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ABSTRACT 

 

Tittle of Thesis: The Role of Nociceptors in Orthodontic Tooth Movement, Pain, and 
Alveolar Bone Remodeling 
 
Omar Elnabawi, Master of Science, 2018 
 
Thesis Directed by: Eung-Kwon Pae, DDS, MSc, PhD, Associate Professor, Department 
of Orthodontics 
 

Objective: To determine the effects of selectively ablating transient receptor potential 

vanilloid 1 (TRPV1)-expressing nociceptors on orthodontic tooth movement, pain, and 

alveolar bone remodeling. Methods: Resiniferatoxin (RTX) or vehicle was 

stereotaxically injected into left trigeminal ganglia in adult C57BL/6 mice. After 1 week, 

orthodontic spring was placed between left maxillary first molar and upper incisors. Pain 

level was evaluated by measuring mouse grimace scale (MGS) and bite force before and 

after 1, 3, and 7 days following the procedures. After 12 days, micro-CT was used to 

quantify tooth movement and analyzing alveolar bone changes. Results: Experimental 

tooth movement increased MGS scores and decreased bite force. RTX ablation of 

TRPV1+ nociceptors attenuated MGS scores and relieved the reduction in bite force. The 

extent of tooth movement was decreased in RTX-treated group, but interradicular 

alveolar bone volume was not affected. Conclusion: Selective ablation of TRPV1+ 

nociceptors significantly decreases tooth movement and pain.  
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INTRODUCTION 

Orthodontic therapy has long been desired for its numerous potential benefits for 

the treatment of dental malocclusions, craniofacial conditions, and/or solely for esthetic 

improvements.  Nevertheless, orthodontic therapy has several major concerns, such as the 

duration of orthodontic treatment, the pain and discomfort involved throughout treatment, 

and the necessity to wear retainers to prevent relapse after the completion of treatment.  

Therefore, the patients’ orthodontic treatment experience can be improved and 

understanding the mechanisms involved with orthodontic tooth movement characterizes 

the first step towards this goal.  Developments in the patients’ orthodontics treatment 

experience would have an instantaneous and substantial effect on the millions of patients 

undergoing orthodontic treatment globally.  

Orthodontic tooth movement is the result of the interaction between applied 

mechanical forces and biological tissues (Krishnan & Davidovitch, 2006). Considerable 

advances have been made in the field of orthodontics in terms of finding better ways of 

applying mechanical forces to teeth. Even though there have been significant 

improvements in the materials and mechanics used in orthodontics, there has been a 

relative plateau in the overall treatment outcomes (Neubert, et al., 2011).  For instance, an 

average orthodontic case still requires 12 to 24 months of treatment, which is the same as 

60 years ago.  Therefore, there is a clear indication for the need to investigate biological 

manipulations involving orthodontic tooth movement in order to discover better means of 

improving the practice of orthodontics. 
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Orthodontic tooth movement is founded on the biologic theory that persistent 

pressure on teeth causes remodeling of the local periodontal tissues, such as the 

periodontal ligament and alveolar bone. The initial stage of orthodontic tooth movement 

involves an acute inflammatory process characterized by periodontal vasodilation where 

osteoblastic and osteoclastic activities occur (Huang, et al., 2014). Histologically, the 

periodontal tissues affected by the mechanical stress from orthodontically applied forces 

can be separated into two important sides, which are the compression side and the tension 

side. The compression side is the pressure side of the tooth where the periodontal 

ligament is compressed in the direction of the applied orthodontic force. The tension side 

is the side of the tooth where the periodontal ligament is stretched and new bone is 

formed.  

Bone resorption in the compression side is considered to be the rate-limiting step 

in orthodontic tooth movement (Huang, et al., 2014). Osteoclasts and osteoblasts are the 

two primary cell types that are involved in orthodontic tooth movement. Osteoclasts are 

multinucleated cells specialized in bone resorption and their formation is induced at the 

compression side during orthodontic tooth movement. Osteoblasts are mesenchymal in 

origin, and they are specialized cells involved in bone formation at the tension side. The 

bone remodeling process is a closely paired process that begins with a bone resorption 

phase in the compression side followed by bone formation phase in the tension side 

causing old bone to be replaced with new bone (Huang, et al., 2014).  

Deformation in blood vessels and changes in the periodontal tissues surrounding 

teeth occur in the compression side following orthodontic force application, resulting in 

hypoxic conditions (Zainal, et al., 2011). These hypoxic conditions lead to decreased 
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nutrient levels where cells rely on anaerobic glycolysis causing metabolic changes of 

periodontal ligament cells. The cells that are adapt to these anaerobic conditions will 

continue to function while the cells that are not adapt to these ischemic conditions will 

lyse and release all of their contents triggering the activation of local inflammatory 

response (Zainal, et al., 2011). The inflammatory process due to orthodontic tooth 

movement is coupled with the production and release of various cytokines. Previous 

studies have demonstrated that 24 hours after orthodontic force application, the protein 

levels of tissue necrosis factor alpha (TNFα) , interleukin (IL) 1β, IL6, and IL8 increases 

in the gingival crevicular fluid (Huang, et al., 2014). These cytokines play an important 

role in attracting leukocytes, and stimulating endothelial cells, osteoblasts, osteoclasts, 

and fibroblasts to promote bone resorption and inhibit bone formation (Krishnan & 

Davidovitch, 2011). For example, when IL1 is released, it targets osteoblasts that in turn 

relay chemical messages to osteoclasts to resorb bone (Krishnan & Davidovitch, 2011). 

TNFα is another pro-inflammatory cytokine that initiates acute or chronic inflammation 

and promotes bone resorption by directly stimulating the differentiation of osteoclast 

progenitors to osteoclasts in the presence of macrophage colony-stimulating factor 

(Krishnan & Davidovitch, 2011). One of the most important cytokine systems involved in 

inducing bone remodeling is the TNF-related ligand receptor activator of nuclear factor-

kappa ligand (RANKL) and its two receptors RANK and osteoprotegrin (OPG). In 

alveolar bone, RANKL is expressed on osteoblast cells. RANKL functions by binding to 

its RANK receptor on osteoclast cells which results in the prompt differentiation of 

hematopoietic osteoclast precursors to mature osteoclasts (Krishnan & Davidovitch, 

2011).  The OPG receptor is formed by osteoblasts and exists in both membrane bound 
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and soluble forms. OPG is known to compete with RANK for RANKL binding. OPG 

functions by stimulating osteoclast apoptosis, as well as, by inhibiting both the final 

stages of osteoclast differentiation and the activation of matrix osteoclasts. Therefore, a 

balance between OPG production and RANK/RANKL binding also regulates alveolar 

bone remodeling (Krishnan & Davidovitch, 2011). As a result, many of these cytokines 

can promote the differentiation, function, and survival of osteoclasts, and thus, contribute 

to the initiation of the alveolar bone remodeling process and orthodontic tooth movement 

(Huang, et al., 2014).  

The majority of orthodontic research involving biological manipulations has 

focused on accelerated orthodontic tooth movement and its molecular mechanisms. 

Accelerating orthodontic tooth movement has constantly been an appealing topic in the 

orthodontic field for primarily two major reasons: Reducing the possible negative side 

effects of orthodontic tooth movements, such as root resorption and decalcified white-

spot lesions, and shortening treatment duration (Jian, et al., 2010; Richter, et al., 2011).  

The concept of accelerating orthodontic tooth movement is not new and can be dated 

back to the 1890s (Huang, et al., 2014). Since this time, the attempts to accelerate 

orthodontic tooth movement primarily involved osteotomies and alveolar corticotomies 

with the rationale for performing these procedures being to decrease mechanical 

resistance during tooth movement allowing teeth to be moved en bloc with the tissue 

surrounding them (Huang, et al., 2014).  Wilcko & colleagues (2001) disputed this 

philosophy in the early 2000s, and they described the demineralization and 

remineralization process of the alveolar bone demonstrating increased bone remodeling 

activity.  Analogous with this theory, it is currently agreed that increasing the rate of 
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orthodontic tooth movement could be achieved if alveolar bone remodeling surrounding 

the teeth being moved is accelerated.  For instance, RANKL has been found to promote 

the bone resorptive activity of osteoclasts, which are cells specialized in bone resorption 

(Hofbauer & Heufelder, 2001). Based on these findings, Kanzaki & colleagues (2006) 

showed that the over-expression of RANKL increased orthodontic tooth movement in a 

mouse model. Numerous other animal studies have also supported these findings and that 

the speed of orthodontic tooth movement can be manipulated by altering osteoclast 

activity. However, these findings have not been formally shown in a clinical setting 

because the specific agents being tested are most likely unfitting for orthodontic use in 

the clinic due to the increased risk of adverse and unwanted off-target effects.  

Pain is the most common side effect experienced by orthodontic patients (Karthi, 

et al., 2012). Patients undergoing orthodontic treatment have consistently ranked pain as 

the worst aspect of treatment, and it is the most common motive for patients wanting to 

terminate their treatment (Krishnan, 2007). Following the application of an orthodontic 

force, pain and discomfort is typically the highest throughout the first 24 hours. 

Depending on the orthodontic adjustment, the intensity of orthodontic pain experience 

peaks at 24 hours following activation, but declines to baseline levels by 7 days (Karthi, 

et al., 2012). Since orthodontic pain is recognized as an undesirable side effect of 

orthodontic treatment, it is regularly treated using common over-the-counter pain 

medications. Non-steroidal anti-inflammatory drugs (NSAIDs) are considered the most 

common group of medications used for orthodontic pain relief (Karthi, et al., 2012). 

NSAIDs primarily function by inhibiting enzyme cyclooxygenase (COX). COX regulates 

the transformation of prostaglandins, which are important mediators of bone resorption, 
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from arachidonic acid in the cellular plasma membrane (Karthi, et al., 2012). Even 

though non-selective COX inhibition of common agents like aspirin, acetaminophen, and 

naproxen has shown to offer effective pain relief for inflammatory conditions, these 

agents have also shown to reduce the rate of orthodontic tooth movement (Kehoe, et al., 

1996). Conversely, Acetaminophen, which is a very weak prostaglandin inhibitor and 

holds no considerable anti-inflammatory effects, has shown to have no effect on the rate 

of orthodontic tooth movement. Therefore, acetaminophen is considered the drug of 

choice in relieving orthodontic pain (Kehoe, et al., 1996). However, acetaminophen does 

not completely eliminate orthodontic pain, and many patients are not able to routinely 

take acetaminophen. Orthodontic pain has been widely accepted by the public as a 

necessary component of orthodontic treatment. Due to this common belief, not much 

effort and research has been made to identify ways to reduce or eliminate orthodontic 

pain.   

Orthodontic tooth movement occurs via bone remodeling in the dental and 

paradental tissues, such as alveolar bone, gingiva, dental pulp and periodontal ligament.  

These tissues undergo extensive microscopic and macroscopic changes when they are 

subjected to various levels of magnitude, frequency and duration of mechanical loading. 

(Krishnan & Davidovitch, 2006). Alveolar bone remodeling is an inflammatory process, 

and the rate-limiting step of orthodontic tooth movement is bone resorption at the bone 

and periodontal ligament interface (Roberts, at al., 2004). Treatment of orthodontic pain 

is complicated by the fact that the activation of orthodontic appliances stimulates tooth 

movement associate bone remodeling, but this is an inflammatory process that also 

induces painful sensations (Krishnan & Davidovitch, 2006). Attempts to lessen the 
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orthodontic associated inflammation either by decreasing the magnitude, frequency and 

duration of mechanical loading, or using local anti-inflammatory drugs can compromise 

the process of tooth movement (Kehoe, et al., 1996). As of today, there are very limited 

number of studies that objectively investigate the mechanism and relationship of pain and 

orthodontic tooth movement in either human or animal models (Giannopoulou, et al., 

2006).  For instance, at this time there are no animal or human models examining the 

intensities of applied orthodontic forces compared with the levels of pain and the rate of 

tooth movement.  Therefore, the majority of our views on pain in the field of orthodontics 

are primarily founded on subjective evidence since we currently lack the proper studies. 

Recently, studies have suggested a possible association between the neural system 

and alveolar bone remodeling. This previously unidentified connection offers new 

opportunities for developing strategies to improve orthodontic treatment. In order to take 

advantage of these opportunities, a better understanding is needed in the role the neural 

system plays in the regulation of orthodontic tooth movement.  The neural system and 

alveolar bone remodeling needed for orthodontic tooth movement share many common 

cellular and molecular components including prostaglandins, vasoactive neuropeptides, 

TNF-alpha, and interleukins. This opens the possibility to uncover possible mediators 

that can enhance orthodontic tooth movement while decreasing pain. Current studies have 

revealed that the transient receptor potential vanilloid 1 receptor (TRPV1), which is an 

important receptor in nociception, is expressed in osteoclasts and promotes osteoclast 

formation (Rossi, et al., 2011).  Rossi & colleagues (2009) have also found that TRPV1 

agonists, such as capsaicin, promote osteoclast formation. Additionally, capsaicin is 

already commonly used in the medical field for the treatment of pain in diabetic 
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neuropathy, arthritis and post-herpetic patients, and the U.S. Food and Drug 

Administration approves its use for the treatment of clinical pain (Tandan, et al., 1992; 

Watson, et al., 1993). Consequently, it is possible that a specific agent, such as a TRPV1 

agonist, could be used to alleviate orthodontic pain while reducing the overall treatment 

time by increasing orthodontic tooth movement.  

TRPV1 is a non-selective cation channel whose expression is associated with 

small diameter primary afferent fibers. TRPV1 is involved in sensory and pain processing 

by inducing a sequence of responses that propagates from the periphery to the brain (De 

Petrocellis & Moriello, 2013). In addition, TRPV1 is known to participate in the 

detection of noxious thermal stimuli by means of primary sensory neurons of the pain 

pathway (Tominaga, et al., 1998). Previous studies have confirmed that TRPV1 is 

activated by specific ligands, such as capsaicin, acidic pH levels, heat greater than 42oC, 

and several chemical factors produced throughout inflammation (Tominaga, et al., 1998).  

One recent study showed TRPV1 in the trigeminal ganglion contributes to orthodontic 

pain during experimental tooth movements in an animal model (Qiao, et al., 2015). These 

recent findings were confirmed by another study that demonstrated that TRPV1 in both 

the trigeminal ganglion and paradental tissues are involved in orthodontic pain, and that 

TRPV1 found in the paradental tissues affects orthodontic pain by decreasing the 

expression of TRPV1 in the trigeminal ganglion (Gao, et al., 2016). However, whether 

TRPV1 in the trigeminal ganglion and paradental tissues plays a role in orthodontic tooth 

movement is still unknown.  

Resiniferatoxin (RTX) is an extremely effective capsaicin analog that binds with a 

high affinity to TRPV1. Intra-ganglionic injection of RTX near the cell body of TRPV1 
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expressing neurons results in calcium excitotoxicity leading to permanent neuronal cell 

deletion (Neubert, et al., 2008). TRPV1 is activated due to a drop in pH levels, which is 

an essential regulator of local alveolar bone resorption during orthodontic tooth 

movement. Previous studies on TRPV1 using RTX showed that TRPV1 is expressed on 

osteoclasts and that RTX reduces osteoclast differentiation (Neubert, et al., 2008). As a 

result, all of these findings suggest that TRPV1 is a possible connection between the 

nervous system and bone. TRPV1 could be relevant in coordinating local alveolar bone 

changes in response to lowered pH levels due to inflammation from orthodontic force 

application, and enhancing central modulation of alveolar bone remodeling. In summary, 

TRPV1 as either agonists or antagonists could be valuable agents for the manipulation of 

orthodontic tooth movement in ways by which orthodontic practice may be benefited.  
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HYPOTHESIS AND SPECIFIC AIMS 
 

Purpose 

To determine the effects of selectively ablating transient receptor potential 

vanilloid 1 (TRPV1)-expressing nociceptors on orthodontic tooth movement, pain, and 

alveolar bone remodeling. We hypothesize that ablation of TRPV1 expressing 

nociceptors will improve orthodontic treatment efficacy.  

 

Specific Aims 

1. To determine the effect of TRPV1 ablation on orthodontic pain 

experience. 

2. To determine the effect of TRPV1 ablation on the extent of tooth 

movement. 

3. To quantify bone remodeling in both the control and experimental 

groups.  
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MATERIALS AND METHODS 

	
Experimental Animals 

All animal procedures were accomplished in consensus with the National 

Institutes of Health Guide for the Care and Use of Laboratory Animals (Publication 85-

23, Revised 1996) and under the University of Maryland approved Institutional Animal 

Care and Use Committee protocol. All animals were housed in a temperature controlled 

room under a 12:12 light-dark cycle with ad libitum access to food and water.  

Data was obtained from 28 adult male C57BL/6 mice (The Jackson Laboratory, 

Bar Harbor, Maine; body weight, 20-30 g). The 12 week old mice were randomly 

distributed into 2 groups: control and experimental. The control group was further 

subdivided into 2 groups: (1) Group 1- vehicle and sham spring; and (2) Group 2- 

Resiniferatoxin and sham spring. The experimental group was also subdivided into 2 

groups: (1) Group 1- vehicle and activated orthodontic spring; and (2) Group 2- 

Resiniferatoxin and activated orthodontic spring. Before all experimental procedures, all 

animals were acclimated to their respective testing environments for 3 days, 30 minutes 

per day. All experimental procedures followed the experimental timeline illustrated in 

Fig i, A.  
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Figure i. Experimental timeline and experimental tooth movement (ETM) methods 

A. Timeline of experiment. Resiniferatoxin (RTX, 50 ng in 0.5 µl PBS) or vehicle (Veh) was 
stereotaxically injected into left trigeminal ganglia (TG) in adult C57BL/6 mice a week before the 
placement of an orthodontic spring. MGS, mouse grimace scale; BF, bite force assay; µCT; micro-
CT.  

B. A Ni-Ti closed coil spring was placed between the left maxillary 1st molar (M1) and incisors 
(INC). The spring was activated to exert 10 g force in the experimental tooth movement (ETM) 
group. In the sham group, the spring was not activated. Arrow, direction of orthodontic force.   

          

Drugs  

Resiniferatoxin (RTX; 50 ng/mL; Sigma-Aldrich) was dissolved in Phosphate 

buffered saline (PBS) containing 1% dimethyl sulfoxide (DMSO) and 10% Tween-80. 

PBS containing 1% dimethyl sulfoxide (DMSO) and 10% Tween-80 was used as the 

vehicle solution. Capsaicin (0.5 mg/mL; Centrexion Therapeutics) was dissolved in water 

containing polyethylene glycol to create a 0.03% capsaicin solution.  

 

Microinjection Into Trigeminal Ganglion 

Microinjection into the trigeminal ganglion (TG) was performed as previously 

described by Wang, et al. (2017). 

An intraperitoneal injection of ketamine and xylazine cocktail (100–150 mg/kg 

ketamine, 10–16 mg/kg xylazine) was used to anesthetize all animals. The animals were 

then placed in a Kopf stereotaxic apparatus. A midline incision of 3-5 mm was made to 
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create an opening to the skull. A 0.5 µl Hamilton micro-syringe was used for 

microinjection. The micro-syringe needle was placed in the left TG regions according to 

the stereotaxic coordinates of the mouse brain (0.20 mm posterior to bregma, 1.30 mm 

lateral to the midline, and 6.50 mm deep). In RTX groups, RTX (50 ng in 0.5 µl PBS; 

Sigma-Aldrich) was administered for 1 minute, at a rate of 0.5 µl/min, in the left side of 

TG in order to ablate the central terminals of TRPV1 expressing afferent nociceptors. In 

the vehicle groups, PBS (0.5 µl per side) was administered for 1 minute, at rate of 0.5 

µl/min, in the left side of the TG. Immediately following the injection, the injection 

needle was held in the tissue for 2 minutes to allow diffusion before removal. Once the 

micro-injection surgery was completed, the animal was placed back in their home cage. 

Baseline mouse grimace scale scores and bite force assay were performed 1 week after 

the PBS or RTX microinjection into the TG. 

 

Experimental Tooth Movement (ETM) 

The animals were placed under general anesthesia with xylazine (13 mg/kg) and 

ketamine (87 mg/kg). A mouth-prop was used to hold the mouth open. A 0.010-in 

stainless steel ligature wire was threaded below the interproximal contact between the 

maxillary first and second molars and then looped around the first molar (Fig i, B).  

A second 0.010-in stainless steel ligature wire was used to join together the right 

and left incisors so that they can act as an anchorage unit. This reinforced anterior 

anchorage and promoted the mesial movement of the maxillary first molar toward the 

incisors.  In the orthodontic tooth movement group, a nickel-titanium orthodontic coil 
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spring (Chuncheng, China) delivering 10 g of force was attached posteriorly to the 

ligature wire around the maxillary first molar, and anteriorly to the incisors with the 

second ligature wire (Fig i, B). To secure the ligature wires, self-etching primer 

(Transbond Plus; 3M Unitek, Monrovia, California) and light-cured adhesive resin 

cement (Transbond; 3M Unitek, Monrovia, California) were applied to the palatal 

surfaces of the maxillary incisors and first molars. In the sham group, the orthodontic 

spring was placed in the same manner as above with one modification which is the spring 

placed was not activated delivering 0 g of force. After appliance insertion, the animals 

were returned to their cages. Experimental tooth movement was performed for 12 days 

since orthodontic pain peaks at 1 to 3 days after force application, and then gradually 

subsides 5 to 7 days thereafter. After installation of the spring, soft diet was provided for 

12 days, a duration sufficiently long to confirm ETM whether via direct resorption or 

undermining resorption. The appliances were inspected everyday and additional light-

cured bonding material was bonded if necessary.  

 

Measurement of Mouse Grimace Scale  

The Mouse Grimace Scale (MGS) is a standardized method of coding facial 

expressions. The MGS has demonstrated to be a highly accurate and reliable means of 

measuring spontaneous pain of moderate duration (Wang, et al., 2017). Therefore, MGS 

was used to quantify and evaluate spontaneous orthodontic pain in our animal model.  

Mice were individually placed in cubicles (9 x 5 x 5 cm high) formed with 4 

transparent Plexiglas walls, a ventilated metal shelf bottom, and an opaque middle wall 
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that separated the cubicle into two equal chambers. This allowed for the recording of 2 

mice at a time. Two high-resolution (1920 x 1080) digital cameras (Sony HDR- CX230/B 

High Definition Handycam Camcorder; Tokyo, Japan) were placed at a fixed distance 

immediately outside both acrylic glass walls of each chamber to maximize the probability 

of capturing clear headshots. The mice were video recorded for 30 minute periods for 

each experimental time point (baseline, 1, 3, and 7 days after orthodontic tooth 

movement). Images were captured every 2 minutes for a total of 15 images per 30 minute 

time period.  Image extractions were completed by blinded experimenters to capture 

facial images of mice in an unbiased manner.  

Five facial action units were evaluated and scored from each captured image: 

orbital tightening, nose bulge, cheek bulge, ear position, and whisker change. Intensity of 

each facial action unit was scored on a three point scare: “0”, “1”, or “2”. A score of “0” 

represents the absence of a facial action unit in that image. A score of “2” represents an 

obvious detection of the facial action unit, and a score of “1” represents when the 

examiner could not obviously detect the facial action unit or if the facial action unit 

presented a moderate appearance. For each captured image, the scores of the 5 facial 

action units were averaged to give an initial MGS score. A mean MGS score was 

obtained from the 10 captured images of each mouse to reflect the level of spontaneous 

pain. The mean MGS score of each mouse before orthodontic tooth movement was used 

as the baseline value. After the baseline, the mean MGS score of each mouse was 

obtained for each experimental time period (1, 3 and 7 days after orthodontic tooth 

movement). Time dependent changes in MGS scores before and after orthodontic tooth 
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movement were analyzed with 2-way analysis of variance (ANOVA) with repeated 

measures.  All multiple group comparisons were followed by Bonferroni correction.  

 

Measurement of Bite Force 

Reduced bite strength has been regarded as a model of muscle hyperalgesia (Kehl, 

et al., 2000). The changes in bite force were measured to assess bite-evoked pain 

associated with orthodontic tooth movement in mice. 

All animals were acclimated to their testing environment for 3 days before the 

behavioral assay. Bite force was measured using a bite force transducer comprised of two 

parallel aluminum plates linked to a force-displacement transducer (FT03; Grass 

Instrument Co, West Warwick, RI). The Spike2 software (Cambridge Electronic Design 

Limited, Cambridge, England) was used to measure the voltage changes from the 

transducer displacement. These voltage changes were then converted into force on the 

basis of calibration using standard weights utilizing the SigmaPlot 8.0 software (Systat 

Software Inc, San Jose, CA). Each mouse was placed in a modified 60 mL plastic syringe 

with a wide opening on one side to accommodate the head of the mouse. The syringe 

plunger was used to loosely confine the mouse inside of the plastic syringe and it was 

manually moved 0.5 cm to 1.0 cm/s toward the plastic syringe’s opening where the bite 

plates are located. The initiation of the animal’s bite was spontaneous as soon as the 

biting plates touched the animals’ lips. Throughout this procedure, in cases where the 

animals vigorously moved or tried to hide inside the syringe then they were immediately 
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released from the plastic syringe to lessen their stress levels. Bite force was obtained only 

once the high stress animals were re-acclimated to their testing environment. Bite force 

was recorded for 120 seconds per session and the top 5 force measurements from each 

session were averaged. Bite force was measured before orthodontic tooth movement to 

establish a baseline, and then 1 day, 3 day, and 7 days after orthodontic tooth movement. 

 

Measurement of Eye-Wiping Behavior 

The capsaicin induced eye-wiping test is a reliable approach to study trigeminal 

pain and analgesics effects on trigeminal acute pains (Farazifard, et al., 2005). A drop of 

capsaicin-containing solution on the eyes of mice induces wiping of the eyes with the 

forelimb, which has been used as an indicator of pain in mice. In this study, the eye-

wiping test was used to confirm the proper ablation of nociceptors.  

After MGS and bite force assays were completed on the 7th day, the experimental 

and control mice groups underwent the capsaicin eye-wiping test to ensure the successful 

selective ablation of a subset of TRPV1+ nociceptors by localized injection of RTX to 

the trigeminal ganglia. The animals were placed in a plastic container (9 x 9 x 13 cm 

high) with 2-mirrored back walls to allow the camera a 4-sided view. A digital video 

camera (Sony HDR-CX230/B High Definition Handycam Camcorder) was placed at a 

fixed distance from plastic containers.  The animals were given a 30 minutes habituation 

period before carrying out the capsaicin eye-wiping test and free behaviors of the animals 

were recorded during this time period. In this study, wiping behavior was defined as the 
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motion of the ipsilateral forepaw starting from the back of the masseter muscle in front of 

the ear and moves forward in one direction from caudal to rostral (Wang, et al., 2017). 

Similar behaviors to our defined wiping behavior were excluded such as the following: 

eye-wiping behavior using both forepaws at the same time, eye-wiping behavior using 

both forepaws alternatively, or hind limb scratching directed to other sites of the face, 

such as, the nose, ear, or mouth. While the animals were gently restrained, 2 drops (20 µl) 

of 0.03% capsaicin solution was placed onto the left conjunctiva of the eye. The number 

of eye wipes with the ipsilateral forepaw was counted for a 5-minute period. Attenuated 

wipes confirmed the proper silencing of nociceptors.  

 

Immunohistochemistry of Trigeminal Ganglion 

After the 12-day experimental period, the animals were anesthetized by a 

ketamine and xylazine cocktail (100–150 mg/kg ketamine, 10–16 mg/kg xylazine), and 

euthanized by transcardial perfusion using 3.7% paraformaldehyde. 

Immunohistochemical labeling of TRPV1 was performed to detect TRPV1 in trigeminal 

ganglion (TG).  TG were dissected, cryoprotected, and sectioned at 12 µm intervals.  

Conventional immunohistochemical procedures were performed with rabbit anti-TRPV1 

(1:1000; a generous gift from Dr. Michael Caterina) followed by appropriate secondary 

antibody conjugated with FITC (Jackson ImmunoResearch). Images were acquired by 

optical sectioning fluorescence microscopy (Zeiss Axiovert, Carl Zeiss MicroImaging, 

Thornwood, NY, USA).  
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Micro-focus Computed Tomography  

 Four animals from the experimental and control groups were used to measure the 

extent of tooth movement. Micro-focus computed tomography (Micro-CT) was used to 

collect 3-dimensional and 2-dimensional image arrays of the hemisected right maxillae 

using Siemens Inveon Micro-PET/SPECT/CT (Siemens Medical Solutions, USA). 

Scanning trajectory was round and a filter of 0.5 mm was used. A 12 cm bore and 10 x 10 

cm field of view was used for high-resolution images (spatial resolution, 9 micron) with 

low noise, and a 14-bit x-ray imaging detector with 4064 x 4064 pixels.  

Siemens Inveon Research Workplace 4.2 software (Siemens Medical Solutions, 

USA) was used for image acquisition and processing, 2-D and 3-D image viewing, and 

quantitative analysis. Maxillae were examined in fixed sagittal zones for analysis of inter-

molar distance (µm) and alveolar bone volume (mm3). The extent of tooth movement was 

defined and measured as the distance between the maxillary first and second molars at the 

most distal point of the maxillary first molar crown and the most mesial point of the 

maxillary second molar crown. In both groups, at day 0, the convex crown surfaces of the 

maxillary first and second molars were touching and this was recorded as 0 mm. The 

ETM measurements were completed in the sagittal plane since it showed the most root 

structure so that angulation of long-axis of the tooth can be estimated. The 2-dimensional 

images were magnified 10 times for more precise line drawings at the closest proximity 

of the 2 convex molar crown surfaces.  

The 3-dimensional micro-CT images were used for quantitatively analyzing 

alveolar bone changes in the furcation region of the maxillary first molar. The region of 
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interest for alveolar bone volume was standardized as circular in the alveolar bone region 

between the first molar roots, as outlined below (Yadav, et al., 2015).  The region of 

interest for the alveolar bone volume analysis was defined as the following: 1) 

Vertically—the most occlusal point of the furcation to the apex of the maxillary first 

molar roots, 2) Transversely—the space between the buccal and lingual cortical bone, 

and 3) Sagittally—50 sections (10 mm) beginning at the mesial root and continuing 

distally (Yadav, et al., 2015). These outlined parameters defined the total region of 

interest of total interradicular alveolar bone space (mm3) (Fig ii, A). To quantify the total 

amount of actual interradicular alveolar bone volume (mm3) (Fig ii, B) the threshold for 

alveolar bone analysis was set at the following: Minimum- 2050, and maximum- 10250. 

This allowed for the quantification of alveolar bone trabecular space (mm3) (Fig ii, B).  
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Figure ii. Schematic diagram of the calculation of Interradicular Alveolar Bone Volume  
A. Outlined in red: Total 1st molar interradicular alveolar bone space (mm3)  
B. Outlined in blue: Actual interradicular alveolar bone volume (mm3). Arrows pointing out 

examples of 1st molar interradicular alveolar bone trabecular space (mm3)  
C. Formula for calculating actual interradicular alveolar bone volume (mm3). Abbreviations: M1, 1st 

molar; M2, 2nd Molar 

 

The total interradicular alveolar bone space (mm3), trabecular space (mm3), and 

final interradicular alveolar bone volume (mm3) was calculated using the Siemens 

Inveon Research Workplace 4.2 software (Siemens Medical Solutions, USA) bone 

fraction algorithm. The final interradicular alveolar bone volume (mm3) was 

calculated by subtracting the total alveolar bone trabecular space (mm3) from the total 

alveolar bone space (mm3) (Fig ii, C).  
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Statistical Analysis  

Data are presented as mean ± standard error of the mean. Comparisons between 

two groups were performed using Student’s t-test. Comparisons between more than 2 

groups with different time points were performed using 2-way repeated-measure 

ANOVA with Bonferroni post hoc tests. The criterion for statistical significance was P < 

0.05. All statistical analyses were performed using GraphPad Prism 6.0 (GraphPad 

Software, Inc, La Jolla, CA).  
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RESULTS 
 

Experimental tooth movement produces spontaneous pain and bite-evoked pain in mice  

Mouse Grimace Scale (MGS) scores among groups showed significant difference 

over 7 days following procedure (Fig iii, F; interaction of time and group effect, 

F=18.23, p<0.0001).  

 

Figure iii. Experimental tooth movement produces spontaneous pain in mice 
A-E. Averaged scores from five parameters; eye (A), ear (B), whisker (C), Cheek (D) and nose (E). 
F. MGS score was calculated as an average of scores from five parameters in each mouse. 

Mean±SEM. Numbers within parentheses represent number of animals. *, p<0.05; **, p<0.01; 
***, p<0.001;****, p<0.0001 in two-way RM ANOVA followed by Bonferroni post-hoc test. 
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At baseline, there were no differences in MGS scores between groups. At one day 

post-treatment, the group receiving the experimental tooth movement (ETM) and vehicle 

had significantly higher MGS score as compared to those mice receiving sham treatment 

and vehicle (mean [SD], 0.96 ± 0.14 vs 0.49 ± 0.07, p<0.0001). The RTX treated mice 

receiving ETM also had increased MGS as compared to sham counterparts (mean [SD], 

0.71 ± 0.12 vs 0.48 ± 0.07, p<0.0001). When comparing the two groups of mice receiving 

ETM, the RTX group demonstrated significantly less MGS as compared to mice 

receiving the vehicle (mean [SD], 0.71 ± 0.12 vs 0.96 ± 0.14, p<0.0001). At 3 days post-

treatment, similar trends as day 1 were observed. At 7 days, only the mice receiving ETM 

and vehicle demonstrated significant MGS as compared to sham controls (mean [SD], 

0.44 ± 0.08 vs. 0.30 ± 0.06, p<0.05). The mice receiving ETM and RTX had no 

difference in MGS as compared to sham controls (p > 0.05).  

MGS score was calculated as an average of scores from five parameters in each 

mouse: eye, ear, whisker, cheek, and nose scores. Orbital tightening, ear position 

changes, whisker changes, cheek bulging, and nose bulging rapidly reached a peak at day 

1 of ETM and gradually subsided to baseline by day 7 of ETM (Fig iii, A-E). In the 

vehicle group, ETM using the active spring evoked a significantly greater mean number 

of bouts of orbital tightening, ear position changes, whisker changes, cheek bulging, and 

nose bulging compared to the sham spring groups at day 1 and day 3. The mean number 

of bouts of orbital tightening in response to active ETM was significantly less in the 

RTX-treated group compared to the active vehicle group and RTX- sham group 

(RTX/Act vs. Veh/Act day 1, p<0.05; RTX/Act vs. RTX/sham day 1, p<0.05).  Similarly, 

ear position changes and cheek bulging in response to active ETM was significantly less 
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in the RTX-treated group compared to the vehicle group at day 3 (RTX/Act vs. Veh/Act 

day 3, p<0.001; RTX/Act vs. Veh/Act day 3, p<0.05).  

Bite evoked pain was analyzed for each study group (Fig iv, A). Changes in bite 

force showed significant difference over 7 days following procedure (Fig iv, A; 

interaction of time and group effect, F = 5.90, p<0.0001).  

 

 

 
Figure iv. Experimental tooth movement produces spontaneous pain and bite-evoked pain in mice 

A. Bite force assay for measuring bite-evoked pain. Bite force assay was performed right after video 
recording for facial grimace assay on each day. 

B. Bite force at different time points from each animal was normalized to the respective baseline. **, 
p<0.01; ***, p<0.0001 (vs Veh/sham); +++, p<0.001; ++++, p<0.0001 (vs RTX/ETM) in two-
way RM ANOVA followed by Bonferroni post-hoc test. 
 

At baseline there were no differences in relative bite force between the four 

groups. At day 1, in vehicle-treated groups, not only ETM, but also sham procedure 

showed significant reduction of bite force compared to baseline (Veh/ETM day 1 vs. 

baseline, p<0.0001; Veh/Sham day 1 vs. baseline, p<0.0001). Such significant reduction 

was maintained up to 7 days in these groups. In RTX-treated groups, ETM produced 

significant reduction in bite force compared to baseline, but not in the sham group 

(RTX/ETM day 1 vs. baseline, p<0.001). Mice receiving ETM and vehicle had 

significantly reduced bite force compared to the control counterpart and RTX-treated 

mice (Veh/ETM vs. Veh/sham, p<0.05 in post hoc test; Veh/ETM vs. RTX/ETM, 
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p<0.01). At day 3, both RTX-treated groups, as well as, the vehicle with sham group 

showed a recovery in bite force compared to day 1 while vehicle and ETM group 

demonstrated a continued reduction in bite force. At day 7, there were no significant 

differences between bite force amongst experimental groups when compared to controls.  

Relative bite force was also analyzed once bite force from each animal group was 

normalized to their respective baseline (Fig iv, B). Changes in relative bite force also 

showed significant difference over 7 days following procedure (Fig iv, B; interaction of 

time and group effect, F = 7.81, p<0.0001).  At day 1, ETM induced significant reduction 

of bite force in vehicle-treated groups compared to the sham/Vehicle treated group 

(Veh/Sham day 1 vs Veh/ETM day 1, p<0.01). In contrast, RTX-treated groups showed 

no significant decrease in relative bite force between ETM and sham group. RTX-treated 

ETM group showed a significant attenuated reduction in relative bite force compared to 

ETM with Vehicle group both in day 1 and day 3 (p<0.0001). At day 3, vehicle with 

sham procedure showed a recovery in relative bite force to levels similar to RTX-treated 

groups, while vehicle with ETM continued experiencing a significant reduction in 

relative bite force compared to RTX-treated ETM group (p<0.0001).  At day 7, there 

were no significant differences between relative bite force amongst experimental groups 

when compared to controls.  

Intra-Trigeminal Ganglion injection of Resiniferatoxin mediates ablation of TRPV1-

expressing afferents 

After pain measures and orthodontic tooth movement were completed, the 

experimental and control mice groups underwent the capsaicin eye-wiping test to ensure 
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the successful selective ablation of a subset of TRPV1+ nociceptors by localized injection 

of RTX to the trigeminal ganglia (Fig v, A). Following application of capsaicin (0.03% in 

20 µl) to the ipsilateral eye, RTX mice (n=10) has significantly less eye wipes compared 

to controls (p<10-8). On immunohistochemical staining, successful reduction in TRPV1 

expression was observed in RTX mice when compared to controls (Fig v, B). 

 
 
Figure v. Intra-TG injection of RTX mediates ablation of TRPV1-expressing afferents 

A. Number of eye wiping motions measured for 5 minutes following the application of capsaicin 
(0.03% in 20 µl) to the ipsilateral eye in mice with intra-TG injection of vehicle or RTX. ****, 
p<10-8 in Student’s t-test. 

B. Immunohistochemical labeling of TRPV1 in TG from mice injected with Veh or RTX into TG. 
Scale bar, 50 µm. 

 

Intra-TG injection of RTX reduced the extent of tooth movement 

In order to assess extent of tooth movement between ETM and sham groups, 

Micro-CT was performed after the 12-day experimental period (Fig vi, A). When 

compared to controls (Fig vi, C), the RXT-treated mice (n=4) had significantly less tooth 

movement than vehicle-treated mice  (p=0.005).  
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Figure vi. Intra-TG injection of RTX reduced the extent of experimental tooth movement 

A. Three dimensional reconstruction of mCT scanned Images (Siemens Inveon small animal CT; 
Bone Morphometry software; 9.9 µm resolution).  

B. Measurement of intermolar space between 1st molar (M1) and 2nd molar (M2) (Arrow head); 
Arrow, direction of orthodontic force applied to M1. Red, tracing of interradicular trabecular bone. 

C. Intermolar distance (um). p=0.005 in Student’s t-test, n=4. 
D. Bone volume (mm3) 

 

In the vehicle group, the maximum tooth movement observed was 97.3 µm (Fig vii, A & 

B), while the minimum tooth movement observed was 66.7 µm (Fig vii, C & D).  



	

	 29 

 

Figure vii. Vehicle-treated maximum and minimum experimental tooth movement 
(A-D): Measurement of intermolar space between 1st molar (M1) and 2nd molar (M2) (Arrow head); 
Arrow, direction of orthodontic force applied to M1 
A. Veh/ETM Maximum tooth movement. 3-D reconstruction  
B. Veh/ETM Maximum tooth movement. 2-D reconstruction  
C. Veh/ETM Minimum tooth movement. 3-D reconstruction  
D. Veh/ETM Minimum tooth movement. 2-D reconstruction  

 

In the RTX group, the greatest amount of tooth movement noted was 32.2 µm (Fig viii, A 

& B), while the least amount of tooth movement was 29.0 µm (Fig viii, C & D). On 

assessment of bone volume (Fig vi, D), we observed no significant difference in 

interradicular alveolar bone volume (mm3) between experimental and control groups.  
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Figure viii. RTX-treated maximum and minimum experimental tooth movement 
(A-D): Measurement of intermolar space between 1st molar (M1) and 2nd molar (M2) (Arrow head); 
Arrow, direction of orthodontic force applied to M1 
E. RTX/ETM Maximum tooth movement. 3-D reconstruction  
F. RTX/ETM Maximum tooth movement. 2-D reconstruction  
G. RTX/ETM Minimum tooth movement. 3-D reconstruction  
H. RTX/ETM Minimum tooth movement. 2-D reconstruction  
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DISCUSSION 
 

The aim of this study was to identify the contribution of transient receptor 

potential vanilloid 1 (TRPV1)-expressing nociceptors to orthodontic pain, orthodontic 

tooth movement, and alveolar bone remolding during experimental tooth movement. We 

used a selective TRPV1 agonist, resiniferatoxin (RTX), to examine the effects of the 

ablation of TRPV1+ nociceptors on the amount of tooth movement, orthodontic pain and 

alveolar bone remodeling during experimental tooth movement. Our data showed that 

ablation of TRPV1+ nociceptors in the trigeminal ganglion decreased the extent of tooth 

movement and relieved orthodontic pain resulting from experimental tooth movement 

(ETM).  

Orthodontic pain associated with tooth movement is commonly regarded as a 

negative side effect of orthodontic treatment. Even though the experience and assessment 

of pain is subjective and may differ between individuals, nearly all orthodontic patients 

report experiencing pain and discomfort throughout orthodontic treatment (Brown & 

Moerenhout, 2001). Consequently, understanding the underlying mechanism of 

alleviating orthodontic pain represents one of the major concerns for both orthodontists 

and patients. Orofacial pain signals produced by orthodontic tooth movement are 

received by peripheral nociceptors and then projected to the trigeminal subnucleus 

caudalis found in the caudal part of the medulla oblongata. The orofacial pain signals are 

then projected to the third-order neurons in the thalamus and lastly perceived by the 

cortex (Long, et al., 2016). Well-recognized studies have documented that both the 

trigeminal nociceptors and trigeminal subnucleus caudalis play a critical part in the 
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transmission of orthodontic pain (Liao, et al., 2016).  In addition, previous studies have 

established that the perception of orthodontic pain is most likely due to a localized 

inflammatory reaction in the periodontal tissues involving the release of various 

inflammatory mediators (Vandevska-Radunovic, 1999). Based on these concepts, we 

targeted the trigeminal ganglion innervating the targeted area using RTX, the ultra-potent 

TRPV1 agonist, in order to assess the role of TRPV1 expressing nociceptors on 

orthodontic tooth movement, pain, and alveolar bone remodeling.  

In our animal model, we experimentally evoked orthodontic pain to study the 

relationship between pain, orthodontic tooth movement and alveolar bone remodeling. 

Since animals are incapable of verbally communicating, motor behaviors and 

physiological responses are regarded as characteristics for evaluating the pain experience 

in animal models. In studies of the trigeminal system, the conjunctiva or cornea is 

typically used because nociceptors in this area have a significant representation in the 

trigeminal ganglion by means of the ophthalmic branch of the trigeminal nerve (Felipe, et 

al., 1999). The conjunctiva is filled with thin myelinated fibers and unmyelinated fibers 

that respond to mechanical, thermal, and chemical noxious stimuli (Felipe, et al., 1999). 

Pain is considered a protective mechanism for organisms against noxious factors, and 

animal models of pain evaluate the nociceptive response using specific behavioral 

measures such as withdrawal reflex or an unlearned voluntary behavior (Kruger, 2001). 

The eye-wiping test is widely regarded as a trigeminal pain test model, a model of acute 

pain (Farazifard, et al., 2005). The eye-wiping test is a standardized method for detecting 

anti-nociception produced especially by centrally acting drugs (Farazifard, et al., 2005). 

In our study, after pain measures and experimental tooth movement were completed, the 



	

	 33 

experimental and control mice groups underwent the capsaicin eye-wiping test to ensure 

the successful selective ablation of a subset of TRPV1+ nociceptors by localized injection 

of RTX to the trigeminal ganglia. Our results suggest intra-trigeminal ganglion injection 

of RTX mediates ablation of TRPV1-expressing afferents. Following application of 

capsaicin to the conjunctiva of the ipsilateral eye, RTX mice had significantly less eye 

wipes compared to controls. On immunohistochemical staining, successful reduction in 

TRPV1 expression was observed in RTX mice when compared to controls. 

In this study, we demonstrated that C57BL/6J mice treated with RTX had a 

significant decrease in orthodontic pain. These results appear to be consistent with the 

work completed by Menendez & colleagues (2006) as they demonstrated that TRPV1 

antagonists and ultra-potent TRPV1 agonist RTX to be effective for reducing thermal, 

chemical and inflammatory pain. Our results are in line with the findings of Neubert & 

colleagues (2008) that imply that RTX can eliminate inflammatory pain.  

Biological manipulation to modulate orthodontic treatment is still in its early stages. 

However, it seems promising that a biological solution can be found to both alter the 

speed and effectiveness of orthodontic tooth movement, and to relieve the associated pain 

and discomfort.  Further research is needed in the animal models to translate bench-side 

findings into clinical floor, and this entails greater understanding of the biological and 

molecular processes involved in orthodontic pain and tooth movement.  Disparity in 

translating from bench-side to bedside is partially due to the use of inefficient behavioral 

assays in animal models of pain (Neubert, et al., 2011).  In our study, we used the mouse 

grimace scale (MGS) to quantify and evaluate spontaneous orthodontic pain because it is 

regarded as a highly accurate and reliable means of measuring spontaneous pain of 
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moderate duration (Wang, et al., 2017). In addition, the measurement of changes in bite 

force to evaluate bite-evoked pain associated with orthodontic tooth movement was 

chosen, as a second behavioral assay in our study, because voluntarily reduced bite 

strength has been a regarded as a model of muscle hyperalgesia (Kehl, et al., 2000).  

Using the MGS behavioral assay, we demonstrated the application of orthodontic 

forces resulted in measurable effects, which were collectively construed as a reduction in 

orthodontic pain. Assessing bite force allowed us to study the function-related pain 

during experimental tooth movement. The results from MGS and bite force assays might 

be influenced by other variables that are not relevant to pain, such as grooming or stress. 

As a result, we cannot absolutely rule out a possible contribution of these variables. 

However, we concluded that the observed behaviors during experimental tooth 

movement are mainly a consequence of nociception and presumably a reflection of the 

nociceptive pathway through ablating nociceptor terminals or second-order neurons 

attenuated changes in MGS and bite force. TRPV1- positive afferents may mediate 

spontaneous pain due to inflammation and nerve injury (Wang, et al., 2017). The 

activation of TRPV1 in the primary afferent neurons results in the release of pro-

inflammatory peptides and action potential-dependent release of glutamate from the 

peripheral nervous system. This leads to a central widespread of neuropeptides, to 

magnify this signal and enhance the sensitivity of the dorsal horn neurons to other 

incoming signals from the periphery (Vercelli, et al., 2015).  Roberts and Connor (2006) 

showed that TRPV1 has a dual role because first, it is able to sense the damaging 

stimulus that is inferred as painful, and second, it aids in the transmission to the central 

nervous system. Pain can vary from species to species and subject to subject, and thus, 
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the perception of pain is not readily definable. According to the International Association 

for the Study of Pain, pain is defined as a physiological response to a noxious stimulus 

that causes an unpleasant feeling resulting in a decline in the quality of life of those 

affected by it (Vercelli, et al., 2015). During inflammation, TRPV1 can be sensitized 

leading to an increase in its response to a given stimulus, or desensitized causing it to be 

refractory to activation (Vercelli, et al., 2015). Orthodontic tooth movement relies on 

local inflammation of periodontal tissues, and thus, TRPV1 is a promising target for 

alleviating orthodontic associated pain.  

Our data shows that TRPV1-expressing afferents contributes to facial grimace 

associated with experimental tooth movement, supporting its role in spontaneous pain. 

Activation of TRPV1 in peripheral terminals of periodontal tissue nociceptors might 

contribute to spontaneous pain. Wu & colleagues (2013) demonstrated that prolonged 

low-level chemical activation of TRPV1 stimulates non-desensitizing firing of 

nociceptors analogous to spontaneous firing. Consequently, it is likely that the production 

of endogenous ligands of TRPV1 throughout inflammation might lead to constitutive 

activation of these channels resulting in spontaneous pain. Constitutive activation of 

TRPV1 expressing nociceptive terminals not only initiate spontaneous pain, but may be 

able to also drive central plasticity to generate referred hyperalgesia (Walder, et al., 

2012).  

Similar to spontaneous pain, the ablation of TRPV1+ afferents significantly 

contributed to the alleviation in bite force reduction during experimental tooth movement.  

Over the 7-day experimental tooth movement procedure, the RTX-treated mice showed a 

significantly less reduction in bite force compared to the vehicle-treated mice. Not only 
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this, the RTX-treated mice demonstrated a recovery in bite force after day 1 of 

experimental tooth movement while the vehicle-treated mice recovered after day 7. This 

observation is not only statistically significant, but also clinically significant because it is 

well known that most patients sense orthodontic pain from 1 day to 3 days after force 

application, and the pain sensation gradually subsides thereafter. The initial stage of 

orthodontic tooth movement always entails an acute inflammatory response distinguished 

by periodontal vasodilation and migration of leukocytes out of the capillaries. These 

migratory cells generate several cytokines that directly and indirectly interact with the 

entire population of local paradental cells facilitating tooth movement. One or two days 

after force application, the acute phase of inflammation diminishes and is replaced by a 

chronic inflammatory process that is primarily proliferative entailing endothelial cells, 

alveolar bone marrow cells, osteoblasts and fibroblasts (Krishnan & Davidovitch, 2006). 

Throughout this stage, leukocytes persist to migrate into the strained paradental tissues 

and moderate the remodeling process. The chronic inflammatory process continues to 

persist until the next clinical appointment, at which the orthodontist re-activates the 

tooth-moving appliance. As a result, this starts another period of acute inflammation, 

overlapping it on the ongoing chronic inflammatory process. For the patient, the episodes 

of acute inflammation during orthodontic treatment are linked with painful sensations and 

reduced function, including biting and chewing (Krishnan & Davidovitch, 2006). The 

pain that is experienced by orthodontic patients is caused when the periodontal ligament 

area is overstressed, and the experience of pain is regarded as the body’s effort to respond 

and counter noxious stimuli by limiting function. The reduction in function aids in the 

repair and replacement of damaged tissues. After a particular level of periodontal 
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ligament stress, the vascular supply to the periodontal ligament decreases and cell death 

occurs between the stretched fibers. Our current finding that TRPV1+ afferents ablation 

reduces bite-evoked pain and spontaneous pain associated with experimental tooth 

movement is promising because of its possible clinical implications. TRPV1 could be a 

target to improve orthodontic patient experience by reducing pain occurrence throughout 

the duration of treatment, as well as, recovering lost or limited function faster allowing 

for more patient comfort during treatment, and possibly allowing for more frequent 

orthodontic adjustments leading to reduced overall treatment time.  

Recent studies have suggested that calcitonin gene-related peptide (CGRP), a 

neuropeptide, contributes in the initiation and maintenance of inflammatory pain 

(Benemei, et al., 2009). The study by Kvinnsland and Kvinnsland (1990) found CGRP 

located in the periodontal ligament and dental pulp during experimental tooth movement 

in rats. The authors found a strengthening in CGRP immunoreactivity in fibroblasts at the 

tension site of the periodontal ligament during molar movement. Norevall, Forsgren, and 

Matsson (1995) detected similar findings of intensification of CGRP immunoreactivity at 

the tension side of the periodontal ligament in cats one hour after the initiation of 

experimental tooth movement. Another follow-up study, confirmed that CGRP is 

involved in orthodontic pain following experimental tooth movement (Long, et al., 2015).  

In our study, we found that experimental tooth movement produced spontaneous pain and 

bite-evoked pain in mice. According to MGS scores, the most intense experience of pain 

was 1 day following experimental tooth movement with a subsequent reduction in 

spontaneous pain 3 days, and then 7 days following experimental tooth movement. The 

RTX-treated groups consistently demonstrated a reduction in MGS scores compared to 
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their vehicle-counterparts. Likewise, the most intense reduction in bite force and relative 

bite force was experienced 1 day following experimental tooth movement. RTX-treated 

groups consistently demonstrated a less reduction in bite force and relative bite force 

compared to their vehicle-counterparts. Interestingly, the RTX-treated group with 

experimental tooth movement showed a recovery in bite force and relative bite force 1 to 

3 days following experimental tooth movement, and then full recovery by 7 days. 

However, the vehicle treated mice with experimental tooth movement showed a sustained 

reduction in bite force and relative bite force for the entire duration of 3 days before 

recovering by day 7. Interestingly, these findings of our study correlate with a recent 

study by Zhou & colleagues (2016) that demonstrated that CGRP expressions increased 

at 1 day and peaked at 3 day, then gradually decreased at 5 days and 7 days. This trend is 

almost identical and consistent with our MGS score, bite force and relative bite force 

assays’ results indicating that CGRP could be involved in the transmission and 

modulation of pain following experimental tooth movement. Based on our findings and 

the findings of Zhou & colleagues (2016), we suggest that a nociceptive mechanism may 

operate during orthodontic tooth movement. When orthodontic forces are exerted on 

teeth, the force applied on periodontal tissues might initiate inflammation and cause the 

release of inflammatory mediators. At the same time, nociceptive stimulus are initiated 

and perceived by peripheral nociceptor in the periodontal tissues. These signals are 

propagated to the trigeminal ganglion, which synthesizes and releases CGRP to 

periodontal tissues and subnucleus caudalis by bidirectional transport. Correspondingly, 

increased CGRP in periodontal tissues may reflect the influence of nociceptive stimuli on 

activation of trigeminal system and consequent transmission and processing of this 
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information in the brainstem. Our results showed, that in the RTX-treated mice there was 

a significant decrease in spontaneous pain and bite-evoked pain, especially during the 1 

day to 3-day period compared to the controls. We attribute these results to the possibility 

that the lack of activation of TRPV1 led to a decrease in CGRP release from peripheral 

nerve axons resulting in a decrease in nociceptive pain stimuli following experimental 

tooth movement.   

In the present study, we found that intra-trigeminal injection of RTX reduced the 

extent of experimental tooth movement. As a matter of fact, the reduction in experimental 

tooth movement was about 50% in the RTX-treated mice compared to the control mice. 

However, it is notable that our findings suggest there is no statistically significant 

difference in interradicular alveolar bone volume between RTX and vehicle treated mice. 

Orthodontic tooth movement occurs by means of alveolar bone remodeling in response to 

mechanical stimuli. The amount of orthodontic tooth movement relies on the remodeling 

and modeling process of the alveolar bone while adapting to the new biomechanical 

environment. The level of activity of bone cells, such as osteoclasts, osteocytes, and 

osteoblasts, determines the rate of alveolar bone remodeling, and these bone cells are 

under the influence of biomechanical factors, particularly prostaglandins and cytokines.  

Osteoclast activation is critical for the enhanced remodeling process required for 

accelerated tooth movement (Huang, et al., 2014). During orthodontic tooth movement, 

alveolar remodeling involves bone resorption by osteoclasts in the pressure side and bone 

apposition by osteoblasts in the tension side. In our experimental tooth movement model, 

the orthodontic spring created a constant horizontal force parallel to the occlusal plane 

and produced a tipping movement of the maxillary first molar. This tipping movement 
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led to pressure in the mesial-coronal one-third area of the maxillary first molar roots. This 

tipping movement also resulted in tension in the distal-coronal one-third area of the 

maxillary first molar. The activity of osteoclasts in the pressure areas is the primary 

limiting factor affecting the rate of experimental tooth movement. Recent studies found 

that TRPV1 is expressed in human osteoclasts, and thus, TRPV1 could promote bone 

resorption (Rossi, et al., 2011). Therefore, the findings of our study suggest that the 

significant reduction in experimental tooth movement could be due to restricted 

osteoclast activity caused by TRPV1 ablation.  

It is interesting to note that the significant decrease in experimental tooth 

movement could also be explained by CGRP’s possible role in bone metabolism. CGRP 

has been reported to be essential in decreasing bone resorptive activities via the 

RANKL/OPG pathway. The balance between RANKL and OPG is a crucial contributing 

factor for osteoclast differentiation (Rossi, et al., 2011).  Therefore, CGRP could 

moderate the balance in osteoclast activity that is required for the bone-remodeling phase. 

This suggestion is consistent with the results obtained in the study by He and colleagues 

(2016) that demonstrated CGRP treatment changed the balance between the expression 

levels of RANKL and OPG towards a decrease in RANKL resulting in the inhibition of 

osteoclast function and formation. This finding could explain our results of no observable 

change in interradicular bone volume because if TRPV1 ablation led to lower CGRP 

expression levels, then this would also lead to no change in interradicular bone volume 

possibly because CGRP down-regulated the function of osteoclasts, and thus, less tooth 

remodeling occurred.  Therefore, if less tooth remodeling occurred, then this would also 

explain the reduction in experimental tooth movement that we observed. However, in 



	

	 41 

order to confirm this model, further research will be needed.  Histological analysis of 

alveolar bone tissues would be needed to quantify osteoclasts. In addition, western 

blotting at the four experimental time points during experimental tooth movement would 

allow for the identification of CGRP protein expression.  

Biological manipulation to enhance orthodontic treatment is still in its early 

phases. However, the findings of our study demonstrate that it may be possible to 

improve the efficacy of tooth movement while reducing the associated pain and 

discomfort. Bench-side experiments have yet to be completed in animal models; 

furthermore, translation to bedside necessitates a greater understanding of the biologic, 

molecular, and biomechanical processes involved. Our study uncovered a possible 

mechanism by which bone remodeling is influenced by neural mechanisms indicating 

that osteoclasts and neurons share regulatory molecules. This leads to new opportunities 

for understanding and manipulating orthodontic tooth movement and concurrently 

lessening the discomfort and pain associated with orthodontic tooth movement. Greater 

understanding in this field will galvanize us to transform and modernize orthodontic 

treatment and its practice in the future.   
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CONCLUSION 
 

1. Selective ablation of transient receptor potential vanilloid 1 (TRPV1)-expressing 

nociceptors significantly decreases tooth movement and pain.  

2. There is no statistical significant difference in interradicular alveolar bone volume 

between resiniferatoxin (RTX) and vehicle treated mice.  

3. Alveolar bone remodeling is influenced by neural mechanisms indicating that osteoclasts 

and neurons share regulatory molecules. 

4. TRPV1-expressing nociceptors are a potential integrator between the nervous system and 

bone remodeling unlocking new possibilities for manipulating orthodontic tooth 

movement and concurrently lessening the discomfort and pain associated with 

orthodontic treatment.  
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