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Abstract 
 

The postoperative period following Surgically Assisted Rapid Maxillary Expansion 
(SARME) is often characterized by pain, edema, and paresthesia. Photobiomodulation 
(PBM) has been shown to effectively alleviate symptoms after minor oral surgical 
procedures; however, it has not yet been evaluated in the postoperative setting of 
SARME. This pilot study aimed to assess the effects of PBM on managing pain, edema, 
and paresthesia in patients post-SARME utilizing LED devices. A total of thirty-one 
cases performed by three surgeons were included, with pre- and postoperative 
evaluations conducted by two blinded examiners. Prior to surgery, facial 
measurements and sensitivity assessments were carried out. Subsequently, 
participants were randomly assigned to either the PBM group (n=15), receiving nine 
applications of PBM, or the control group, which underwent simulated irradiation. 
Data were collected for up to 120 days post-surgery. Although no significant 
differences were observed between the groups for any evaluated outcome, these 
findings underscore the need for further research to explore the optimal parameters 
and conditions for PBM application. Future investigations may reveal potential 
avenues for enhancing the efficacy of PBM in the postoperative management of 
patients following SARME. 
 
Keywords: Photobiomodulation, Surgically Assisted Rapid Maxillary Expansion, 
Paresthesia, Edema, Pain. 
 
 

Introduction 
 

The treatment of transverse maxillary deficiency greater than 5 mm in adults is 

typically performed through the association of Surgically Assisted Rapid Maxillary 

Expansion (SARME) and expansion devices that can be attached to the teeth or 

through commercially available osteogenic distraction devices that act directly on the 

palatine bone (1,2). 

The most common complications in the postoperative period of SARMEare 

epistaxis and pain, but they may also include edema, paresthesia, and other minor 

complications (3-5). 



 
  

 
 

The treatment of the most common complications in oral surgeries is most 

commonly performed using analgesics and anti-inflammatories, and more recently, 

also through the use of photobiomodulation (6,7). 

Photobiomodulation (PBM) has demonstrated favorable outcomes in the 

postoperative period of oral surgeries (8-10); however, there are currently no reported 

studies on the application of PBM specifically in the context of SARME. Most studies 

evaluating PBM in minor oral surgeries have utilized laser equipment. However, in 

surgeries that involve larger areas, devices incorporating multiple LEDs may offer 

enhanced ease and safety in their application (11,12). 

In this pilot study, the effects of PBMusing LED devices during the 

postoperative period of SARMEwere evaluated. The study specifically focused on pain, 

edema, and paresthesia, with applications administered both intraorally and 

extraorally. 

 

Materials and Methods 

 

The protocol for this study was approved by the Research Ethics Committee of 

Nove de Julho University (03645518030015511) and the Mandaqui Hospital Complex 

(03645518000005551), registered on the Clinical Trials platform 

(https://clinicaltrials.gov/) under the number NCT03814525 and published (11).  

Participants of both genders were selected who were referred to the Oral and 

Maxillofacial Surgery and Traumatology Service of the Mandaqui Hospital Complex (São 

Paulo, Brazil) and required SARME, being diagnosed with transverse maxillary 

deficiency greater than 5 mm and bilateral posterior crossbite, aged between 18 and 

45 years (11). Participants were excluded if they had local or systemic conditions that 

contraindicated surgical intervention or complicated postoperative recovery; smokers; 

pregnant or lactating women; those with a history of photosensitivity; individuals with 

systemic diseases, chronic pain, or neurological and psychiatric disorders; as well as 



 
  

 
 

those using anti-inflammatories, analgesics, or bisphosphonates in the 15 days prior to 

surgery (11). 

In the preoperative assessment, facial measurements, extraoral and intraoral 

sensitivity tests, and anxiety analysis were conducted (11). The preoperative and 

postoperative evaluations were conducted by two examiners who were unaware of the 

group to which each participant was assigned. 

 
Sample size calculation  
 

The sample size calculation was based on the variability of the results from 

three articles that assessed the primary outcomes of this study in similar situations (13-

15). The required sample size would be 72 individuals (unpaired t-test), considering a 

significance level of 0.05, an absolute error of 5%, and a loss of 10% (11). 

Unfortunately, it was not possible to recruit the entire sample because the Mandaqui 

Hospital Complex became a reference center for confronting the COVID-19 pandemic, 

resulting in the suspension of elective surgeries. Thus, 31 participants were operated 

on, and this trial can be considered a pilot study. 

 

Surgical Procedure   

 

As previously described (11), all patients received a Hyrax-type expander 

(Dentaurum 602-802, Ispringen, Germany) in the palate at least 24 hours prior to the 

surgeries. The surgical procedures were performed by three specialized surgeons 

following the SARME protocol of the Oral and Maxillofacial Surgery and Traumatology 

Department of the Mandaqui Hospital Complex, in accordance with prior publication 

(11).All patients underwent the same surgical protocol (11). 

In the immediate postoperative period, participants administered cefazolin 1 g 

(intravenously, IV) every 8 hours, dexamethasone 10 mg IV every 8 hours, and dipyrone 

1 g IV every 6 hours until hospital discharge (two days). The prescription after hospital 

discharge included amoxicillin 500 mg (tablet, orally) every 8 hours for 7 days, 

dexamethasone 4 mg (tablet, orally) every 8 hours for 3 days, dipyrone 500 mg (tablet, 

orally) every 6 hours for 3 days, and rinses with 5 mL of 0.12% chlorhexidine 



 
  

 
 

digluconate solution, three times a day (11). The participant activated the Hyrax device 

one week postoperatively until the planned expansion was achieved during the preoperative 

assessment, at which point the device was locked for a period of 3 to 6 months (11). 

Immediately following the surgeries, participants were assigned to their 

respective groups (Control or PBM) according to the randomization indicated in the 

prepared envelope, as described earlier (11). 

 

Experimental groups 
 
PBM Group: Participants received PBM after the surgical procedure.   

Control Group: Participants received simulated PBM application by positioning the 

devices in the same locations as described for the PBM group; however, the equipment 

was kept turned off. To prevent participants from identifying the group to which they 

belonged, the activation sound of the devices was recorded and played during the 

application(11). 

 
 

Application of Photobiomodulation (PBM)   

PBM was administered in the immediate postoperative period and on days 1, 2, 

7, 14, 30, 60, and 90 following the surgeries. A single researcher performed the 

applications and did not conduct any evaluations. An intraoral device in a rectangular 

shape was utilized for intraoral applications, while an extraoral mask was employed for 

external applications (11). The images of the devices are represented in Figures 1 and 2 

and the dosimetric parameters of the equipment’s are detailed in Tables 1 and 2(11). 

 

Intraoral PBM   

Participants received intraoral LED applications (Cosmedical, São Paulo, SP, 

Brazil) (Figure 1) with the parameters described in Table 1, during the periods 

previously mentioned(11). 

 



 
  

 

 

Figure 1: Overview of the intraoral device (A) and detailed view of the device and activation 
plug (B). 

Table 1: Dosimetric parameters of the intraoral LED device 

Parameter  

Wavelength (nm) 660 

Spectral bandwidth (nm) 20 

Operating mode Continuous 

Average radiant power (mW) 5 

Polarization Random 

Aperture diameter (mm) 10±2 

Beam profile Multimode 

Beam spot size at target (cm²) 0.785 

Exposure duration (m) 7 

Radiant exposure per LED(J/cm²) 2.7 

Radiant energy per LED(J) 2 

Device area (cm²) 2.35 

Application technique Contact 

Number of LEDs in the device 3 

Number and frequency of sessions 1 /day 

 

Extraoral PBM   

Participants received extraoral LED applications (Cosmedical, São Paulo, SP, 

Brazil) (Figure 2) with the parameters described in Table 2, during the periods 

previously mentioned (11). 



 
  

 

 
Figure 2: Internal view of the LED mask for extraoral PBM application (A) and external 

appearance of the mask (B). 

 

Table 2: 

Dosimetric Parameters of the Extraoral LED Mask 

 

Parameter 
Red  

 
Infrared 

Wavelengt (nm) 660 850 

Spectral bandwidth (FWHM) (nm) 20 20 

Operating mode Continuous Continuous 

Average radiant power (mW) 5 5 

Polarization Random Random 

Aperture diameter (mm) 10 10 

Beam profile Multimode Multimode 

Beam spot size at target (cm²) 0.785 0.785 

Exposure duration (m) 20 

Radiant exposure per LED (J/cm²) 7.64 7.64 

Radiant energy per LED (J) 6 6 

Device area (cm²) 15.7 

Application technique Contact 

Number of LEDs in the device 57 74 

Number and frequency of sessions 1 /day 



 
  

 
 

 

 

 

 
 
 
 
 
 

 

 

Assessment of outcomes 

Pain assessment 

Pain was assessed using the numeric rating scale (NRS-101) after 1, 2, 7, and 14 

days post-surgery as described previously (11,16). 

Facial measurements (assessment of edema) 

The comparison of the sum of five facial measurements (posterior tragus point 

to the most lateral point of the labial commissure; posterior tragus point to pogonium; 

posterior tragus point to the lateral corner of the eye; lateral corner of the eye to the 

lowest point of the jaw angle; lower point of the mandible angle -gonion- to the 

midpoint of the nasal bone) was performed by two calibrated examiners using a 

flexible plastic caliper, both before and 1, 2, 7, and 14 days post-surgery, to assess 

edema as previously described (11). 

Assessment of paresthesia 
 

The assessment of extraoral and intraoral sensitivity was conducted in six 

regions: below the lower eyelid, cheek, wing of the nose, upper lip, vestibular oral 

mucosa, and palatal oral mucosa on both sides (11,14). Four types of tests were 

performed, and the results were grouped into two indices: the Qualitative Global 

Sensitivity Index (QGSI) and the Quantitative Global Sensitivity Index (QGSI) 

(11,14).The QGSI was determined by summing the results of the light touch and 



 
  

 
 

pinprick sensation tests, with a maximum score of 5 points per side per participant per 

evaluation period (11,14,17). 

For the calculation of the quantitative GSI, the measurements obtained from 

the static two-point discrimination test (TPD) and the dynamic two-point 

discrimination test (DPD) at each assessment time were subtracted from those 

obtained during the preoperative evaluation. The difference between these 

measurements was classified as previously described (11,14). The sum of the scores 

obtained from the TPD and DPD tests at each assessment time was defined as 

quantitative sensitivity, ranging from 0 to 10 per participant per evaluation time 

(11,14). 

Subsequently, the Global Sensitivity Index (GSI) was calculated by summing the 

qualitative sensitivity value with the quantitative sensitivity value, with a maximum 

score of 15 for each assessed anatomical area. In addition to analyzing individual areas, 

the total score was computed by summing all areas at each evaluation time 

(11,14).The sensitivity tests were repeated in all participants on both sides at 7, 30, 60, 

90, and 120 days postoperatively (11). 

 

Results 

The data were analyzed for normality and described as mean and standard 

error for Gaussian distributions. Categorical data were expressed as absolute and 

relative frequencies (%). For comparison of sample characteristics between groups, the 

Mann-Whitney test was employed for ordinal categorical variables and non-parametric 

numerical data. The Pearson chi-square test was used to compare gender frequencies 

between the groups. For facial measurement variables (edema), pain and the Global 

Sensitivity Index, a two-way ANOVA was conducted. A significance level of 5% was 

adopted.  

The study comprised 31 participants, with 16 (52.6%) in the control group and 

15 (48.4%) in the PBM group. The majority were female (58.1%), with ages ranging 

from 18 to 49 years, and most had completed high school (48.4%). No significant 



 
  

 

differences were observed between the groups regarding the assessed demographic 

characteristics (p > 0.05). 

Pain assessment 

Table 3 presents the average pain values measured by the NRS-101 scale across 

different groups and experimental time points, indicating that no significant 

differences were observed between the groups at any of the time periods. 

Table 3: Mean ± standard error of pain as measured by the NRS-101 scale according to 
time and group. 

 

An analysis was also conducted categorizing the NRS-101 scale into "absent 

pain" when participants assigned a value of zero to pain and "present pain" when a 

value greater than zero was assigned. Table 4 presents the absolute number and 

relative frequency (%) of patients who reported the presence of pain, as measured by 

the NRS-101 scale, across evaluations according to group. No significant variation in 

the frequency of reported pain was observed throughout the evaluations in either 

group (p > 0.05), nor were there significant differences between the groups regarding 

the presence of pain in each evaluation (p > 0.05). 

 

 

 

Table 4: Distribution of the absolute number of patients and relative frequency (%) with 
reported pain according to the NRS-101 scale by group at each evaluation time point. 

 



 
  

 

 

 

Assessment of edema 

Figure 3 illustrates the progression of edema, determined by the sum of facial 

measurements from both hemifaces of participants, from the preoperative period to 

the 14th day post-surgery in each evaluated group. It is noteworthy that throughout 

the follow-up, the PBM group consistently exhibited a slightly lower average facial 

measurement compared to the control group. Table 3 presents the mean values for 

each evaluation. 

 

Figure 3: Sum of facial measurements 

A two-way ANOVA revealed no significant interaction effect between time and 

group (p=0.958), indicating that both groups exhibited similar trends in facial 

measurements over time. Additionally, no significant group effect was observed (p 

=0.746), meaning that although the average facial measurement in the control group 

was slightly higher than that of the PBM group throughout the follow-up period, this 

difference was not statistically significant. There was, however, a significant time effect 

(p < 0.05), indicating a notable variation in average facial measurements over the 

monitoring period, which was evident in both evaluated groups, as detailed in Table 5. 

 



 
  

 

Table 5: Mean ± standard error of the sum of facial measurements of participants according to time and 
group (PO refers to postoperative days) 

 

 

 

No significant differences in the average facial measurements were observed 

between the two groups at any of the evaluated time points (p > 0.05). However, the 

variation in measurements over the follow-up period was significant for both groups 

(p= 0.025 and p = 0.006, respectively). 

Assessment of paresthesia 
 

The occurrence of paresthesia was assessed using the Global Sensitivity Index 

(GSI). Tables 6 to 11 represent the GSI values in the different anatomical areas 

assessed during all postoperative periods. 

Table 6: Mean ± standard error of ISG Global for the eyelid according to time and group (PO refers to 
postoperative days). 

 
 

Table 7: Mean ± standard error of ISG Global for the cheek according to time and group (PO refers to 
postoperative days). 



 
  

 

 

 

Table 8: Mean ± standard error of ISG Global for the nasal alar according to time and group (PO refers to 
postoperative days). 

 

 

Table 9: Mean ± standard error of ISG Global for the upper lip according to time and group (PO refers to 
postoperative days). 

 

The asterisk (*) indicates statistical significance 

Table 10: Mean ± standard error of ISG Global for the vestibular mucosa according to time and group(PO 
refers to postoperative days). 

 

 



 
  

 

Table 11: Mean ± standard error of ISG Global for the palatine mucosa according to time and group (PO 
refers to postoperative days). 

 

 

Table 12 presents the sum of the GSI values across different anatomical 

regions. No significant differences in GSI were observed between groups at any 

experimental time points 

 

Table 12: Mean ± standard error of the Global Sensitivity Index (GSI) for the sum of areas according to 
time and group (PO refers to postoperative days) 

 

 

Discussion 
 

In the examined sample, the two groups did not differ significantly regarding 

the assessed demographic characteristics. 

In the assessment of pain using the NRS-101 scale, it was observed that the 

mean pain level in the control group was greater than that in the FBM group until the 

14th day; however, this difference did not reach statistical significance. Similarly, there 

was no significant variation in the number of participants reporting pain between the 

groups. No studies were found comparing pain following SARME with the use of 

photonic therapies. The study by Gasperini et al. (2014), which evaluated the effect of 

laser therapy on pain after orthognathic surgery, reported that pain intensity was 



 
  

 
 

lower on the irradiated side within 24 hours post-surgery (1.2 PBM vs. 3.4 control) and 

after three days (0.6 PBM vs. 2.1 control), although no pain was reported on either 

side seven days post-surgery. The authors employed red and infrared lasers for 

intraoral and extraoral applications with an energy output of 1.2 J per point, totaling 

21.6 J per application, administered within 72 hours post-surgery, and 2.8 J per point 

totaling 50.4 J across ten sessions carried out after the fourth day post-surgery (18). In 

the present study, 2 J per point was applied intraorally and 6 J per point extraorally, 

with a lesser number of applications, resulting in lower pain intensity even within the 

first 24 hours and no significant difference between the groups. It is possible that had 

the planned sample size been achieved and/or had the patients experienced higher 

pain intensities, a significant difference between the groups might have been 

demonstrated, thereby highlighting the modulatory effect of PBM. 

Regarding edema, throughout the follow-up, the PBM group exhibited a lower 

mean facial measurement compared to the control group, although this difference was 

not statistically significant. Considering the total sample, postoperative edema peaked 

within the first 24 hours, with the cumulative measurements increasing by an average 

of 4.9 cm, subsequently decreasing after 48 hours, which aligns with the typical 

pattern for oral surgeries. However, this response was below the expected standard 

for SARME cases, where edema is generally more pronounced in the initial 

postoperative days and may persist for three to eight weeks, affecting a larger facial 

area (19-23). No articles were found that assessed the use of PBM following SARME. 

Gasperini et al. (2014) reported significant differences favoring the PBM group (a 

difference of 1.73 cm less in the PBM group's measurements) in edema after 

orthognathic surgeries using red and infrared laser irradiations with the previously 

mentioned parameters (18). In this study, 2 J per point were applied intraorally and 6 J 

per point extraorally, with a lesser number of applications, resulting in an average 

difference of 1.5 cm between the groups in the immediate postoperative period, 

although no statistically significant difference was observed. It is believed that 

significant differences might have been observed had the planned sample size been 

achieved. 



 
  

 
 

The sensitivity analysis, classified according to scores obtained on the Global 

Sensitivity Index (GSI), can be considered normal when the score exceeds 12, 

subnormal when the score ranges from 10 to 12, intermediate when the score ranges 

from 6 to 9, and reduced when the score is below 6. Tables 8 to 13 demonstrate that 

the groups did not differ at any of the assessment points for the lower eyelid, cheek, 

nasolabial fold, vestibular mucosa, and palatine mucosa. A significant difference 

between the groups was observed only at 60 days for the upper lip, with poorer 

outcomes in the PBM group, while no significant differences were noted at other 

assessment points. The sum of the GSI values for the different areas also did not reveal 

differences between the groups. Neurosensory deficits may persist for 6 to 12 months 

following SARME surgery (24). In the results obtained in this study, reduced sensitivity 

was noted in the vestibular and palatine mucosa even at the 120-day mark, whereas 

deficits in other anatomical areas resolved more rapidly. As previously reported, no 

articles were found that assessed the use of PBM following SARME for comparative 

sensitivity analysis. 

In this pilot study, the novel application of PBM in SARMEwas explored using 

intraoral and extraoral LED devices, combining two wavelengths for the extraoral 

application. Compared to laser equipment, LED devices offer greater practicality for 

PBM therapy, as they can be applied to larger areas, thereby minimizing application 

time, and are safe for at-home use (11,12). Since SARME affects both superficial and 

deeper facial tissues, the use of two wavelengths aims to enhance treatment efficacy 

(12). Although significant differences between the groups have not yet been identified 

in the evaluated outcomes, this pilot study suggests that future investigations may 

incorporate daily PBM applications or other energy parameters to elucidate the 

modulatory effects of PBM in SARME. 

 

Conclusion 

 

Integrating the presented findings, it can be observed that both pain and 

edema exhibited mild intensity, with paresthesia resolving within a maximum of 90 

days in the majority of the anatomical areas assessed. Although the effects of SARME 



 
  

 
 

were not particularly pronounced and the sample size was small, it was possible to 

observe that PBM may have a minimizing effect on pain, edema, and paresthesia. 

These results suggest a potential avenue for future research that involves adjustments 

in the frequency of application and/or the energetic parameters utilized for 

photobiomodulation. 

 

References 

1. Adolphs N, Ernst N, Menneking H, Hoffmeister B. Transpalatal distraction--state of the 
art for the individual management of transverse maxillary deficiency--a review of 50 
consecutive cases. J Craniomaxillofac Surg. 2014 Dec;42(8):1669-74. 

2. Zandi M, Miresmaeili A, Heidari A, Lamei A. The necessity of pterygomaxillary 
disjunction in surgically assisted rapid maxillary expansion: A short-term, double-blind, 
historical controlled clinical trial. J Craniomaxillofac Surg. 2016 Sep;44(9):1181-6. 

3. Dergin G, Aktop S, Varol A, Ugurln F, Garip H. Complications related to surgically 
assisted rapid palatal expansion. Med Oral Pathol Oral Radiol 2015; 119: 601-607. 

4. Pereira MD, Koga AF, Prado GPR, Ferreira LM. Complications from surgically assisted 
rapid maxillary expansion with Haas and Hyrax expanders. The Journal of Craniofacial 
Surgery 2018;29: 275-278. 

5. Carvalho PHA, Moura LB, Trento GS, Holzinger D, Gabrielli MAC, Gabrielli MFR, Pereira 
Filho VA. Surgically assisted rapid maxillary expansion: a systematic review of 
complications. Int J Oral Maxillofac Surg. 2020 Mar;49(3):325-332. doi: 
10.1016/j.ijom.2019.08.011. 

6. Prazeres LD, Muniz YV, Barros KM, Gerbi ME, Laureano Filho JR. Effect of infrared laser 
in the prevention and treatment of paresthesia in orthognathic surgery. J Craniofac 
Surg. 2013 May;24(3):708-11.  

7. Noba C, Mello-Moura ACV, Gimenez T, Tedesco TK, Moura-Netto C. Laser for bone 
healing after oral surgery: systematic review. Lasers Med Sci. 2018 Apr;33(3):667-674.  

8. Passos RM, Pimentel KF, de Barros Silva PG, Sousa FB, Costa FWG, Cetira Filho EL. 
Effectiveness of low-intensity laser photobiomodulation in reducing inflammatory 
events (pain, edema, and trismus) after orthognathic surgery: a systematic review and 
meta-analysis of randomized clinical trials. Clin Oral Investig. 2023 Oct;27(10):5771-
5792.  

9. Lacerda-Santos JT, Granja GL, Firmino RT, Dias RF, de Melo DP, Granville-Garcia AF, 
Martins CC. Use of Photobiomodulation to Reduce Postoperative Pain, Edema, and 
Trismus After Third Molar Surgery: A Systematic Review and Meta-Analysis. J Oral 
Maxillofac Surg. 2023 Sep;81(9):1135-1145.  

10. Tsaprazlis T, Filippou D, Mavragani M. Benefits and Effects of Laser-Based Techniques 
in Complementary Maxillary Expansion: A Narrative Review. Cureus. 2024 Nov 
26;16(11):e74500.  

11. da Fonseca EV, Bussadori SK, da Silva Martinho LFC, de Sousa Melo MC, de Andrade FL, 
Gonçalves MLL, Mesquita-Ferrari RA, Horliana ACRT, Fernandes KPS. Evaluation of 
photobiomodulation effects on pain, edema, paresthesia, and bone regeneration after 



 
  

 
 

surgically assisted rapid maxillary expansion: Study protocol for a randomized, 
controlled, and double blind clinical trial. Medicine (Baltimore). 2019 
Nov;98(48):e17756.  

12. Jana Neto FC, Martimbianco ALC, Mesquita-Ferrari RA, Bussadori SK, Alves GP, Almeida 
PVD, Delgado FG, Fonseca LR, Gama MZG, Jorge MD, Hamblin MR, Fernandes KPS. 
Effects of multiwavelength photobiomodulation for the treatment of traumatic soft 
tissue injuries associated with bone fractures: A double-blind, randomized controlled 
clinical trial. J Biophotonics. 2023 May;16(5):e202200299. 

13. Angeletti P, Pereira MD, Gomes HC, Hino TC, Ferreira LM Effect of low-laser therapy 
(GaAIAs) on boné regeneration in midpalatal anterior suture after surgically assisted 
rapid maxillary expansion. Oral Surg Oral Med Oral Phatol Oral Radiol Endod 2010; 
109: 38-46. 

14. Gulses A, Aydintug YS, Sencimen M, Bayar GR, Acikel CH Evaluation of neurosensory 
alterations via cinical neurosensory tests following anterior maxillary osteotomy (Bell 
technique). J Oral Maxillofac Surg 2012; 41: 1353-1360. 

15. Ristow O, Majert BH, Kehl V, Koerdt S, Habnefeld L, Pautke C. Does elastic therapeutic 
tape reduce postoperative swelling, pain and trismus after open reduction and internal 
fixation of mandibular fracture.  J Oral Maxillofac Surg 2013, 71:1387-1396. 

16. Sierra SO, Deana A M, Ferrari, RAM, Bussadori, SK, Fernandes KPS. Effect of low-level 
laser therapy on the post-surgical inflammatory process after third molar removal: 
study protocol for a double-blind randomized control trial. Trials 2013, 14:373. 

17. Geha HJ, Gleizal AM, Nimeskern NJ, BeziatJL. Sensitivity of the inferior lip and 
chinfollowing mandibular bilateral sagittal splitosteotomy using Piezosurgery. 
PlastReconstr Surg 2006;118:1598–607. 

18. Gasperini G, Rodrigues de Siqueira IC, Rezende Costa L. Does low-level laser therapy 
decrease swelling and pain resulting from orthognathic surgery? Int J Oral Maxillofac 
Surg. 2014 Jul;43(7):868-73 

19. Troullos ES, Hargreaves KM, Butler, DP, Dionne R.Comparison of nonsteroidal anti-
inflammatory drugs, ibuprofen and flurbiprofen, with methylprednisolone and placebo 
for acute pain, swelling, and trismus. J Oral Maxillofac Surg 1990: v. 48, p. 945-952. 

20. Markovic AB, Todorovic L. Effectiveness of dexamethasone and low-power laser in 
minimizing edema after third molar surgery: A clinical trial. Int J Oral Maxillofac Surg 
2007;36:226-229. 

21. Larrazábal C, Garcia B, Peñarrocha M. Influence of oral hygiene and smoking on pain 
and swelling after surgical extraction of mandibular third molars impacted. J Oral 
MaxillofacSurg.v. 68, p. 43-46, 2010. 

22. Berge T, Boe OE Predictor evaluation of postoperative morbidity after surgical removal 
of mandibular third molars. ActaOdontol Scand 1994 v.52, p. 162–169 

23. Jaeger F, Chiavaioli GM, Toledo GL, Freire-Maia B, Amaral MBF, Mesquita RA. High-
power diode laser in the circumvestibular incision for Le Fort I osteotomy in 
orthognathic surgery: a prospective case series study. Laser Med Sci 2018; 33:51-56 

24. Davoudi A, Amrolahi M, Khaki H Effects of laser therapy on patients who underwent 
rapid maxillary expansion: a systematic review. Laser Med Sci 2018; 33:1387-1395. 

 



 
  

 
 

 

 

Data availability statement 

All data will be available for the readers. 

 

Conflict of interest disclosure 

All authors disclose any financial and personal relationships with other people or 

organizations that could inappropriately influence (bias) this study. 

 

Ethics approval statement 

This study was approved by the Research Ethics Committee of Nove de Julho 

University (03645518030015511) and the Mandaqui Hospital Complex 

(03645518000005551). 

Patient Consent Statement 

The participants signed an Informed consent. 

 

Permission to reproduce material from other sources 

Material from other sources was not reproduced. 

 

Clinical trial registration 

This trial was registered on the Clinical Trials platform (https://clinicaltrials.gov/) under 

the number NCT03814525 and published (11).  

 


