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Abstract

:

Background: Patients usually present pain due to the release of different inflammatory mediators such as prostaglandin E2 and RANK-L. Analgesics such as acetaminophen and ketorolac can inhibit RANK-L expression and this can affect orthodontic treatment by decreasing bone remodeling and slowing orthodontic dental movement. Several studies have reported a decrease in dental movement after administering some non-steroidal anti-inflammatory drugs. Proposal: The objective was to evaluate the RANK-L levels and a possible modulation by administering acetaminophen and ketorolac in patients starting orthodontic treatment. Methodology: A double-blind, randomized clinical trial was carried out with 24 subjects divided into three study groups: calcined magnesia as a placebo, acetaminophen, and ketorolac. Gingival crevicular fluid was obtained at four time points: before pharmacological intervention, at 24 h, at 48 h, and on the 5th day. RANK-L concentrations were evaluated through ELISA analysis. Also, interproximal space generated by the elastic separator at the end of the study was recorded in the different study groups using the visual analog scale. Results: An increase in RANK-L at 24 h was observed in the placebo group compared to the ketorolac and acetaminophen groups. However, no significant differences were observed in the interproximal space at day 5 in the three study groups. Conclusion: Patients who do not take analgesics at the start of orthodontic treatment have higher levels of RANK-L. Therefore, the use of ketorolac or acetaminophen could decrease bone remodeling and interfere with orthodontic dental movement.






Keywords:


RANK-L; acetaminophen; ketorolac; orthodontic dental movement












1. Introduction


The World Health Organization (WHO) considers malocclusion one of the most important oral health problems. Malocclusion has repercussions on the quality of life associated with oral health. It ranks as the third most widespread dental issue in oral health; first is caries and second is periodontitis [1]. Malocclusion is a developmental condition marked by irregular associations between the alignment of teeth and the structure of dental arches [2]. Severe malocclusion can lead to both physiological and psychological effects, including impairments in chewing function, speech articulation, and aesthetic appearance. This can have a lasting negative impact on self-esteem and social interactions over time [3].



The origin of malocclusion is complex and influenced by a combination of genetic and environmental factors. Among these, the skeletal pattern, determined by genetic factors, is considered the primary contributor to the development of malocclusion [4]. However, the importance of certain environmental factors has been emphasized, including atypical swallowing, mouth breathing, and deleterious oral habits (such as thumb sucking, nail biting, or prolonged use of a baby bottle), which can disrupt the natural balance and development of the dental matrix, leading to malocclusion [4,5]. The treatment for malocclusion is orthodontics, which seeks to achieve aesthetic and functional improvement through mechanical therapy that moves the teeth to a more ideal position [5]. The displacement of teeth during orthodontic treatment is triggered by mechanical stimuli and is facilitated by changes in the periodontal ligament (PDL) and alveolar bone. Periodontal tissues surrounding the tooth root, such as the PDL, alveolar bone, and gums, undergo impact due to orthodontic force resulting from mechanical stress. The periodontal ligament (PDL) is a versatile fibrous tissue responsible for connecting the cement covering the tooth root to the alveolar bone, functioning as the primary, and a highly sensitive, receptor. The PDL detects mechanical stimuli induced by the application of orthodontic force [6,7,8,9].



In a more detailed context, when force is exerted on a tooth, osteoclastic activity is triggered on the pressure side. Simultaneously, the multiplication and differentiation of periodontal ligament (PDL) fibroblasts and mesenchymal stem cells (MSCs) lead to increased bone production by osteoblasts on the tension side. Furthermore, mechanical force promptly initiates various cell signaling pathways in osteoblasts, including calcium (Ca2+), nitric oxide (NO), interleukin-1 (IL-1), and adenosine triphosphate (ATP). The process of orthodontic tooth movement (OTM) results in the release of mediators such as NO and IL. Fluid shear stress can activate the Ca2+ signaling system, stimulating ATP release, prostaglandin E2 (PGE2) secretion, and osteoblast development. On the compression side, localized hypoxia and a decrease in blood flow in the PDL occur simultaneously. Hypoxia-inducible factor 1 (HIF-1), a transcription factor, activates the expression of Vascular Endothelial Growth Factor (VEGF) and receptor activator of nuclear factor-kappa ligand (RANK-L) in PDL fibroblasts and osteoblasts, triggering osteoclast differentiation and inducing bone resorption in the compression areas. The relationship between bone resorption and formation becomes evident during the remodeling of the alveolar bone surrounding the tooth’s root during orthodontic movement [10,11].



The receptor activator of nuclear factor-kappa B (RANK), RANK ligand (RANK-L), and osteoprotegerin (OPG) systems play a pivotal role in orchestrating bone remodeling. This intricate process entails the involvement of the tumor necrosis factor (TNF)-related ligand RANK-L and its two receptors, RANK and OPG [12,13]. More specifically, RANK-L controls the development and activation of osteoclasts. When RANK-L binds to the RANK receptor on osteoclast lineage cells, osteoclast precursors express RANK, a receptor for RANK ligand (RANK-L). Through cell–cell interactions, these precursors recognize RANK-L expressed by osteoblasts and, in the presence of macrophage colony-stimulating factor (M-CSF), undergo differentiation into osteoclasts. This binding facilitates the rapid differentiation of hematopoietic osteoclast precursors into mature osteoclasts. Mature osteoclasts, in turn, express both RANK and RANK-L, promoting their survival and stimulating bone-resorbing activity. On the other hand, osteoprotegerin (OPG), a soluble RANK-L decoy receptor predominantly produced by osteoblasts, acts to prevent osteoclast formation and bone resorption by inhibiting the interaction between RANK and RANK-L [12,13]. OPG exerts biological effects on bone cells, including the inhibition of osteoclastic differentiation, the suppression of activation of matrix osteoclasts, and the induction of apoptosis. The process of bone remodeling during orthodontic tooth movement is regulated by maintaining a balance between the binding of RANK to RANK-L and the production of OPG [12,13,14]. Mature osteoclasts release exosomes expressing RANK on their surface, establishing a binding interaction with RANK-L in osteoblasts and triggering reverse signaling. This, in turn, activates the PI3K–Akt pathway, increasing osteoblast activity. At the same time, OPG produced by osteoblasts acts as a regulator, preventing bone resorption by binding to RANK-L expressed by osteoblasts. This interaction maintains the balance between bone resorption and formation in the dynamic process of bone remodeling [15].



Some researchers have established that between 80 and 95% of patients may present some grade of pain during orthodontic procedures. The experience of pain significantly contributes to interruptions or premature discontinuations in treatment [16]. This sensory and emotional experience, often underestimated by orthodontists, not only makes orthodontic treatment difficult but it also has detrimental effects on physical and mental health [17].



In orthodontic treatment, both modeling and bone remodeling are determinants for the rate of OTM. Bone modeling during OTM is an inflammatory process, and the rate-limiting factor of dental movement is bone resorption at the bone–periodontal ligament interface [18]. Both the vascular changes generated by OTM and the release of inflammatory mediators, such as histamine, prostaglandins, leukotrienes, and cytokines, cause pain during treatment [19]. Several methods have been proposed to control pain caused by orthodontic treatment, such as administration of analgesics, vibratory stimulation, local anesthesia, chewing a “bite wafer” or gum, and, more recently, the use of low-level lasers for oral therapy [17,20]. Treatment with nonsteroidal anti-inflammatory analgesics (NSAIDs), such as ketorolac, ibuprofen, naproxen, and COX3 inhibitors such as acetaminophen, are the most commonly used analgesics to control pain caused by orthodontic dental movement [17,21].



Regarding drugs to inhibit or relieve pain during orthodontic treatment, such as acetaminophen and ketorolac, it is known that they can inhibit the expression of RANK-L, which can affect OTM and thus inhibit bone remodeling [22]. Currently, several studies have evaluated the effect of different analgesics such as ibuprofen, acetaminophen, and celecoxib on OTM [22,23,24]. However, the effect of ketorolac on RANK-L has not been evaluated, so further clinical studies are essential to determine the effect of this drug on bone resorption and, consequently, on OTM, so that the orthodontist can choose and recommend the best analgesic. Therefore, the present study aimed to compare the effects of ketorolac and acetaminophen on RANK-L during OTM.




2. Materials and Methodology


A double-blind clinical trial with randomized allocation and a placebo control group was performed. This study was approved by the Research Ethics Committee of the Center for Health Sciences of the University of Guadalajara. It was also registered in Clinical Trials under accession number, CI04820. Twenty-four patients who started orthodontic treatment at the Specialty of Orthodontics of the Integral Dental Clinics of the University Center of Health Sciences were included.



2.1. Selection Criteria


Inclusion criteria



Patients between 18 and 27 years old, who would initiate their orthodontic treatment exclusively at the University of Guadalajara’s Orthodontic Specialty.



Patients with oral health and who were systematically healthy.



Patients with the same molar class on both the right and left sides and require elastic separators in at least one quadrant before starting their treatment.



Patients also willing to participate in the study and committed to attending their scheduled sampling appointments for sample collection.



No-inclusion criteria



Patients who had previously received orthodontic treatment.



Patients who were allergic to ketorolac or acetaminophen.



Patients who were under drug treatment and/or used contraceptives.



Pregnant patients or breastfeeding women, as well as those who consumed alcohol or tobacco.



Exclusion criteria



Patients who chose to withdraw their consent.



Patients who did not attend their appointments for sample collection.



Patients who became ill during the study days, and required medication.



Patients who mentioned not having taken their medication according to the instructions.




2.2. Study Groups


The individuals included in the research project underwent the data collection questionnaire. Once they signed the consent form, they were included in the study.



The groups were formed by simple random assignment, where each participant was assigned according to the double-blind code with random numbers obtained through a random number generator (Excel v 19.0 Microsoft Office).



Group 1: Control placebo (calcined magnesia) 500 mg capsules (1.5 g daily), one capsule every 8 h for 5 days.



Group 2: Ketorolac 10 mg capsules, one capsule every 8 h (30 mg daily) for 5 days.



Group 3: Acetaminophen 500 mg capsules, one capsule every 8 h (1.5 g daily) for 5 days. The placebo and drugs of the three study groups were homologated in capsules of the same size, weight, and labeling, only identified with the letters A, B, and C for blinding.




2.3. Determination of Clinical and Demographic Variables


Gender, age, and molar class were identified through medical records and oral clinical examination to evaluate the molar class.



Each patient was provided with a booklet containing comprehensive instructions for administering the treatment, accompanied by a calendar outlining the experiment’s schedule. Patients documented the symptoms they experienced each day of the study, as well as their pain levels, through the visual analog scale (VAS), which was depicted in the same booklet with a scale ranging from 0 to 10 with an explanation that the value closest to 0 indicates the absence of pain, while a value closer to 10 indicates the presence of severe pain. Likewise, they were instructed to assign the value they deemed representative of the degree of pain they were experiencing. At the same time, a follow-up diary was provided to identify adverse effects produced by the administered drugs such as headaches, nausea, vomiting, constipation, or diarrhea.



Regarding the interproximal space (IP), it was measured using graduated acetate strips. These strips were placed in the interproximal space created by the ligature, and the number of strips that fit into the interproximal space was recorded. This measurement was carried out five days after the study, following the removal of the elastic band.



For the assessment of molar class, the anteroposterior relationship between the upper and lower permanent first molars, both on the right and left sides, was examined. Tracing paper was utilized to identify areas of occlusion with increased pressure. A Class I molar relationship is designated when the mesiobuccal cusp of the upper first molar occludes with the buccal groove of the lower first molar. In cases where the mesiobuccal cusp of the upper first molar occludes anterior to the buccal groove of the lower first molar, it is classified as a Class II molar relationship. A Class III molar relationship is identified when the mesiobuccal cusp of the upper first molar occludes more posteriorly than the buccal groove of the lower first molar.




2.4. Sample Collection


The GCF sample was taken using Periopaper (Oraflow, New York, NY, USA). Three strips were taken per site at the right upper first molar mesial zone for each sampling time (basal, 24 h, 48 h, and 5 days).



The participants were requested not to brush their teeth before sample collection to prevent bleeding and sample contamination. Excess saliva, food, or dental plaque was removed using sterile gauze. The area was isolated with cotton rolls to avoid saliva contamination and the GCF was collected by inserting the Periopaper 1 mm into the gingival crevicular sulcus for 30 s.



A basal GCF sample was taken before placement of the elastic separator (ortho technology), and then, at 24 h (T1), 48 h (T2), and 5 days (T3), GCF samples were taken again. The GCF samples were stored in Eppendorf tubes at −80 °C.



To determine the amount of GCF obtained, a standard curve was created in duplicate where the weight in mg of the Periopaper strips was recorded by placing different amounts of distilled water. It is worth mentioning that Periopaper strips can absorb up to 2 µL.



The standard curve consisted of measurements in mg of wet Periopaper strips with 0.5 µL, 1 µL, 1.5 µL, and 2 µL of distilled water and a dry Periopaper that corresponds to a value of 0 µL of distilled water.



Subsequently, the r value was analyzed to confirm the quality of the curve, ensuring it was greater than r = 0.98. Subsequently, the GCF sample collected in each Periopaper strip was weighed with an analytical balance. Then, the Periopapers’ weight was correlated with a standard curve to find the µL of GCF collected at every sample time. It is important to know that the standard curve was created every day when a GCF sample was taken.



Since three Periopaper strips were obtained in each sampling, to determine the amount of GCF obtained, the amount of gingival crevicular fluid collected from the three Periopapers strip was recorded.




2.5. Sample Preparation


The Periopaper strips were subjected to elution to extract the adsorbed GCF. The three Periopaper strips used in each sample collection were placed in an Eppendorf tube with 300 µL of PBS buffer added, and gently shaken for 15 min at 190 rpm.



Following the agitation, the Periopaper strips were secured using the Eppendorf tube cap to keep them separated from the PBS. Subsequently, they were centrifuged for 10 min at 12 rpm. The centrifugal force extracted the remaining GCF from the Periopaper strips, mixing it with the rest of the PBS at the bottom of the Eppendorf tube, leaving them dry.



The strips were carefully removed from the Eppendorf tubes to avoid re-soaking them with GCF diluted in PBS. Finally, the supernatant was stored at −80 °C until the ELISA technique was performed.




2.6. Enzyme-Linked Immunosorbent Assay ELISA


Once all samples were obtained, RANK-L levels were determined with the “Human sRANK Ligand Standard ABTS” enzyme-linked immunosorbent assay ELISA Development Kit from PreproTech. The absorbance was read using a “Powerman” spectrophotometer at 450 nm. Quantification of RANK-L in the samples was achieved by comparison with a standard curve generated from known amounts of the RANK-L standard provided by the ELISA kit.



Procedure: The capture antibody was placed in the 96 wells of the plate and allowed to incubate overnight. Next, the experiment proceeded according to the instructions. To each well, 100 µL of the LCG sample and the standard curve provided by the kit were added, and it was left to incubate for two hours.



After incubation, washes were performed, and the detection antibody was added and incubated. Subsequently, HRP-conjugated antibody was added, followed by the substrate to generate color. Readings were taken on the spectrophotometer every 5 min for 20 min until absorbance values for the highest (1.200) and lowest (0.200) concentrations of the standard curve were obtained, as indicated by the kit.




2.7. Statistical Analysis


Once the concentrations of RANK-L obtained through ELISA were known, the quantification was performed to determine how many pg/mL of RANK-L was present in 1 μL of GCF, taking into account the dilution in PBS carried out to recover the GCF from the Periopaper strips.



Normality was assessed through the Shapiro–Wilk test and, subsequently, for the identification of differences in RANK-L concentrations in the three study groups at each time point of sampling, the Mann–Whitney U test was performed.



An X2 test was performed for gender and molar class variables. Likewise, a Spearman test was performed to identify correlations between clinical characteristics and RANK-L levels. A p ≤ 0.05 was considered as statistical difference. The statistical analysis was carried out with the software SPSS v. 25.





3. Results


3.1. Clinical and Sociodemographic Data


In sociodemographic data, we can observe that women predominated in the control and ketorolac groups; however, there were no significant differences. In terms of age, the three study groups remained uniform.



Although there were no significant differences in the distribution of molar class in the three study groups, we can observe that Class I molars predominated over Class II molars.



Regarding pain, we observed that the group with the most pain was the ketorolac group and the group with the least pain was the acetaminophen group. Finally, we did not observe a significant difference between the interproximal space obtained in each study group (Table 1).




3.2. RANK-L Levels at the Four Sampling Times


Only in the control group was there a trend of increasing RANK-L levels on the fifth day of the study. However, no significant intra-group differences were observed among the four sampling times (Figure 1).




3.3. RANK-L Levels between Study Groups


The basal levels of RANK-L in the three study groups did not show a significant difference, indicating that participants did not exhibit any alterations that would modify RANK-L levels. This analysis allows for a more equitable comparison of RANK-L levels expressed in the LCG samples taken after the placement of the elastic separator.



On the other hand, 24 h after the placement of the elastic separator, a trend toward increased RANK-L concentrations was observed in the control group versus the acetaminophen and ketorolac groups; this suggests that the administration of these NSAIDs does indeed decrease the expression of RANK (Table 2).



It is worth mentioning that on the fifth day, the RANK-L levels in the ketorolac groups remained lower than in the control and acetaminophen groups; however, there was no significant difference (Figure 2).




3.4. Correlation of the Different Study Variables


A Spearman correlation was performed between RANK-L concentrations, age, interproximal space, and pain (with the VAS scale) at the different times of sampling and a positive correlation was observed between RANK-L at 24 h (T1) and 48 h (T2) (r = 0.467, p = 0.025), as well as a positive correlation between RANK-L at 48 h (T2) and 5 days (T3) (r = 0.600, p = 0.002). In contrast, a negative correlation was identified between the interproximal space and the VAS pain scale (r = −0.477 p= 0.019) (Figure 3).





4. Discussion


Malocclusion and dentofacial deformity are moderate distortions of development. Several morphological and functional factors can lead to malocclusion, which must be considered when planning orthodontic treatment. The orthodontic approach should also encompass a wide range of psychosocial and bioethical considerations to uphold dental and alveolar bone health, establish a favorable maxillomandibular bone relationship, prevent temporomandibular joint issues, and ensure the harmonious and visually pleasing appearance of both the teeth and face. Furthermore, maintaining the dentition within the expected limits of physiological relapse is crucial [25].



When it is necessary to place orthodontic metal bands on the molars during orthodontic treatment, the first step in these cases is the placement of an elastic separator to create enough space to be able to adapt the orthodontic metal bands. This procedure causes different grades of pain in patients; moreover, it can be compared to the force applied during orthodontic treatment where compression of the periodontal ligament occurs [17,26]. The separator during the first hours after placement prevents vascular circulation and thus cell differentiation begins [27].



OTM is considered to involve an inflammatory process [28]. RANK-L is a proinflammatory molecule produced mainly by osteoblasts and T lymphocytes. Its main function is to regulate preosteoclast fusion, which leads to osteoclastogenesis [29]. Some authors have shown that methods to control pain caused by orthodontic treatment, including mechanical vibration, low-level laser therapy, and chewing gum, have no clinically significant analgesic effects [20,30].



The use of pain-relieving medications, including both prescription and over-the-counter formulations, is widespread. During orthodontic treatment, substances such as acetaminophen, ibuprofen, piroxicam, and ketorolac, among others, are often consumed for a few days to alleviate the discomfort associated with specific procedures, such as the placement of separators, arch changes, and appliance activation [17,28,31,32,33,34,35,36,37]. Further clinical studies are needed to associate the effect of drugs on dental movement and bone resorption [28,38].



The “classic” NSAIDs, including derivatives of propionic acid and acetic acid (including ketorolac), inhibit both COX-1 and COX-2 [39,40]. Prostaglandins synthesized by both enzymatic isoforms not only contribute to various physiological processes, such as the regulation of vascular tone and platelet function, but also play a role in pathological processes such as inflammation [35,36,37,38,39,40,41]. As a result, in this study, the hypothesis is raised that ketorolac could potentially exert an influence on the production of RANK-L to modify the course of dental movement. However, little is known about its effect in terms of OTM and bone resorption at the molecular level.



Acetaminophen is known to not interfere with OTM [42]. It is worth mentioning that some authors no longer consider acetaminophen an NSAID. Since its analgesic action has been demonstrated to not be related to the inhibition of prostaglandin synthesis in the periphery, as this is very weak [28,43,44,45,46], Chandrasekharan et al. in 2002 identified a third catalytically functional COX enzyme, which was named COX-3. This variant was less sensitive to NSAIDs and selective COX-2 inhibitors but sensitive to acetaminophen. Acetaminophen showed selectivity for inhibiting COX-3 over COX-1 and COX-2, suggesting competitive blocking at the active site [47].



This analgesic is considered to act in the central nervous system and not through cell membranes [48], so the inhibition of prostaglandins is minimal. Therefore, it is believed that the use of acetaminophen has no effect on dental movement speed [49].



Some information is available on molecular RANK-L expression following analgesic administration in humans. Among the limited studies, Shetty et al. compared the effects of ibuprofen and acetaminophen on PGE2 levels in gingival crevicular fluid (GCF) during orthodontic movement. The conclusion suggested that acetaminophen has minimal impact on PGE2 levels, establishing it as a safe and preferred drug for pain relief in patients undergoing orthodontic treatment [28]. According to the results of the present study, a significant increase in RANK-L concentration was observed in the control group, suggesting that ketorolac and acetaminophen decrease RANK-L concentrations.



Pain control during the first treatment sessions can increase patient motivation and cooperation [50]. Recent research mentions that there is a rapid release of biochemical markers that cause pain in the first 2 h after the placement of an elastic separator or orthodontic appliance, reaching their maximum expression at 24 h [28,51]. These results support the findings of the present study since there was a higher release of RANK-L in the control group at 24 h. Furthermore, in 2006, Nishijima et al. investigated the dynamics of RANK-L and OPG levels in GCF during canine retraction without administering drugs and in an acetaminophen group. They included both in vivo and in vitro analysis using ELISA to quantify the cytokines. The findings suggest that changes in RANK-L and OPG are involved in bone resorption in response to compression force, which may have implications for the regulation of tooth movement in orthodontic treatments [27]. These results coincide with the present study: RANK-L expression was increased at 24 h in the control and acetaminophen groups.



As mentioned above, the age range of the patients included in this study was 18 to 27 years; these are considered young patients. In 2006, Kawasaki et al. conducted a comparative study on the levels of RANK-L and OPG in the GCF during OTM in juvenile and adult patients. The study involved 15 juveniles and 15 adults, with the collection of gingival crevicular fluid (GCF) samples at different time points after the application of a retraction force. Findings indicated that tooth movement was greater in juveniles than in adults after 168 h, similar to the present study. Moreover, there was an increase in RANK-L levels and a decrease in OPG levels in the GCF of both groups. The RANKL/OPG ratio was lower in adult patients compared to juveniles, suggesting that the age-related decrease in tooth movement might be linked to a reduction in the RANK-L/OPG ratio in the GCF during the initial stages of OTM [52].



The results of the present work indicate that dental movement measured through the space generated between the premolar and the upper molar in the different groups was not significant. On the contrary, Tripathi et al. compared separation and associated pain. This study concludes that the larger the interdental space, the greater the pain at 24 h [53]. This differs from the present study, in which we obtained a negative correlation between space and pain, indicating that the larger the interproximal space, the less pain the patient experiences. In addition to this, Davidovich et al. showed that the gap is created after 24 h of stimulation and that it only needs to be 0.16 mm, as this is the standard orthodontic band size [53]. However, the average spacing obtained in the present study was 0.28 mm. It is known that only 0.025 mm is required for band placement [54].



There is no correlation between the amount of RANK-L and the space obtained, which differs from what was expected. Nishijima and Kawasaki suggest that changes in RANK-L are involved in bone resorption in response to compression force, which may have implications for the regulation of tooth movement in orthodontic treatments [27,52]. In the present study, pain begins 4 h after spacer placement, gradually increases, peaks the day after spacer placement, and then subsides [55]. The grades of pain experienced in orthodontic treatment depend on the type of dental movement involved and, particularly, on the pain threshold of each individual [49]. In the present study, there was no significant difference in pain during chewing, which contradicts the literature, revealing that pain is usually aggravated during chewing, forcing the patient to use analgesics [56].



Regarding the adverse effects of the administered drugs, there were no significant differences in the manifestation of heartburn, headaches, and pain when chewing. Acetaminophen can be considered the treatment of choice because it does not cause gastrointestinal ulcers and does not affect the amount of dental movement [57]. This is consistent with our results, as no patients reported heartburn while using this medication. We attributed this finding to the lack of statistically significant differences in the number of patients evaluated, and the level, duration, and direction of the applied force, which may not have been optimal. Despite the cautions taken in sample collection, processing, and storage, the possibility of sample degradation cannot be ruled out.



When prescribing analgesics for pain relief in patients after the activation of orthodontic appliances, we must take into account the side effects and the influence they may have on dental movement.



The implications of this study are significant for orthodontic practice, as they suggest that pain management with certain analgesics can influence bone remodeling, a critical factor for effective tooth movement during orthodontic treatment. This finding is pivotal as it may lead to a re-evaluation of pain management strategies in orthodontics to avoid compromising treatment efficacy. However, the limitations, including the small sample size and the nature of it being a pilot study, indicate that the results are preliminary. Future research should take several directions. Firstly, there is a highlighted need for more extensive studies to confirm and expand upon these findings, focusing on how different doses and types of analgesics specifically impact bone remodeling and dental movement; this would provide clearer guidance for pain management in orthodontic patients.



Additionally, further research into the influence of analgesics on dental movement and bone resorption at the molecular level is suggested; such research is crucial for a better understanding of pain management in orthodontics and its impact on the effectiveness of orthodontic treatment.




5. Conclusions


In the present study, we observed a significant difference in RANK-L levels at 24 h, suggesting that the administration of ketorolac may influence dental movement. Similarly, the amount of interproximal space formed is directly proportional to the perceived pain. However, it is important to note that this study is preliminary, and further research with a larger sample size is needed to recommend to orthodontists the optimal analgesic that provides pain control without affecting the orthodontic dental movement time.
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Figure 1. RANK-L levels during the 5 days of the study. The data are graphically depicted through lines and vertices, illustrating the RANK-L values for each patient across the four sampling time points for each sampling time of the three study groups. A Kruskal–Wallis test was performed to identify any difference between RANK-L levels throughout the study. GCF: gingival crevicular fluid. T0: basal; T1: 24 h; T2: 48 h; and T3: 5 days. 
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Figure 2. RANK-L levels in the three study groups per sampling time. Data are shown as median and interquartile range. A Kruskal–Wallis test was performed, followed by the post hoc Mann–Whitney U test, to identify differences between study groups for each sampling time. A p-value ≤ 0.05 is considered significant. GCF: gingival crevicular fluid. T0: basal; T1: 24 h; T2: 48 h; and T3: 5 days. 
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Figure 3. Correlation of RANK-L with clinical characteristics. Spearman’s rank correlation test was performed to find out the association between RANKL levels and clinical characteristics. Visual analog scale of the interproximal space (IS). * p ≤ 0.050. 
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Table 1. Clinic parameters and sociodemographic data.
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Control

(n = 8)

	
Ketorolac

(n = 8)

	
Acetaminophen

(n = 8)

	
p






	
Male

	
2 (25)

	
1 (12.5)

	
5 (62.5)

	
0.087




	
Female

	
6 (75)

	
7 (87.5)

	
3 (37.5)




	
Age (years)

	
21.75 ± 1.55

	
21.13 ± 1.61

	
20.88 ± 1.35

	
0.884




	
Molar Class I

	
6 (75)

	
7 (87.5)

	
7 (87.5)

	
0.741




	
Molar Class II

	
2 (25)

	
1 (12.5)

	
1 (12.5)




	
Pain

	
2 (25)

	
3 (37.5)

	
0 (0)

	
0.304




	
No pain

	
6 (76)

	
5 (62.5)

	
8 (100)




	
VAS

	
0.42 ± 0.42

	
1.62 ± 0.84

	
0 ± 0

	
0.634




	
Chewing discomfort

	
0 (0)

	
1 (12.5)

	
1 (12.5)

	
1.000




	
No chewing discomfort

	
8 (100)

	
7 (87.5)

	
7 (87.5)

	




	
Flu

	
1 (12.5)

	
0 (0)

	
0 (0)

	




	
No flu

	
7 (87.5)

	
8 (100)

	
8 (100)

	
1.000




	
Headache

	
1 (12.5)

	
1 (12.5)

	
0 (0)

	




	
No headache

	
7 (87.5)

	
7 (87.5)

	
8 (100)

	
1.000




	
Heartburn

	
1 (12.5)

	
1 (12.5)

	
0 (0)

	




	
No heartburn

	
7 (87.5)

	
7 (87.5)

	
8 (100)

	
1.000




	
Interproximal space (mm)

	
0.28 (0.27)

	
0.26 (0.09)

	
0.28 (0.09)

	
0.632








Data are shown as frequencies (percentage) by gender and molar class, pain, chewing discomfort, flu, headache, and heartburn. As means ± standard deviation for age, visual analog scale (VAS), and interproximal space. An X2 test was performed for gender and molar class variables. A Mann–Whitney U test was performed for the variables of age, VAS scale, and interproximal space. Values of p ≤ 0.05 were considered statistically significant.













 





Table 2. RANKL levels between study groups and sample times.
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Sample Time

	
Control

pg/µL

	
Ketorolac

pg/µL

	
Acetaminophen

pg/µL

	
p






	
T0

	
M (IQR)

   X ¯    ± SD

	
0.032 (0.049)

0.225 ± 0.527

	
0.031 (0.008)

0.113 ± 0.236

	
0.032 (0.006)

0.039 ± 0.006

	
0.665




	
T1

	
M (IQR)

   X ¯    ± SD

	
0.038 (0.028)

0.146 ± 0.278

	
0.029 (0.024)

0.036 ± 0.021

	
0.030 (0.018)

0.047 ± 0.052

	
0.050 *




	
T2

	
M (IQR)

   X ¯    ± SD

	
0.033 (0.009)

0.350 ± 0.849

	
0.032 (0.008)

0.046 ± 0.039

	
0.033 (0.028)

0.042 ± 0.018

	
0.935




	
T3

	
M (IQR)

   X ¯    ± SD

	
0.035 (0.159)

0.111 ± 0.118

	
0.030 (0.012)

0.188 ± 0.446

	
0.035 (0.039)

0.041 ± 0.023

	
0.228








Data are represented by median (M), interquartile range (IQR), and mean ± standard deviation (SD). The Kruskal–Wallis test was performed to identify differences between the study groups at each time point when the sample was taken. GCF: gingival crevicular fluid. T0: basal; T1: 24 h; T2: 48 h; and T3: 5 days. * Values of p ≤ 0.05 were considered statistically significant.
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