooth movement in rats. Iran J Basic Med Sci. 2017. 20:
260-264.

4. Paiva CLRS, Beserra BTS, Reis CEG, Dorea JG, Da Costa
THM, et al. Consumption of coffee or caffeine and serum
concentration of inflammatory markers: A systematic
review. Crit Rev Food Sci Nutr. 2019. 59: 652-663.

5. Herniyati, Devi LS, Prameswari N. Analysis of the Potency
of Robusta Coffee (Coffea canephora) to Increase the
Expression of FGF2, Collagen 1 and ALP in the Periodontal
Ligament During Orthodontic Tooth Movement. Trends
Sci. 2023. 20: 1-11.

6. Chen CC, Shen YM, Li SB, Huang SW, Kuo YJ, et al.
Association of Coffee and Tea Intake with Bone Mineral
Density and Hip Fracture: A Meta-Analysis. Med. 2023. 59:
1177.

7. Miao Y, Zhao L, Lei S, Zhao C, Wang Q, et al. Caffeine
regulates both osteoclast and osteoblast differentiation via
the AKT, NF-xB, and MAPK pathways. Front Pharmacol.
2024. 15: 1-14.

8. Liu SH, Chen C, Yang R Sen, Yen YP, Yang YT, et al.
Caffeine enhances osteoclast differentiation from bone
marrow hematopoietic cells and reduces bone mineral
density in growing rats. J Orthop Res. 2011. 29: 954-960.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Alhasyimi AA, Pudyani PS. Effect of cocoa administration
during orthodontic tooth movement on RUNX2, calcium
levels, and osteoclast bone-resorbing activity in rats. J
Pharm Pharmacogn Res. 2022. 10: 857-864.

YiJ, Yan B, Li M, Wang Y, Zheng W, et al. Caffeine may
enhance orthodontic tooth movement through increasing
osteoclastogenesis induced by periodontal ligament cells
under compression. Arch Oral Biol. 2016. 64: 51-60.
Golshah A, Omidi K, Nikkerdar N, Ghorbani F. Effect of
Caffeine Injection on Orthodontic Tooth Movement in Rats:
An Experimental Study on Rats. Int J Dent 2022. 2022:
7204806.

Maulana H, Yueniwati Y, Lyrawati D, Permatasari N,
Hidayat M. Pulsed Electromagnetic Field (PEMF)
Stimulation on Osteogenesis of Orthodontic Tooth
Movement. Stomatognatic J Kedoct Gigi . 2023. 20: 44-50.
Pasricha SK, Makkar S, Gupta P. Review of literature
on pressure alteration techniques in endodontics. J Clin
Diagnostics Res. 2015. 9: ZE01-ZE06.

Darman SS, Handayani FT, Hartomo BT, Logamarta SW,
Sari DNI. Differences in Osteoblast Count in Orthodontic
Tooth Movement After Black Cumin Administration.
STOMATOGNATIC - J Dent. 2024. 21: 13.

Li Y, Zhan Q, Bao M, Yi J, Li Y. Biomechanical and
biological responses of periodontium in orthodontic tooth
movement: update in a new decade. Int J Oral Sci. 2021.
13: 20.

Littlewood SJ, Kandasamy S, Huang G. Retention and
relapse in clinical practice. Aust Dent J. 2017. 62: 51-57.
Ru J ying, Wang Y fen. Osteocyte apoptosis: the role and
key molecular mechanisms in resorption-related bone
diseases. Cell Death Dis. 2020. 11: 846.

Bolamperti S, Villa I, Rubinacci A. Bone remodeling: an
operational process ensuring survival and bone mechanical
competence. Bone Res. 2022. 10: 48.

Bailey J, Oliveri A, Levin E. OSTEOCYTE APOPTOSIS.
Bone. 2013. 23: 1-7.

Marcucci G, Domazetovic V, Nediani C, Ruzzolini J,
Favre C, et al. Oxidative Stress and Natural Antioxidants
in Osteoporosis: Novel Preventive and Therapeutic
Approaches. Antioxidants. 2023. 12: 373.

Syarif RD, Kusumaningsih T, Arundina I. Changes in
osteoblast and osteoclast cell count after moringa oleifera
leaf extract administration during orthodontic tooth
movement. J Dentomaxillofacial Sci. 2020. 5: 98-102.

Copyright: © 2025 Muhamat Muhtar S Abdurrohman, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Stoma Dent Res, 2025

www.oaskpublishers.com

Page: 4 of 4



