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Abstract: 

Pain is an unpleasant emotional and sensory experience. For many years orthodontists have been 

looking for an effective method of reducing this feeling of discomfort. In recent years, low-level 

laser therapy (LLLT) has taken hold in the orthodontic field. Among the countless advantages it can 

modulate the painful feeling. The aim of this research is to identify the use of photobiomodulation 

in subjects undergoing fixed orthodontic treatment, to reduce the pain and discomfort that it 

causes. The research was conducted from the Web of Science, Pubmed and Scopus databases. 

Only 14 of all articles met the inclusion and exclusion criteria and were therefore used to conduct 

the research. The different studies compared, in most cases, patients whose mouth was divided 

into a part treated with laser therapy and a placebo part. The results show a statistically significant 

difference in perceived pain between the irradiated arch and the non-irradiated arch. Three 

authors didn’t find statistically significant results in favour of low-laser therapy, but it is important 

to remember that they used different parameters. To obtain generally valid studies, with 

consistent and reproducible results, it is necessary to standardize the different parameters used 

that are independent by operator performing the procedure.  
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INTRODUCTION  

Pain is an unpleasant emotional and sensory experience. It is known that it is one of the negative aspects of 

a fixed orthodontic treatment. It is perceived as discomfort, dull pain, hypersensitivity in affected teeth 

[1,2] and it is present in most procedures: separator placement, banding, initial wire engagement, wearing 

elastics and debonding [3,4,5]. 

About 90% of patients undergoing orthodontic treatment experience the painful sensation [6] and, 

according to O'Connor, it is considered the fourth most frequent reason for apprehension and fear in 

patients who need to start any fixed treatment [7]. 

For the patient, the pain associated with orthodontic appliance is a real problem since it interferes with 

chewing performance and speech [8]. 

For many years orthodontists have been looking for an effective method of reducing this feeling of 

discomfort perceived by their patients because it is often determined to continue or not the therapy [9]. 

In recent years, low-level laser therapy (LLLT) has taken hold in the orthodontic field for the countless 

advantages it brings: it can, induce the activation and proliferation of osteoblasts and osteoclasts, 

accelerating the remodelling of bone, increasing the velocity of orthodontic tooth movement [10,11,12] 

and the efficiency of orthodontic treatment during dental alignment [13]; it can also be used to enhance 

keratin synthesis [14,15], in case of hypersensitivity, analgesia and inflammatory processes in periodontal 

tissues [16], but above all it can modulate the painful feeling as a non-invasive, non-thermal and 

inexpensive technique without significant adverse effects [17,18]. 

The analgesic and anti-inflammatory properties of LLLT are attributed to increased blood flow, decreased 

levels of prostaglandin E2 and inhibiting COX-2 enzyme secretion [19,20]. 

The aim of this research is to identify in literature the use of photobiomodulation in subjects undergoing 

fixed orthodontic treatment, to reduce the painful perception and discomfort that it causes. 

 

MATERIALS AND METHODS 

 

The research was conducted from the Web of Science, Pubmed and Scopus databases. Hand-searching was 

not performed.  

Keywords used were “photobiomodulation”, “laser”, “orthodontic”, “dental movement”, “tooth 

movement” and “pain”.  

Inclusion and exclusion criteria were determined prior to reading the retrieved abstracts. 

 

Inclusion criteria were as follows:  

- Articles published in the last 10 years, 

- Studies published in English language, 

- Studies conducted on human species,  

- Participants that underwent fixed orthodontic treatment without limitation in gender, age, race and social 

economic status, 

- Randomized clinical trials which analysed the effectiveness of LLLT in reducing orthodontic pain compared 

with placebo group (simulated pain treatment) and/or a control group (no treatment of any kind), 

- Studies that used the analogue visual scale (SEA), the numerical scale of evaluation or another type of 

questionnaire to evaluate the duration and intensity of pain. 

 

Exclusion criteria were as follows: 

- Articles not written in English language, 

- Studies were cases or letter reports, review articles, cohort studies, opinion articles, abstract and 

descriptive, 

- Studies in vitro studies or animal, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2021                   



- Participants had pain caused by acute or chronic dental, periodontal or gum disorders, 

- Studies of patients compromised by neurological and psychiatric disorders, systemic diseases or chronic 

pain, 

- Participants not subjected to fixed orthodontic treatment such as studies on orthodontic elastomeric 

separation or similar. 

 

The articles found in the search were selected based on the relevance of their abstract, title and keywords. 

Publications addressing questions which seemed relevant to the specifications of the problem, were read in 

full and either included for further analysis or excluded. 
 

RESULTS 

321 results have been identified through database searching: 164 on Web of Science, 71 on Pubmed and 86 

on Scopus. The filters "last 10 years" and "human species" have been applied, finding the following articles: 

136 on Web of Science, 52 on Pubmed and 63 on Scopus. After excluding duplicates and reviewing titles 

and abstracts, 52 articles were evaluated in full text.  

Only 14 of all articles met the inclusion and exclusion criteria and were therefore used to conduct the 

research. 

The selected studies that evaluated the effectiveness of LLLT for orthodontic pain used different 

parameters, such as wavelength, power output, energy dose, exposure duration, focal spot area, power 

density, energy density, and frequency of treatment.  

Moreover, the subjects examined differ in age, sex, cultural difference, malocclusion and more. 

Table 1 shows the different parameters of each study. 

 

DISCUSSION 

 

For years orthodontic treatment has been accompanied by pain and this concept is considered natural and 

negligible compared to possible problems such as prolonged treatment time, periodontal problems and 

root resorption [21]. 

To date, more and more orthodontists are looking for a way to relieve patients' pain. There are several 

ways to decrease this discomfort such as using drugs, chewing plastic wafers or gum, a diet of softer foods, 

vibratory and transcutaneous electrical stimulation [22,23]. 

LLLT is one of the latest methods to relieve orthodontic pain. 

Although the mechanisms of action are not yet clear [16], low-laser therapy has been shown to have neural 

and anti-inflammatory periodontal regenerative properties. The use of diode laser in a continuous wave 

can produce a significant pain reduction after tooth movement in the first three days [24,25]. 

 

Orthodontic treatment: 

In this research, studies using elastomeric separators or bands [26], maxillary orthodontic expansion 

[27,28], invisible removal aligners [29,30] or agenesis cases [31] were excluded because the forces used and 

the perception of pain could be very different from a fixed orthodontic treatment.  

On the contrary, all studies of patients with each fixed orthodontic treatment have been included. 

In one of these studies, patients treated by straight-wire technique with Equilibrium brackets (Dentaurum, 

Ispringen, Ger many) or with In-Ovation C (GAC/Dentsply, Tokyo, Japan) self-ligating brackets [32] were 

compared. The results show that there is not a significant difference of average pain between bracket 

groups during the first week of active orthodontic treatment (p > 0.05) [33]. 

The level of dental crowding of treated patients was also not the same. Some patients had slight crowding 

[34] or level up to 5 mm [33]. Other subjects had 3-5 mm maxillary dental crowding [21,35]. 
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In the study of Lo Giudice et al. 90 subjects were divided into three groups with different crowding: mild (3-

5 mm), moderate (5-7 mm), and severe (>7 mm). Authors didn’t find differences in the pain perceived 

among examined patients with mild, moderate and severe mandibular anterior crowding. However, there 

is no specific indication for the usage of LLLT according to the amount of crowding [36]. 

But not only that, in some treatments the subjects were subjected to bilateral extraction of the first upper 

premolars and retraction of the canines to correct protrusion and dental crowding. This means that greater 

forces have been used to get more displacement of some teeth, using springs and to obtain a good 

posterior anchorage transpalatal bars, banding and Nance button were used [35,37,38,39,40,41,42,43,44].  

 

Laser procedures: 

In most studies, the procedure was carried out in an isolated room, using protective glasses for the 

operator, patient and dental assistant [39]. To confuse the patient and allow the placebo effect, the non-

irradiated side was treated in the same way but with the machine turned off. To prevent the perception of 

the beeping emitted by the laser, music was played at a high volume [39,41]. 

So patients could not distinguish the placebo and experimental sides [37]. 

An article indicates a beneficial effect even on the side not treated with lasers, indicating that there is a 

generalized effect within the trigeminal system. However, there have been no effects on extra-trigeminal 

sensitivity. The authors hypothesize that LLLT may have reduced peripheral sensitization of Aδ fibers and C-

related nerve fibers [34]. 

One of the effects of laser therapy with split mouth is the probability of carry-across effects of the laser 

beam from one side to the other [45]. Many authors used a plastic shield like a barrier at the midline to 

limit the laser beam's penetration and, perchance, alter the results [39,41]. 

The lasers used had different type, wavelength and power. The irradiated dosimetry, energy density, 

timing, points on each side and number of monthly applications were also not the same. For example, in 

one of this studies, patients were first subjected to the alignment and leveling stages with nickel titanium 

archwires, then when the canine retraction began, with 0.018-in-stainless steel wires, laser therapy was 

used [37]. 

In the Domìnguez and Velàsquez study laser treatment was carried out during the final stage of orthodontic 

treatment, when stainless steel archwires 0.019x0.025 inch are used [33]. These results, in addition to the 

other studies, make us think that LLLT is effective in modulating painful sensation at all stages of 

orthodontic treatment. 

Or a 3-week low-laser therapy model can be convenient in clinical practice as it coincides with conventional 

orthodontic appointments [39]. 

 

Dosages and ways of energy distribution: 

Low-level laser therapy usually uses the following parameters: a power density between 5 and 150 mW x 

cm-2, red and NIR wavelength range of 600-1000 nanometers, applied for 30 to 60s per point. The resulting 

therapeutic effect depends on energy density measured in joules (J) per cm2 [46,47]. 

The effects of LLLT depend upon the different tissues, cell type, irradiation parameters, time of exposure 

and redox state of the cell [48]. 

There is a biphasic dose response which underlines the existence of optimal irradiation and dose 

parameters. 

To make laser therapy effective, the parameters need to be within the biostimulatory dose windows [49]. 

It is important to remember a higher dosage than optimal can have negative therapeutic outcomes, on the 

contrary, a lower dosage than the optimal value might have a diminished effect [50]. 

For the success of the treatment are necessary in particular the wavelength and energy (in J), energy 

density (J/cm2 ), but also the original power, power density and duration parameters [49,51].  
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In the studies examined in this research the wavelength is between 632 and 980 nm, the energy varies 

between 0.7 and 400 mW and the total energy is not indicated in all studies. All studies indicating the 

amount of energy are within the efficacy window. These different protocols make it difficult to compare 

and quantify the beneficial effects on patients [52]. 

 

Statistically significant results: 

The different studies compared, in most cases, patients whose mouth was divided into a part treated with 

laser therapy and a placebo part. The results show a statistically significant difference in perceived pain 

between the irradiated arch and the non-irradiated arch [33,34,41,44].  

In Sobouti et al. study, LLLT contributed to about 12.1 % reduction of painful sensation in the laser side 

compared with the matched placebo side [37]. 

Another study shows that the irradiated side had a significant reduction in the average range of dental pain 

at 3, 7, and 14 days after laser treatment [38,42]. 

In the study of Dominguez et al. results show that the highest pain intensity takes place at the first 48 h in 

treatmented side and not, then a slight pain reduction in the laser group was observed [40]. 

In study of Alam et al. all patients are randomly divided into 4 groups: LLLT + self-ligating bracket, LLLT + 

conventional bracket, non-LLLT + self-ligating bracket, and non-LLLT + conventional bracket function. 

Authors revealed LLLT + self-ligating results as the best and LLLT + conventional as the 2nd best in lessened 

pain perception [53]. 

In another study, a statistically significant difference between the placebo/control groups and the 

irradiated group was found. In the first case the peak of pain appeared on the 2nd day ending around day 6-

7. In the second case the peak of pain came after 6 hours and disappeared on day 4, patients then found a 

reduced duration of pain [36]. 

In three studies the results do not show a statistically significant difference for relieving orthodontic pain 

sensation following the use of laser therapy [21,43,35]. 

In study of AlSyed et al, however, the mean pain scores found in the laser group were less than those of the 

placebo group in all studied time points. This indicates some clinical efficiency of LLL despite the absence of 

statistical significance [35]. 

 

Appearance of pain: 

All articles used for this research agree on the onset of pain in about 2-4 hours after the arch wire was 

activated insertion, up to a peak at 24 hours. Then the painful sensation decreases and disappears within 7 

days [21,33,34,39,41]. In according to Koritsanszky et al. [52]. 

 

Age and sex difference: 

It is known that pain perception can be affected by different individual parameters, such as age, sex, pain 

threshold, magnitude of the applied force, emotional status, cultural differences, and previous pain 

experiences [53,54,55].  

In several studies, however, no significant difference was found in the pain sensation between males and 

females, nor between adolescents and adults [39,41].  

The inclusion of both genders and different ages favor the generalizability, but it is also important to 

remember that the most sensitive age might be between 13 and 16 years old [6]. 

Since, in these split-mouth designs each patient was matched with himself/herself, such variations in the 

subject’s demographics less confound the results [37]. 

 

Different method of measuring pain: 

The recording of the painful sensation was done with different parameters. Some studies have used the 

Visual Analogue Scale (VAS). It is a widely accepted method for measuring and showing differences in pain 
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reported by patients, it is reliable, understandable by patients, sensitive, and reproducible. Although it is a 

subjective method, it is one of the best methods because of its reliability in scoring pain in different time 

points when a big difference among participants is expected [56,57]. 

Other articles used a questionnaire based on a numeric rating scale (NRS) of evaluation to investigate the 

effects of laser therapy on pain sensation. It is highly correlated with VAS [58]. This choice was also made to 

allow younger patients to comprehend the method of data collection [59]. Additionally, NRS can be 

administered verbally during a phone call [60].  

 

Type of machinery and employee operator: 

Often the method of administration of laser therapy is unclear but above all not reproducible. In many 

studies the protocol involves the use of the device in different points of the mouth and for a variable period 

of time. To increase the reliability of the method, many authors had orthodontic treatment and laser 

applications performed by the same operator [21,33,34,36,38,43]. 

Unfortunately, even the individual operator is not able to reproduce his work in the same way over time. It 

is difficult to use in the repeatable way the hand-piece at each session (Figure 1). 

 

 
Figure 1: It is difficult to use in the repeatable way the hand-piece at each session. 

 

In a recent study by Lo Giudice in 2020 ATP38 was used. This device is equipped with a multi-panel system 

with a combination of wavelengths from 450 to 835 nm depending on therapeutic indication. One of the 

advantages of using a static device is that the session is independent by the operator; this can enhance the 

standardization of the dosage administered since the operator error is eliminated and it can make the 

effect reproducible (Figure 2) [60]. 

 

 
Figure 2: ATP38 in use 
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CONCLUSIONS 

 

This search shows that most authors observed that reduction of pain cannot be attributed to placebo-

based mechanisms. They said that laser therapy is effective in reducing painful sensation during different 

stages of orthodontic treatment. Other authors showed that there weren't statistically significant results in 

favour of low-laser therapy, but it is important to remember that they used different parameters, including 

technical specifications and application modes. In this regard, even just one parameter can influence the 

effect of LLLT. Additionally, results depend also on the participants' individual variability. 

To obtain generally valid studies, with consistent and reproducible results, it is necessary to standardize the 

different parameters used that are independent by operator performing the procedure.  

Hopefully, suggesting the spread of devices similar to ATP38, the scientific validity of PBM research in 

orthodontia will increase. 

 

Supplementary Materials: Figure 1, Figure 2, Table 1 

 

Funding: This research received no external funding 

 

Conflicts of Interest: The authors declare no conflict of interest 

 

References: 
 
1 Asiry MA, Albarakati SF, Al-Marwan MS et al. Perception of pain and discomfort from elastomeric separators in Saudi 

adolescents. Saudi Med J 2014; 35(5): 504–507.  

2 Kavaliauskiene A, Smailiene D, Buskiene I et al. Pain and discomfort perception among patients undergoing 

orthodontic treatment: results from one month followup study. Stomatologija 2012; 14(4): 118–125 

3. Carminati I, Nowakowska JK, D’Apote A, Del Fabbro M, Francetti L. Rapid palatal expansion: subjective evaluation of 

children and parents. 2019. Dental Cadmos. 87(8):489-496 

4. Panda S, Verma V, Sachan A et al. Perception of pain due to various orthodontic procedures. Quintessence Int 2015; 

46(7): 603–609. 

5. Normando TS, Calçada FS, Ursi WJ et al. Patients' report of discomfort and pain during debonding of orthodontic 

brackets: a comparative study of two methods. World J Orthod 2010; 11(4): e29–e34 

6. Krishnan V. Orthodontic pain: from causes to management—a review. Eur J Orthod. 2007;29:170–9. 

7. O’Connor PJ. Patients’ perceptions before, during, and after orthodontic treatment. J Clin Orthod 2000;34:5 

8. Johal A, Fleming PS, Al Jawad FA. A prospective longitudinal controlled assessment of pain experience and oral 

health-related quality of life in adolescents undergoing fixed appliance treatment. Orthod Craniofac Res 2014; 17(3): 

178–186.  

9. Brown, D.F., and Moerenhout, R.G.The pain experience and psychological adjustments to orthodontic treatment of 

preadolescents, adolescents and adults. Am. J. Orthod. Dentofacial Orthop. 1991; 100, 349–356 

10. Fujita S, Yamaguchi M, Utsunomiya T, Yamamoto H, Kasai K. Lowenergy laser stimulates tooth movement velocity 

via expression of RANK and RANKL. Orthod Craniofac Res 2008;11:143-55. 

11. Yoshida T, Yamaguchi M, Utsunomeija T, Kato M, Arai Y, Kaneda T, et al. Low-energy laser irradiation accelerates 

the velocity of tooth movement via stimulation of the alveolar bone remodeling. Orthod Craniofac Res 2009;12:289-98.  

12. Leonida A, Paiusco A, Rossi G, Carini F, Baldoni M, Caccianiga G. Effects of low-level laser irradiation on 

proliferation and osteoblastic differentiation of human mesenchymal stem cells seeded on a three-dimensional 

biomatrix: in vitro pilot study. Lasers Med Sci. 2013. 28(1):125-32 

13. Caccianiga G, Paiusco A, Perillo L, Nucera R, Pinsino A, Maddalone M, Cordasco G, Lo Giudice A. Does Low-Level 

Laser Therapy Enhance the Efficiency of Orthodontic Dental Alignment? Results from a Randomized Pilot Study. 

Photomedicine and Laser Surgery. 2017. 35(8):421-426 

14. Caccianiga G, Cambini A, Donzelli E, Baldoni M, Rey G, Paiusco A. Effects of laser biostimulation on the epithelial 

tissue for keratinized layer differentiation: an in vitro study. Journal of Biological Regulators & Homeostatic Agents. 

2016. 30(2):99-105 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2021                   



15.Caccianiga G, Stanizzi A, Zorzella P, Crestale C, Denotti G, Squarzoni N. Laser biostimulation and self ligating 

appliances in orthodontics: periodontal remodeling. European Journal of Inflammation. 2012. 10: 55-59. 

16. De Paula EC, de Freitas PM, Esteves-Oliveira M, Aranha AC, Ramalho KM, Simões A, Bello-Silva MS, Tunér J. Laser 

phototherapy in the treatment of periodontal disease. A review. Lasers Med Sci 2010;25(6):781–792 

17. Ren C, McGrath C, Yang Y. The effectiveness of low-level diode laser therapy on orthodontic pain management: a 

systematic review and meta-analysis. Lasers Med Sci. 2015;30:1881–93. 

18.Cruz DR, Kohara EK, Ribeiro MS, Wetter NU. Effects of low-intensity laser therapy on the orthodontic movement 

velocity of human teeth: a preliminary study. Lasers Surg Med 2004;35:117-20. 

19. Mizutani K, Musya Y, Wakae K, Kobayashi T, Tobe M, Taira K, et al. A clinical study on serum prostaglandin E2 with 

low-level laser therapy. Photomed Laser Surg 2004;22:537-9. 

20. Fleming PS, Al-Moghrabi D, Fudalej P, Pandis N. Orthodontic pain: the use of non-pharmacological adjuncts and its 

effect on compliance. End End J. 2018.  

21. Celebi F, Turk T and Bicakcia AA. Effects of low-level laser therapy and mechanical vibration on orthodontic pain 

caused by initial archwire. American Journal of Orthodontics and Dentofacial Orthopedics. 2019. 156-1 

22. Xiaoting L, Yin T, Yangxi C. Interventions for pain during fixed orthodontic appliance therapy. A systematic review. 

Angle Orthod. 2010;80:925–32 

23. Rakhshan H, Rakhshan V. Pain and discomfort perceived during the initial stage of active fixed orthodontic 

treatment. Saudi Dent J. 2015;27:81–7. 

24. Turhani, D.; Scheriau, M.; Kapral, D.; Benesch, T.; Jonke, E.; Bantleon, H.P. Pain relief by single low-level laser 

irradiation in orthodontic patients undergoing fixed appliance therapy. Am. J. Orthod. Dentofac. Orthop. 2006, 130, 

371–377.  

25. Kim, W.T.; Bayome, M.; Park, J.B.; Park, J.H.; Baek, S.H.; Kook, Y.A. Effect of frequent laser irradiation on 

orthodontic pain. A single-blind randomized clinical trial. Angle Orthod. 2013, 83, 611–616.  

26. Nicotra C, Polizzi A, Zappalà G, Leonida A, Indelicato F, Caccianiga G. A Comparative Assessment of Pain Caused by 

the Placement of Banded Orthodontic Appliances with and without Low-Level Laser Therapy: A Randomized Controlled 

Prospective Study. Dentistry Journal. 2020. 8.24. 

27. Carminati I, Nowakowska JK, D’Apote A, Del Fabbro M, Francetti L. Rapid palatal expander: maxillary and 

mandibular measurements using manual and digital methods. Dental Cadmos. 2020. 88(2):100-106. 

28. Caccianiga G, Lo Giudice Aa, Paiusco A, Portelli M, Militi M, Baldoni M, Nucera R. Maxillary Orthodontic Expansion 

Assisted by Unilateral Alveolar Corticotomy and Low-Level Laser Therapy: A Novel Approach for Correction of a 

Posterior Unilateral Cross-Bite in Adults. J Lasers Med Sci. 2019. 10(3):225-229. 

29. Mancini GE, Carinci F, Zollino I, Avantaggiato A, Puglisi P, Caccianiga G, Brunelli G. Simplicity and reliability of 

invisalign® system. European Journal Of Inflammation. 2011. 9(2):43-52. 

30. Caccianiga G, Crestale C, Cozzani M, Piras A, Mutinelli S, Lo Giudice A, Cordasco G. Low level laser therapy and 

invisible removal aligners. Journal of Biological Regulators & Homeostatic Agents. 2016. 30(2):107-113. 

31. Mingardi M , Fumagalli T, Cambini A, Giacomello Ms, Caccianiga G. Management missing later incisor in 

monozygotic twins: two case reports. European Journal of Inflammation. 2012. 10(2):61-68. 

32. Mancini GE, Carinci F, Zollino I, Avvantaggiato A, Puglisi P, Caccianiga G, Brunelli G. Effectiveness of Self-Ligating 

Orthodontic Treatment. European Journal of Inflammation. 2011. 9(2):53-58. 

33 Domìnguez A, Velàsquez SA. Effect of Low-Level Laser Therapy on Pain Following Activation of Orthodontic Final 

Archwires: A Randomized Controlled Clinical Trial. Photomedicine and Laser Surgery. 2013. 

34. Wu S, Chen Y, Zhang J, Chen W, Shao S, Shen H, Zhu L, Ye P, Svensson P and Wang K. Effect of low-level laser 

therapy on tooth-related pain and somatosensory function evoked by orthodontic treatment. International Journal of 

Oral Science. 2018. 10:22. 

35. AlSayed Hasan, Sultan K, Ajaj M, Voborná I, Hamadah O. Low-level laser therapy effectiveness in reducing initial 

orthodontic archwire placement pain in premolars extraction cases: a single-blind, placebo-controlled, randomized 

clinical trial. BMC Oral Health. 2020. 20:209. 

36. Lo Giudice A, Nucera R, Perillo L, Paiusco A, Caccianiga G. Is low-level laser therapy an effective method to alleviate 

induced by active orthodontic alignment archwire? A randomized clinical trial. The Journal of evidence-based dental 

practice. 2019 

37. Sobouti F, Khatami M, Chiniforush N, Rakhshan V and Shariati M. Effect of single-dose low-level helium-neon laser 

irradiation on orthodontic pain: a split-mouth single-blind placebo-controlled randomized clinical trial. Progress in 

Orthodontics. 2015. 16:32 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2021                   



38. Isola G, Matarese M, Briguglio F, Grassia V, Picciolo G, Fiorillo L and Matarese G. Effectiveness of Low-Level Laser 

Therapy during Tooth Movement: A Randomized Clinical Trial. Materials. 2019. 12-2187 

39. Qamruddin I, Khursheed Alam M, Mahroof V, Fida M, Khamis MF and Huseine A. Effects of low-level laser 

irradiation on the rate of orthodontic tooth movement and associated pain with self-ligating brackets. American 

Journal of Orthodontics and Dentofacial Orthopedics. 2017. 152-5 

40. Domínguez A, Gómez C and Palma JC. Effects of low-level laser therapy on orthodontics: rate of tooth movement, 

pain, and release of RANKL and OPG in GCF. Lasers Med Sci. 2013 

41. Qamruddin I, Alam MK, Abdullah H, Kamran MA, Jawaid N, Mahroof V. Effects of single-dose, low-level laser 

therapy on pain associated with the initial stage of fixed orthodontic treatment: A randomized clinical trial. The Korean 

Journal of Orthodontics. 2018. 48.2.90 

42. Doshi-Mehta G and Bhad-Patil WA. Efficacy of low-intensity laser therapy in reducing treatment time and 

orthodontic pain: A clinical investigation. American Journal of Orthodontics and Dentofacial Orthopedics. 2012. 141-3  

43. Storniolo-Souza J, Mangialardo Lima L, Pinzan A, Alvarez F, Costa Pereira SC, Janson G. Influence of low-level laser 

irradiation on orthodontic movement and pain level - a randomized clinical trial. Orthodontic Waves. 2020  

44. Guram G, Reddy RK, Dharamsi AM, Syed Ismail PM, Mishra S, Prakashkumar MD. Evaluation of Low-Level Laser 

Therapy on Orthodontic Tooth Movement: A Randomized Control Study. Contemp Clin Dent. 2018. 9(1):105-109.  

45. Pandis N, Walsh T, Polychronopoulou A, Katsaros C, Eliades T. Split-mouth designs in orthodontics: an overview 

with applications to orthodontic clinical trials. Eur J Orthod 2013;35:783-9. 

46. Bensadoun RJ. Photobiomodulation or low-level laser therapy in the management of cancer therapy-induced 

mucositis, dermatitis and lymphedema. Curr Opin Oncol. 2018. 30(4):226-232 

47. Zecha JA, Raber-Durlacher JE, Nair RG, Epstein JB, Sonis ST, Elad S, Hamblin MR, Barasch A, Migliorati CA, Milstein 

DM, Genot MT, Lansaat L, van der Brink R, Arnabat-Dominguez J, van der Molen L, Jacobi I, van Diessen J, de Lange J, 

Smeele LE, Schubert MM, Bensadoun RJ. Low level laser therapy/photobiomodulation in the management of side 

effects of chemoradiation therapy in head and neck cancer: part 1: mechanisms of action, dosimetric, and safety 

considerations. Support Care Cancer. 2016. 24(6):2781-92 

48. Bjordal JM. Low level laser therapy (LLLT) and World Association for Laser Therapy (WALT) dosage 

recommendations. Photomed Laser Surg 2012; 30:61–62 

49. Sommer AP, Pinheiro AL, Mester AR, Franke RP, Whelan HT (2001) Biostimulatory windows in low-intensity laser 

activation: lasers, scanners, and NASA’s light-emitting diode array system. J.Clin.Laser Med.Surg. 2001.19:29 – 33. 

50. Huang YY, Chen AC, Carroll JD, Hamblin MR. Biphasic dose response in low level light therapy. Dose.Response. 

2009. 7:358– 383. 
51. Ankri R, Lubart R, Taitelbaum H. Estimation of the optimal wavelengths for laser-induced wound healing. Lasers 

Surg Med 2010;42:760–764.  

52. Caccianiga G, Lo Giudice A, Longoni S, Ceraulo S, Baldoni M Leonida A. Low-level laser therapy protocols in dental 

movement acceleration and in pain management during orthodontic treatment. Journal of Biological Regulators & 

Homeostatic Agents. 2019. 33(6):59-68 

53. Alam MK. Laser-Assisted Orthodontic ToothMovement in Saudi Population: A Prospective Clinical Intervention of 

Low-Level Laser Therapy in the 1st Week of Pain Perception in Four Treatment Modalities. Pain Research and 

Management. 2019. 

52. Koritsanszky N, Madlena M. Pain and discomfort in orthodontic treatments. Literature review. Fogorv Sz 

2011;104:117-21. 

53. Bergius M, Kiliardis S, Berggren U. Pain in orthodontics: a review and discussion of the literature. J Orofac Orthop 

2000;61:125-37. 

54. Ngan P, Kess B, Wilson S. Perception of discomfort by patients undergoing orthodontic treatment. Am J Orthod 

Dentofacial Orthop 1989;96:47-53. 

55. Firestone AR, Scheurer PA, Burgin WB. Patient € ’s anticipation of pain and pain-related side effects, and their 

perception of pain as a result of orthodontic treatment with fixed appliances. Eur J Orthod 1999;21:387-96 
56. Price, D.D., McGrat, P.A., Rafii, A., and Buckingham, B. (1983). The validation of visual analogue scales as ratio scale 

measures for chronic and experimental pain. Pain 17, 45–56. 

57. Seymour R, Simpson J, Chariton J, Phillips M. An evaluation of length and end-phrase of visual analogue scales in 

dental pain. Pain 1985;21:177-85. 

58. Holdgate A, Asha S, Craig J, Thompson J. Comparison of a verbal numeric rating scale with the visual analogue 

scale for the measurement of acute pain. Emerg Med (Fremantle) 2003;15:441-6. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2021                   



59. Lim HM, Lew KK, Tay DK. A clinical investigation of the efficacy of low level laser therapy in reducing orthodontic 

postadjustment pain. Am J Orthod Dentofacial Orthop 1995;108:614-22. 

60. Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: a comparison of six methods. Pain 

1986;27:117-26.  

61. Lo Giudice A, Nucera R, Leonardi R, Paiusco A, Baldoni M, Caccianiga G. A Comparative Assessment of the Efficiency 

of Orthodontic Treatment With and Without Photobiomodulation During Mandibular Decrowding in Young Subjects: A 

Single-Center, Single-Blind Randomized Controlled Trial. Photobiomodul Photomed Laer Surg. 2020. 38(5):272-279  

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2021                   


