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ABSTRACT

Introduction. The healing process of tooth extraction is desired to take place faster to restore the normal tissue.
Physical exercise is proven to accelerate wound healing through various physiological mechanisms. Aerobic exercise
increases oxygen perfusion which leads to wound healing process. On the other hand, anaerobic exercise stimulates
reactive oxygen species and may interfere with the wound healing process.

Objective. To observe if there are differences in the effectiveness of wound healing after tooth extraction based on
the number of fibroblast and neovascularization in Wistar rats (Rattus norvegicus) that performed interval aerobic or
anaerobic exercise.

Methods. Rats were divided into 3 groups, a control group and two treatment groups which performed the aerobic
physical exercise or the anaerobic physical exercise. Fibroblast and neovascularization were calculated 7 days after
the tooth extraction. Data were analyzed using Krusskal-Wallis statistical tests.

Results. The aerobic exercise group showed the higher number of fibroblasts and neovascularization compared to
anaerobic exercise group, while the control group showed the lowest number of fibroblast and neovascularization.

Conclusion. This study demonstrated that aerobic physical exercise accelerates wound healing in the proliferation
phase better than anaerobic exercise and no exercise.

Key Words: aerobic, anaerobic, physical exercise, wound healing, fibroblast, neovascularization, tooth extraction
INTRODUCTION

Tooth extraction is an irreversible surgical procedure that
is performed to remove teeth from the alveolar bone socket.
These actions sometimes cause complications and are usually
done using pliers, elevators, or the trans-alveolar approach.!
Tooth extraction will cause injury to the tooth socket.
Wounds are the phenomenon that can heal on its own with a
certain time depending on whether there is or no concurrent
complications. If there are complications that accompany
acute wounds, the healing phase will not occur in a timely
manner and this can turn into a chronic wound which is more
Paper presented at the Joint Scientific Meeting in Special Care  difficult to treat.” Complications due to tooth extraction can
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remodeling phase with scar tissue formation.? In the third
phase of wound healing which is the proliferation phase,
there are other process known as fibroplasia and angiogenesis
that play a major role in wound healing. Whether fibroplasia
or angiogenesis, each process is very important in forming
extracellular matrix and granulation tissue.*

Regular physical exercise produces positive effects on
health such as reducing various cardiovascular diseases,
metabolic syndrome disorders, and osteoporosis. Physical
exercise is a series of physical activities that are structured and
rhythmic with certain intensity over a period of time which
results in increased use of energy or calories by the human
body.’> Physical exercise can be classified into aerobic and
anaerobic physical exercise. The types of exercise differ based
on the intensity, interval,and the type of muscle fibers involved.
Aerobic exercise involves large muscle groups, with mild to
moderate intensity, and can be carried out continuously for
quite a long time, while anaerobic physical exercise is a high-
intensity exercise and requires more energy in a short time.*

Previous studies have shown that physical exercise has
been proven to heal wounds significantly when compared to
those who do not exercise.” Exercise physiologists also have
discovered the ability of physical exercise in accelerating
wound healing in mice and humans® Furthermore,
continuous physical exercise with moderate intensity showed
an increase in the number of fibroblasts and the amount
of neovascularization in Wistar rats (Rattus norvegicus)
after tooth extraction which results in acceleration of
wound healing.” In addition, there are also studies that
have proven that there is an increase in vascular endothelial
growth factors (VEGF) which triggers an increase in tissue
neovascularization in the wound healing process after tooth
extraction in Wistar rats (Ratfus norvegicus) that perform
moderate intensity physical exercise.’” From the background
above, we determined if acrobic physical exercise accelerates
the healing process in the proliferation phase compared to
anaerobic physical exercise, based on the number of fibroblast
and neovascularization in Wistar rats (Rattus norvegicus).

MATERIAL AND METHODS

'This study was cleared by the faculty’s Health Research
Ethical Clearance Commission (Number 069/HRECC.
FODM/V1/2018). 'This is an animal-based experimental
study that used a quantitative approach with a research
design that uses post-test only control group design. The
experimental animals used as samples in this study were
male Wistar rats (Ratfus novergicus) which were around 12
weeks old and weighed around 200-250 grams.

'The number of samples used for each group was 7 rats; K
group (Control group that did not perform any of the exercise),
P1 Group (group that performed acrobic physical exercise),
and P2 Group (group that performed anaerobic physical
exercise). The number of fibroblasts and neovascularization
were examined on the 7th day after tooth extraction.

The rats in the aerobic physical exercise group
performed swimming in a clean bucket for 8 weeks with 3%
load of rat body weight (in the form of paper clips tied with
a piece of thread placed on 1/3 of the origin of the rat's tail).
In this exercise, 8 minutes 8 seconds was taken as the training
load which is 50% of the average time of the maximum
swimming capacity (16 minutes 15 seconds). The training
was followed by rest with a time period of 1/2 of the training
load time. This training program has a working time of 32
minutes 32 seconds, number of sets of 3, with the duration of
each set at 8 minutes 8 seconds, rest time % of training load
time which is equal to 4 minutes 4 seconds, and frequency of
exercise of 3 times a week for a total of 8 weeks. By the 64th
day, the mandibular left incisor was extracted.

The rats in the anaerobic exercise group performed
intermittent swimming of 1 minute or 80% of the
maximum swimming capacity (75 seconds). Training was
then followed by rest with duration of 3x of the training
load time. The additional load applied was 9% of rat body
weight. The additional load applied was in the form of paper
clips tied with a thread placed on 1/3 of the origin of the
rat's tail. This training program had a working time of 13
minutes, number of sets of 4, with duration of each set as
1 minute, rest time of 3 times of the work time which was
equal to 3 minutes, and frequency of exercise of 3 times
a week for 8 weeks. By the 64th day, the mandibular left
incisor was extracted.

On day 71, the rats were sacrificed with ketamine and
the mandible was taken. The mucosal tissue around the wound
was taken for the histology examination after staining with
Hematoxylin-Eosin (HE) stain (Merck Chemical, Germany).
Histology examination and calculation of the number of
fibroblasts and neovascularization were performed using a
light microscope with 400 times magnification at 5 times field
of view. The data obtained were analyzed using the Shapiro-
Wilk test, the Krusskal-Wallis test and the Post-hoc test.

RESULTS

Fibroblast Number

Observation of fibroblast cells using HE staining
can be seen in Figure 1. As shown in Table 1, the highest
average number of fibroblasts was observed in P1 group (the
aerobic interval exercise group) (24.74+2.50), followed by P2
group (the anaerobic interval exercise group) (17.94+1.08).
'The control group (K group) showed the lowest average in
fibroblast number (9.88+0.53); this showed that the number
of fibroblasts increased with the exercises. The results of the
Kruskal Wallis Test showed a significance level of 0,000
(p<0.05) which reflected significant differences in the
number of fibroblasts in the control group, aerobic interval
exercise group, and anaerobic interval exercise group. Test
to find differences between groups that performed exercises
were then carried out to find if there was any significant
difference between the groups.
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Figure 1. Description of fibroblast cells on the former socket
extraction of the lower jaw incisor of Wistar rats with
HE staining and microscope enlargement of 400x in
the (A) control, (B) P1, and (C) P2 group.

The results of the Bonferroni Post Hoc Test showed a
significant difference (p<0.05) (Table 2). There was significant
difference in the number of fibroblasts post-dental extraction
in Wistar rats that performed aerobic and anaerobic
interval exercises.

Table 1. Average number and Standard Deviation of fibroblasts

el ST Average St?nt.jard
Number Deviation (%)
Control (K) 9.88 0.53
Aerobic interval exercise (P1) 24.74 2.50
Anaerobic interval exercise (P2) 17.94 1.08

Table 2. Difference test of fibroblast number between groups
using Bonferroni Post Hoc Test
Aerobic Anaerobic

interval interval
exercise

Control

(K) exercise
(P1) (P2)

Control (K)
Aerobic interval exercise (P1) <0.000*
<0.000* <0.000*

* Significant differences (p-value <0.05)

Anaerobic interval exercise (P2)

Figure 2. Description of neovascularisation on the former
socket extraction of the lower jaw incisor of Wistar
rats with HE staining and microscope enlargement of
400x in the (A) control, (B) P1, and (C) P2 group.

Neovascularization Number

Observation of neovascularization cells using HE
staining can be seen in Figure 2. As shown in Table 3, the
highest average neovascularization number was seen in P1
group (the acrobic interval exercise group) (62.34£8.30),
followed by the P2 group (anacrobic interval exercise group)
(37.80£3.56). The K group (control) showed the lowest
average neovascularization number (21.63x1.62); this
showed that the number of neovascularization increased
with the given exercises.

The results of the Kruskal Wallis Test showed a
significance level of 0,000 (p<0.05) which demonstrated
significant differences in the number of neovascularization
in the control group, aerobic interval exercise group, and
anaerobic interval exercise group. Test to find differences
between groups that performed exercises was then carried
out to find which of the groups had significant differences.

The results of the Bonferroni Post Hoc Test showed
a significant difference (p<0.05) (Table 4). This showed
that there were significant differences in the number of
neovascularization post-dental extraction in Wistar rats that
performed aerobic and anaerobic interval exercises.
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Table 3. Average number and Standard Deviation of

neovascularization

Samole grou Average Standard
ple group Number Deviation (%)
Control (K) 21.63 1.62
Aerobic interval exercise (P1) 62.34 8.30
Anaerobic interval exercise (P2) 37.80 3.56

Table 4. Difference test of neovascularization number
between groups using Bonferroni Post Hoc Test
Aerobic Anaerobic

interval interval
exercise

Control

(K) exercise
(P1) (P2)

Control (K)
Aerobic interval exercise (P1) <0.000*
<0.000* <0.000*

* Significant differences (p-value <0.05)

Anaerobic interval exercise (P2)

DISCUSSION

In the proliferation phase of wound healing, there will
be an increase in the number of cells and wound healing
factors such as fibroblasts. The number of fibroblasts can be
considered as a parameter of wound healing.” In addition,
the formation of new blood vessels can also be used as a
parameter of the success of wound healing process. The more
new blood vessels formed, the better supply of nutrients and
oxygenation in the tissues, which then result in the avoidance
of cell death. In this study, the acrobic interval exercise group
had the most effective wound healing because it showed the
highest number of fibroblasts and neovascularization.

Fibroblast is a primary tissue component that is very
important for wound repair and recovery. These fibroblasts
derived from mesenchymal cells play a role in producing
most of the interstitial connective tissue extracellular matrix,
making it the main element in the process of structural
protein formation. Fibroblasts are very important in wound
healing because of their functions that include synthesizing
elastin, glycosaminoglycans, proteoglycans, multi adhesive
glycoproteins, and collagen which are the key components in
forming structural frames of tissues.’*™*

Neovascularization is the key to the wound healing
process. This is because of its role to supply oxygen and
nutrition, and eliminate the necrotic tissue so that the wound
healing process becomes more effective. New blood vessels
are formed from pre-existing blood vessels. This process is
called angiogenesis in which endothelial cells that line the
inside of blood vessels are the target cells of the angiogenic
regulator. Endothelial cells that are aroused will produce
metalloproteinases which degrade the basement membrane
and extracellular matrix (ECM), stimulate migration and
proliferation of endothelial cells, secrete and differentiate
collagen which results in the formation of shoots and
eventually new blood vessel formation.'?1

In the initial phase of inflammation, wound sites
often experience hypoxia. This is caused by vascularization
disorders that have prevailed at the time of the onset of
the wound, thus disrupting the process of oxygen delivery
efficiently to the injured area. In addition to inflammatory
cells that become active at that time, the process also requires
a high source of oxygen so that the next wound healing
phase can take place well. Aerobic physical exercise is able
to give benefit on the cardiorespiratory fitness and increase
oxygen uptake capacity which can be measured by VO,max
values. With the increase in the value of VO,max, the body
will also be able to increase oxygen saturation and make the
wound healing process to take place more effectively.’®”

This study showed that the wound healing process
in rats that performed anaerobic physical exercise is not
as effective as the wound healing process in rats that
performed aerobic physical exercise. This might possibly
be caused by increased production in lactic acid which
triggers the formation of free radicals in anaerobic physical
exercise. This results in a decrease of pH which tends to
cause acidosis and interfere with the work of antioxidant
enzymes.'® As a result, it will lead to a phenomenon called
oxidative stress. Oxidative stress will trigger the release of
leukocytes and make the inflammatory phase lasts longer.
Free radicals can also increase lipid peroxidation which
further damages the cell membrane and affects the wound
healing phase.’%

Excessive production of free radicals causes oxidative
stress which can lead to a detrimental effect on wound
healing. Continuous increase in the expression of free
radicals has been detected in vivo and has been associated
with disturbed wound repair, especially in chronic wounds
that do not heal in a timely manner. At the molecular
level, in addition to transcription mediated by free radicals
that can cause induction of matrix metalloprotease and
the continued secretion of pro-inflammatory cytokines,
excessive free radicals can also directly and indirectly
(through activation of proteolysis) modify and/or decrease
extracellular matrix proteins causing interference to
fibroblasts and keratinocyte function.?'

Increase in free radical production has a cytotoxic effect
that will cause phospholipid membrane peroxidation and
increase in malondialdehyde as a result of lipid peroxidation
in cell membranes and tissue damage and cause endothelial
cell dysfunction. When free radicals exceed detoxification
capacity, oxidative damage to lipids, nucleic acids, and
proteins can occur. If this damage cannot be repaired, the
cell will die, in the form of apoptosis (programmed cell
death) or necrosis, depending on the level of damage.?>

Endoplasmic reticulum (ER) stress has been reported
as one of the pathways through which cells are damaged
and die after exposure to free radicals. But the mechanism
by which ER stress promotes apoptosis cell depends on the
accumulation of abnormal protein structures that are usually

repaired by ER chaperones to prevent cell death. The right
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balance between the levels of low versus high free radicals is
very important in determining functional results: Low levels
of free radicals are very important in stimulating effective
wound healing, while excessive release of free radicals results
in cellular damage and impaired wound healing.**

'This study showed that there was a significant difference
in the results between the rats that performed aerobic
interval physical exercise (P1) with the group that performed
anaerobic interval physical exercise (P2). This study also
showed that there was an increase in post-extraction wound
healing process in rats that performed physical exercise (P1
and P2) when compared to rats that did not perform any
of the exercises (K); this is in accordance with the previous
studies that have proven that the process of healing post-
extraction wounds can be improved by doing physical
exercise. When compared with previous studies conducted
by Oki that applied moderate intensity continuous exercise,
this study showed similar results.> Our results were also
similar with the study performed by Setyadewi who proved
that moderate intensity exercise increases the PMN and
macrophage number in oral tissue wound healing.?® These
findings succeeded in strengthening the theory that physical

exercise can accelerate healing of wounds in the oral cavity.
CONCLUSION

Based on the results of this study, it can be concluded
that there are differences in the number of fibroblasts and
the number of neovascularization after tooth extraction in
Wistar rats that performed aerobic or anaerobic interval
exercise. This shows that aerobic physical exercise accelerates
the healing process in the proliferation phase compared to
anaerobic physical exercise.
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