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RESUMO 

 

Objetivo: Avaliar a influência da suplementação com ácidos graxos ômega-3 no 

processo inflamatório, reabsortivo e reparador após reimplante dentário tardio em 

ratos. 

Metodologia: Vinte animais foram suplementados com placebo para controle (C) ou 

ômega-3 (O). Os animais tiveram seus incisivos superiores direitos extraídos e 

tratados de acordo com o protocolo de reimplante tardio da Associação Internacional 

de Traumatologia Dentária. As suplementações foram realizadas por gavagem por 15 

dias antes do reimplante até a eutanásia. Após 45 dias do reimplante, os animais 

foram sacrificados e as maxilas removidas e processadas para análise 

microtomográfica, histológica (H.E. e picrosirius red stain) e imuno-histoquímica (IL-6, 

TNF-α, RANK-L, OPG, TRAP e OCN). Os resultados foram analisados 

estatisticamente (p< 0,05). 

Resultados: No grupo O, há um infiltrado inflamatório de leve a moderada intensidade 

e menor percentual de reabsorção inflamatória, enquanto no grupo C a inflamação foi 

de moderada a severa com maior percentual de reabsorção inflamatória, a análise 

microCt também mostrou dentina remanescente mais espessa no grupo O (p< 0,05). 

Além disso, o grupo O apresentou melhor organização do ligamento periodontal com 

fibras colágenas mais maduras e menor imunomarcação para IL-6, TNF-α e TRAP, 

mais imunomarcação para RANK-L, OPG e OCN em relação ao grupo C (p<0,05). 



 

 

Conclusões: concluiu-se que a suplementação com ômega-3 reduziu o processo 

inflamatório e reabsortivo e melhorou o processo reparativo após reimplantação tardia 

de dentes em ratos. 

 

Palavras-chave: ácidos graxos ômega-3, reimplante dentário, avulsão dentária. 

 

Financiamento: Coordenação de Aperfeiçoamento de Pessoal de Nível Superior N° 

88882.435560/2019-01 
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ABSTRACT 

 

Aim: To evaluated the influence of omega-3 fatty acid supplementation on the 

inflammatory, resorptive and reparative process after delayed tooth replantation in rats.  

Methodology: Twenty animals were supplemented with placebo for control (C) or 

omega-3 (O). The animals had their right maxillary incisors extracted and treated 

according to the International Association of Dental Traumatology delayed replantation 

protocol. Supplementations were performed by gavage for 15 days before replantation 

until euthanasia. After 45 days from replantation, the animals were killed and the jaws 

removed and processed for microtomographic, histological (H.E. and picrosirius red 

stain) and immunohistochemical (IL-6, TNF-α, RANK-L, OPG, TRAP and OCN) 

analysis. Results were statistically analyzed (p< .05).  

Results: In group O, there is an inflammatory infiltrate of mild to moderate intensity 

and a lower percentage of inflammatory resorption, while in group C the inflammation 

was moderately to severe with a higher percentage of inflammatory resorption, the 

microCt analysis also showed thicker remaining dentin in group O (p< 0.05). 

Furthermore, group O showed better organization of the periodontal ligament with 

more mature collagen fibers and lower immunostaining to IL-6, TNF-α and TRAP, more 

immunostaining to RANK-L, OPG and OCN compared to group C (p <0.05). 



 

 

Conclusions: It was concluded that omega-3 supplementation reduced the 

inflammatory and resorptive process and improved the reparative process after 

delayed replanted teeth in rats. 

 

Keywords: omega-3 fatty acids, tooth replantation, tooth avulsion. 
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Supplementation with Omega-3 reduces the inflammatory and resorptive 

process, and improves the repair after delayed dental replantation in rats 

  

INTRODUCTION 

Tooth avulsion is characterized by the complete displacement of the tooth 

from its socket (Roskamp et al., 2010; Mori et al., 2010, 2013; Najeeb et al., 2017). 

This displacement occurs due to the rupture of the fibres of the periodontal ligament 

(PDL) and the vascular-nervous bundle that nourishes the pulp (Najeeb et al., 2017). 

It usually happens due to an impact on the oral region caused by falls, accidents, fights, 

sports, among others (Mori et al., 2007, 2009; Glendor, 2008). In these cases, other 

oral tissues may be involved, such as bone, gum and lip (Roskamp et al., 2010). The 

highest occurrence involves people aged 7 to 14 years, in a ratio of 3:1 for males, with 

the upper incisors being the most affected dental group (Trope, 2011; Bergman et al., 

2017). In addition, it is a type of dental trauma that occurs with great frequency, 

representing about 16 to 25% of the total trauma to permanent teeth (Martins et al., 

2016). 

When tooth avulsion occurs, the reposition of the tooth inside the socket is 

necessary, whose ultimate goal is to restore the patient's health and the physical and 

social well-being (Mori et al., 2010; Andersson et al., 2012). After replantation, healing 

of the PDL can occur by reattachment of its fibres to the root surface, when cell viability 

is maintained (Gullineri, 2008). PDL loss is the main cause of a local inflammatory 

reaction and dentoalveolar ankylosis (Campbell et al., 2005; Fuss et al., 2003). Extra-

alveolar time is critical to determining cell survival (Mori et al., 2010; Roskamp et al., 

2010; Andersson et al., 2012). Thus, long extra-alveolar periods eliminate any 

possibility of preserving PDL cell vitality (Andreasen, 1981; Pohl et al., 2005), which 
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makes the reattachment of PDL fibres to the root surface unfeasible. I In situations 

where the extra-alveolar time is longer than 60 minutes, the PDL will not be expected 

to heal, and its removal is recommended (Andreasen 1981, Pohl et al., 2005). 

Tooth resorption is the most frequent cause of replantation failure, as it 

leads to the progressive destruction of cement and dentin. The etiological factors of 

resorptions usually involve trauma, pulpal infection, and orthodontic treatment 

(Heboyan et al., 2022). After replantation, the alveolar portion of the PDL is separated 

from the cemental portion by a blood clot. The blood clot can organize as a granulation 

tissue and regenerate under ideal conditions of immediate replantation, or the 

granulation tissue may be replaced by bone tissue and start a resorption process 

(Andreasen, 1981; Pohl  et al., 2005) 

Systemic factors have been studied aiming at a better prognosis in different 

oral health treatments (Holland et al., 2016; Segura-Egea et al., 2022). Natural 

substances such as omega-3 have been used in the medical field due to their 

numerous properties and, in particular, modulating effect on the systemic and local 

inflammatory processes (de Oliveira et al., 2022). The positive effects observed with 

omega-3 are related to its ability to inhibit the synthesis of inflammatory mediators, 

alter cellular functions of polymorphonuclear leukocytes and modulate lymphocyte 

proliferation and cytokine production (Azuma et al., 2021). The supplementation with 

omega-3 fatty acid has been studied as an adjuvant therapy during treatments of oral 

diseases that involve inflammatory processes and bone resorption (Azuma et al., 

2022). 

Previous studies have demonstrated positive effects after dietary 

supplementation with omega-3 fatty acid on the development of endodontic infection 

(Azuma et al., 2017, 2018a). It was observed that supplementation not only inhibited 
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the action of osteoclasts leading to less bone loss but also promoted an increase in 

the osteoblasts counting and allowing the bone remodeling (Azuma et al., 2017). 

Furthermore, it was able to decrease the expression of pro-inflammatory mediators 

such as TNF-α, IL-1β and IL-6, and increase the expression of anti-inflammatory 

mediators such as IL-10 in periapical tissues (Azuma et al., 2018b). 

The pro-inflammatory cytokines interleukin-6 (IL-6) and tumor necrosis 

factor alpha (TNF-α) are cytokines involved in the inflammatory and resorptive process 

of periodontal and periapical tissues (Marçal et al., 2010; Teixeira-Salum et al., 2010). 

Furthermore, the ratio RANK/RANK-L/OPG is close related to the osteoclast activity 

and consequently the bone resorption (Cosme-Silva et al., 2020). Tartrate-resistant 

acid phosphatase (TRAP) is a bone marker of osteoclasts, and osteocalcin (OCN) is 

a marker of bone formation, that is, it is responsible for the activities of osteoblasts. 

Thus, in order to better understand the mechanisms involved in the inflammatory 

process and bone turnover resulting from tooth replantation, it is important to study the 

behavior of the pro-inflammatory cytokines IL-6 and TNF-α, as well as, RANK, OPG, 

TRAP and OCN (Justo et al., 2022). 

Thus, the aim of the study is to evaluate the effects of omega-3 on the 

inflammatory response of the PDL after delayed tooth replantation, including 

organization of the PDL, inflammatory resorption, and dental ankylosis. The null 

hypothesis was that omega-3 supplementation does not reduce the inflammatory and 

resorptive process, and does not interfere with the reparative process after delayed 

replantation. 
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MATERIALS AND METHODS 

The research protocol and all experimental procedures were approved by 

the Animal Research Ethics Committee on Conduct and Ethics of the School of 

Dentistry of Araçatuba (CEUA – FOA/UNESP – Univ Estadual Paulista, Brazil; 

Protocol Nº 00387-2020).  

 

Experimental design and Distribution in groups 

Twenty male Wistar rats (Rattus albinus, Wistar), weighing approximately 

250g were used. The animals were kept in mini-isolators (Alesco-Monte Mor, São 

Paulo, Brazil) with a temperature between 22 and 24ºC with a controlled light cycle (12 

hours of light and 12 hours of dark), they were fed throughout the experimental period 

with a solid diet and water “ad libitum”, except for the preoperative 12 h and the 7 days 

after the tooth avulsion procedure and reimplantation, when the animals were fed with 

crushed chow. The 20 rats were arranged into two experimental groups, containing 10 

animals each group: C group - control rats supplemented with placebo; O group - rats 

supplemented with omega-3 fatty acids. 

The rats in the O group received, by means of gavage, omega-3 at the rate 

of 40mg/kg (60% eicosapentaenoic acid (EPA) + 40% docosahexaenoic acid (DHA)) 

for 15 days before and 45 days after tooth replantation (Azuma et al., 2018b). The rats 

in the C group received water as placebo in the same manner. 

 

Tooth avulsion simulation and Tooth replantation 

The animals were anesthetized using a sedative based on 2% xylazine (10 

mg/kg, Dopaser; Laboratório Calier do Brasil Ltda. Osasco, SP, Brazil) and an 

anaesthetic based on 10% ketamine hydrochloride (80 mg/kg, Dopalen; AgriBrands 
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do Brasil Ltda. Paulínia, SP, Brazil). After anaesthesia, asepsis of the anterior portion 

of the maxilla was performed with 2% chlorhexidine (FGM Dental Group, Joinville, SC, 

Brazil), extraorally and 0.12%, intraorally (Colgate-Palmolive, Sao Paulo, SP, Brazil). 

Then, with the aid of adapted surgical instruments, syndesmotomy was performed, 

with the objective of helping to detach the periodontal fibres; dislocation to facilitate 

movement of the tooth in the alveolus, and finally extraction of the upper right incisor 

of each animal, simulating tooth avulsion. 

After 60 minutes of extra-alveolar time in a dry environment, the dental 

papilla was removed. An access cavity was prepared via retrograde and the root canal 

was instrumented using pre-curved Flexofile #15, 20, and 25 (Dentsply Siron, 

Charlotte, North Carolina, USA) files. Intracanal irrigation was performed with 1% 

sodium hypochlorite (Prolink Industria Quimica, Guapiaçu, Sao Paulo, SP, Brazil). 

During treatment of the root surface, sterile gauze moistened with saline solution 

(Eurofarma Laboratorios Ltda, Sao Paulo, SP, Brazil) was used and the teeth were 

immersed in 2% sodium fluoride at pH 5.5 (Drogaderma, Presidente Prudente, Sao 

Paulo, SP, Brazil) for 20 minutes. Subsequently, the root canals were irrigated with the 

saline solution, dried with nº 25 sterile absorbent paper points (Dentsply Siron, 

Charlotte, North Carolina, USA) and filled with a 1g/mL calcium hydroxide powder 

(Biodinamica, Ibipora, PR, Brazil) and propylene glycol (Drogaderma, Presidente 

Prudente, Sao Paulo, SP, Brazil).  

The tooth replantation procedure was based on previous study (Machado 

et al., 2020). The teeth were replanted in their respective dental socket after irrigation 

with the saline solution (Eurofarma Laboratorios Ltda, Sao Paulo, SP, Brazil). After 

reimplantation, each animal received a single dose of the antibiotic Gentamicin Sulfate 

(Gentatec® Agro-Veterinaria Ltda – Sao Paulo, SP, Brazil – 3.5 mg/Kg) 
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intramuscularly. The analgesic Dipyrone (Medley® Farmaceutica Ltda – Campinas, 

SP, Brazil – 150mg/kg) was administered intramuscularly every 12 hours for 3 days. 

 

Obtaining and processing samples and form of analysis  

After 45 days of the replantation, the rats were euthanized with Sodium 

Thiopental (Thiopentax® Cristália – Produtos Químicos Farmacêuticos Ltda – Itapira, 

SP, Brazil- 150mg/kg) and anesthetic Lidocaine Hydrochloride 20mg/ml (Novafarma 

Indústria Farmacêutica Ltda – Anápolis, GO, Brazil - 10mg/Kg), both intraperitoneally. 

The specimens obtained were fixed in 4% neutral formaldehyde (Merck, Sao Paulo, 

SP, Brazil) for 24 hours and washed for 12 hours in running water. After fixation, the 

hemimaxillae were scanned for microtomographic analysis to quantify the extent of 

root resorption. The samples were scanned with the following settings: 70 kV, 167 µA, 

with a rotation step of 0.5º and exposure of 2100 milliseconds.  

After scanning each sample, reconstruction was performed with the 

NRecon software (Skyscan, Belgium) and with the DATA VIEWER v. 1.5.1.2 Plans 

have been adjusted to better understand the area to be learned. For the three-

dimensional (3D) analysis, the CTAn v.1.5.0 software (Skyscan) was used. The 

regions of interest (ROI) with the presence of inflammatory and/or replacement 

resorption were selected and quantified. The size of the region with the presence of 

inflammatory and/or replacement resorption was expressed in square millimeters. 

Subsequently, the specimens were demineralized in a 10% EDTA solution 

and embedded in paraffin to obtain 5 µm thick semi-serial sections using a microtome 

(Leica - RM 2045). They were stained with hematoxylin and eosin and analyzed 

microscopically observing the following aspects: quantification of cells present per field 

to describe the scores regarding the present inflammatory infiltrate, organization of the 
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PDL, extent and quantification of inflammatory resorption and by replacement and 

ankylosis dental.  

Analyzes were performed at 400x magnification under light microscopy (DM 

4000 B, Leica, Wetzlar, Germany) by a single, calibrated, and blinded operator. The 

inflammatory reaction was scored according to the average number of inflammatory 

cells present in the middle third of root of the teeth, being: score 0, no or few cells 

(normal); score 1, <25 cells (mild); score 2, 25-125 cells (moderate); score 3, >125 

cells (severe) (Cintra et al., 2013).  

For the PDL organization analysis, the percentage of organization was 

considered, where: score 0, organization greater than 75%, score 1, organization 

greater than 50% and less than 75%; score 2, greater than 25% and less than 50%; 

and score 3, organization of less than 25% (Panzarini et al., 2012; Gulinelli et al., 2008; 

Negri et al., 2008 and collaborators). 

The collagen fibers analysis was performed on PSR-stained sections under 

polarized light microscopy. Palatal, mesial and distal faces were analysed using QWin 

software (400× magnification; Leica QWin V3; Leica Microsystems), which allows 

selection of the corresponding colors for each type of collagen fiber. After this 

selection, the program automatically calculates the marked area of each type of 

collagen, and the yellow-green fibers are considered immature and thin, while the red-

yellow fibers are considered mature and thick (Junqueira et al., 1982). 

Inflammatory and/or replacement resorption and dental ankylosis were 

considered according to their intensity and extent, where: score 0, absent, without the 

presence of the mentioned events; score 1, change in an area less than 25%; score 2, 

change in an area greater than 25% and less than 50%; score 3, change in an area 
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greater than 50% (Panzarini et al., 2012; Gulinelli et al., 2008; Negri et al., 2008 and 

collaborators). 

Immunohistochemical markers IL-6, TNF-α, RANK-L, OPG and OCN were 

evaluated according to the immunostaining pattern for recognition of scores as 

described by Cintra et al., 2016, where: the scores were assigned as follows: 0, 

complete absence of immune-reactive cells; 1 (low IR), a few immunoreactive cells 

and weak labeling of the extracellular matrix (approximately one quarter of the 

immuno-reactive cells); 2 (moderate IR), a moderate number of immunoreactive cells 

and moderate labeling of the extracellular matrix (approximately one half of the 

immunoreactive cells); and 3 (high IR), a large number of immunoreactive cells and 

strong labeling of the extracellular matrix (approximately three quarters of the immuno-

reactive cells) (Cintra et al., 2016).  

The immunohistochemical marker TRAP was evaluated considering the 

number of TRAP-positive cells per mm. The number of TRAP-positive cells in the 

perimeter of the area where resorption was present was quantified and the results 

were expressed in mm (Azuma et al., 2017). 

 

Statistical Analysis 

The sample size was established based on a previous study involving 

omega-3 supplementation (Azuma et al., 2018). We obtained a standard deviation 

estimate of 0.5163, the minimum detectable difference in median scores, considering 

an alpha error of 5% and power of 95%, obtaining a number of 9 animals per group. 

One more animal was included for safety in relation to the invasive surgical procedure 

and monitored reimplantation, totaling 10 animals per group. 
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Statistical analysis was performed using SigmaPlot 12.0™ software 

(Chicago, IL, USA). After the Shapiro–Wilk test of normality, the Mann–Whitney test 

was performed for nonparametric data and Student’s t-test was performed for 

parametric data. The level of significance was 5%.  

 

RESULTS 

Representative histological images stained in H.E. in the different 
experimental groups are shown in Figure 1. 

Figure 1 - Representative images of H.E. at magnifications of 50x in the C group (C) and the 
O group (O), and 400x in the C group (c1, c2) and the O group (o1, o2); Immunostaining for 
IL-6 in the C group (c3) and the O group (o3). Immunostaining for TNF-a in the C group (c4) 
and the O group (o4). (x1000). 
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Representative MicroCT images in the different experimental groups are 

shown in Figure 2.  

Figure 2 - Computed microtomography (μCT) images of tooth resorption from each group. 
The C group (C) exhibited disintegration of bone structure in the upper right central incisor. 
And the O group (O) presents integrity of the bone structure in the upper right central incisor, 
where the adopted reimplantation took place.  
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Representative histological images stained in P.S.R. in the different 

experimental groups are shown in Figure 3. 

Figure 3 - Collagen fibers are shown as birefringent structures in the periodontal ligament. 
Yellow-green fibers indicate immature collagen and red-yellow fibers indicate mature collagen. 
Representative PSR staining images of groups C (C-c2) and O (O-o2) (x400x); Graph of the 
percentage of green and red fibers (A). 

 

It can be seen that there were less inflammatory cells in the O group, with 

a prevalence of score 1, while the C group presented a prevalence of score 3 (p<0.05) 

(Fig. 1 and Table 1). The same can be observed in the quantification of inflammatory 

cytokines, where the immunohistochemical markers IL-6 and TNF-α were diminished 

in O group compared to C group (p<0.05). For IL-6, O group presented predominantly 

mild immunostaining patternan (score 1), while the immunostaining pattern was 

between scores 2 and 3 in the C group (p<0.05) (Fig. 1 and Table 1). For TNF-α, the 



29 

 

 

O group showed a mild pattern of immunostaining, with a prevalence of score 1, and 

the C group showed a mild pattern, characterized as score 2 (p<0.05) (Fig. 1 and Table 

1). 

In the analysis of inflammatory reabsorption, the O group had less areas of 

inflammatory reabsorption, characterized as a score of 1, compared to the C group 

that had a score of 3 (p<0.05) (Fig. 1 and Table 1). When observing the 

microtomographic analysis, it was possible to verify that the O group had a thicker 

remaining dentin when compared to the C group (p<0.05) (Fig. 2 and Table 2). 

With regard to resorption by replacement and dental ankylosis, it was found 

that there was no significant difference between the groups (p>0.05). When 

reabsorption by substitution was observed, it was noted that it was absent in most of 

the specimens analyzed. In the analysis of dental ankylosis, it was possible to 

observed the same in C group, in O group it was possible to verify that there was half 

of the analyzed group with the presence of dental ankylosis, however, in low 

concentration, being classified as score 1, that is, less than 25% (p>0.05) (Fig. 1 and 

Table 1). 

When analyzing the organization of the PDL, the O group presented more 

organization, characterized as score 1, while in group C, it was observed less 

organization, characterized as score 3 (p<0.05) (Fig. 1 and Table 1). The same can be 

observed when analyzing the percentage of collagen fibers present, where O group 

had a higher percentage of collagen fibers characterized as mature when compared 

to C group, independently of the analysed face (p<0.05) (Fig. 3 and Table 1). 
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Table 1. Scores, median, mean, standard deviation (SD) and p values for the inflammatory 

and reparative process criteria in groups C and O 

Analysis Parameters Groups p Value 

C O 

Inflammatory 
Infiltrate 

0 - Absent 0/10 0/10 

0.003 

1 - Mild 1/10 7/10 

2 - Moderate 4/10 3/10 

3 - Severe 5/10 0/10 

Median* 2.5a 1b 

IL-6 

0 - Absent 0/10 0/10 

< 0.001 

1 - Mild 0/10 8/10 

2 - Moderate 6/10 2/10 

3 - Severe 4/10 0/10 

Median* 2a 1b 

TNF-a 

0 - Absent 0/10 2/10 

0.008 

1 - Mild 2/10 6/10 

2 - Moderate 7/10 2/10 

3 - Severe 1/10 0/10 

Median* 2a 1b 

Inflammatory 
resorption 

0 - Absent 0/10 1/10 

0.006 

1 - <25% 2/10 6/10 

2 - >25% and <50% 2/10 3/10 

3 - >50% 6/10 0/10 

Median* 3a  1b  

MicroCt 
Analysis  

(mean ± SD) 6.875 ± 0.606a 8.438 ± 0.886b < 0.001 

Replacement 
resorption 

0 - Absent 5/10 6/10 

0.769 

1 - <25% 3/10 2/10 

2 - >25% and <50% 2/10 2/10 

3 - >50% 0/10 0/10 

Median* 0.5a  0a 

Ankylosis 

0 - Absent 7/10 4/10 

0.269 

1 - <25% 2/10 5/10 

2 - >25% and <50% 1/10 1/10 

3 - >50% 0/10 0/10 

Median* 0a  1a  

Periodontal 
Ligament 

Organization 

0 - >75% 0/10 0/10 

0.001 

1 - >50% and <75% 1/10 8/10 

2 - >25% and <50% 4/10 2/10 

3 - <25% 5/10 0/10 

Median* 2.5a  1b 

Collagen 
maturation 

(%± SD) 

Mature 
fibres 

Palatine 4.42 ± 1.72a 63.53 ± 5.64b < 0.001 

Mesial 10.15 ± 4.95a 49.84 ± 12.17b < 0.001 

Distal 7.60 ± 2.34a 46.23 ± 9.59b < 0.001 

Immature 
fibres 

Palatine 95.58 ± 1.72a 36.47 ± 5.64b < 0.001 

Mesial 89.84 ± 4.95a 50.15 ± 12.17b < 0.001 

Distal 92.39 ± 2.34a 53.77 ± 9.59b < 0.001 

*Different superscript letters in rows indicate statistically significant difference (p < .05). 
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Representative immunohistochemistry images for RANK-L, OPG, TRAP 

and OCN in the different experimental groups are shown in Figure 4.  

 
Figure 4 - Representative images of immunostaining for RANK-L in C group (C) and O group 
(O). Representative images of immunostaining for OPG in C group (c1) and O group (o1) 
(x1000). Immunoreactivity of multinucleated TRAP-positive cells in C group (c2) and O group 
(o2), and OCN-positive cells in C group (c3) and O group (o3) on the alveolar bone surface 
after reimplantation (x1000). 
 

In the analysis of immunostaining for RANK-L and OPG, it was observed 

that there was a greater amount of them in group O when compared to group C 

(p<0.05). For RANK-L, the O group presented a predominantly severe immunostaining 

pattern, score 3 and the C group presented a predominantly moderate immunostaining 

pattern, score 2 (p<0.05) (Fig. 4 and Table 2). 

In addition, O group had a higher density of immunostaining for OCN 

compared to O group,  with a higher mean number of cells present, and lower for TRAP 

compared to C group, which had fewer labelled cells (p<0.05) (Fig. 4 and Table 2). 

 



32 

 

 

Table 2. Scores, median, mean, standard deviation (SD) and p values for the resorptive 

process criteria in groups C and O 

Analysis Parameters 
Groups 

p Value 
C O 

RANKL 

0 - Absent 0/10 0/10 

0.031 

1 - Mild 2/10 1/10 

2 - Moderate 6/10 3/10 

3 - Severe 2/10 5/10 

Median* 2a 3b 

OPG 

0 - Absent 4/10 1/10 

0.012 

1 - Mild 3/10 3/10 

2 - Moderate 2/10 4/10 

3 - Severe 1/10 2/10 

Median* 0a 2b 

TRAP (mean ± SD) 2.35 ± 0.72a 0.69 ± 0.63b < 0.001 

OCN (mean ± SD) 

0/10 
5/10 
3/10 
2/10 
1a 

0/10 
2/10 
5/10 
3/10 
2b 

0.015 

*Different superscript letters in rows indicate statistically significant difference (p < .05). 

 

 

DISCUSSION 

This study investigated the influence of omega-3 fatty acid supplementation 

on the repair process after delayed tooth replantation. The results of the present study 

identified the positive influence of omega-3 fatty acid supplementation on the tissue 

repair process after delayed tooth replantation, since the animals supplemented with 

omega-3 had less inflammatory infiltrate, greater organization of the PDL and less 

superficial inflammatory resorption when compared to control group rats (p<0.05). This 

way the null hypothesis was rejected. 

Inflammation is a coherent and orderly progression of events initiated and 

controlled by endogenous chemical mediators. That is, it is a response to infection or 

tissue injury that occurs to eradicate microorganisms or irritating agents and to 

enhance tissue repair. 
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Omega-3 has been accepted as an adjunctive therapy in the treatment of 

oral diseases such as gingivitis, periodontitis and stomatitis recurrent aphthous 

disease (Azuma et al., 2018), since its polyunsaturated fatty acids play an important 

role in the inflammatory response, reducing pro-inflammatory mediators such as 

arachidonic acid (Azuma et al., 2021). Considering that delayed tooth replantation can 

lead to an inflammatory process, resulting in root resorption and ankylosis, it was 

proposed to evaluate the anti-inflammatory potential of omega-3 in the repair process 

after delayed replantation. 

Regarding the inflammatory infiltrate, at the end of 45 days from the 

replantation, it was possible to observe that the group supplemented with omega-3 

presented, for the most part, a mild infiltrate, while the control group presented a severe 

infiltrate, demonstrating a significant reduction in inflammation. This can be explained 

by the modulator effect of omega-3, since it inhibits the production of arachidonic acid 

metabolites through the cyclooxygenase 2 and lipoxygenase pathways, thus reducing 

the inflammatory response (Patterson and Georgel, 2004). 

Regarding the organization of the PDL, the group supplemented with 

omega-3 showed better organization when compared to the control, which can be 

explained by the increased expression of MMPs-1 and TIMP- by the therapeutic diet 

with omega-3 fatty acids (Nicolai et al., 2017). MMPs are molecules that act on 

extracellular matrix degradation and are present in periodontal diseases. An imbalance 

between MMPs and TIMPs can lead to disorganization of periodontal tissues (Azuma 

et al., 2020), and this has a link when looking at supplementation in cases of delayed 

tooth replantation, as the processes of bone resorption are interconnected. 

In the analysis of IL-6, O group  presented lower scores when analyzing this 

marker in relation to  C group (p<0.05). This can be explained because IL-6 is a 
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cytokine produced in response to infection and tissue injury, eager for host defense by 

stimulated acute phase responses, hematopoiesis and immune reactions (Azuma et 

al., 2014). And an ongoing unregulated synthesis of IL-6 exerts an exacerbating effect 

on chronic inflammation (Tanaka et al., 2014). Regarding TNF-α, it was possible to 

verify that it has lowered scored in the O group compared to the C group (p<0.05). In 

the periapical lesions, there is a considerable increase in TNF-α in the tissues 

surrounding the tooth, and it can be assumed that this cytokine can induce local 

osteoclastic activity (Colić et al., 2009).  

Regarding inflammatory resorption, group O had a higher percentage 

(score 1) than group C (score 3) (p<0.05). Through micro-CT, it was also possible to 

verify less bone damage in group O (p<0.05). Inflammatory resorption is a complex 

event, initiated by inflammation that leads to progressive destruction of cementum and 

subsequently dentin, increasing osteoclast activity, leading to resorption (Heboyan et 

al., 2022). Omega-3 supplementation has been shown to inhibit osteoclast action and 

increase osteoblast activity, leading to bone remodeling (Azuma et al., 2017), which 

may explain the lower percentage of inflammation resorption in the O. 

The parameters reabsorption by substitution and ankylosis did not differ 

between groups (p>0.05). In the analysis of resorption by substitution, it was noted that 

it was absent in most cases. As for dental ankylosis, it was possible to observe the 

same result when observing C group, however, in O group it was possible to verify that 

there was half of the group analyzed with the presence of dental ankylosis in low 

concentration. Resorption by replacement consists of replacing the tooth structure with 

bone tissue, that is, the bone and tooth will be reabsorbed and neoformed, without the 

presence of cementum and dentin, which will also be replaced by bone. Dental anemia, 

on the other hand, is considered as the late result of replacement resorption, as it 
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consists of integrating the tooth in the bone remodeling process. It usually occurs due 

to the loss or deficiency of the PDL that promotes the disappearance of the epithelial 

remains of Mallassez, with this, the neighboring bone cells together with the fibroblasts 

and cementoblasts carry out a periodontal reconstruction, which, without the epithelial 

remains of Mallassez, generated a new bone formation in the PDL space and its union 

with the tooth (Consolaro, 2010). This can be explained by the modulatory effect and 

broad organization of PDL in the group supplemented with omega-3 (Heboyan et al., 

2022). 

In the analysis of immunostaining for RANK-L and OPG, it was observed 

that there was a greater amount of them in O group when compared to C group  

(p<0.05). The RANK-L/RANK/OPG system is triggered when the RANK-L ligand binds 

to RANK or OPG. Its binding to RANK in the cell wall of osteoclasts leads to activation 

of these cells and consequently triggers bone resorption. When an OPG binds to 

RANK-L, consequently, osteoclasts are not activated and bone resorption is inhibited. 

In the present study, the number of cells TRAP positive was smaller in the 

group supplemented with omega-3, which may be related to lower osteoclastic 

activities in the O group. TRAP is an osteoclast marker, and the same is present in 

bone resorption events, where its main function is to perform bone matrix degradation 

(Dal-Fabbro et al., 2021). On the other hand, OCN is a marker of bone formation 

involved in the control of the process of regulating bone identity and responsible for 

stimulating the activity of osteoblasts, which are cells related to bone formation. In this 

study, the number of cells OCN positive were smaller in the O group, which 

corroborates the results found in previous analyses, favoring the prophylactic and 

therapeutic use of omega-3. 
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CONCLUSION 

Therefore, we can conclude that omega-3 fatty acid supplementation can 

influence the repair process after delayed tooth replantation, reducing the inflammatory 

infiltrate, increasing the organization of the PDL, reducing inflammatory resorption and 

increasing the level of bone repair in the region. This type of evidence contributes to 

the use of this substance in dentistry, in cases of delayed tooth replantation. 
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