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A B S T R A C T   

Background: This study evaluated the influence of traumatic occlusion in the dentin-pulp complex a molar teeth 
submitted to subluxation. 
Material and methods: Ninety Wistar rats were divided into groups Naïve (N), Subluxation (S) and Subluxation 
with traumatic occlusion (STO) and submitted to histological analysis after 7 and 21 days. A quantitative analysis 
was submitted to one-way ANOVA and Tukey’s post-hoc test, and Chi-square and Bonferroniś post-hoc test. 
Results: S and STO showed a significant increase in blood vessels area (p < 0.0005), amorphous fundamental 
substance (p < 0.0005) and reactionary dentin formation (p < 0.0005), as well as a decrease in the nuclear 
profile (p < 0.0005), odontoblast layer (p = 0.013 and p < 0.0005) by day 7 when compared with N. These 
changes normalized by day 21, except for the reactionary dentin (p < 0.0005) in both S and STO groups. 
Interestingly, the STO group exhibited significant changes in the increase of pulp calcification (p < 0.0005), 
presence of tubules with nuclei (p < 0.0005), and inflammatory infiltrate (p < 0.0005), as well reduction of 
nuclear profile (p < 0.0005), odontoblast layer (p < 0.0005) compared with N and S at day 21. 
Conclusions: STO impaired the defence response and decreased pulp regeneration capacity by increasing the 
inflammatory infiltrate and pulp calcification, and decreasing the nucleated cell number in the odontoblast layer 
and central pulp.   

1. Introduction 

Subluxation is a mechanical tissue injury that affects the supporting 
structures of the tooth. Due to the impact, it can affect the pulp and cause 
damage to the apical vascular-nervous bundle (Pugliesi et al., 2004). 
Clinically, subluxation presents an increase of tooth mobility, bleeding 
around the marginal gingiva (Andreasen and Perdersen, 1985), besides 
increased sensitivity to chewing and percussion tests (Pedrini et al., 
2018). The subluxated tooth maintains its original position in the dental 
arch without vertical and/or horizontal displacement (Andreasen and 
Pedersen, 1985). Nevertheless, in some cases, apical edema may occur 
resulting in a slight extrusion of the tooth (Pedrini et al., 2018). Sub
luxation also causes pulp sequelae by inducing changes in the vascular 

component, such as increased vascular permeability, hyperemia, hem
orrhage or ischemia. Pulp hemorrhage may lead to crown discoloration 
due to erythrocyte migration and hemoglobin decomposition (Bauss 
et al., 2009). In addition, dystrophic calcification may occur due to the 
hemorrhagic consequences combined with odontoblast differentiation 
(Bauss et al., 2009). 

Periodontal ligament healing and neurovascular pulp regenerations 
are important to determine the outcome of teeth injured by subluxation 
(Strobl et al., 2005). The risk of pulp being permanently affected by 
necrosis (Pedrini et al., 2018; Pugliesi et al., 2004) after isolated sub
luxation (Bauss et al., 2009) may reach 27.1 % (Pedrini et al., 2018; 
Pugliesi et al., 2004), especially in cases of delayed treatment (Qassem 
et al., 2014). This occurs because the neurovascular lesion impairs pulp 
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defense mechanisms, making the revascularization process difficult 
(Mjör, 2001). 

Traumatic occlusion is another mechanical tissue injury that damage 
to the periodontal ligament (Amaral et al., 2017), that may be related to 
the initiation and progression of pulp and periradicular inflammation 
(Yu, 2004). In these cases, pulp sequelae can occur through neuro
inflammation (Caviedes-Bucheli et al., 2011; Kvinnsland and Heyeraas, 
1992), inhibition of pre-dentin formation (Penna and Rode, 2000; 
Stenvik and Mjör, 1971), vascular component lesions (Stenvik and Mjör, 
1971), odontoblast layer disorganization, pulp dystrophies, pulp calci
fications, and decreased pulp chamber volume (Penna and Rode, 2000; 
Popescu et al., 2011). 

Traumatic occlusion may exist prior to a subluxation as a result of 
parafunctional habits, iatrogenics (Fu and Yap, 2007) or malocclusion, 
especially in children, due to incomplete and temporary eruption of the 
first permanent molars (Eismann and Reichert, 1990), or it can occur 
after trauma, due to the periodontal ligament edema or a positional 
alteration (Pedrini et al., 2018). Under current protocols, the treatment 
of permanent tooth subluxations requires flexible containment for up to 
2 weeks, and a follow-up after 4–8 weeks (Bourguignon et al., 2020). 
This study evaluated the influence of traumatic occlusion in the dentin- 
pulp complex of the distobuccal root of the upper first molars submitted 
to subluxation, to emphasize the importance of occlusal adjustment in 
addition to the subluxation treatment. 

2. Materials and method 

2.1. Animals and surgical procedures 

All experimental procedures are in agreement with the ARRIVE 
guidelines and the experimental protocols were approved by the Insti
tutional Animal Use Ethics Committee (number 2016–00970). 

Ninety adults female Wistar rats (Rattus novergicus) aged 12 weeks 
were randomically distributed into groups, presenting a 100 % sample 
power, for a 95 % confidence interval and 5 % margin of error. 

The animals were divided into three groups: naive group (n = 30), 
animals were not subjected to any experimental conditions; subluxation 
(n = 30), subluxation of the upper right first molar and; subluxation and 
traumatic occlusion (n = 30), subluxation of the upper right first molar 
combined with traumatic occlusion using composite resin in the lower 
right first molar (Sodeyama et al.,1996; Amaral et al., 2017; Pereira 
et al., 2010) (Supplementary Material 1). The animals were sacrificed by 
transcardiac perfusion at 7 and 21 days after the experimental proced
ures. Animals were excluded in the event of death from natural causes or 
loss of the composite resin occlusal surface of the lower right first molar 
(Supplementary Material 2). 

2.2. Histological processing and analysis 

The samples were impregnated in low melting temperature paraffin 
and transverse histological semi serial sections (40 µm of interval be
tween adjacent sections) between the cervical and middle portions of the 
upper right first molar for each animal were analyzed under brightfield 
microscope (Leica - Aristoplan, Wetzlar, Germany) coupled to an Axio
cam MRc digital camera (Carl Zeiss MicroImaging GmbH, Germany). 

For the histological analysis of pulp changes, the buccal root pulp of 
the upper right molar was evaluated by concerning the presence or 
absence of the following phenomena: pulp hyalinization, pulp nodules, 
diffuse calcification, vascular congestion, bleeding, thrombosis and 
dentinal tubules filled with nuclei (Massaro et al., 2009). In addition, 
four different histomorphological events were qualitatively analyzed 
(Fiane et al., 2014; Nishioka et al., 1998). (a) the odontoblast layer; (b) 
deposition of reactionary dentin; (c) pulp necrosis; and (d) inflammatory 
infiltrate. All of these were defined as: absent; present in a restricted 
area; partially present; and totally present (Nishioka et al., 1998). To 
avoid bias, the examiner went through a calibration process and was 

unaware of which group the images belonged to (Supplementary Ma
terial 3). 

2.3. Statistical analysis 

Data were analyzed using the statistical program GraphPad Prism at 
α = 0.05. After assessing the sample normality standard using the Sha
piro Wilk test, the data the continuous variables were submitted to the 
one-way ANOVA independent sample and Tukey (HSD) post-hoc test for 
group comparison and expressed as mean ± standard deviation (SD). 
The group comparison between categorical variables data were by Chi- 
square and Bonferroniś post-hoc test, expressed in percentage. 

3. Results 

Significant histomorphological changes occurred in subluxated 
tooth, and the dentin-pulp complex exhibited worst outcomes in 
conjunction with traumatic occlusion. 

3.1. Amorphous fundamental substance and calcification are enhanced in 
subluxation and subluxation with traumatic occlusion groups 

Concerning the distribution and arrangement of amorphous funda
mental substance of the pulp, subluxation and subluxation with trau
matic occlusion groups showed similar pattern. After 7 days, there was a 
significant increase in amorphous fundamental substance in subluxation 
group (Fig. 2) and subluxation with traumatic occlusion (Fig. 3) 
compared to the naive group (Fig. 1); while these changes were less 
evident on day 21 (Table 1). 

However, these changes were significant only in relation to the naïve 
group after 21 days (Fig. 3C–D). 

3.2. Disruption in odontoblast arrangement occurrence in the in 
subluxation and subluxation and traumatic occlusion groups 

The presence of spherical or elliptical shaped calcifications not 
associated with pre-dentin, both in the odontoblastic layer and in the 
cell-poor zone (Fig. 2C–F and Fig. 2E and F), after 7 and 21 days 
respectively, were not significant in the subluxation group (Table 2). 
However, it was noticed a significant increase of these calcifications on 
day 7 and 21 in the subluxation with traumatic occlusion group (p <
0.0005), (Fig. 3A–B, Fig. 3E–F) (Table 2). 

The dentin and pre-dentin of the buccal vestibule in subluxation and 
subluxation with traumatic occlusion groups on day 7 showed some 
irregular dentinal tubules (Fig. 2D and Fig. 3A). In addition, a significant 
increase in the formation of reactionary dentin in the pulp and a sig
nificant reduction in the odontoblast layer was observed in the sublux
ation and subluxation with traumatic occlusion groups in relation to the 
naive group (Table 3). 

At day 21, subluxation group showed significant presence of reac
tionary dentin in all samples evaluated (Table 3). However, subluxation 
with traumatic occlusion group showed reactionary dentin in all sam
ples as well as exhibited significant absence of the odontoblastic layer, 
presence of odontoblastic nucleus in dentinal tubules, dystrophic calci
fication (Fig. 2F) (Tables 2 and 3). 

3.3. Immune cell infiltration occurs primarily in the subluxation and 
subluxation with traumatic occlusion groups 

Subluxation group did not show inflammation signs when compared 
to naive group (Tables 2 and 3). However, subluxation and traumatic 
occlusion group exhibited significant presence of inflammatory cells 
into the pulp, mainly on day 21 when compared with other experimental 
groups (Fig. 3D) (Table 3). 
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3.4. Differential temporal changes in blood vessel area and nuclear cell 
profiles in the subluxation and subluxation with traumatic occlusion 
groups 

Subluxation group exhibited significant increase in blood vessel area 
and a reduction in the number of nuclear cell profiles on day 7 (Fig. 2C), 
returning to basal levels by day 21 (Table 1). However, subluxation with 
traumatic occlusion group showed a significant reduction in the number 
of nuclear cell profiles on the day 21 when compared to the naïve and 
subluxation groups (Fig. 3D and F) (Table 1). 

4. Discussion 

Subluxation is a type of alveolar trauma considered a mild trauma 
with a favorable prognosis and low risk of causing permanent pulp 
sequelae (Andreasen and Pedersen, 1985; Pedrini et al., 2018; Pugliesi 
et al., 2004), permitting to evaluate additional traumatic occlusion on 

the dentin-pulp complex. 
Pulp alterations lead to a doubtful prognosis for teeth subjected to 

subluxation (Pedrini et al., 2018; Pugliesi et al., 2004), which may be 
aggravated by factors like delayed treatment (Pedrini et al., 2018), lack 
of containment (Kahler and Heithersay, 2008), root canal infection 
(Hermann et al., 2012) and traumatic occlusion (Nakatsu et al., 2014). 
However, traumatic occlusion is still treated as a background variable, 
perhaps because it is considered a minor injury in dental trauma (Cav
iedes-Bucheli et al., 2011; Kvinnsland and Heyeraas, 1992; Penna and 
Rode, 2000; Popescu et al., 2011). 

The method adopted to induce subluxation in these study seek the 
standardization of direction and intensity of the traumatic mechanical 
force on the occlusal surface of the teeth, using a tensiometer and a 
support with adjustable galvanized steel shafts (Amaral et al., 2017; 
Pereira et al., 2010). 

In the present study, subluxation did not cause pulp hyperemia, 
hemorrhage, thrombosis, inflammation, pulp hyalinization, necrosis, 

Fig. 1. Light microscopic photomicrographs of horizontal histological sections of the roots of the upper first molar of the naive group, sacrificed 7 days and 21 days, 
stained with HE method. In 1A and 1B, observe a portion of the pulp-dentin complex of the cervical third of the distobuccal root. In 1C, the different regions of the 
peripheral pulp, formed by the odontoblast layer (black asterisk), cell poor area or sub odontoblastic layer (green asterisk) and cell rich area (white asterisk), and part 
of the central pulp (CP) are shown. Note that the odontoblasts have a cylindrical cell body and all tissue layers show normality. Blood capillaries (arrowhead) are also 
evidenced. 1D shows the peripheral pulp with the cuboidal odontoblasts (black asterisk) and absence of the other tissue layers. 1E and 1F show the central pulp 
consisting of loose connective tissue with fibroblasts (arrowhead), presence of arterioles (black asterisk), venules (blue asterisk) and nerve bundles (arrows). (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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nodules or calcifications, as previously reported in the literature (Bauss 
et al., 2009). These differences noticed in the dentin-pulp complex can 
be related to the sample nature, standardizing degrees of dental trauma 
and moment of evaluation. Interestingly was noticed that shortly after 
subluxation, the histological events observed in the pulp, such as an 
increased area of amorphous fundamental substance, blood vessels, 
collagen fibers and reaction dentin, compromised odontoblast layer and 
reduced nuclear cell profile number due to cell death (Andreasen and 
Pedersen, 1985; Bauss et al., 2009), which tend to normalize after the 
21-day post-trauma, with some reactionary dentin formation and an 
increase in collagen fibers. Pulp hyperemia, hemorrhage, thrombosis 
and inflammation were not observed in this study possibly due to the 
experimental time. Vascular changes and acute inflammation in the pulp 
can be observed immediately after a traumatic stimulus, so an experi
mental time of up to 72 h could be interesting to assess whether these 
conditions are not present after subluxation with constant traumatic 
occlusion (Bauss et al., 2009). A better understanding of inflammatory 

reactions by immunohistochemical analysis should be seen as a com
plementary test to fill the limitation of this study in show the reactions of 
the dental pulp under mechanical trauma. 

In the case of subluxation, when the dental pulp is injured but not 
ruptured or the blood vessels are compressed, the nutrition of pulp is 
compromised. This contributes to the aging process through the loss of 
pulp cells, reduction of cell nutrition, the formation of pulp fibrosis and 
nodules (Consolaro, 2007). Under low nutrition, the pulp cells 
encounter intense stress, causing changes in their phenotype to adapt to 
the new metabolic situation. This change in phenotype and function is 
called metaplasia, which can lead to obliteration of the pulp chamber 
and / or root canal, as almost all pulp cells become odontoblast-like 
(Consolaro, 2007). Simultaneously, there will be random production 
of dysplastic dentin. Over the years, the pulp may necrotize, including 
with chronic periapical lesions. This situation promotes the gradual 
darkening of the traumatized tooth over months to years and is referred 
to as calcium pulp metamorphosis (Consolaro, 2007). 

Fig. 2. Light microscopy photomicrographs of horizontal histological sections of the distobuccal root of the first right upper molar stained with HE method of the 
subluxation group at 7 days (A-D) and 21 days (E-F) HE stained. In 2A, the layer of odontoblasts showing cylindrical cell bodies (arrow) and a greater presence of 
fibrillar extracellular matrix in the central pulp (asterisk) is evidenced. In 2B it is possible to identify a thickening of the cell-rich area in the peripheral pulp (arrow). 
However, the central pulp shows a normal picture (asterisk). 2C and 2D show a dilated venule (green asterisk) and a higher concentration of fibrillar extracellular 
matrix and highlight areas of globular calcifications associated or not with predentin (arrows), as well as changes in the pattern of dentin and predentin organization 
(asterisks). 2E and 2F show the persistence of these calcifications (arrows) in the peripheral pulp in the animals at 21 days postoperative. Abbreviation CP = central 
pulp. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Fig. 3. Light microscopic photomicrographs of horizontal histological sections distobuccal root of the upper first right molar stained with HE method of the sub
luxation with traumatic occlusion at 7 and 21 days postoperative. 3A show changes in the pattern of dentin and predentin organization (black asterisks). 3B present 
dilated arterioles and venules (blue asterisk), a more frequent presence of larger globular calcifications in the peripheral pulp (arrows), 3C shows the middle third of 
the root, demonstrating an increase in the pulp’s fibrillar extracellular matrix (black asterisk). 3D shows the central area pulp, with a presence of inflammatory cells 
(arrowheads) accompanied by numerous lymph vessel (green asterisk). 3E show the peripheral and central pulp, evidencing some inflammatory cells and a presence 
of globular calcifications in the peripheral pulp (black arrows).3F shows a generalized calcification process (arrow) of the root pulp, associated with inflammatory 
cells (arrowhead). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Table 1 
Morphological changes in the pulp after subluxation and traumatic occlusion.  

PERIOD VARIABLES GROUPS 

N S STO P value 

Mean SD Mean SD Mean SD 

7 days Blood vessel area (%) 8.2A  3.3 21.2B  7.1 17.5B  6.5  <0.0005 
AFS area (%) 23.1A  5.1 43.0B  9.0 37.6B  4.7  <0.0005 
Nuclear profile (n) 33.1A  7.1 15.6B  4.9 16.8B  4.4  <0.0005 

21 days Blood vessel area (%) 6.7A  3.5 7.1A  3.6 4.9A  4.1  0.286 
AFS area (%) 17.6A  4.5 24A  4.0 21.2A  9.3  0.081 
Nuclear profile (n) 34.6A  7.0 28.5A  3.9 14.1B  8.8  <0.0005 

The statistically significant difference between groups was determined by the One-Way ANOVA and Tukeýs (HSD) post-hoc test for continuous variables. Different 
letters indicate a statistically significant difference between the groups in each event. N-Naive group, S-Subluxation group, STO-Subluxation with traumatic occlusion, 
and AFS-Amorphous fundamental substance. 
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Subluxation with traumatic occlusion group did not show the same 
pattern of development as just subluxation group. In addition to the pulp 
not recovering and normalizing its histomorphological characteristics, 
traumatic occlusion induced consequences like the presence of inflam
matory cells, presence of odontoblastic nucleus into dentinal tubules, 
and the formation of pulp calcifications. Traumatic occlusion is 
considered an additional, continuous and more intense trauma (Bour
guignon et al., 2020; Kindelan et al., 2008), since it exerts an intrusive 
force capable of not only prolonging the injury caused by subluxation, 
but also impairing the repair process that should occur after about 10 
days’ post-trauma (Giovanini et al., 2011). Pulp defense reactions may 
be more intense and cause inflammatory or degenerative pulp changes, 
depending on the type, frequency and intensity of the traumatic agent. If 
these insults are not removed, the pulp will remain in an aging process 
and consequently present root canal calcification or pulpitis and pulp 
necrosis (Giovanini et al., 2011). Although necrosis did not occur until 
the 21-day post-trauma in the present study, in view of the other al
terations present it can be considered that traumatic occlusion associ
ated with previous subluxation can cause, in the long term, aseptic pulp 
necrosis by accelerating the pulp aging process and even dental dark
ening through pulp obliteration resulting from metaplasia (Consolaro, 
2007; Giovanini et al., 2011). 

These results show that traumatic occlusion associated with previous 
subluxation caused a significant proliferation of inflammatory cells, 

showing a relation with the onset and progression of a pulp and peri 
radicular inflammation (Yu, 2004) and further contributing to the 
occurrence of pulp sequelae such as odontoblast layer disorganization, 
pulp dystrophy, proliferation of collagen fibers, pulp calcification and a 
decreased volume of the pulp chamber (Penna and Rode, 2000; Popescu 
et al., 2011). The occurrence of injury to the apical neurovascular 
bundle following trauma promotes protein denaturation, characterized 
by water loss, where the pulp cells are kept in place in their framework, 
but coagulated and lifeless (Consolaro, 2007; Giovanini et al., 2011). 
Pulp cells are poor in lysosomes and organelles loaded with proteolytic 
enzymes. In traumatized teeth, structurally sound but with a ruptured 
neurovascular bundle, without the exposure of dentin and / or pulp to 
the oral environment and without periodontal involvement, coagulation 
necrosis represents pulp infarction - also known as aseptic necrosis 
(Consolaro, 2007; Giovanini et al., 2011). The restriction of the pulp 
neurovascular supply is related to pulp space obliteration, by an 
increased deposition of dentin after healing. (Andreasen et al., 1987; de 
Cleen, 2002). 

Endodontal tissue obliterations following subluxation occur in 8 %−

11 % of teeth, and a delayed complication after pulp obliteration is 
necrosis (Andreasen et al., 1987; de Cleen, 2002). It is not yet clear how 
pulp necrosis arises in such cases, but cavities, restorative treatments 
and a second trauma may be likely causal factors. It can be assumed that 
the limited neurovascular supply due to a narrow apical foramen makes 
the pulp more vulnerable to such damage (Andreasen et al., 1987; de 
Cleen, 2002). In this context, traumatic occlusion may have significant 
impact as a secondary trauma affecting already vulnerable pulp. 

Once these results showed that the presence of traumatic occlusion 
associated with previus subluxation impair pulp repair and prolong 
cellular stress, what aggravates the process of pulp aging and meta
plasia, may lead to necrosis. Therefore, it shows the importance of a 
traumatic occlusion verification and of an occlusal adjustment while 
proceeding a subluxated teeth treatment protocol. 

5. Conclusion 

We conclude that traumatic occlusion in teeth undergoing subluxa
tion intensified the short-term pulp defense response and generated 
lower long-term pulp regeneration capacity by decreasing the odonto
blast layer and cell number, and increasing collagen fibers, 

Table 2 
Presence of microscopically observed pulp alterations in the experimental 
groups according to score proposed by Massaro et al., 2009.  

PERIOD PRESENCE OF PULP 
ALTERATIONS 

GROUPS 

N 
(%) 

S (%) STO 
(%) 

P value 

7 days Diffuse calcification 0A 26.7A 73.3B  <0.0005 
Tubules with nuclei 0A 0A 20A  0.040 

21 days Diffuse calcification 0A 40A 100B  <0.0005 
Tubules with nuclei 0A 0A 64.3B  <0.0005 

The statistically significant difference between groups with categorical variables 
was determined by the Chi-square and Bonferroniś post-hoc test. Different letters 
indicate a statistically significant difference between the groups in each event. 
N-Naive group, S-Subluxation group, and STO-Subluxation with traumatic 
occlusion. 

Table 3 
Presence and intensity of microscopically observed pulp changes in the experimental groups according to the scores proposed by Nishioka et al., 1998.  

VARIABLES SCORES GRUPOS 

7 days P Value 21 days P Value 

N (%) S (%) STO (%) N (%) S (%) STO (%) 

ODONTOBLAST LAYER 1.Absent 0A 6.7A 0A  0A, B 0B 42.9A  

2. Present in restricted area 0A 13.3A 0A  0A 0A 0A  

3. Partially present 0A 20A, B 46.7B  0A, B 0B 35.7A  

4.Totally present 100A 60B 53.3B  100A 100A 21.4B  

GROUP COMPARISON     0.013     <0.0005 
REACTIONAL DENTIN 1.Absent 100A 0B 0B  100A 0B 0B  

2. Present in restricted area 0A 26.7A 13.3A  0A 6.7A 0A  

3. Partially present 0A 46.7B 46.7B  0A 26.7A 0A  

4.Totally present 0A 26.7A, B 40B  0A 66.7B 100B  

GROUP COMPARISON     <0.0005     <0.0005 
NECROSIS 1.Absent 100 100 100  100 100 100  

2. Present in restricted area 0 0 0  0 0 0  
3. Partially present 0 0 0  0 0 0  
4.Totally present 0 0 0  0 0 0  
GROUP COMPARISON It is not possible to perform statistical analysis, identical scores.  

INFLAMMATORY INFILTRATE 1. Absent 100A 93.3A 100A  100A 100A 0B  

2. Present in restricted area 0A 6.7A 0A  0A 0A 57.1B  

3. Partially present 0A 0A 0A  0A 0A 7.1A  

4.Totally present 0A 0A 0A  0A, B 0B 35.7A  

GROUP COMPARISON     0.360     <0.0005 

Statistical significance between the groups with categorical variables was determined by the Chi-square and Bonferroniś post-hoc test. Different letters indicate a 
statistically significant difference between the groups in each event. N-Naive group, S-Subluxation group, STO- Subluxation with traumatic occlusion. 
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inflammatory infiltrate and calcifications. 
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