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 The wound healing process after tooth extraction is expected to be faster 

and it can restore normal tissue function and reduce the risk of 

complications. Acceleration of the wound healing process can occur if the 

amount of oxygen in the tissue is achieved. Moderate-intensity continuous 

exercise can accelerate wound healing by increasing tissue oxygenation. 

Collagen requires oxygen in the process of procollagen formation in wound 

healing. To prove the difference in collagen density after tooth extraction 

in Wistar rats after continuous moderate-intensity swimming exercise. 

Wistar rats were divided into four groups, namely the control group on day 

3 and 7 (K1 and K2), the treatment group on day 3 and 7 (K3 and K4). In 

groups K1 and K2 immersed in water in a bucket, groups K3 and K4 were 

given continuous moderate-intensity swimming exercise every day for 2 

weeks. On the 15th day, the mandibular incisors of Wistar rats were 

extracted. Collagen density was observed on day 3 (K1 and K3), on day 7 

(K2 and K4) after tooth extraction. The data were analyzed statistically 

using the Anova test. Statistical data showed there was a significant 

difference between all groups (p=0.000). Collagen density in the K4 group 

was higher when compared to the others. There is a difference in collagen 

density after tooth extraction in Wistar rats after continuous moderate-

intensity swimming exercise. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Based on the 2018 Basic Health Research (RISKESDAS), the prevalence of dental and oral problems in 

Indonesia is 57.6%. Based on data from FDI, the prevalence of dental and oral problems reached 44% of the 

world's population in 2010. The problem that often occurs is that untreated cavities often come to ask for the 

tooth to be extracted [1]. Any tooth extraction that is not ideal can cause problems after tooth extraction. 

Problems that often arise after tooth extraction are the length of the wound healing period which can result in 

various complaints from patients [2]. 
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Efforts can be made to accelerate the wound healing process, namely through physical exercise. Physical 

exercise that can be used is moderate intensity physical exercise. Moderate-intensity physical exercise is 

carried out, namely swimming due to minimal injury, moving all limbs and all body weight being held by 

water. The purpose of moderate-intensity physical exercise is to increase the maximum volume of oxygen in 

the body so that more oxygen is distributed throughout the body. This results in good tissue oxygenation. A 

good state of oxygenation in injured tissue is one of the determinants of wound healing [3]. 

 

Wound healing after tooth extraction can be accelerated by means of physical exercise has been proven by 

several previous studies. In previous studies, the wound healing process after tooth extraction could be 

accelerated by increasing the number of fibroblasts, neovascularization, polymorphonuclear cells (PMN) and 

macrophages [4], [5]. From the research that has been done previously, there are still shortcomings because 

some of the cells that are in the maturation phase of the wound healing process have not been studied, namely 

the density of collagen. Based on the explanation above, we wanted to investigate the difference in the 

effectiveness of continuous moderate-intensity physical exercise on the speed of wound healing in the oral 

mucosa by examining the collagen density after tooth extraction in Wistar rats (Rattus norvegicus). 

 

2. Material and Methods 

This type of research is a post test only control group with a pure in vivo experimental design on experimental 

animals. This study used 28 male Wistar rats (Rattus norvegicus) with a body weight of 250-300gram and 

about 8-12 weeks old. All male Wistar rats in this study were adapted for seven days, in separate cagesmade 

of plastic with sufficient air and light for the acclimatization process. The cage has been named according to 

the group. Each cage contains 5 male Wistar rats. In this research, there arefour groups, namely the control 

group without physical exercise and observed collagen density on the 3rd day after tooth extraction (K1), the 

control group without physical exercise and observed collagen density on the 7th day after tooth extraction 

(K2), the treatment group was given exercise moderate intensity swimming and observed collagen density on 

the 3rd day after tooth extraction (K3), the treatment group was given moderate intensity swimming exercise 

and observed collagen density on the 7th day after tooth extraction (K4). This research was conducted after 

obtaining an ethically appropriate certification issued by the research ethics commission number 

434/HRECC.FODM/VII/2019. 

 

After the acclimatization process, all rats were measured body weight in order to determine the load to be 

given to each rat. The treatment group was given an additional load of 3% of the weight of the rats, while the 

control group was given no additional load. Furthermore, the calculation of KRM (Maximum Swimming 

Capacity) is carried out by swimming the rats until the rats begin to sink (air bubbles appear) or stop 

swimming. The treatment time of the control and treatment groups was 50% of the KRM. Each group was 

given a different treatment. In the control group, rats were immersed in a bucket filled with shallow clean 

water with a duration of 50% of KRM, every day, for 14 days. The goal is to provide shallow water so that 

the rat's feet touch the bottom of the bucket so that the rat does not try to swim. In the treatment group, rats 

were given continuous moderate-intensity swimming exercise in a bucket filled with clean water with an 

additional load of 3% of the rat's body weight, duration for 50% of KRM, every day, for 14 days. The load 

given can be in the form of a paper clip tied with a thread and then placed on 1/3 of the base of the rat's tail 

[6]. 

 

At the beginning of the 3rd week, the rats were extracted from their teeth. Prior to tooth extraction, anesthesia 

was administered with ketamine injection to reduce pain. The rats were allowed to stand until they looked 

limp. The lower incisor teeth were extracted using pliers and then irrigated with distilled water to remove 

debris or remnants of tooth extraction. On the 3rd day after the removal of groups K1 and K3 euthanasia was 

https://www.teikyomedicaljournal.com/
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carried out and on the 7th day after the removal of groups K2 and K4 euthanasia was carried out. The rats 

were euthanized using sodium pentobarbital, then the mandibles were taken from the rats. After that, the 

mucosal tissue around the extraction wound was taken for histological examination of collagen density. Rats 

that have been sacrificed are then buried [4]. 

 

Preparation of preparations was carried out to see the density of collagen fibers with Masson's Trichrome 

staining. The cuts were made on the left lower jaw of the rat as big as a tooth socket after tooth extraction by 

including the surrounding normal tissue. The tissue was fixed using formalin buffer to maintain the structure 

and components of the cell. Then proceed with the tissue process technique using the paraffin method and 

staining with the aim of making it easier to identify the components in the tissue using a light microscope. 

Identification of collagen using a light microscope and an Olympus digital microscope at 400 times 

magnification and photographed using an Optilab Pro [7] camera. Reading of collagen fiber preparations with 

scoring criteria based on the score, namely [8]: 

 

(-) : 0 (no picture of collagen fibers visible)   

(+) : 1 (collagen fibers look very thin/very little) 

(++): 2 (collagen fibers look thin spread)   

(+++): 3 (collagen fibers look thick spread)   

(++++): 4 (collagen fibers look thick clumped)   

 

The results of the measurement of the distribution of collagen in the control and treatment group rats were 

analyzed statistically using the SPSS 16.0 for windows program with a significance level of 0.05 (p=0.05) 

and a 95% confidence level (α = 0.05). The tests used include normality test with Kolmogorov-Smirnov test 

and homogeneity test with Levene's test and comparison test with One Way ANOVA and Post-Hoc Tukey 

test. 

 

3. Result 

The HPA description of the collagen density observed in blue can be seen in Figure 1. 

 

 
Figure 1 Picture of collagen fibers in the socket of the mandibular incisor extraction socket of Wistar rats 

with MT staining with 400x magnification in the control group (A) on the 3rd day, (B) on the 7th day of 
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control, (C) on the 3rd day of treatment, (D) treatment day 7 

 

The HPA picture seen in Figure 1 shows the different collagen density in each group. The control group on 

day 3 (K1) showed collagen fibers that were seen to be thin, the control group on day 7 (K2) showed collagen 

fibers that seemed to spread thinly, the treatment group on day 3 (K3) showed collagen fibers that seemed to 

spread. thick and the treatment group on the 7th day (K4) showed collagen fibers that were seen to be thickly 

clumped together. 

 

The results of the average collagen density of each group in the wound healing process after tooth extraction 

of male Wistar rats are as follows. 

 

Table 1 Mean collagen density in Wistar rats 

Group Mean ± Standard Deviation Anova test (p) 

3rd day control (K1) 2.2±0.63 

0.000* 
7th day control (K2) 2.4±0.84 

3rd day treatment (K3) 2.7 ± 0.82 

7th day treatment (K4) 3.8±0.42 

Description: * significant 

 

Information: 

K1: The control group was not given physical exercise treatment and the collagen density was observed on 

the 3rd day after tooth extraction. 

K2: The control group was not given physical exercise treatment and the collagen density was observed on 

the 7th day after tooth extraction 

K3: The group that was given continuous moderate-intensity swimming exercise treatment and observed 

collagen density on the 3rd day after tooth extraction. 

K4: The group that was given continuous moderate-intensity swimming exercise treatment and observed 

collagen density on the 7th day after tooth extraction. 

 

Table 1 shows that the highest mean collagen density was in the treatment group on day 7 (K4) (3.8 ± 0.42), 

while the lowest mean collagen density was in the control group on day 3 (K1) (2.2 ± 0.63). 

 

Table 2 Test results for normality and homogeneity of collagen density 

Group Kolmogorov-Smirnov test Levene's test (p) 

3rd day control (K1) 0.244 

0.214 
7th day control (K2) 0.403 

3rd day treatment (K3) 0.192 

7th day treatment (K4) 0.019 

 

In table 2, the results of the normality test using the Kolmogorov-Smirnov Test show that one group is not 

normally distributed (p<0.05), namely the treatment group on day 7 (K4). The other groups were normally 

distributed (p > 0.05), namely the control group on the 3rd day (K1), the 7th day control (K2) and the 3rd day 

of treatment (K3). The results of the homogeneity test with Levene's Test showed that the significance value 

was 0.214 (p>0.05). From the results above, it can be concluded that the data in this study are normally 

distributed and homogeneous so that it can be continued with a different test for the whole group using the 

Anova Test. 

https://www.teikyomedicaljournal.com/
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Table 3 Test the difference between groups with the Post-Hoc Tukey test 

Group K1 K2 K3 K4 

K1  0.528 0.120 0.000* 

K2   0.345 0.000* 

K3    0.001* 

K4     

Description: * significant 

 

In table 1, the results of the Anova Test obtained a significance level of 0.000 (p<0.05) which indicates a 

significant difference between the 4 groups. The results above show that there are significant differences 

between the 4 groups so that it can be continued with the difference test between groups, namely the Post-

Hoc Tukey test. In table 3 the results of the Post-Hoc Tukey Test show that there is a significant difference 

(p<0.05) in groups K1 with K4, K2 with K4 and K3 with K4. The results of the Post-Hoc Tukey Test showed 

that there was an insignificant difference (p> 0.05) in the K1 and K2 groups, K1 with K3 and K2 with K3. 

 

4. Discussion 

One of the determinants of the wound healing process running fast or slow, namely tissue oxygenation must 

be good so that through physical exercise can increase the maximum amount of oxygen in the body (3). If 

there is a wound, the increased blood flow can help deliver oxygen, vitamins, minerals and amino acids to 

the wound area with the aim of accelerating wound healing. If the blood flow is disturbed, it will cause the 

oxygen supply distributed through the bloodstream to decrease, resulting in tissue hypoxia which will 

interfere with the wound healing process, in the form of inhibiting mitosis in migrating epithelial cells and 

fibroblasts, collagen synthesis and the ability of macrophages that play a role in destroying digested bacteria. 

 

Collagen plays an important role in wound healing. Collagen is the main protein that composes the 

components of the extracellular matrix. The synthesis of collagen and fibroblasts in wound healing requires 

oxygen. Oxygen is an important co-factor during the hydroxylation of proline and lysine in the process of 

procollagen formation. The formation of collagen in the wound healing process is influenced by pressure, 

infection, stress, pain, nutrition, the phagocytosis process, oxygen diffusion, oxygen in the tissues around the 

wound and genetic factors in each individual (host factor) [9], [10]. 

 

In this study, the treatment group with continuous moderate-intensity swimming which observed collagen 

density on day 7 (K4) can be said to be the group that has the best wound healing effectiveness when compared 

to the other groups because it shows the highest collagen density. This proves that physical exercise can 

increase collagen density so that indirectly physical exercise can make the wound healing process more 

effective. 

 

In Table 3, the results of the Post-Hoc Tukey test show that there is a significant difference between the 

collagen density in the wound healing process between groups K1 and K4 and K2 and K4 in accordance with 

the theory explained that moderate-intensity physical exercise increases heart rate and blood capacity so that 

The transport of oxygen to the tissues also increases. Adequate oxygen supply to the wound area will help 

the process of collagen synthesis in wound healing. In the K3 and K4 groups, there was also a significant 

difference in accordance with the existing theory that on the 3rd day collagen fibers began to appear in the 

wound area because on the 3rd day after injury, migration and proliferation of fibroblasts began to occur 

which play a role in collagen synthesis in the wound area. On the 7th day onwards, collagen will be deposited 

continuously, rapidly, and followed by an increase in the tensile strength of the tissue [11]. According to the 

theory stated that the increase in collagen synthesis continued until the 2nd week after injury [12]. 
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In table 3 the results of the Post-Hoc Tukey test show that the collagen density in the wound healing process 

there is an insignificant difference between the K1 and K2 groups because there is no treatment (swim test) 

so that there is no increase in oxygen supplied to the tissue which will cause the process of healing. Collagen 

synthesis in wound healing cannot run quickly but runs normally. There was no difference in the two groups 

because of the disruption of the factors that affect collagen formation. In the K1 and K3 groups, there was an 

insignificant difference because on the 3rd day the formation of type III collagen fibers synthesized by 

fibroblasts began. On the 3rd day of collagen density, inflammatory cells and erythrocytes were still scattered 

around the wound area because of the overlap between the inflammatory phase and the proliferative phase of 

wound healing. In the K2 and K3 groups there were no significant differences. In the K2 group, no treatment 

in the form of a swim test was carried out so that there was not enough oxygen supply to accelerate the process 

of collagen synthesis in wound healing. In the K3 group the treatment was carried out but observed on the 

3rd day, where on the 3rd day the formation of type III collagen fibers began so that the collagen fibers formed 

were still in the form of inflammatory cells and erythrocytes that were still scattered around the wound area. 

In the K2 group, no treatment in the form of a swim test was carried out so that there was not enough oxygen 

supply to accelerate the process of collagen synthesis in wound healing. In the K3 group the treatment was 

carried out but observed on the 3rd day, where on the 3rd day the formation of type III collagen fibers began 

so that the collagen fibers formed were still in the form of inflammatory cells and erythrocytes that were still 

scattered around the wound area. In the K2 group, no treatment in the form of a swim test was carried out so 

that there was not enough oxygen supply to accelerate the process of collagen synthesis in wound healing. In 

the K3 group the treatment was carried out but observed on the 3rd day, where on the 3rd day the formation 

of type III collagen fibers began so that the collagen fibers formed were still in the form of inflammatory cells 

and erythrocytes that were still scattered around the wound area. 

 

This study showed that there were differences between the control group wistar rats without treatment and 

the group that was given moderate intensity treatment in the process of wound healing due to tooth extraction. 

These results are consistent with previous studies which proved that the wound healing process after tooth 

extraction can be improved by doing moderate-intensity physical exercise [4], [6]. 
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