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ABSTRACT
Background: The benefits of chocolate have attracted significant attention from clinicians, especially the active compound of caffeine 
on bone metabolism. The bone density significantly affected the rate of tooth movement. Purpose: This study aims to analyse the effect 
of the dose and the duration of caffeine consumption in chocolate on alveolar bone mineral density in orthodontic tooth movement. 
Methods: Forty-eight male guinea pigs (Cavia cobaya) aged between 3-4 months and weighing 300-350 grams were divided into four 
groups (group A control, group B caffeine dose of 2.3 mg, group C caffeine dose of 3.45 mg, and group D caffeine dose of 4.6 mg). An 
open coil spring was applied to the mandibular inter-incisor with an orthodontic force of 35 grams. Guinea pigs were sacrificed using 
lethal doses of anaesthetics on days 0, 1, 7, and 14 after an orthodontic appliance installation. Mandibular alveolar bone mineral 
density in compression sites was analysed with an atomic absorption spectrophotometer (AAS). Experiment data results were analysed 
using two-way ANOVA with a 95% degree of confidence. Results: Caffeine consumption with a dose of 4.6 mg on day 7 had the lowest 
alveolar bone mineral density and the highest was at a dose of 2.3 mg on day 14, but there were no differences between the dose groups, 
the duration groups and interactions between both of them (p>0.05). Conclusion: The consumption of caffeine in chocolate did not 
decrease the bone mineral density in the compression site of orthodontic tooth movement.
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INTRODUCTION

Orthodontic treatment is one of the treatments in the field 
of dentistry that aims to obtain good dental structure and 
occlusal contact so that facial occlusion and aesthetic 
functions can be achieved as well as stable treatment 
results.1 However, orthodontic treatment periods are 
generally completed within a long time period since 
orthodontic devices are installed, which make it difficult 
to maintain oral hygiene, thus patients are more prone to 
caries and periodontal disease.2 Recently, natural materials 
have been used, developed, and produced for treatment 
purposes, one of which is to accelerate the movement of 
teeth when consuming caffeine in chocolate.3

Orthodontic tooth movement is influenced by many 
factors, one of them being bone density.4 Bone density is 
produced by the deposition of calcium and phosphorus, 
which act as hydroxyapatite during the bone mineralization 
process.5 Bone density can be analysed in the laboratory 
by measuring bone calcium levels.6 During orthodontic 
tooth movement, bone mineral density is regulated by 
osteoblasts and osteoclasts cells through interactions 
between the receptor activator of nuclear factor-ligand 
(RANKL), receptor activator of nuclear factor-кB 
(RANK), and osteoprotegerin (OPG). Osteoclasts play 
a role in alveolar bone surface resorption by forming an 
acidic environment that causes bone demineralization 
and collagen matrix degradation, while osteoblasts play 
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a role in bone formation through collagen secretion and 
glycoprotein to form osteoids.7 Osteoclasts are regulated 
by two major cytokines, namely macrophage colony-
stimulating factor (M-CSF) and RANKL produced by 
osteoblasts that bind to osteoclasts receptors, namely 
c-Fms and RANK.8

Chocolate (Theobroma cacao) is a processed cocoa 
product that has a diverse mixture of chemical compounds. 
Chocolate generally contains 55% fat, 17% carbohydrates, 
11% protein, and the rest are tannins. The amount of 
caffeine in chocolate varies by the percentage of cocoa 
it contains, with 100% cocoa chocolate (unsweetened 
chocolate) containing around 240 mg caffeine/100g, 
55% cocoa (bittersweet chocolate) containing 124 mg 
caffeine/100g, and 33% cocoa (milk chocolate) containing 
45 mg caffeine/100g.9 However, the effect of caffeine 
on bone metabolism is still being debated. The potential 
impact of caffeine on bone is its ability to increase calcium 
excretion, although in several studies using experimental 
animals it has not demonstrated a definitive effect of 
caffeine on bone.10

The biochemical role of caffeine is known to influence 
the process of bone apposition and resorption which is the 
basis of orthodontic tooth movement.11 Alhasyimi and 
Rosyida,3 stated that giving chocolate during the active 
period of orthodontic treatment has been shown to increase 
RANKL expression and decrease OPG on the compressed 
side that causes the acceleration of orthodontic tooth 
movement. This is due to the biochemical mechanism of 
the methylxanthine content, which is caffeine in chocolate, 
that can induce the release of RANKL by osteoblasts 
through the increased production of cyclic adenosine 
monophosphate (cAMP) so that there is an increase in the 
number of osteoclasts that will absorb bone.3

The effect of caffeine on bone metabolism depends on 
the dose consumed. An in vitro study demonstrated that by 
giving caffeine at a dose of 0.005-0.1 mM for 24 hours can 
increase osteoclast cell differentiation through increased 
RANKL but does not affect the viability and differentiation 
of osteoblasts. An in vivo study of male guinea pigs with 
a caffeine administration of 22 mg/day (0.1%) and 44 mg/
day (0.2%) for 20 weeks showed a decrease in bone mineral 
density through increased osteoclastogenesis.12 Research 
conducted by Lacerda et al.10 with an administration of 
caffeine at a dose equivalent to 240 mL/day in humans for 
42 days showed an increase in urine calcium levels and a 
decrease in bone mineral density. According to the U.S. 
Food and Drug Administration (FDA), the allowable dose 
of caffeine is 100-200 mg/day, whereas according to SNI 
01-7152-2006 the maximum limit of caffeine in food and 
drink is 150 mg/day or 50 mg/serving.13,14

Decreased bone mineral density after caffeine 
consumption is known to be temporary. Patients who have 
high bone density such as hypoparathyroidism patients, 
athletes, and women with early menarche and who use 
oral contraceptives containing estrogen can utilize caffeine 
as an intermittent therapy during orthodontic treatment 

to restore the balance of bone resorption and apposition 
processes.15–17

Based on the data that has been described, we felt the 
need to conduct research on the effect of caffeine on bone 
mineral density in relation to the evidence that caffeine 
consumption in chocolate can increase the osteoclast 
activity that plays a role in bone matrix resorption and the 
dissolution of mineral content in the alveolar bone on the 
compressed side, so it is expected to be used to accelerate 
the rate of orthodontic tooth movement. This study aims to 
analyse the effects of the dose and the duration of caffeine 
consumption from chocolate on alveolar bone mineral 
density in orthodontic tooth movement.

MATERIALS AND METHODS

All research procedures involving animals were performed 
according to in vivo experimental guidelines. An ethics 
permit was obtained from the Research Ethics Commission 
of the Faculty of Dentistry, Universitas Gadjah Mada with 
the number 00320/KKEP/FKG-UGM/EC/2019.

The experimental animal study was conducted at the 
Pharmacology and Clinical Pharmacy Laboratory, Faculty 
of Pharmacy, Universitas Gadjah Mada with 48 male guinea 
pigs weighing between 300-350 grams. Acclimatization 
was performed for one week to allow for their adaptation to 
shelter and food before being given treatment. Pellet-shaped 
food (Pollard) was given to minimize the likelihood of the 
bracket breaking. A drink for guinea pigs was given ad 
libitum. The temperature of the guinea pigs’ maintenance 
room was 25oC with 50% humidity. The guinea pigs’ 
lighting was 12 hours off (to simulate a night-like condition 
in the cage) and 12 hours on (to simulate a day-like 
condition in the cage).3 The guinea pig cages were made 
of PVC with a size of 60 x 50 x 40 cm.

The caffeine dose used was based on a FDA recommended 
safe dose of 100-200 mg/day, which converted to a guinea 
pig dose resulted in a caffeine level of 2.3 mg in 1.37 grams 
of chocolate; 3.45 mg in 2.05 grams of chocolate, and 4.6 
mg in 2.74 grams of chocolate (Hershey’s natural cocoa 
unsweetened, USA). Experimental animals were randomly 
divided into 4 groups, each consisting of 12 animals which 
included a group A (control); a group B (caffeine dose 
of 2.3 mg); a group C (caffeine dose of 3.45 mg), and a 
group D (caffeine dose of 4.6 mg). These groups were then 
randomly divided into 4 subgroups according to the day 
of observation, i.e. days 0, 1, 7, and 14 after orthodontic 
mechanical induction. Each subgroup consisted of three 
male guinea pigs. The number of samples was determined 
based on the Federer formula.

The installation of orthodontic devices was performed 
firstly by administering ketamine anaesthesia with a dose 
of 50 mg/kg BW (Kepro, Netherland) and xylazine with a 
dose of 5 mg/kg BW (Xyla, Netherland) intramuscularly 
on the lower thigh. The separator installation was carried 
out between the two mandibular incisors, followed by 

Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 32a/E/KPT/2017. 
Open access under CC-BY-SA license. Available at http://e-journal.unair.ac.id/index.php/MKG
DOI: 10.20473/j.djmkg.v53.i3.p164–169

http://e-journal.unair.ac.id/index.php/MKG
http://dx.doi.org/10.20473/j.djmkg.v53.i3.p164-169


166 Arnanda et al./Dent. J. (Majalah Kedokteran Gigi) 2020 September; 53(3): 164–169

etching on the labial surface of the tooth and a 0.022 
inch single wing straight Roth mini bracket (Marquis™, 
Ortho Technology®, USA) and a 0.016 inch stainless 
steel round wire and nickel-titanium open coil spring 
(American Orthodontics, USA) with a length of 1.5 times 
the interbracket distance paired between the brackets. The 
activated open coil spring provided a 35-gram strength 
measured using a tension gauge (Medkraft Orthodontics, 
USA) and was not reactivated after observing the 7th day 
(Figure 1). The consumption of caffeine in chocolate was 
conducted from the beginning of the installation of the 
orthodontic devices for up to 14 days, when each cocoa 
powder was dissolved in 3 ml of distilled water and 
given orally using a gastric tube twice a day in divided 
doses.18

The guinea pigs were sacrificed with lethal doses of 
anaesthesia. Dissection was performed on the right lower 
alveolar bone until the distal of the right lower incisor and 
the root tip of the tooth could be removed. The samples 
that had been obtained were then calcined at 700oC for 
24 hours aimed at removing the bone organic matrix and 
dissolving minerals, then dissolved in concentrated HNO3 at 
80oC and diluted to obtain concentrations of 1-5 ppm. The 
samples obtained were analysed using the atomic absorption 
spectrophotometer (AAS) (Perkin Elmer 3110, USA) with 
a wavelength of 422.7 nm and a lamp current of 10 mA 
which was calculated in percentage units (%).19

The data obtained were presented as mean ± standard 
deviation. The data were subjected to a test of normality 
and homogeneity and then were analysed using the two-way 
ANOVA test with a significance value of 95%. Statistical 
analysis was processed with the SPSS 22.0 software system 
(IBM, Chicago, Illinois, USA).

RESULTS

The results of the measurement of the alveolar mandibular 
bone mineral density of the compressed side in guinea pigs 
are shown in Table 1, which showed that the lowest right 
compressed side of alveolar bone mineral density occurred 
in the caffeine 4.6 mg dose group with a duration of caffeine 
consumption for 7 days. The highest of the alveolar bone 
mineral density of the right compressed side was seen in 
the treatment group with a dose of 2.3 mg of caffeine and 
a duration of caffeine consumption in chocolate for 14 
days.

The alveolar mandibular bone mineral density of the 
right compressed side in the control group appeared to 
increase on day 1 and decreased on days 7 to 14, inversely 
proportional to the treatment group with a dose of caffeine 
consumption in chocolate 2.3 mg which experienced a 
decrease on the 1st day and gradually increase from the 7th 
to 14th days. The changes in the right compressed side of 

Table 1. The mean values and standard deviations (SD) of the right compressed side of alveolar mandibular bone mineral from 
guinea pigs in orthodontic tooth movement in groups A, B, C and D

Group
Mean ± SD (%)

Day 0 Day 1 Day 7 Day 14
A 25.36 ± 0.78 27.39 ± 3.44 26.01 ± 1.49 24.92 ± 0.79
B 26.15 ± 0.16 23.39 ± 193 26.68 ± 1.45 27.88 ± 1.15
C 26.27 ± 2.99 23.77 ± 3.45 26.80 ± 0.96 25.35 ± 0.52
D 25.01 ± 3.25 25.84 ± 1.43 22.95 ± 1.35 25.29 ± 2.48

3 

2 

1 

Figure 1. Installation of an open coil spring with a length of 1.5 
times the distance of the lower incisors interbracket. 
(1) archwire 0.016” SS, (2) open coil spring, (3) power 
O.
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Figure 2. Alveolar bone mineral density changes in the 
compressed side of the mandible during the guinea 
pigs’ orthodontic tooth movement.

Note: A : Control group (distilled water); B: Treatment group with a caffeine dose of 2.3 mg; C: Treatment group with a caffeine 
dose of 3.45 mg; D: Treatment group with a caffeine dose of 4.6 mg
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alveolar mandibular bone mineral in the treatment group 
with a caffeine dose of 3.45 mg on days 0 to 7 days were 
the same as the caffeine dose group of 2.3 mg but decreased 
on the 14th day. The changes in the alveolar bone mineral 
density in the treatment group with a caffeine dose of 4.6 
mg from day 0 to day 7 were the same as in the control 
group but increased on day 14 (Figure 2).

The research data were then analysed using the two-way 
ANOVA test to determine differences between groups of 
doses, between groups of duration and interactions between 
groups of doses, and doses of caffeine consumption in 
chocolate. The two-way ANOVA test results (Table 2) 
showed that there was no significant difference in the 
right compressed side of alveolar mandibular bone mineral 
density between group A (without caffeine consumption 
in chocolate), group B (caffeine dose of 2.3 mg), group 
C (caffeine dose of 3.45 mg), and group D (caffeine dose 
of 4.6 mg). It also showed no significant difference in the 
mineral density of the right compressed side of alveolar 
mandibular bone between 0, 1, 7, and 14 days of observation 
and no significant difference in interaction between the 
dose group and the duration of caffeine consumption in 
chocolate (p> 0.05).

DISCUSSION

The results of this study on the effect of the dose and 
the duration of caffeine consumption in chocolate on the 
mineral density of the right compressed side of alveolar 
mandibular bone showed a decrease in calcium levels in 
the bones in the control group starting from day 1 to day 14. 
This indicates that there has been remodeling of the alveolar 
bone that was dominated by bone resorption. This is in line 
with research conducted by Wang et al.7 in mice using a 
closed coil spring which shows a decrease in bone mineral 
density on days 3 to 14 and returns to normal on day 28. 
A decrease in bone mineral density in the control group is 
likely due to the mechanical induction of orthodontics to 
stimulate osteoblasts to release RANKL and M-CSF which 
then binds to c-Fms and RANK on osteoclast precursors 
so that osteoclast differentiation and activation occurs for 
bone resorption.8

Alveolar bone mineral density in the caffeine 
consumption group in chocolate at a good dose of 2.3 mg, 
3.45 mg, and 4.6 mg appears to vary or fluctuate. This is 
probably caused by differences in the systemic conditions 
of experimental animals used in the study. Systemic 
conditions, especially in the liver, affect the process of 
caffeine metabolism in the body. Caffeine metabolism 
in the liver is determined by the cytochrome P450 1A2 
(CYP1A2) enzyme which varies by subject. Subjects with 
high CYP1A2 enzyme levels have a fast caffeine metabolic 
rate so that it has a small effect on the body. Conversely, low 
CYP1A2 enzyme levels will reduce the metabolic rate and 
maintain caffeine concentration in the body longer so that it 
will have a significant effect on body tissues.20 The ups and 
downs phenomenon of alveolar bone mineral density also 
correspond to the Yerkes-Dodson caffeine activity curve. 
Rozenek et al.21 stated that in the Yerkes-Dodson curve, the 
effect of caffeine has an optimum limit to achieve efficient 
performance which means that at certain doses of caffeine 
the effect will increase at a certain point, then the effect will 
again decrease and these dynamics are influenced by the 
sensitivity of the subject to caffeine which is determined 
by genetic factors and the quality of health and the rate of 
metabolism of caffeine in the body.

A decrease in the right-sided lower jaw alveolar bone 
mineral density showed no significant differences between 
the dose groups, between the duration and interaction 
of doses, and the duration of caffeine consumption in 
chocolate. This indicates that the consumption of caffeine 
in chocolate does not cause a decrease in the mineral density 
of the alveolar bone in the orthodontic movement of guinea 
pig teeth. The effect of caffeine on bone metabolism is 
still being debated. The potential impact of caffeine on the 
bone is its ability to increase calcium excretion in urine 
which causes a decrease in bone calcium levels, but several 
studies using experimental animals have not demonstrated 
the definitive influence of caffeine on bone. This is in line 
with research conducted by Yi et al.22 which stated that 
alveolar bone mineral density in the caffeine group at a 
dose of 25 mg/kg BW and controls induced by orthodontic 
strength were not significant differences. This is due to the 
presence of a number of confounding factors, including 
differences in dosage, the duration of consumption, the 
method of administration and type, and the age range of 
experimental animals used.22

According to research conducted by Hallstrom,23 
caffeine has a biphasic dose-dependent effect. An increased 
excretion of calcium in the urine only occurs over a short 
duration (initial acute rise) in the consumption of caffeine 
with a low concentration of 0.005-0.1 mM (equivalent 
to 0.97-19.4 mg). Then caffeine will quickly induce 
differentiation osteogenic from primary adipose-derived 
stem cells and bone marrow stromal cells, thereby returning 
calcium levels to baseline. The effect of caffeine on 
bones also depends on the concentration of the caffeine 
metabolite, namely paraxanthine. The concentration of 
caffeine consumed is relatively the same as the amount 

Table 2. The ANOVA test results of two pathways affecting 
the dose and the duration of caffeine consumption 
in chocolate on the mineral density of the depressed 
alveolar mandibular bone on the orthodontic tooth 
movement of guinea pigs

Variables F p value

Dose 0.892 0.456

Duration 0.314 0.815

Dose*Duration 1.921 0.086
Note: The difference is not significant if p> 0.05
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of paraxanthine concentration in the body, so with a low 
dose of caffeine the concentration of paraxanthine is also 
low.11,12,23

Gavrieli et al.24 stated that the effect or potential 
of caffeine on the body is proportional to the subject’s 
body weight and height, which means that the greater the 
body weight, the dose of caffeine needs to be increased. 
The results of the study were insignificant, possibly due 
to not weighing the subject so that the caffeine dose in 
chocolate that was given did not follow the weight gain of 
experimental animals during the study causing a decrease 
in the potential for caffeine in alveolar bone tissue.

In line with research by Hallstrom23 and Yi et al.22 a 
significant decrease in alveolar bone mineral density is 
likely caused by the source of caffeine used in this study 
of chocolate. The caffeine content in 5 grams of Hershey’s 
chocolate powder is 8.4 mg which is lower than the caffeine 
content in coffee or tea, so that the effect of caffeine on 
decreasing bone calcium levels is not optimal. In addition, 
the route or method of administration can also affect the 
amount of active concentration of caffeine on the body’s 
physiological response.25 The oral administration of gavage 
tends to have a slow onset of therapeutic effect, causing the 
caffeine potential to decrease due to metabolic processes 
in the gastrointestinal tract and liver.

The insignificant research results may also be caused 
by the difficulty of controlling the type of tooth movement 
during the administration of orthodontic force induction. 
According to Kirschneck et al.26 experimental studies 
on experimental animals tend to occur primarily with 
tipping movements and to a lesser degree bodily tooth 
movement that causes uneven distribution of pressure in the 
periodontal tissue. This results in differences in biological 
responses to the strength of orthodontics given. Research 
by Ahn et al.27 stated that in the movement of tipping, 
there is a greater accumulation of pressure in the alveolar 
crest region so that more resorption occurs in the area. Yu 
et al.28 added that the decrease in alveolar bone mineral 
density is greater in the cervical region (alveolar crest) than 
in the apical region. In line with the study of Ahn et al.27 
and Yu et al.28 an insignificant decrease in bone mineral 
density is likely caused by alveolar bone used as samples 
are alveolar bone that covers the cervical to apical regions 
so that calcium levels dissolved by osteoclast activity are 
only modest because osteoclast activity is less dominant 
in the intermediates and apical regions.

Based on research conducted by Alihasyimi and 
Rosyida,3 consumption of caffeine in chocolate 2.7 mg 
(Hershey’s, USA) in male Wistar mice can accelerate 
tooth movement through increased RANKL expression 
and decrease OPG on days 0, 1, and 7 on side stress. This 
indicates that the dose and the duration of the study used 
is 2.3 mg to 4.6 mg for 14 days safe for consumption and 
provides a positive impact or correlation because it can 
accelerate the orthodontic movement of guinea pigs but 
does not cause decreased alveolar bone mineral density. 

Based on the results of the study, it can be concluded that 
the consumption of caffeine in chocolate did not decrease 
in the bone mineral density of the lower jaw alveolar bone 
in guinea pigs (Cavia cobaya) with orthodontic tooth 
movement.
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