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Orthodontic movement associated with hypothalamic obesity reduces tooth movement and increases the inflammation, dystrophic and hemodynamic changes in the dental pulp of rats



ABSTRACT
Aims: To evaluate whether hypothalamic obesity, when associated with induced tooth movement, can influence the histological structure of the dental pulp in rats. 
Type of Study: Experimental research. 
Methodology: Forty five-day-old male Wistar rats were obtained from the Central Animal Facility of the Western Paraná State University. Twenty pups received daily subcutaneous injections of monosodium glutamate (4 g/kg/day) in the cervical region during the first five days of life to induce obesity (MSG group). The remaining twenty animals received injections of hyperosmotic saline solution (1.25 g/kg/day) and served as the non-obese control group (CTL). The animals were then divided into four experimental groups (n = 10/group): Group 1: Non-obese rats not subjected to induced tooth movement (CTL); Group 2: Non-obese rats subjected to induced tooth movement (CTL + ITM); Group 3: Obese rats not subjected to induced tooth movement (MSG); Group 4: Obese rats subjected to induced tooth movement (MSG + ITM).
At 97 days, all animals were weighed and euthanized. 
Results: Obese animals in the MSG+ITM group exhibited a higher Lee index and increased retroperitoneal and perigonadal fat deposits compared to the CTL+ITM group (P < 0.05). They also showed a lower rate of tooth movement than the non-obese animals in the CTL+ITM group (P<0.05). Furthermore, obese animals subjected to tooth movement (MSG+ITM) demonstrated more frequent occurrences of mild inflammatory infiltrate, increased cellularity, and dystrophic and hemodynamic changes compared to the other groups. 
Conclusion: Hypothalamic obesity associated with induced tooth movement leads to reduced tooth movement and increased occurrences of inflammatory infiltrate, as well as dystrophic and hemodynamic changes in the dental pulp.
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1. INTRODUCTION
Obesity has been increasing at alarming rates and has become a global public health concern. According to the World Health Organization (WHO), approximately 43% of the world’s adult population is overweight, and 16% is obese. Among children and adolescents, obesity has tripled since 1990 (Abeso, 2016; WHO, 2022). Obesity is a risk factor for several comorbidities, such as hypertension, dyslipidemia, coronary heart disease, and stroke. Additionally, there is evidence linking obesity to periodontitis (Cullinan et al., 2009). Studies suggest that obesity during childhood and adolescence may be associated with caries in both deciduous and permanent teeth, early craniofacial growth, and accelerated dental development (Öhrn et al., 2002; Hilgers et al., 2006; Werner et al., 2012). Moreover, the rising obesity rates have led to an increase in the number of obese patients seeking dental treatment across various specialties (Roberto et al., 2015; Afshin et al., 2017).
Adipose tissue contributes to the altered release of various inflammatory cytokines and adipokines, including tumor necrosis factor-alpha (TNF-α) and interleukins (ILs) (Leal & Mafra, 2013; Suvan et al., 2018). TNF-α is one of the main pro-inflammatory cytokines and plays a critical role in the immune response. Adipokines are bioactive peptides that regulate both metabolism and inflammation (Jaganathan & Dhanasekaran, 2018). Because of their impact on immune-inflammatory processes, adipokines are closely associated with the development of various chronic inflammatory diseases, including oral pathologies (Sharma, Gupta, Srivastava, et al., 2017; Khan et al., 2019).
The interrelationship between periodontal and endodontic diseases has long been debated due to the close anatomical and functional connection between the periodontium and the pulp tissue (Simring & Goldberg, 1964). Studies suggest that periodontal disease may directly cause atrophy and necrosis of the dental pulp (Petka, 2001), and that both the disease and its treatment should be considered potential causes of pulpitis and pulp necrosis (Wang & Glickman, 2002). Dental pulp is a loose connective tissue rich in vasculature, cellularity, and extracellular matrix. It is also highly innervated. Like other connective tissues, it has a strong capacity for repair under favorable conditions. Although protected by dentin and enamel, when its physiological tolerance is exceeded by external physical, chemical, or bacterial stimuli, this protection may fail—triggering inflammatory or degenerative responses and increasing intrapulpal pressure (Cuoghi et al., 2018).
Histological studies have shown that dental pulp responses to the pressure exerted during orthodontic movement can range from vascular stagnation to necrosis (Alattas, 2023). Orthodontic tooth movement occurs through pressure and/or tension applied under appropriate and controlled conditions, resulting in dynamic changes to the bone structure. The periodontal ligament transmits this mechanical force, which is essential for effective tooth movement (Kubo et al., 2018). Meikle (2006) describes orthodontic movement as a periodontal inflammatory process characterized by bone resorption mediated by osteoclasts and bone remodeling mediated by osteoblasts, in which the tooth is repositioned within the periodontium.
When orthodontic forces are applied to the pulp tissue, inflammatory mediators are released and accumulate, prompting odontoblasts and associated cells to respond either by resorbing or depositing tertiary dentin (Patel et al., 2010). Changes in the dentin-pulp complex associated with induced tooth movement include pulp calcifications, rupture of the odontoblastic layer, hypoxia, microcirculatory alterations, osteoclastogenesis, increased fibrosis, and necrosis (Goga et al., 2008; Cuoghi et al., 2018; Yan et al., 2018). Orthodontic treatment can therefore affect the pulp by reducing tissue oxygenation, decreasing alkaline phosphatase activity, and inducing apoptosis and tissue damage. Factors such as the type and direction of movement, as well as the distribution, intensity, and duration of the applied force, can directly influence the pulp response (Vitali et al., 2021).
Studies have shown that induced tooth movement triggers several biological responses, including changes in blood flow and angiogenesis (Massaro et al., 2009). The pulp and periodontal tissues are highly cellular and metabolically active, with rates adapted to their functional demands. Vascular alterations in the pulp resulting from orthodontic movement have been associated with disruption of the odontoblastic layer, pulp obliteration, root resorption, and pulp necrosis (Abi-Ramia et al., 2010). One of the primary indicators of pulp vitality is the presence of blood flow; thus, brief ischemia or reduced perfusion may lead to diminished sensory response and reduced dental sensitivity (Butt & Harris, 2022).
Therefore, as both orthodontic movement and obesity involve the release and accumulation of cytokines and adipokines—key inflammatory mediators—the response of the pulp tissue may be influenced by the interaction of these two factors (Mark E. Molitch, 2012).
The aim of this study is to evaluate whether hypothalamic obesity, when associated with induced tooth movement, can alter the histological structure of the dental pulp in rats.

2. METHODOLOGY

2.1 Sample Size Calculation
	A sample size of 40 rats (n = 10 per group) was calculated based on the variables obesity and induced tooth movement, using a significance level (α) of 5% and a statistical power of 80%, with G*Power 3.1 software (University of Düsseldorf; Faul et al., 2007; Faul et al., 2009).

2.2 Animals
	Forty female Wistar rats were used in this study. Twenty of them received subcutaneous injections of monosodium glutamate (4 g/kg/day) in the cervical region during the first five days of life to induce obesity (MSG group, n = 20), according to Olney (1969). The remaining twenty animals received injections of hyperosmotic saline solution (1.25 g/kg/day) and served as the non-obese control group (CTL, n = 20). The experiment was conducted in the animal facility of the Center for Biological and Health Sciences (CCBS) at Western Paraná State University (UNIOESTE). Animals were housed in polyethylene cages (43 × 30 × 15 cm) under controlled conditions of temperature (22–25°C), relative humidity (≈ 55%), and a 12-hour light/dark cycle (7:00 AM–7:00 PM). They had ad libitum access to food and water. All procedures complied with the Ethical Principles in Animal Experimentation established by the Brazilian College of Animal Experimentation (COBEA) and were approved by the UNIOESTE Animal Ethics Committee (CEUA; Protocol No. 1022/2023).

2.3 Experimental Groups

	The animals were divided into four experimental groups (n = 10 per group): Group 1: Non-obese rats not subjected to induced tooth movement (Control – CTL); Group 2: Non-obese rats subjected to induced tooth movement (CTL + ITM); Group 3: Obese rats not subjected to induced tooth movement (MSG); Group 4: Obese rats subjected to induced tooth movement (MSG + ITM).

2.4 Installation of the Device for Induced Tooth Movement (ITM)
	At 90 days of age, the ITM device was installed in animals from groups G2 and G4. The device used was based on the model proposed by Heller and Nanda (1979) and Pasa et al. (2024) and was kept in place for 7 days. It consisted of a closed-section nickel–titanium coil spring (Morelli®, Sorocaba, São Paulo, Brazil) delivering a constant force of 50 cN. The force magnitude was previously confirmed using a Zeusan tensiometer (Zeusan Exporting Ltda, Campinas, São Paulo, Brazil). Animals were anesthetized via intraperitoneal injection of ketamine hydrochloride (DOPALEN, Sespo Indústria e Comércio, Paulínia-SP; 75 mg/kg) and xylazine hydrochloride (ANASEDAN, Sespo Indústria e Comércio, Paulínia-SP; 15 mg/kg). Two segments of 0.25 mm ligature wire (Morelli, Sorocaba, SP, Brazil) were attached to the ends of the coil: one encircling the upper right first molar and the other encircling the upper right central incisor. To stabilize the wire on the labial surface of the incisor, a groove was made in the cervical region and sealed with light-cured composite resin (Filtek™ Z350XT, 3M Company, St. Paul, MN, USA) to prevent displacement.

2.5 Euthanasia and Biological Material Collection
	At 97 days of age, all animals were weighed and euthanized in a CO₂ chamber, followed by decapitation. To confirm the induction of obesity, the Lee index was calculated [cube root of body weight (g) divided by naso-anal length (cm)], along with the measurement of perigonadal and retroperitoneal fat deposits. The right hemimaxillae were then removed, fixed in 10% buffered formalin for 24 hours, rinsed under running water for 48 hours, and stored in 70% ethanol.

2.6 Quantitative Analysis of Tooth Movement
	Immediately after euthanasia, the amount of tooth movement was determined by measuring the difference in distance between the mesial surface of the upper first molar and the distal surface of the upper third molar on the right (moved) and left (non-moved) sides (Gameiro et al., 2008; Pasa et al., 2024). Measurements were recorded in millimeters (mm) using a digital caliper (Mitutoyo, São Paulo, Brazil).




2.7 Laboratory Processing
	After fixation, the right hemimaxillae were decalcified in a decalcifying solution (Allkimia®) for 19 hours, rinsed under running water for 2 hours, dehydrated in a graded series of alcohols, cleared in xylene, and embedded in Paraplast Plus.
For histological analysis, serial cross-sectional and longitudinal sections of the mesiobuccal and distobuccal roots of the right upper first molar were obtained from mesial to distal at 5 µm thickness using a manual rotary microtome (Olympus 4060) with a steel blade. The sections were deparaffinized in xylene, rehydrated in distilled water, and stained with hematoxylin and eosin (H&E). Microscopic analysis was performed using an optical microscope (Olympus BX60). Photomicrographs were captured using an Olympus DP71 digital camera and DP Controller software version 3.2.1.276.

2.8 Descriptive Analysis of Histological Slides
	The right upper first molars were examined to identify pulp alterations, following the criteria described by Massaro et al. (2009) and Cuoghi et al. (2018). The histological features assessed included: presence or absence of inflammatory infiltrate, reduced cellularity, increased fibrosis, pulp hyalinization, vacuolization, pulp nodules, diffuse calcification, necrosis, vascular congestion, hemorrhage, thrombosis, reactive dentin, dentinal tubules with nuclei, and internal root resorption.

2.9 Semi-quantitative Analysis of Histological Slides
	For this analysis, five histological slides were evaluated per animal, each containing five sections, totaling 25 sections per specimen. Inflammatory response was scored on a scale from 1 to 4 based on the criteria proposed by McClanahan et al. (1991), as follows:
· Score 1 – Normal pulp: Intact odontoblastic layer and nerve tissue, with no evidence of inflammatory infiltrate, hyperemia, or edema (0% of the microscopic field affected).
· Score 2 – Mild inflammation: Mild infiltrate of inflammatory cells (neutrophils, lymphocytes), with no edema or hyperemia (1–33% of the field affected).
· Score 3 – Moderate inflammation: Moderate infiltrate of inflammatory cells, with presence of edema and hyperemia (34–66% of the field affected).
· Score 4 – Severe inflammation: Dense inflammatory infiltrate (neutrophils, lymphocytes), capillary congestion, hemorrhage, and possible dystrophic calcification (67–100% of the field affected).

2.10 Statistical Analysis
	Data were analyzed using Student’s t-test and analysis of variance (ANOVA) followed by Tukey’s post hoc test. Differences were considered statistically significant at P < 0.05. Statistical analyses were performed using SigmaPlot software, version 11.0 (Systat Software Inc., San Jose, CA, USA).

3. RESULTS

3.1 Body Parameters and Evaluation of Obesity Induction
	Analysis of body parameters showed that body weight and naso-anal length (NAL) were significantly reduced in animals from the obese groups (MSG, MSG+ITM) compared to those from the CTL groups (P < 0.05). Additionally, animals from the MSG groups exhibited increased Lee index and retroperitoneal and perigonadal fat deposits relative to the CTL group (P < 0.05) (Table 1).

Table 1. Body Parameters and Obesity Evaluation of the Different Experimental Groups.
	
PARAMETERS
	
CTL
	
MSG
	
CTL+ITM
	
MSG+ITM

	Weight (g)
	291,71±1,48a
	257,59±5,21b
	303,83±2,47a
	248,37±1,45b

	NAL (cm)
	21,25±0,07a
	19,33±0,09b
	21,00±0,06a
	19,12±0,05b

	Lee Index
	312,14±0,73
	328,73±1,16b
	320,08±0,67a
	328,50±0,40b

	Retroperitoneal fat (g/100g)
	0,66±0,06a
	1,58±0,14b
	0,71±0,10a
	1,61±0,15b

	Perigonadal fat (g/100g)
	0,67±0,06a
	1,58±0,09b
	0,73±0,09a
	1,72±0,10b



Values expressed as mean ± standard error. N = 10 animals/group. Analysis of variance (ANOVA), with Tukey's post-test. In the same row, values followed by different letters (a, b) indicate statistically significant differences between groups (P<0.05).




3.2 Analysis of Dental Movement
	Obese animals in the MSG+ITM group exhibited a significantly lower dental movement rate compared to non-obese animals in the CTL+ITM group (P < 0.05) (Table 2).

Table 2. Dental Movement Rate of the Different Experimental Groups.
	GROUPS 
	DENTAL MOVEMENT RATE (mm)

	CTL+ITM
	0,18±1,05a

	MSG+ITM
	0,15±0,96b



Values expressed as mean ± standard deviation. N = 10 animals/group. Student's t-test. Different letters (a, b) indicate P<0.05.



3.3 Descriptive Analysis of Pulpal Structure
	Histological analysis of the pulpal tissue in the control group (CTL) revealed uniform pulp morphology, intact blood vessels, a non-thickened predentin and odontoblastic layer, as well as normal and organized pulp cells (Table 3, Fig. 1A).
No fibrosis, pulp nodules, or necrosis were observed in any of the experimental groups.
	Obese animals subjected to induced tooth movement (MSG+ITM) presented higher frequencies of mild inflammatory infiltrate, increased cellularity (Fig. 1B), and dystrophic (Fig. 1F) and hemodynamic changes (Fig. 1C–E) compared to the other groups.
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O conteúdo gerado por IA pode estar incorreto.]Figure 1. Photomicrograph of the dental pulp from animals of the different experimental groups. A. Right upper first molar showing dentin (D), predentin (PreD), odontoblastic layer (OL), and dental pulp (DP) with a normal appearance; B. Dentin (D) and dental pulp (DP) showing increased cellularity (asterisk); C. Dental pulp (PD) showing vascular congestion (arrow) and thrombosis (head of arrow); D. Dentin (D) and dental pulp (PD) showing thrombosis (head of arrow); E. Dentin (D) and dental pulp (DP) showing blood vessels with hemorrhage (asterisk); F. Dentin (D) and dental pulp (DP) with hyaline areas (triangle). Staining = Hematoxylin and Eosin.


	Animals subjected to induced tooth movement (CTL+ITM and MSG+ITM), regardless of obesity status, exhibited more frequent dentin alterations—such as the presence of tubules with nuclei and formation of reactive dentin—than animals without ITM. However, internal root resorption was observed only in the non-obese animals (CTL and CTL+ITM) (Table 3).

Table 3. Frequency of changes in the dentin-pulp complex observed in different experimental groups. N = 6/group.

	PULP CHANGES
	
CTL
	
MSG
	
CTL+ITM
	
MSG+ITM

	Cellularity Pattern
	
	
	
	

	Inflammatory Infiltrate
	0/6
	1/6
	1/6
	3/6

	Increased Cellularity
	0/6
	0/6
	0/6
	1/6

	Increased Fibrosis
	0/6
	0/6
	0/6
	0/6

	
DYSTROPHIC CHANGES
	
	
	
	

	Hyalinization
	1/6
	2/6
	3/6
	6/6

	Vacoulation
	2/6
	3/6
	3/6
	6/6

	Nodules
	0/6
	0/6
	0/6
	0/6

	Diffuse Calcification
	0/6
	2/6
	3/6
	4/6

	Necrosis
	0/6
	0/6
	0/6
	0/6

	
HEMODYNAMIC CHANGES
	
	
	
	

	Vascular Congestion
	2/6
	3/6
	4/6
	6/6

	Hemorrhage
	2/6
	2/6
	4/6
	6/6

	Thrombosis
	2/6
	3/6
	4/6
	6/6

	
DENTINAL CHANGES
	
	
	
	

	Reactive Dentin
	0/6
	4/6
	4/6
	4/6

	Tubes with Nucleus
	0/6
	0/6
	1/6
	1/6

	Internal Resorption
	0/6
	0/6
	1/6
	0/6












4. DISCUSSION
Animals in the MSG groups exhibited increased Lee index and greater retroperitoneal and perigonadal fat deposits, confirming the success of the obesity induction model. The administration of monosodium glutamate in rodents is widely used to induce lesions in the arcuate nucleus and median eminence of the hypothalamus, resulting in the development of hypothalamic obesity. Consequently, the animals display excessive fat accumulation, disturbances in energy absorption and expenditure mechanisms, insulin resistance, and impaired satiety regulation (Olney et al., 1971; Brandelero et al., 2012; Fernandes et al., 2012).
In the analysis of tooth movement, obese animals (MSG+ITM) exhibited a lower rate of movement compared to non-obese animals. This finding suggests that, although obesity is considered a health risk factor, it may exert a protective effect on bone tissue (Felson et al., 1993; Colaianni et al., 2014; Evans et al., 2015). In such cases, a positive correlation is observed between increased body mass index and higher bone mineral density, with the mechanical load associated with excess weight acting as a stimulatory factor for bone formation and maintenance (Colaianni et al., 2014; Lecka-Czernik et al., 2015; Maggio et al., 2014).
Obese animals subjected to tooth movement (MSG+ITM) showed higher frequencies of mild inflammatory infiltrate and increased cellularity. The orthodontic force applied likely induced hypoxia in the pulp tissue by compressing apical blood vessels, triggering an inflammatory response (Li et al., 2024). Furthermore, the greater incidence of inflammatory processes in the MSG+ITM group compared to non-obese animals can be attributed to the secretion of cytokines and leptin by adipose tissue into the bloodstream, which may promote and intensify inflammation (Mattia et al., 2017). Loss of adipose tissue homeostasis increases and activates immune cells, leading to altered immune function in obesity (Wróblewski et al., 2019; Iwashita et al., 2021).
The MSG+ITM group also showed a higher frequency of dystrophic changes, such as diffuse calcification, vacuolization, and hyalinization compared to the other groups. Pulp calcification is known to occur around degenerating cells, blood clots, or collagen fibers, characterizing dystrophic calcification (Cohen et al., 1998). Cellular vacuolization is one of the earliest histological signs of reversible cell injury due to hypoxia and impaired aerobic respiration. This swelling results from dysfunction of plasma membrane ion pumps, particularly the sodium-potassium pump (Na⁺/K⁺-ATPase), leading to intracellular accumulation of ions and water. Increased lipid storage contributes to adipocyte hypertrophy, hypoxia, and elevated cell death, culminating in low ATP production, which explains the dysfunction of these ion pumps (Kumar et al., 1992; Taylor, 2021).
Hyalinization refers to the deposition of homogeneous, eosinophilic, glassy material, often associated with pathological changes that impair vascular integrity and function (Santamaria et al., 2007; Cuoghi et al., 2018). Pulp aging, which may be accelerated by trauma, results in reduced cellularity due to gradual apical foramen closure, compromising nutrition and favoring hyalinization, fibrosis, and pulp nodule formation (Consolaro, 2005).
The MSG+ITM group also showed a higher frequency of hemodynamic changes, including vascular congestion, hemorrhage, and thrombosis. Vascular congestion occurs when interstitial fluid is displaced in response to increased blood flow, characterizing an acute inflammatory reaction (Kim, 1985).
In obesity, the interplay between metabolism and the immune system becomes dysregulated, as adipocytes—the primary cells of adipose tissue—possess endocrine functions and can release various adipokines such as leptin, adiponectin, and resistin, which directly influence the acute inflammatory process (Ouchi et al., 2011; Rosen & Spiegelman, 2014; Taylor, 2021).
Additionally, vascular congestion, thrombosis, and hemorrhage may stem from alterations in the dental pulp microcirculation, resulting in elevated tissue pressure. This pressure can compromise vascular integrity, leading to rupture of the endothelial lining and hemorrhage. However, no evidence of pulp necrosis was found, suggesting that the observed alterations are consistent with reversible pulpitis. This implies that the pulp tissue is capable of full recovery if the harmful stimuli are eliminated (Vandevska et al., 1997; Santamaria et al., 2007; Cuoghi et al., 2018).
In this study, the formation of reactionary dentin was observed in the groups with obesity and induced tooth movement (MSG, CTL+ITM, MSG+ITM). Odontoblasts play a central role in the production of the dentin matrix throughout the tooth’s lifespan. Under physiological conditions, this process occurs slowly and continuously, characterizing secondary dentin formation. However, in response to non-physiological stimuli, such as orthodontic forces, odontoblasts become more active and initiate the production of tertiary dentin—classified as reactionary or reparative (Estrela et al., 2023). The application of light orthodontic forces promotes the release of calcitonin gene-related peptide (CGRP), which can stimulate dentin deposition by odontoblasts as a protective mechanism (Cuoghi et al., 2018).
Therefore, orthodontists should pay closer attention to procedures performed on patients with overweight or obesity, ensuring careful monitoring throughout the treatment period. It is important to recognize that obesity is directly linked to the immune system and, like dental movement, influences systemic inflammatory responses—including those in the oral cavity—which can affect pulp tissue integrity.

5. CONCLUSION
Hypothalamic obesity associated with induced tooth movement results in reduced tooth movement and increased occurrences of inflammatory infiltrate, as well as dystrophic and hemodynamic changes in the dental pulp.
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