Systematic Review

Photobiomodulation Therapy for Neurosensory Disturbances in
Orthognathic Surgery Patients: A Systematic Review

Aneta Olszewska 1, Mateusz Wolny (9, Julia Kensy 2{, Agnieszka Kotela 3, Agata Czajka-Jakubowska !

and Jacek Matys *

check for
updates

Academic Editor: Gianna Dipalma

Received: 18 December 2024
Revised: 10 January 2025
Accepted: 14 January 2025
Published: 16 January 2025

Citation: Olszewska, A.; Wolny, M.;

Kensy, J.; Kotela, A.; Czajka-
Jakubowska, A.; Matys, J.
Photobiomodulation Therapy for
Neurosensory Disturbances in

Orthognathic Surgery Patients: A

Systematic Review. Life 2025, 15, 111.

https:/ /doi.org/10.3390/1ife15010111

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

Department of Orthodontics and Temporomandibular Disorders, Poznan University of Medical Sciences,
61-701 Poznan, Poland; anetaol@ump.edu.pl (A.O.); mz.wolny2@gmail.com (M.W.);
a.czajka-jakubowska@ump.edu.pl (A.C.-].)

Faculty of Dentistry, Wroclaw Medical University, 50-425 Wroclaw, Poland; julia.kensy@student.umw.edu.pl
Medical Center of Innovation, Wroclaw Medical University, Krakowska 26, 50-425 Wroclaw, Poland;
agnieszka.kotela@student.umw.edu.pl

Department of Dental Surgery, Wroclaw Medical University, 50-425 Wroclaw, Poland

*  Correspondence: jacek.matys@umw.edu.pl

Abstract: Background: Sensory disturbances and acquired paresthesia constitute a signifi-
cant proportion of complications following orthognathic surgery. This systematic review
examines the application of photobiomodulation (PBM) in managing these complications
and its efficacy in promoting sensory recovery. Methods: In November 2024, a comprehen-
sive digital search was performed across reputable databases, including PubMed, Web of
Science, and Scopus, using carefully selected search terms: “orthognathic surgery” AND
(physiotherapy OR physical therapy OR laser OR LLLT OR PBM OR light OR LED OR
acupuncture) AND (nerve OR neurosensory OR paresthesia). The search adhered to the
PRISMA guidelines. Of the 424 articles initially identified, 14 met the inclusion criteria and
were included in the review. Results: The review focused on diode laser therapy for treating
inferior alveolar nerve injuries, with most studies targeting this nerve and exploring diverse
wavelengths, protocols, and surgical contexts, including orthognathic surgeries. Significant
improvements were observed in tactile sensitivity, pain perception, and mechanical re-
sponsiveness. Factors such as earlier initiation of therapy, younger patient age, and higher
treatment frequency were associated with improved outcomes. Conclusions: Low-level
laser therapy emerges as a safe and effective intervention for enhancing neurosensory
recovery following orthognathic surgery. However, the development of standardized
treatment protocols and the conduct of larger-scale clinical trials are essential to optimize
their clinical application.

Keywords: LLLT; orthognathic surgery; paresthesia; PBM; physiotherapy

1. Introduction

In recent years, there has been a growing focus among patients on enhancing facial
esthetics and optimizing the functionality of the stomatognathic system [1]. Achieving
these goals often requires more than orthodontic treatment alone, necessitating the inte-
gration of surgical interventions. Procedures such as orthognathic surgery have become
increasingly common and accessible to a broader patient population [2]. These treatments
are inherently complex, involving multiple stages, and the surgical procedures themselves
are not without physiological impact [3]. Surgical interventions affect both soft tissues (e.g.,
mucous membranes, muscles, nerves, and blood vessels) and hard tissues (e.g., bones and
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teeth). Given the high innervation and vascularization of the operative area, there is an
increased risk of complications, including pain, swelling, delayed wound healing, and neu-
rosensory disturbances (NSDs) [4,5]. Postoperative complications, including dysaesthesia,
hypoaesthesia, and anesthesia, are prevalent and often distressing for patients, with up to
87% experiencing subjective NSDs, some of which may be permanent [6-8].

To enhance recovery following surgical procedures, the most widely utilized and stan-
dard approach remains pharmacotherapy, including anti-inflammatory drugs, antibiotics,
and analgesics [9-12]. However, this conventional method is associated with several unde-
sirable side effects, including gastrointestinal complications, hepatotoxicity, skin rashes,
neutropenia, and postoperative nausea and vomiting [13-15]. As a result, alternative
methods are gaining traction, such as kinesiotaping, hilotherapy, vitamin C supplementa-
tion, manual lymphatic drainage, and acupuncture (including electroacupuncture) [16-21].
Among these emerging interventions, physical laser biostimulation—specifically low-level
laser therapy (LLLT)—has gained attention for its potential to support postoperative recov-
ery (see Figure 1).
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Figure 1. Complications after orthognathic surgeries and their possible treatment.

Low-level laser therapy (LLLT), also known as photobiomodulation (PBM), is increas-
ingly used in physical therapy and medicine to stimulate cellular processes to achieve
therapeutic benefits. This technique involves precise or diffuse irradiation of body surfaces
to facilitate cellular biostimulation [22-25]. LLLT enhances bioenergetics, modulates cell
membrane potential, and disrupts the synthesis of prostaglandins and tumor necrosis
factor (TNF). It activates signaling molecules, stimulates gene expression, regulates reactive
oxygen species (ROS) levels, adjusts intracellular redox states and pH, and promotes nitric
oxide (NO) release, supporting cell growth and repair [26-33]. The therapeutic advantages
of LLLT include anti-inflammatory and analgesic effects, improved bone regeneration,
expedited wound healing, reduction in trismus and edema, enhanced microcirculation
and vascularization, endorphin release, and nerve regeneration [34-39]. Beyond orthog-
nathic surgery, LLLT is effective in treating arthritis, sciatica, neuralgia, acne vulgaris, and
periodontal diseases [28,40-42].

Photobiomodulation (PBM) has been used for decades to manage neurosensory dis-
turbances (NSDs) following orthognathic surgeries, with continuous advancements in
therapeutic techniques and patient recovery. While several systematic reviews have ex-
amined the effects of low-level light therapy (LLLT) on pain, trismus, edema, and NSDs
in maxillofacial surgery [5,43-45], recent reviews specifically focusing on NSD recovery
are lacking. This highlights the need to re-evaluate the role of LLLT in improving NSD
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outcomes and to consolidate current findings, aiming to standardize treatment protocols
and enhance patient recovery.

2. Materials and Methods
2.1. Focused Question

This systematic review adhered to the PICO framework to formulate the research
question [46]:

PICO Question: In patients undergoing orthognathic surgeries (Population), does
laser therapy (Intervention) enhance neurosensory recovery (Outcome) compared to the
natural postoperative recovery process (Comparison)?

2.2. Protocol

The selection process for articles included in the systematic review was meticulously
designed and documented in accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [47], as illustrated in Figure 2. The
systematic review was registered on the Open Science Framework under the following link:
https://doi.org/10.17605/OSEIO/6X]7T (accessed 16 December 2024).
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Figure 2. The PRISMA 2020 flow diagram.

2.3. Eligibility Criteria
Studies were deemed eligible for inclusion in the review if they met the following
criteria [47]:
e  Orthognathic surgery procedures;
e  The use of photobiomodulation, low-level laser therapy, or LED light;

e Invivo studies;
e  Studies with a control group;
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Case reports;

Studies published in English;

Prospective case series;

Non-randomized controlled clinical trials (NRS); and

Randomized controlled clinical trials (RCTSs).
The reviewers established the following exclusion criteria [47]:

Oral surgery procedures that were not orthognathic surgeries;
Absence of laser treatment;

Non-English papers;

Opinions;

Editorial articles;

Review articles;

No full-text access; and

Duplicated publications.

No restrictions were applied regarding the year of publication.

2.4. Information Sources, Search Strategy, and Study Selection

In November 2024, a comprehensive search was performed in the PubMed, Scopus,
and Web of Science (WoS) databases to identify articles that met the predefined inclusion
criteria. The search targeted titles and abstracts, employing specific keywords to locate
studies on laser therapy for neurosensory recovery following orthognathic surgeries. The
search terms included: orthognathic surgery AND (physiotherapy OR physical therapy OR
laser OR LLLT OR PBM OR light OR LED OR acupuncture) AND (nerve OR neurosensory
OR paresthesia). Additionally, the reference lists of included articles were reviewed to
identify further relevant studies. All searches adhered strictly to the eligibility criteria, and
only studies with full-text availability were considered for inclusion.

2.5. Data Collection Process and Data Items

The articles that met the inclusion criteria were independently reviewed and extracted
by three researchers (M.W., A.K,, ].K.). The extracted data included the first author, year of
publication, study design, article title, type of laser used in the study, and its effectiveness
and outcomes related to the healing process and pain relief. The collected information was
systematically organized and recorded in a standardized Excel spreadsheet.

2.6. Risk of Bias and Quality Assessment

In the initial phase of study selection, each reviewer independently screened the titles
and abstracts to minimize potential bias. Cohen’s kappa (k) test was employed to assess
the level of inter-reviewer agreement [48]. Any disagreements regarding the inclusion or
exclusion of articles were resolved through thorough discussions among the authors until
a consensus was reached.

2.7. Quality Assessment

Three reviewers (M.W., A.K,, ].K.) independently evaluated the quality of the included
studies. The assessment considered key aspects such as study design, execution, and
analysis, using specific criteria: a minimum sample size of 10 patients, the presence of a
control group, randomization, blinding, and sample size calculation. Studies were scored
on a 0 to 6-point scale, with higher scores indicating better quality. The risk of bias was
categorized as follows: 0-2 points signified a high risk of bias, 34 points indicated a
moderate risk, and 5-6 points represented a low risk. Disagreements in scoring were
resolved through discussion among the reviewers until consensus was reached [47].
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3. Results
3.1. Study Selection

The initial database search across PubMed (66 articles), WoS (92 articles), Scopus
(264 articles), and reference lists (2 articles) yielded a total of 424 potentially relevant articles
for the review. After the removal of duplicates, 297 articles remained for screening. During
the initial screening of titles and abstracts, 278 articles were excluded for not meeting the
inclusion criteria. Subsequently, 19 articles underwent a detailed full-text analysis. Of these,
four articles were excluded for failing to meet the inclusion criteria, and one article was
excluded due to the lack of accessible full text. Ultimately, 14 articles were included in the
qualitative synthesis of this review [49-62].

3.2. General Characteristics of the Included Studies

This systematic review included an analysis of 14 studies encompassing various study
designs. These comprised randomized controlled trials (RCTs), one retrospective analy-
sis [56] involving 125 participants, one case report [57], and one prospective observational
study [58] with six patients, all of whom received identical treatment protocols. Control
groups were employed in 11 studies, utilizing either a split-mouth design [49,53,59,62] or
separate control groups [50-52,54,55,60,61]. Sample sizes varied widely, ranging from a
single case report [57] to larger cohorts of up to 40 participants [52].

Regarding surgical interventions, bilateral sagittal split osteotomy (BSSO) was the most
commonly performed procedure, featured in seven studies [52-55,57-59,62], while sagittal
split osteotomy (SSO) was reported in three studies [52,60,61]. More complex surgical
approaches included combinations such as orthognathic surgery with genioplasty [57],
BSSO with mentoplasty and Le Fort I osteotomy [50], and BSSO with genioplasty and Le
Fort I osteotomy [51]. Additionally, one retrospective study encompassed a broader range
of procedures, including orthognathic surgery, third molar extractions, dental implant
placement, trauma-related surgeries, and other minor oral surgical procedures [56].

In terms of laser procedures, most studies utilized a single diode laser wavelength
approach, with ten studies employing a specific wavelength consistently throughout their
treatment protocols [49-53,55,57-59,61]. However, some researchers adopted more complex
approaches. Baydan et al. implemented two different wavelengths (904 nm and 650 nm vs.
940 nm) in separate treatment groups [54]. De Oliveira et al. employed a two-stage protocol,
starting with an 808 nm laser and transitioning to a 660 nm wavelength if necessary after
ten sessions [56]. One study used a dual approach, applying a 660 nm laser intraorally and
an 810 nm laser extraorally [62]. Additionally, Mohajerani et al. combined laser therapy
with LED treatment [60].

The wavelengths used across the studies ranged from 780 nm to 940 nm, with
the 808-830 nm range being the most common. Two studies utilized a wavelength of
780 nm [49,59]. The 808 nm wavelength was used in two studies [53,57], while 810 nm was
implemented in another two [52,55]. Single studies explored various other wavelengths:
820 nm [61], 820-830 nm [58], 830 nm [50], and 940 nm [51].

In connection with the affected nerve areas, ten studies specifically focused on the infe-
rior alveolar nerve [49,52-56,58,60-62]. Some studies examined broader regions: Travassos
Prazeres et al. [50] investigated both the upper and lower lip, along with the chin area,
while Pimenta D’Avilla et al. [51] focused on an extensive region extending from the
preauricular area to the mandibular body, including the paranasal areas, lips, and chin.
Morais Filho et al. [57] targeted the nose, nasal folds, lower lip, and chin regions, whereas
Santos et al. [59] concentrated on the mandibular region (see Table 1).
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Table 1. General characteristics of studies.

Study

Aim of the Study

Material and Methods

Results

Conclusions

Oliveira [49]

To investigate the possibility of
promotion of tactile and pain
sensitivity return in patients
submitted to orthognathic surgery
by electroacupuncture and
laseracupuncture.

A 30-patient randomized blinded trial comparing
electrostimulation (Group 1) and 780 nm diode laser on
acupuncture points (Group 2) after orthognathic surgery
with genioplasty. Half-face treatment, twice a week.
Measured tactile sensitivity (mechanical brush + 2-point
discrimination) and pain (pulp electrical test) pre-surgery
and 4 months post-op.

No statistically significant differences
among the groups for the tests except
tactile test using brush on the lower
lip and chin between group 1

and others.

Laser-acupuncture does not
accelerate the return of
sensitivity after orthognathic
surgery and genioplasty, but
electrostimulation does.

Travassos Prazeres
[50]

Treatment and preventions of
paresthesias using 830 nm
infrared laser on patients
submitted to orthognathic surgery.

The 2 patients control and 4 patients experimental group
after orthognathic surgery received 830 nm diode laser
applications starting transoperative and for 12 sessions
twice a week. Superficial, deep, and thermal sensitivity
was tested, and a paresthesia evaluation was performed.

All patients had paresthesia
postoperatively, but the experimental
group showed faster reduction in
paresthesia than the control group.

Laser therapy could be an
effective way of paresthesia
treatment in patients
undergoing orthognathic
surgery.

D’avilla
[51]

Effectiveness of 940 nm laser
therapy in recovery of patients
submitted to orthognathic surgery.

Double-blinded randomized clinical trial, 10 control and
10 laser patients after orthognathic surgery, irradiated with
940 nm diode laser after surgery, 24 h, 48 h, twice a week
until 30 days (11 sessions total); collected pain data with
VAS, edema data, trismus data, paresthesia weekly with
the brush touching skin of lower jaw.

Laser group reported lower pain from
24 h up to week 3, higher mouth
opening after 2 and 4 weeks, higher
positive responses till week 4 in the
sensitivity recovery, but without
significant difference between the
groups during the experimental
periods.

Photobiomodulation therapy
using a 940 nm laser could
reduce trismus and pain after
orthognathic surgery.

Esmaeelinejad [52]

Possibility of improved recovery
from neurosensory disturbances
with the low-level laser therapy in
patients undergoing sagittal split
ramus osteotomy.

Double-blinded randomized clinical study 20 control and
20 test group irradiated with 810 nm diode laser, on days 0,
1,2, 3, and every other day for the next 2 weeks (total

10 sessions); mechanoreceptor sensory and thermal,
satisfaction of the patient tests were conducted; mapping
of the affected skin area was created immediately, 3, 6, and
12 months after the surgery.

Laser group after one year showed
significantly better distinction of two
separate sharp points, positive contact
direction test, higher satisfaction, and
the whole test group was able to
identify a touch with a sharp needle,
unlike the control group. After one
year both patients” groups were able
to detect the cool and heat.

LLLT could improve recovery
from neurosensory
disturbance in patients
submitted to orthognathic
surgeries, like split ramus
osteotomy.
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Table 1. Cont.

Study Aim of the Study Material and Methods Results Conclusions
The 12 patients after orthognathic surgery were blinded to
the choice of one half of the face as control and the other Treated side with laser presented The 808 nm LLLT could

Buysee Temrano
[53]

Effect of LLLT on neurosensory
recovery of patients undergoing
sagittal osteotomy of the
mandible.

half treated with low-intensity infrared GaAlAs 808 nm
lasers, following the course of the inferior dental nerve,
2-3 sessions per week starting 48 h after surgery for
minimum 10 sessions. Pain (VAS), mechanical (touching
and brushing) and thermal (gutta-percha, Endo-frost) test
were conducted in the 1st, 4th, 7th, and 10th session.

faster recovery, better sensibility
recovery for all stimuli, higher
perception of pain and thermal
stimulus. Lips and teeth had better
recovery index than the chin.

accelerate recovery of post
operative neurosensory
disturbances in patients being
submitted to orthognathic
surgeries

Baydan [54]

To evaluate treatment outcomes of
two different laser protocols
versus vitamin B complex for
post-BSSO lip paresthesia.

Examined 30 patients after BSSO with lip paresthesia
randomized into: GRR laser (904/650 nm, n = 10), Epic10
laser (940 nm, n = 10), and Vitamin B (n = 10) groups.
Laser groups received 10 sessions while the vitamin group
had 30-day supplementation. Assessment included
two-point discrimination, brush test and pinprick testing

Laser groups showed better recovery
rates than vitamin B group. Points A,
B, E, G, I, ] improved across all groups.
GRR laser showed best recovery at
point C. Points C, D improved in laser
groups only, while point F in GRR
group only. LLLT outperformed
vitamin B group at 4th assessment.

Both laser therapies and
vitamin B showed positive
effects on nerve regeneration,
but laser treatments
demonstrated superior

Guarini [55]

The research investigated the
long-term outcomes of
photobiomodulation treatment in
post-BSSO patients presenting
with inferior alveolar nerve
dysfunction, using a 24-month
monitoring period.

with VAS scoring. . outcomes.
There were 9 lip-chin regions assessed at six time points All patients reported complete
" paresthesia resolution by 6 months
post-BSSO complications.
A 2-year follow-up study comparing photobiomodulation
therapy (n = 33) vs. placebo (n = 9) for post-BSSO The laser group showed better GaAlAs laser

neurosensory deficit.

GaAlAs diode laser applied at 3 anatomical sites
bilaterally: mandibular foramen, mental foramen, and
buccal osteotomy region. The 8 applications were
performed (days 1, 2, 3, 5, 10, 14, 21, and 28
postoperatively). The 5 neurosensory tests were
performed: VAS for pain and sensitivity, sensitivity
threshold test, two-point discrimination, pain
discrimination, and thermal discrimination. Tests were
conducted from 24 h pre-op to 2 years post-op.

neurosensory recovery compared to
controls. Normal sensitivity was
achieved in 40.74% of laser-treated
patients (vs 0% control), with 69.7%
recovering two-point discrimination
and 93.94% reporting normal pain
response. Thermal discrimination
showed improvement but without
statistical significance.

photobiomodulation proved
more effective than placebo for
neurosensory rehabilitation.
Treated patients exhibited 85%
recovery of nerve function,
significantly exceeding the
control group’s 70-75%
restoration rate.
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Table 1. Cont.

Study

Aim of the Study

Material and Methods

Results

Conclusions

de Oliveira [56]

To assess laser therapy’s role in
accelerating and recovering
neurosensory following
orthognathic and minor oral
surgical interventions.

Retrospective study analyzed 125 clinical records. Patients
divided into groups based on age, period between surgery
and laser therapy, treatment frequency, treatment
outcomes and guided by protocol: maintaining the
standard protocol with 808 nm laser vs. modified protocol
after 10 sessions using 660 nm laser (other parameters
unchanged).

The bidimensional analysis revealed
highest recovery rates in younger
patients (14-25 years), males, and
cases treated within 30 days
post-surgery. Orthognathic and
trauma-related cases showed better
outcomes than implant-associated
paresthesia. Weekly treatment had
greater efficacy than bi-weekly ones,
and the standard 808 nm protocol
showed better results than the
modified one.

LLLT using 808 nm laser is
effective in treating
post-surgical paresthesia.
Recovery outcomes correlated
with patient age and early
intervention timing.

de Morais Filho
[57]

Effectiveness of laser acupuncture
(LA) in treating facial paresthesia
in a 28-year-old female patient
after orthognathic surgery. The
patient experienced loss of touch
sensitivity in multiple areas
including nose, nasal folds (on
both sides), lower lip, and chin
region.

Sensory assessment was performed using Microbrush
applicators, mapping affected areas. The boundaries of the
patient’s administered sensory loss were marked with a
toothpaste via Microbrush. Treatment consisted of weekly
InGaAIP 808 nm laser applications specific acupoints (ST5,
ST6, CV24, GV26, L14, LU7, ST36, ST45).

The 6 weeks of weekly laser
acupuncture resulted in improvement
of sensory function, with remaining
residual paresthesia in mental and
labial regions.

This case report demonstrates
the success of laser
acupuncture in treating
paresthesia after orthognathic
surgery. However, further
controlled studies are needed
to verify its effectiveness.

Miloro [58]

To assess the effect of pre- and
postoperative LLLT on
neurosensory recovery after
bilateral sagittal split osteotomy
(BSSO).

The 6 patients subjected to BSSO surgery were enrolled in
a preoperative neurosensory test. After the surgery, the
LLLT was applied using 820-830 nm GaAlAs. The laser
treatment was performed intraorally and extraorally in
seven sessions (immediately after the surgery, 6 h, 24 h, 2,
3,4, and 7 days after). On days 14 and 28 the neurosensory
evaluation was conducted.

LLLT significantly accelerated
neurosensory recovery after surgery.
Sensitivity to brush strokes
approached normal within 14 days,
while 2-point and contact detection
improved by 14 days and returned to
near-normal by 2 months. Minimal
deficits in temperature and pain
response lasted up to 2 months in
some cases.

LLLT can significantly
improve the speed and extent
of neurosensory recovery after
BSSO.
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Table 1. Cont.

Study

Aim of the Study

Material and Methods

Results

Conclusions

Santos [59]

To investigate the effect of LLLT
on sensorineural deficiency
recovery after bilateral sagittal
split osteotomy (BSSO).

A group of 20 patients underwent the BSSO surgery and
received 780 nm diode laser LLLT on one side of the
mandible and placebo on the other side. Patients were
divided into two groups- group 1 short postoperative
period (30 days) and group 2 -patients experiencing
lasting sensory issues in the later postoperative period
(6 months to 1 year). Each patient receives five sessions
with 34 weeks intervals. The laser irradiation was
applied extra and intraorally.

Both the control and experimental
sides showed postoperative
improvement, with the laser-treated
side demonstrating a significant
enhancement in sensorineural
recovery across sessions in both
patient groups.

The use of LLL is effective in
treating sensory disorders
after BSSO surgeries,
especially in the short
postoperative period.

Mohajerani [60]

To examine the combined effect of
LLLT and LED on inferior alveolar
nerve disorders recovery
following mandibular sagittal
split osteotomy (SSO).

A group of 20 patients was divided in two groups
(experimental and control) were subjected to the study
after SSO surgery. The experimental group received a
combined application of 810 nm LLL and 632 nm LED
beam. The device was applied intra and extraorally. Each
point received laser application on the 1, 2, 3, 7, 14, and
28 days after surgery. Patients were evaluated by VAS,
brush stroke, 2-point discrimination, contact detect
detection, pinprick nociception, and thermal
discrimination tests.

As the neurosensory recovery was
assessed by six tests, in all tests all
laser groups showed a significant

improvement after 1 and 2 weeks and

6 months.

A combination of LLLT and
LED can improve
neurosensory recovery after
orthognathic SSO surgery.

Khullar [61]

To evaluate both the objective and
subjective outcomes of LLLT in
patients with paresthesia that
underwent SSO. The study
assessed whether objectively
verified improvements in sensory
function correlated with patients’
subjective perception of
improvement after treatment.

A double-blinded trial was conducted on 13 patients
(20-55 years) with 2-year post-SSO neurosensory deficits.
Patients were randomly divided into the LLLT group

(n =8, GaAlAs 820 nm, 20 sessions at 4 standardized
points along the inferior alveolar nerve) and placebo
group (n =5).

Assessments included objective mechanoperception,
thermoception and subjective measures using VAS.

The LLLT group showed significant
improvement in subjective (lip, chin
sensation) and objective nerve
function. Superior lip sensitivity

improvement was confirmed by both

objective and subjective tests.
Thermal sensitivity remained
unchanged in both groups. All

patients maintained normal protective

heat pain responses. The placebo
group showed no significant
improvements in any parameters.

While improvement trends
were observed in mechanical
sensitivity, particularly in the
lip region, the most severely
damaged areas did not show
statistically significant
improvement perception.
Nevertheless, patients
reported significant subjective
improvements, and objective
measurements showed
reduced areas of sensory
deficit.
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Table 1. Cont.

Study Aim of the Study Material and Methods Results Conclusions
Doubl.e—bhnd, rand(.)ml.zed, split-mouth trial on . On the side treated with LLLT there
. 16 patients, LLLT with intraoral 660 nm InGaAIP diode . .
To evaluate the effectiveness of . was significantly lower 2-point LLLT performed could be an
. laser and extraoral 810 nm InGaAIP diode laser at 24, 48, L Lo . .
low level laser therapy (LLLT) in 7 h after operation and extraoral continuation for 3 weeks discrimination distance on days 45 effective treatment for
Eshghpour [62] treating sensorineural deficiency P and 60 after operation, but there was  neurosensory disturbances

in patients undergoing bilateral
split sagittal osteotomy (BSSO).

twice a week along inferior alveolar nerve path.
Assessments included objective mechanoreception tested
with 2-point discrimination test up to 60 days

after operation.

no significant difference between
placebo and laser side before, after
surgery, and on 15 and 30 days later.

following BSSO and could
accelerate the recovery.
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3.3. Main Study Outcomes

The efficacy analysis predominantly demonstrated positive outcomes in laser-treated
groups, with the majority of studies reporting significantly superior results compared to
control interventions. Notably, only one study found no statistically significant differences
between the intervention groups [49].

Assessment methods included objective measures alone [50,62], subjective measures
alone [56], or combined approaches [49,51-55,57-61]. Evidence suggests recovery rates of
up to 85% in laser-treated groups compared to 70-75% in control groups [55]. Multiple
studies reported significant improvements in two-point discrimination [52,58,62], tactile
sensitivity [53,59], pain response [51,55], and mechanical sensitivity [55,61]. Recovery
patterns varied by anatomical location, with the lips and teeth demonstrating better recov-
ery outcomes compared to the chin region [53]. Complete resolution of paresthesia was
observed in a laser-treated group within six months post-surgery [54]. Follow-up periods
ranged from immediate postoperative assessments to two years [55].

Several factors were identified as influencing treatment outcomes. Early intervention,
particularly within 30 days post-surgery, was associated with improved recovery outcomes.
Patient age also played a significant role, with younger individuals (14-25 years) exhibiting
superior recovery rates. An analysis of treatment frequency indicated that weekly sessions
were more effective than bi-weekly treatments [56]. Furthermore, in studies employing a
split-mouth design, laser-treated sites demonstrated faster recovery compared to untreated
sites [53,59,62] (see Table 2).

3.4. Quality Assessment of the Included Studies

Ten articles included in the review were predominantly of high quality, with scores of
5/6[53-55,61] or 6/6[49,51,52,59,60,62]. However, three studies [50,57,58] were categorized
as low quality. Additionally, only one study, scoring 4/6 points, was identified as having a
moderate risk of bias [56] (see Table 3).
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Table 2. Detailed characteristics of included studies.

Authors

Type of the Surgery

Affected Area/Nerve

Method of Assessing Sensory
Disorders

Laser Type

Laser Parameters

Results (Restoration of Sensation
in Areas Affected by Paresthesia)

de Oliveira [49]

Combined orthognathic
surgery and genioplasty

Inferior alveolar nerve

- Mechanical evaluation with
the brush #2 and #12,

- 2-point discrimination test
calibrated on 5 mm and
10 mm;

- Electric pulp test on lower
2nd molars, 1st premolars,
and central incisors.

Diode laser

LaserHand, (MMOptics,
Sao Carlos, SP,

Brazil)

780 nm, in contact mode,

70 mW, with a spot size of

0.04 cm?, 65/ point, 0.42 J/point,
and 10J/cm?, 2x per week

No differences in responses between
laser and the control group.

Travassos
Prazeres [50]

Bilateral sagittal split
osteotomy (BSSO),
mentoplasty, Le Fort I

Upper lips in Le Fort I
patients

Lower lips and chin in
others

- Superficial mechanical
sensitivity

- surface swab;

- Deep mechanical
sensitivity—clinical clamp;

- Thermal sensitivity—ice cube;

- Paresthesia evaluation—rated
from 1 intensive to 4 absent
through the patient’s response
to the stimuli.

Diode laser
GaAlAs

830 nm, 50 mW, 0.6 spot,
20]/cm? per session

At the 12th session, test group
showed lower paresthesia during
deep mechanical and thermal
sensitivity than control group and
faster return of the studied
sensitivities.

The chin region had higher
paresthesia and slower regression
than the lower lip.

The deep mechanical sensitivity
decreased first compared to the
superficial and thermal.

From the preauricular

940 nm diode laser with
50-60 Hz circular beam shape

From 24 h up to week 3 laser group
reported less pain than the control

Le Fort I Osteotomy, to the mandibular body . . . Diode laser with continuous wave, group;

Dravilla [51] Bilateral sagittal split region, paranasal - antact detection with a fine InGaAsP 4000 mW, 7.1 cm? area spot, From baseline to week 4 the laser
osteotomy (BSSO), region, upper and paintbrush; semiconductor (Epic X,  0.56 W/cm?,21.12]/cm?,150]  group displayed higher positive
genioplasty lower lip, chin, - Visual analog scale (VAS). Biolase) total, 30 mm from the skin, for ~ responses to the contact test, but

Alveolar inferior nerve. 5 s intervals, 37.5 s total per without significant difference
point (8 points total) between experimental periods.

- Two point discrimination Control and test groups were able to
test—with calibrated drawing 810 nm, 70 mW, 0.8 cm diameter  Gctectheatandcool; =~
compass; . 2 Test group successfully identified

Sagittal split ramus Th 1 test—the heat 1 spot size, 140 mW/cm?, the touch with a sharp needle after

Esmaeelinejad [52] Inferior alveolar nerve - ermal test—tne heat or cool  pipde laser 8.4]/cm?, 60 s for each point, e

osteotomy (SSRO) probe with water perception; one year, showed better distinction

- Pinprick test—sharp needle
identification;
- Patient’s satisfaction.

for 8 min and 67.2 ] total
irradiation

of two separate sharp points,
positive contact direction test and
higher satisfaction.
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Table 2. Cont.

Authors

Type of the Surgery Affected Area/Nerve

Method of Assessing Sensory
Disorders

Laser Type

Laser Parameters

Results (Restoration of Sensation
in Areas Affected by Paresthesia)

Buysee Temrano
(53]

Inferior alveolar nerve
(25 points on average
per side)

Bilateral sagittal split
osteotomy (BSSO)

- The mechanoreceptor
tests—brushing tested and
control side: skin of the
posterior and middle
mandible area, inferior lip,
labial commissure, chin, labial
mucosa and vestibular gum;

- The nociceptors
tests—thermal tests with hot
gutta-percha and endo-frost
applied to the crowns of
incisor, premolar, and molar;

- Visual analog scale (VAS).

Low intensity infrared
GaAlAs laser

(A W. Laser I
DMC—Sao
Carlos—SP/Brazil)

808 nm laser, 100 mW,

0.0028 cm? tip spot, 2 mm
distance from the irradiated
area, 0.028 cm? area, 3.6 W/cm?,
2.8] per point, 100 J/cm?, 28 s
each point with the distance of
1 cm between points

No significant sensibility difference
based on the type of stimuli;
Improvement, higher perception
and faster recovery from sensory
disorders in the test group.

Baydan [54]

The inferior alveolar
nerve—the part it
supplies such as lower
lip and chin area

Bilateral sagittal split
osteotomy (BSSO)

Tests were performed at

6 timepoints (T0-T6).

Area between lower lip and chin
was divided into 9 fields for each
side:

- Brush test (yes/no);

- Two point discrimination test
(recorded in mm);

- Pinprick test with VAS
scoring (probe to apply
stimulus was rated with VAS
scale 0-5).

1. GaAlAs laser

combined with
LED (GRR)

2. GaAlAs laser
(Epic 10)

1. GRR laser:

904 and 650 nm, stable probe
10 mm in diameter, 50 mm
penetration depth, 9 J intraoral,
16 J extraoral;

2. Epicl0

940 nm, moving 15 mm
diameter probe (intraoral),
moving 35 mm X 8 mm 2.8 cm?
probe (extraoral), 5 J, 10 sessions
over 5 weeks. Laser applied

5 min transmucosal, 5 min
transcutaneous. One session
lasted 10 min.

1. Brush test:

- No significant difference
between groups.

2. Two-point discrimination test:

- LLLT showed significant
difference compared to the
vitamin group at the 4th
assessment.

3. Pinprick test:

A. Within group comparison

(comparing T0-T5)

- Significant improvement in all
groups: points A, B, E, G, I, ]

- Significant improvement only
in laser groups: points C, D

- Significant improvement only
in GRR laser group: point F.

B. Between group comparison

- Significant difference only at

point “C” at 6th examination.
All patients reported complete

paresthesia resolution by 6 months
post-BSSO complications.
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Table 2. Cont.

Method of Assessing Sensory

Results (Restoration of Sensation

Authors Type of the Surgery Affected Area/Nerve Disorders Laser Type Laser Parameters in Areas Affected by Paresthesia)

Two years post-BSSO:

- sensitivity (VAS): 33.33% of
laser group recovered
sensitivity vs. 0% in control
group

- sensitivity threshold test:
laser 69.7% vs. control 44.4%

Five tests used: recovery ~
810 + 20 nm: - two-point discrimination:
1. Visual Analog Scale (VAS); continuous v(zave, in contact, 69.70% recovered in laser
2. Sensitivity threshold test ) optical fiber probe with round group vs. 11.11% in control
The inferior alveolar using nylon monofilament; GaAlAs diode laser tip of 0.6 cm diameter; 0.283 cm? group
. Bilateral sagittal split . = oint discrimination (Flash Lase III; DMC p OF6 am dlameter; 5,265 cm - in (VAS): 93.94% d
Guarini [55] & P nerve—the part it 3. Two-point discrimination > % spot size, 0.353 W /cm?; pain (VAS): 93.94% recovere
osteotomy (BSSO) supplies using dry-point compass; Equlpment, Sao Paulo, 31.8]/cm?; in laser group vs. 55.56% in
4. Pain discrimination using Brazil) 270 s per séssion; 277 total; control one
dry-point compass; 8 applications: days 1,2,3,5,10, ~ thermal discrimination:
5. Thermal discrimination test 14,21, 28 post-BSSO. cold: 100% recovery in both groups
for warm and cold stimuli. warm: 96.97% recovery in laser
group vs. 66.67% in control group.

Overall achieved recovery rate: 85%

in laser group, 70-75% in control

group.

Recovery was similar in the first

28 days, after that period the

laser group

demonstrated superior regeneration.

Two factors correlate with the

- Orthognathic recovery rate:
surgery; 1. Standard protocol - Age (younger patients 14-25

- 3rd molar (primary laser): had better outcomes);
extraction; ) 808 nm; continuous wave - Time interval between surgery

- Dental implant 1. Prlmary laser: contact mode, 100 mW; 100 and treatment (earlier
placement; The inferior alveolar infrared. J/cm?; intervention <30 days had

- Facial trauma; nerve, superior alveolar ~ Only subjective judgment of 2. Secondary laser: 28 s/point, 1.0-1.5 cm point better outcomes).

De Oliveira [56]

Other minor
surgeries (bone
graft, residual
root surgery,
hyperplasia
surgery, dental
anesthesia)

nerve, infraorbital,
lingual, maxillary nerve

patients classified into 4 levels.

red laser.
(Photon Lase I and II
DMC, Sao Carlos, SP,
Brazil)

spacing;

2. Modified protocol (after

10 sessions if needed)
660 nm; other parameters
unchanged.

Recovery outcomes:

excellent 11.2%, good 39.2%,
reasonable 31.2% and poor 18.4%
of patients.

Infrared laser was more effective
than the red one.

Once-weekly treatment showed
better results than twice-weekly.
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Table 2. Cont.

Method of Assessing Sensory

Results (Restoration of Sensation

Authors Type of the Surgery Affected Area/Nerve Disorders Laser Type Laser Parameters in Areas Affected by Paresthesia)
Microbrush applicator to:
- apply light touch to test areas 808 + 10 nm; continuous wave; ﬁgera?i;ieis git‘g gzkiznl“s]e“]i touch
Bilateral orthognathic Area of nose, nasal of declared pares't hesia; InGaAIP 100 mW =+ 20%, 35 ]/em?; 60's retuIinin PaIr)esthesia showed
de Morais Filho [57] & folds bilaterally, lower marked boundaries of no (Model XT, Sao Carlos,  per site at specific acupoints ducti 5 ked Residual
surgery lip, chin. sensation using toothpaste via  SP, Brazil) (ST5, ST6, CV24, GV26, LI4, reduction I marked area. fesieud

Microbrush;
- analyzed whether sensation
would appear.

LU7, ST36, ST45).

sensory deficits remained localized
to chin and lower lip regions.

Miloro [58]

Bilateral sagittal split
osteotomy (BSSO)

The inferior alveolar
nerve and the part it
supplies.

Three lever clinical neurosensory
test:

Level A: brush stroke directional
discrimination and 2-point
discrimination;

Level B: contact detection;

Level C: pin prick nociception and
thermal discrimination.

Subjective assessment:

Visual analog scale (VAS).

Low- level GaAlAs
diode laser

820-830 nm, 550 mW/cm?, 6 ]
for 90 s for each point.

Level A:

Brush stroke directional
discrimination: return of >90% of
preoperative level by 14 days;
2-point discrimination:
improvement after 14 days and
return to normal after 2 months;
Level B:

Contact detection: improvement
after 14 days and return to normal
after 2 months;

Level C:

pin prick nociception and thermal
discrimination: minimal
neurosensory deficits- two cases of
prolonged recovery by two months;
VAS:

rapid improvement; 50% deficit in
2 days and <15% in two months.

Santos [59]

Bilateral sagittal split
osteotomy (BSSO)

Mandibular region

Semmes-Weinstein monofilament
test

Diode laser 780 nm, 157.5]/cm?, 90 s

Sensorineural recovery was noted in
both sides with significant
improvement on the experimental
side (LLLT) during early
postoperative sessions, particularly
by the fifth session, though no
regional differences were observed.
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Table 2. Cont.

Authors Type of the Surgery Affected Area/Nerve

Method of Assessing Sensory
Disorders

Laser Type

Laser Parameters

Results (Restoration of Sensation
in Areas Affected by Paresthesia)

Sagittal split osteotomy

Mohajerani [60] Inferior alveolar nerve

Objective tests:

Level A: brush stroke directional
discrimination and 2-point
discrimination;

Level B: contact detection;

Low-level laser and

810 nm laser, 5]/ cm?, and

VAS scores improved in the laser
group after 1 week, improvement in
brush stroke and two-point
discrimination tests was noted in

(SSO) . . . . LED 632 nm LED, 2 J/cm? 2 weeks; no differences in contact
Level C: pin prick nociception and . —
thermal discrimination detection, pinprick, or thermal
L ’ discrimination were observed at
Subjective test: 6 months
Visual analog scale (VAS). ’

Subjective results (VAS scale):

- LLLT group showed
significant improvement in lip
and chin sensations;

- The placebo group showed no
significant improvement.

Objective results:

Objective assessments: 1 Mechanoreception:
- Mechanoperception (Semmes - L_LLT group showedv
Weinstein Monofilaments); significant decrease in the
. . - thermoception (Thermotester) area of sensory deficit, strong
The imferior alveolar to measure warm, cold, and GaAlAs (Photon plus 820 nm; continuous wave; 70 tendency toward
nerve (4 treatment ’ ’ p . y . .
Khullar [61] Sagittal split ramus oints) and the part it thermal pain thresholds; GaAlAs diode laser, mW; approximately 0.13 cm? improvement in the lip
osteotomy (SSO) Eu lies such asPli and - Standardized photographs to Ronvig A/S, Vejle, spot size; 550 mW/ cm?; 4 x 6] region;
pp P document the area of sensory ~ Denmark). per treatment, 20 sessions - The placebo group showed no

chin area

damage

Subjective assessments:

- VAS for lip and chin area

significant improvement.

2. Thermoception results:
neither group showed
significant improvement in
thermal sensitivity. All
patients maintained a normal
heat pain response
throughout.

However, it is noted that the most

severely damaged areas did not

show statistically significant
improvement.
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Table 2. Cont.

Method of Assessing Sensory Results (Restoration of Sensation

Authors Type of the Surgery Affected Area/Nerve Disorders Laser Type Laser Parameters in Areas Affected by Paresthesia)
Intraoral: 660 nm, continuous
wave, 200 mW, spot size at 1 cm
approx 1.3 cm?, 2 J, 1.5 ]/cmz,
4 points located 1 cm away from
the surgical site, 10 s
Extraoral: 660 nm, continuous . .
wave, spot size approx 0.28 cm? Before, immediately after surgery,
The inferior alveolar Two-point discrimination test with 200 mW, 2J,7J/cm2, 8 points 2“‘;22;3 iﬁ‘:rgowi?elsnzftseir nificant
Bilateral sagittal split nerve and the part it two sharp needles on 6 points, InGaAlIP diode laser on ramus and body of mandible dli:}ference/s between lacebg and the
S our . . a ied betore, atter the surgica or ontrol Unit, along the distribution of interior .
Eshghp [62] osteotom (gBSSO)p supplies such elljs lip and pplied bef fter th gical (Thor DD2 C 1 Uni long the distributi finferi laser sides, but on dap s 45 and 60
Y Pp P procedure and on 15, 30, 45, 60 days ~ Thor, London, UK) alveolar nerve, 10 s, ’ s
chin area . . there was better sensation of the
later LLLT continuation: 660 nm,

chin and lower lip resulting in lower

continuous wave, spot size . LT .
15P 2-point discrimination distance.

approx 0.28 cm?2, 200 mW, 27,
7J/cm?,10s, 8 points on the
path of inferior alveolar nerve
parallel to the mandibular ridge,
4 on lower labial mucosa, 2 on
lower lip, 9 on chin skin.

Table 3. Quality assessment of included studies.

Criteria Study
de Oliveira  Prazeres D’avilla  Esmaeelinejad. T]zum};safo Baydan Guarini de Oliveira  de Morais Miloro Santos Mohajerani  Khullar Eshghpour
[49] [50] [51] [52] [53] [54] [55] [56] Filho [57] [58] [59] [60] [61] [62]
Minimum 10 subjects 1 0 1 1 1 1 1 1 0 0 1 1 1 1
Blinding 1 0 1 1 1 1 1 0 0 0 1 1 1 1
Sample size calculation 1 0 1 1 0 1 0 1 0 0 1 1 0 1
Randomization 1 0 1 1 1 1 1 0 0 0 1 1 1 1
Presence of a control 1 1 1 1 1 0 1 0 0 0 1 1 1 1
group
Detailed description of

PBM parameters 1 1 1 1 1 1 1 1 1 1 1 1 1 1

(fluence, irradiance, dose
per session, total dose)

Total 6 2 6 6 5 5 5 3 1 1 6 6 5 6

Risk of bias low high low low low low low moderate high high low low low low
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4. Discussion

Orthognathic surgery encompasses a range of procedures aimed at improving both
functional outcomes and facial esthetics. Despite these therapeutic benefits, the procedures
carry inherent risks, with neurosensory disturbances being among the most prevalent com-
plications. To mitigate these issues and enhance postoperative recovery, various therapeutic
approaches have been explored. Among these, low-level laser therapy (LLLT) has demon-
strated promising efficacy in promoting neurosensory recovery. This systematic review eval-
uated fourteen studies investigating the application of LLLT in post-orthognathic surgery
care. The included studies comprised eleven randomized controlled trials [49-55,59-62],
one retrospective analysis [56], one case report [57], and one prospective observational
study [58]. Bilateral sagittal split osteotomy (BSSO) was the predominant surgical pro-
cedure, featured in seven studies [53-55,57-59,62], while sagittal split osteotomy (SSO)
was utilized in three. Clinical outcomes indicated recovery rates of up to 85% in laser-
treated groups, compared to 70-75% in control groups [55]. Early intervention, particularly
within 30 days post-surgery and weekly treatment sessions, were associated with greater
efficacy [56]. Studies employing a split-mouth design [53,59,62] reported significantly
faster recovery in laser-treated sites compared to untreated areas [53]. Follow-up dura-
tions ranged from immediate postoperative assessments to two years [55], with complete
resolution of paresthesia observed at six months in one laser-treated cohort [54].

Paresthesia treatment is a common postoperative complication following maxillo-
facial and orthognathic surgeries, and various studies demonstrated significant success
with its ability to promote nerve regeneration and resolving paresthesia [4,26,36,44]. Al-
ternative therapeutic approaches include acupuncture [20], electroacupuncture [21], and
pharmacological interventions. Notably, steroid administration has shown potential for
neurosensory recovery [45,63,64], while combination therapy using uridine triphosphate,
cytidine monophosphate, and hydroxocobalamin has also been proposed as a promising
option [65]. It should be mentioned that the anatomical regions most commonly affected
by paresthesia align with the distribution of the inferior alveolar nerve, as highlighted
in several studies [49,52-56,58,60-62]. Other studies, however, examined broader facial
areas, including both the upper and lower lips along with the chin [50], extensive regions
spanning from the preauricular area to the mandibular body and paranasal regions [51],
and areas such as the nose, nasal folds, lower lip, and chin [57]. The biological mechanism
of photobiomodulation (PBM) underlying its efficacy involves the enhancement of cellular
energy production through increased adenosine triphosphate (ATP) synthesis [21,26,27]
and the mitigation of oxidative stress [29,30]. Additionally, PBM facilitates tissue repair by
augmenting mitochondrial function [21,26] and stimulating nitric oxide production [32]. In
the context of orthognathic surgery, its clinical benefits include reduced postoperative pain
and swelling [33,39], accelerated wound healing [33,34,39], and improved neurosensory
recovery [36,38]. The effectiveness of PBM is significantly influenced by the careful selection
of laser parameters [41] and the timing of application, with immediate postoperative use
producing the most favorable outcomes [37,43].

Pain is one of the most significant and distressing postoperative complications follow-
ing orthognathic surgery and, indeed, most surgical procedures. It is such a consistent and
inherent aspect of surgical intervention that it is almost not classified as a complication.
Low-level laser/light therapy has shown promising results in mitigating acute postop-
erative pain, achieving reductions of up to 50% within the first two days after surgery
while also accelerating recovery. Studies included in this review that assessed pain out-
comes [51,53,55,57,58,60] consistently reported both short- and long-term improvements
in Visual Analog Scale (VAS) scores, aligning with findings from other reviews on the
subject [5]. Pain management often relies on pharmacological interventions, with opioid
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prescriptions being the most common approach. However, while opioids are effective, their
use carries the significant risks of dependency, addiction, and abuse, posing a major public
health challenge in the United States [66]. Alternative medications have shown varying
degrees of success [67], but all pharmacological treatments are associated with potential
side effects [68]. Among these alternatives, melatonin has demonstrated promise, showing
similar reductions in oxidative stress to those observed with photobiomodulation [69].
Preemptive analgesia is another effective strategy for managing pain and reducing the need
for painkillers; however, it remains more invasive compared to the significantly less inva-
sive and highly effective LLLT [70]. Furthermore, patients undergoing LLLT report higher
satisfaction [53], attributed to reduced pain perception, which correlates with improved
physical health and quality of life following major surgeries.

Neurosensory disturbance following orthognathic surgery is primarily characterized
by changes in, or a complete loss of, sensitivity in areas supplied by branches of the trigemi-
nal nerve, most commonly the inferior alveolar nerve after bilateral sagittal split osteotomy
(BSSO) [70]. Preoperative factors and surgical technique employed significantly influence
postoperative neural outcomes, with piezosurgery demonstrating superior results [71].
Numerous treatment protocols have been proposed to enhance sensory recovery in affected
areas, though complete recovery remains uncertain. Combined studies reviewed here
indicate that low-level laser/light therapy (LLLT) consistently accelerates improvements in
sensory recovery, including heat/cold perception, pain stimulus response, and reductions
in neurosensory disturbances, compared to control groups. Notably, the study by F. de
Oliveira et al. [49] was an exception, showing no significant differences. However, in
cases of severe nerve damage, no significant improvement was observed [57,61]. These
findings align with previous reviews of LLLT in neurosensory disturbances, such as the
one conducted by Firoozi P. et al. [72]. A study by Navarro-Ferndndez G. et al. [63], which
compared various therapeutic modalities, found moderate evidence supporting the ef-
ficacy of laser and LED therapy in sensitivity rehabilitation, while halotherapy showed
no benefit [64]. The most recent study by Pourdanesh F. et al. [73] highlighted the ef-
fectiveness of transcutaneous electrical nerve stimulation, corroborating the findings of
F. de Oliveira et al. [45]. Pharmacological interventions following surgery show mixed
results. Positive outcomes have been reported with melatonin, which aids sensitivity re-
covery [69]. Steroids demonstrated neutral effects on sensitivity but contributed to edema
reduction [65,74,75]. Conversely, combination therapy using uridine triphosphate (UTP),
cytidine monophosphate (CMP), and hydroxocobalamin (vitamin B12) showed no sig-
nificant improvement in neurosensory recovery [76]. More direct interventions, such as
stellate ganglion blockade [77], have demonstrated effectiveness. However, less invasive
approaches like Xenon light irradiation and other photobiomodulation therapies reviewed
here are advantageous, being easier to perform, better tolerated by patients, and associated
with fewer risks.

Although many studies were included in this review, certain limitations were iden-
tified. The scope was restricted to articles published in English, and not all available
databases were comprehensively searched, potentially leading to selection bias. Addi-
tionally, only 50% of the included studies were classified as high-quality, while nearly
30% were considered low-quality. There is a clear need for further clinical trials with
more standardized and precise treatment protocols. These should account for consistent
laser parameters—such as wavelength, dosage, and power—and uniform time spans for
irradiation across the pre-, intra-, and postoperative periods. Future studies should also
adopt standardized assessments for neurosensory disorder testing, enabling consistent
comparisons and facilitating advancements in the field. While some studies included over-
lapping assessments, none encompassed all the relevant tests comprehensively. Moreover,
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the diversity in the types of surgeries performed and the anatomical regions targeted adds
complexity to the analysis. The inferior alveolar nerve was the most frequently addressed
nerve in the studies, but the application sites varied significantly. Considering these lim-
itations, further research is essential to develop a precise and standardized laser/light
therapy protocol for treating neurosensory disturbances in orthognathic surgery patients.
Such efforts are crucial for maximizing the therapeutic potential of this promising modal-
ity. Moreover, the considerable heterogeneity among the included studies precludes the
possibility of conducting a meta-analysis. To obtain more precise results and facilitate a
meta-analysis, additional studies with greater homogeneity in terms of laser types and
their parameters are needed.

5. Conclusions

Based on the reviewed literature, low-level laser therapy (LLLT) is a safe and effective
modality for enhancing neurosensory recovery following orthognathic surgery, particularly
when initiated early and administered consistently. While outcomes may vary depending
on individual factors and specific treatment protocols, 13 out of 14 reviewed studies indicate
that LLLT promotes the restoration of sensory function, especially when infrared wave-
lengths are employed with regular treatment sessions. However, the lack of standardized
protocols and the limited number of large, controlled trials highlight the need for further
research to establish an optimal treatment regimen.

Author Contributions: Conceptualization, A.O., A.C.-J. and J.M.; methodology, ] M. and A.O,;
validation, A.O.; formal analysis, A.C.-J., ].M. and A.O.; data curation, A.O.,, M.W,, ] K., A.K. and
J.M.; writing—original draft preparation, M.W., ] K., A.K. and A.O.; writing—review and editing, ].M.
and A.C.-].; project administration, ].M. and A.O. All authors have read and agreed to the published
version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data supporting the findings of this study are available within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Santos, LM.D.; Machado, M.ET.; Roversi, M.S.D.S.; Scriboni, A.B. Optimization of Facial Aesthetics through Orthognathic
Treatment: A Systematic Review. MedNEXT |. Med. Health Sci. 2024, 5, €24204. [CrossRef]

2. Reddy, C.L.; Patterson, R.H.; Wasserman, I.; Meara, ].G.; Afshar, S. Oral and Maxillofacial Surgery: An Opportunity to Improve
Surgical Care and Advance Sustainable Development Globally. Oral Maxillofac. Surg. Clin. N. Am. 2020, 32, 339-354. [CrossRef]

3.  Weiss, RO.; Ong, A.A; Reddy, L.V,; Bahmanyar, S.; Vincent, A.G.; Ducic, Y. Orthognathic Surgery-LeFort I Osteotomy. Facial
Plast. Surg. FPS 2021, 37, 703-708. [CrossRef]

4.  Alyahya, A; Aldubayan, A.; Swennen, G.R.J.; Al-Moraissi, E. Effectiveness of different protocols to reduce postoperative pain
following orthognathic surgery: A systematic review and meta-analysis. Br. J. Oral Maxillofac. Surg. 2022, 60, e1-e10. [CrossRef]

5. Barbosa, L.M.; de Luna Gomes, ].M.; Laureano Filho, J.R.; do Egito Vasconcelos, B.C.; Dantas Moraes, S.L.; Pellizzer, E.P. Does the
use of low-level light therapy postoperatively reduce pain, oedema, and neurosensory disorders following orthognathic surgery?
A systematic review. Int. ]. Oral Maxillofac. Surg. 2022, 51, 355-365. [CrossRef]

6. Essick, G.K,; Phillips, C.; Turvey, T.A.; Tucker, M. Facial altered sensation and sensory impairment after orthognathic surgery. Int.
J. Oral Maxillofac. Surg. 2007, 36, 577-582. [CrossRef]

7. Alolayan, A.B.; Leung, Y.Y. Risk factors of neurosensory disturbance following orthognathic surgery. PLoS ONE 2014, 9, €91055.

[CrossRef] [PubMed]


https://doi.org/10.54448/mdnt24206
https://doi.org/10.1016/j.coms.2020.03.001
https://doi.org/10.1055/s-0041-1735308
https://doi.org/10.1016/j.bjoms.2022.03.013
https://doi.org/10.1016/j.ijom.2021.06.006
https://doi.org/10.1016/j.ijom.2007.02.006
https://doi.org/10.1371/journal.pone.0091055
https://www.ncbi.nlm.nih.gov/pubmed/24599321

Life 2025, 15, 111 21 of24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Nesari, S.; Kahnberg, K.E.; Rasmusson, L. Neurosensory function of the inferior alveolar nerve after bilateral sagittal ramus
osteotomy: A retrospective study of 68 patients. Int. |. Oral Maxillofac. Surg. 2005, 34, 495-498. [CrossRef]

Milic, T.; Raidoo, P.; Gebauer, D. Antibiotic prophylaxis in oral and maxillofacial surgery: A systematic review. Br. ]. Oral
Maxillofac. Surg. 2021, 59, 633-642. [CrossRef]

Kumar, G.J.; Mansuri, S.; Nizar, S.A.; Rehman, S.Q.M.; Kumar, A.; Baig, EA.H. Assessment of Pain Management After Orthog-
nathic Surgery by the Administration of Montelukast: An Original Research. J. Pharm. Bioallied Sci. 2023, 15 (Suppl. 1), S114-5117.
[CrossRef]

Jean, S.; Dionne, PL.; Bouchard, C.; Giasson, L.; Turgeon, A.F. Perioperative Systemic Corticosteroids in Orthognathic Surgery:
A Systematic Review and Meta-Analysis. J. Oral Maxillofac. Surg. Off. J. Am. Assoc. Oral Maxillofac. Surg. 2017, 75, 2638-2649.
[CrossRef]

Agpbaje, ].; Luyten, J.; Politis, C. Pain Complaints in Patients Undergoing Orthognathic Surgery. Pain Res. Manag. 2018, 2018,
4235025. [CrossRef]

Dan, A.E.B.; Thygesen, T.H.; Pinholt, E.M. Corticosteroid administration in oral and orthognathic surgery: A systematic review of
the literature and meta-analysis. J. Oral Maxillofac. Surg. Off. ]. Am. Assoc. Oral Maxillofac. Surg. 2010, 68, 2207-2220. [CrossRef]
Bamgbose, B.O.; Akinwande, J.A.; Adeyemo, W.L.; Ladeinde, A.L.; Arotiba, G.T.; Ogunlewe, M.O. Effects of co-administered
dexamethasone and diclofenac potassium on pain, swelling and trismus following third molar surgery. Head Face Med. 2005, 1, 11.
[CrossRef] [PubMed]

Gao, PF; Zhao, L.; Li, S.Y,; Li, Y.; Chen, M.K,; Fu, J.; Ji, Y. Prevention of postoperative nausea and vomiting after orthognathic
surgery: A scoping review. BMIC Anesthesiol. 2024, 24, 121. [CrossRef]

Glass, G.E.; Waterhouse, N.; Shakib, K. Hilotherapy for the management of perioperative pain and swelling in facial surgery: A
systematic review and meta-analysis. Br. ]. Oral Maxillofac. Surg. 2016, 54, 851-856. [CrossRef]

Suzen, M.; Zengin, M.; Ciftci, B.; Uckan, S. Does the vitamin C level affect postoperative analgesia in patients who undergo
orthognathic surgery? Int. J. Oral Maxillofac. Surg. 2023, 52, 205-210. [CrossRef] [PubMed]

Tozzi, U.; Santagata, M.; Sellitto, A.; Tartaro, G.P. Influence of Kinesiologic Tape on Post-operative Swelling After Orthognathic
Surgery. J. Maxillofac. Oral Surg. 2016, 15, 52-58. [CrossRef]

Szolnoky, G.; Szendi-Horvath, K.; Seres, L.; Boda, K.; Kemény, L. Manual lymph drainage efficiently reduces postoperative facial
swelling and discomfort after removal of impacted third molars. Lymphology 2007, 40, 138-142. [PubMed]

Ka, L.; Hirata, Y.; Kobayashi, A.; Wake, H.; Kino, K.; Amagasa, T. Treatment results of acupuncture in inferior alveolar and lingual
nerves sensory paralysis after oral surgery. Kokubyo Gakkai Zasshi 2006, 73, 40-46. [CrossRef]

Manni, L.; Rocco, M.L.; Barbaro Paparo, S.; Guaragna, M. Electroacupucture and nerve growth factor: Potential clinical
applications. Arch. Ital. Biol. 2011, 149, 247-255. [PubMed]

Matys, J.; Flieger, R.; Gedrange, T.; Janowicz, K.; Kempisty, B.; Grzech-Lesniak, K.; Dominiak, M. Effect of 808 nm Semiconductor
Laser on the Stability of Orthodontic Micro-Implants: A Split-Mouth Study. Materials 2020, 13, 2265. [CrossRef] [PubMed]
Matys, J.; Flieger, R.; Swider, K.; Gedrange, T.; Hutchings, G.; Dyszkiewicz-Konwiriska, M.; Kempisty, B.; Nammour, S.; Dominiak,
M.; Grzech-Le$niak, K. A Clinical Trial of Photobiomodulation Effect on Orthodontic Microscrews Stability Using a 635 nm Red
Laser Light. Photobiomodulation Photomed. Laser Surg. 2020, 38, 607-613. [CrossRef]

Kocherova, I; Bryja, A.; Blochowiak, K.; Kaczmarek, M.; Stefariska, K.; Matys, J.; Grzech-Lesniak, K.; Dominiak, M.; Mozdziak,
P.; Kempisty, B.; et al. Photobiomodulation with Red and Near-Infrared Light Improves Viability and Modulates Expression of
Mesenchymal and Apoptotic-Related Markers in Human Gingival Fibroblasts. Materials 2021, 14, 3427. [CrossRef] [PubMed]
Olszewska, A.; Matys, J.; Grzech-Lesniak, K.; Czajka-Jakubowska, A. Enhanced Recovery of Local Anesthesia in Pediatric Patients:
The Impact of Photobiomodulation on Reversing Anesthesia Effects. Med. Sci. Monit. Int. Med. ]. Exp. Clin. Res. 2024, 30, €941928.
[CrossRef] [PubMed]

de Freitas, L.F.; Hamblin, M.R. Proposed Mechanisms of Photobiomodulation or Low-Level Light Therapy. IEEE ]. Sel. Top.
Quantum Electron. Publ. IEEE Lasers Electro-Opt. Soc. 2016, 22, 7000417. [CrossRef] [PubMed]

Passarella, S.; Casamassima, E.; Molinari, S.; Pastore, D.; Quagliariello, E.; Catalano, I.M.; Cingolani, A. Increase of proton
electrochemical potential and ATP synthesis in rat liver mitochondria irradiated in vitro by helium-neon laser. FEBS Lett. 1984,
175, 95-99. [CrossRef]

Sharma, S.K.; Kharkwal, G.B.; Sajo, M.; Huang, Y.Y.; De Taboada, L.; McCarthy, T.; Hamblin, M.R. Dose response effects of 810 nm
laser light on mouse primary cortical neurons. Lasers Surg. Med. 2011, 43, 851-859. [CrossRef]

Taskén, K.; Aandahl, EMM. Localized effects of cAMP mediated by distinct routes of protein kinase A. Physiol. Rev. 2004, 84,
137-167. [CrossRef] [PubMed]

Ristow, M.; Schmeisser, S. Extending life span by increasing oxidative stress. Free Radic. Biol. Med. 2011, 51, 327-336. [CrossRef]


https://doi.org/10.1016/j.ijom.2004.10.021
https://doi.org/10.1016/j.bjoms.2020.09.020
https://doi.org/10.4103/jpbs.jpbs_432_22
https://doi.org/10.1016/j.joms.2017.06.014
https://doi.org/10.1155/2018/4235025
https://doi.org/10.1016/j.joms.2010.04.019
https://doi.org/10.1186/1746-160X-1-11
https://www.ncbi.nlm.nih.gov/pubmed/16274480
https://doi.org/10.1186/s12871-024-02510-z
https://doi.org/10.1016/j.bjoms.2016.07.003
https://doi.org/10.1016/j.ijom.2022.06.005
https://www.ncbi.nlm.nih.gov/pubmed/35791994
https://doi.org/10.1007/s12663-015-0787-0
https://www.ncbi.nlm.nih.gov/pubmed/18062616
https://doi.org/10.5357/koubyou.73.40
https://www.ncbi.nlm.nih.gov/pubmed/21701996
https://doi.org/10.3390/ma13102265
https://www.ncbi.nlm.nih.gov/pubmed/32423127
https://doi.org/10.1089/photob.2020.4863
https://doi.org/10.3390/ma14123427
https://www.ncbi.nlm.nih.gov/pubmed/34205573
https://doi.org/10.12659/MSM.941928
https://www.ncbi.nlm.nih.gov/pubmed/38787794
https://doi.org/10.1109/JSTQE.2016.2561201
https://www.ncbi.nlm.nih.gov/pubmed/28070154
https://doi.org/10.1016/0014-5793(84)80577-3
https://doi.org/10.1002/lsm.21100
https://doi.org/10.1152/physrev.00021.2003
https://www.ncbi.nlm.nih.gov/pubmed/14715913
https://doi.org/10.1016/j.freeradbiomed.2011.05.010

Life 2025, 15, 111 22 0f 24

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Huang, Y.Y.; Nagata, K.; Tedford, C.E.; McCarthy, T.; Hamblin, M.R. Low-level laser therapy (LLLT) reduces oxidative stress in
primary cortical neurons in vitro. J. Biophotonics 2013, 6, 829-838. [CrossRef] [PubMed]

Zhang, Y.; Song, S.; Fong, C.C.; Tsang, C.H.; Yang, Z.; Yang, M. cDNA microarray analysis of gene expression profiles in human
fibroblast cells irradiated with red light. J. Investig. Dermatol. 2003, 120, 849-857. [PubMed]

Karu, T.L; Pyatibrat, L.V.; Afanasyeva, N.I. Cellular effects of low power laser therapy can be mediated by nitric oxide. Lasers
Surg. Med. 2005, 36, 307-314. [CrossRef] [PubMed]

Chaves, M.E.d.A.; Aratijo, A.R.d.; Piancastelli, A.C.C.; Pinotti, M. Effects of low-power light therapy on wound healing: LASER x
LED. An. Bras. Dermatol. 2014, 89, 616-623. [CrossRef]

Posten, W.; Wrone, D.A_; Dover, ].S.; Arndt, K.A,; Silapunt, S.; Alam, M. Low-level laser therapy for wound healing: Mechanism
and efficacy. Dermatol. Surg. Off. Publ. Am. Soc. Dermatol. Surg. Al. 2005, 31, 334-340. [CrossRef]

Bergamaschi, I.; Baraldi, C.; Gomes, F.; Mayer, L.; Ramalho, L. Systemic effects of photobiomodulation on bone graft repair:
In vivo study. Int. J. Oral Maxillofac. Surg. 2019, 48, 154. [CrossRef]

de Oliveira Martins, D.; Martinez dos Santos, F.; Evany de Oliveira, M.; de Britto, L.R.G.; Benedito Dias Lemos, ]J.; Chacur, M.
Laser therapy and pain-related behavior after injury of the inferior alveolar nerve: Possible involvement of neurotrophins. J.
Neurotrauma 2013, 30, 480-486. [CrossRef] [PubMed]

Sadighi, A.; Momeni, H.; Shirani, A.M. Effect of Low-Level LASER Therapy on Wound Recovery and Sequelae After Orthognathic
Surgery: A Randomized Controlled Trial. Dent. Hypotheses 2019, 10, 58.

Salari, B.; Nikparto, N.; Babaei, A.; Fekrazad, R. Effect of delayed photobiomodulation therapy on neurosensory recovery in
patients with mandibular nerve neurotmesis following traumatic mandibular fracture: A randomized triple-blinded clinical trial.
J. Photochem. Photobiol. B Biol. 2022, 232, 112460. [CrossRef]

Avci, P; Sadasivam, M.; Vecchio, D.; Pam, Z.; Pam, N.; Hamblin, M.R. Low-level laser (light) therapy (LLLT) in skin: Stimulating,
healing, restoring. Semin. Cutan. Med. Surg. 2013, 32, 41-52.

Pereira, A.N.; Eduardo, C.d.P,; Matson, E.; Marques, M.M. Effect of low-power laser irradiation on cell growth and procollagen
synthesis of cultured fibroblasts. Lasers Surg. Med. 2002, 31, 263-267. [CrossRef] [PubMed]

Wang, R.; Dong, Y.; Lu, Y.; Zhang, W.; Brann, D.W.; Zhang, Q. Photobiomodulation for Global Cerebral Ischemia: Targeting
Mitochondrial Dynamics and Functions. Mol. Neurobiol. 2019, 56, 1852-1869. [CrossRef] [PubMed]

Kahraman, S.A. Low-level laser therapy in oral and maxillofacial surgery. Oral Maxillofac. Surg. Clin. N. Am. 2004, 16, 277-288.
[CrossRef]

Meneses-Santos, D.; Costa, M.D.M.A.; Inocéncio, G.S.G.; Almeida, A.C.; Vieira, W.A.; Lima, I.EP,; Paranhos, L.R. Effects of
low-level laser therapy on reducing pain, edema, and trismus after orthognathic surgery: A systematic review. Lasers Med. Sci.
2022, 37, 1471-1485. [CrossRef] [PubMed]

Bittencourt, M.A.V,; Paranhos, L.R.; Martins-Filho, PR.S. Low-level laser therapy for treatment of neurosensory disorders after
orthognathic surgery: A systematic review of randomized clinical trials. Med. Oral Patol. Oral Cir. Bucal 2017, 22, 780-787.
[CrossRef] [PubMed]

Huang, X.; Lin, J.; Demner-Fushman, D. Evaluation of PICO as a Knowledge Representation for Clinical Questions. AMIA Annu.
Symp. Proc. 2006, 2006, 359-363. [PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef]

Watson, P.F; Petrie, A. Method agreement analysis: A review of correct methodology. Theriogenology 2010, 73, 1167-1179.
[CrossRef] [PubMed]

De Oliveira, R.F,; Goldman, R.S.; Mendes, EM.; De Freitas, PM. Influence of Electroacupuncture and Laser-Acupuncture on
Treating Paresthesia in Patients Submitted to Combined Orthognathic Surgery and Genioplasty. Med. Acupunct. 2017, 29, 290-299.
[CrossRef]

Prazeres, L.D.K.T.; Muniz, Y.V.S.; Barros, KM.A.; Gerbi, M.E.M.d.M.; Laureano Filho, ].R. Effect of infrared laser in the prevention
and treatment of paresthesia in orthognathic surgery. J. Craniofac. Surg. 2013, 24, 708-711.

D’avila, R.P; Espinola, L.V.P,; Bueno, N.P,; Ferraz, E.P,; Cerqueira Luz, ].G. Photobiomodulation using 940-nm laser as an adjuvant
therapy on orthognathic surgery: A randomized clinical trial. J. Biophotonics 2023, 16, €202300011. [CrossRef]

Esmaeelinejad, M.; Motamedi, M. Effect of Low-Level Laser on the Healing of Neurosensory Disturbance Following Sagittal Split
Ramus Osteotomy: A Double-Blind, Randomized Clinical Trial. Iran. Red Crescent Med. ]. 2018, in press. [CrossRef]

Buysse Temprano, A.V.; Piva, EH.; Omafia, ].O.; Garcia Guevara, H.; Pimenta E Souza, D. Laser therapy for neurosensory recovery
after saggital split ramus oseotomy. Rev. Esp. Cir. Oral Maxilofac. 2017, 39, 191-198. [CrossRef]

Baydan, E.; Soylu, E. Investigation of the efficacy of two different laser types in the treatment of lower lip paresthesia after sagittal
split ramus osteotomy. Lasers Med. Sci. 2024, 39, 23. [CrossRef] [PubMed]


https://doi.org/10.1002/jbio.201200157
https://www.ncbi.nlm.nih.gov/pubmed/23281261
https://www.ncbi.nlm.nih.gov/pubmed/12713592
https://doi.org/10.1002/lsm.20148
https://www.ncbi.nlm.nih.gov/pubmed/15739174
https://doi.org/10.1590/abd1806-4841.20142519
https://doi.org/10.1097/00042728-200503000-00016
https://doi.org/10.1016/j.ijom.2019.03.474
https://doi.org/10.1089/neu.2012.2603
https://www.ncbi.nlm.nih.gov/pubmed/23190308
https://doi.org/10.1016/j.jphotobiol.2022.112460
https://doi.org/10.1002/lsm.10107
https://www.ncbi.nlm.nih.gov/pubmed/12355572
https://doi.org/10.1007/s12035-018-1191-9
https://www.ncbi.nlm.nih.gov/pubmed/29951942
https://doi.org/10.1016/j.coms.2004.02.002
https://doi.org/10.1007/s10103-021-03467-y
https://www.ncbi.nlm.nih.gov/pubmed/34791563
https://doi.org/10.4317/medoral.21968
https://www.ncbi.nlm.nih.gov/pubmed/29053658
https://www.ncbi.nlm.nih.gov/pubmed/17238363
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.theriogenology.2010.01.003
https://www.ncbi.nlm.nih.gov/pubmed/20138353
https://doi.org/10.1089/acu.2017.1228
https://doi.org/10.1002/jbio.202300011
https://doi.org/10.5812/ircmj.81905
https://doi.org/10.1016/j.maxilo.2017.06.003
https://doi.org/10.1007/s10103-024-03973-9
https://www.ncbi.nlm.nih.gov/pubmed/38191831

Life 2025, 15, 111 23 of 24

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Guarini, D.; Gracia, B.; Ramirez-Lobos, V.; Noguera-Pantoja, A.; Solé-Ventura, P. Laser Biophotomodulation in Patients with
Neurosensory Disturbance of the Inferior Alveolar Nerve After Sagittal Split Ramus Osteotomy: A 2-Year Follow-Up Study.
Photomed. Laser Surg. 2018, 36, 3-9. [CrossRef] [PubMed]

De Oliveira, R.E; Da Silva, A.C.; Simoes, A.; Youssef, M.N.; De Freitas, PM. Laser Therapy in the Treatment of Paresthesia: A
Retrospective Study of 125 Clinical Cases. Photomed. Laser Surg. 2015, 33, 415-423. [CrossRef]

De Morais Filho, E.F,; Forte Oliveira, F.A. Effect of laser acupuncture in the treatment of facial paresthesia post orthognathic
surgery: A case report. Acupunct. Med. 2020, 38, 123-125. [CrossRef]

Miloro, M.; Repasky, M. Low-level laser effect on neurosensory recovery after sagittal ramus osteotomy. Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. Endod. 2000, 89, 12-18. [CrossRef]

Santos, F.T.; Sciescia, R.; Santos, P.L.; Weckwerth, V.; Dela Coleta Pizzol, K.E.; Queiroz, T.P. Is Low-Level Laser Therapy Effective
on Sensorineural Recovery After Bilateral Sagittal Split Osteotomy? Randomized Trial. J. Oral Maxillofac. Surg. 2019, 77, 164-173.
[CrossRef]

Mohajerani, S.H.; Tabeie, F.; Bemanali, M.; Tabrizi, R. Effect of Low-Level Laser and Light-Emitting Diode on Inferior Alveolar
Nerve Recovery After Sagittal Split Osteotomy of the Mandible: A Randomized Clinical Trial Study. | Craniofac. Surg. 2017, 28,
e408—-e411. [CrossRef]

Khullar, S.M.; Emami, B.; Westermark, A.; Haanaes, H.R. Effect of low-level laser treatment on neurosensory deficits subsequent
to sagittal split ramus osteotomy. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 1996, 82, 132-138. [CrossRef]

Eshghpour, M.; Shaban, B.; Ahrari, F.; Erfanian, M.; Shadkam, E. Is Low-Level Laser Therapy Effective for Treatment of
Neurosensory Deficits Arising From Sagittal Split Ramus Osteotomy? |. Oral Maxillofac. Surg. 2017, 75, 2085-2090. [CrossRef]
Navarro-Fernandez, G.; Gil-Martinez, A.; Diaz-Saez, M.C; Elizagaray-Garcia, I.; Pili-Mayayo, P.Q.; Ocampo-Vargas, J.E.; Beltran-
Alacreu, H. Effectiveness of Physical Therapy in Orthognathic Surgery Patients: A Systematic Review of Randomized Controlled
Trials. J. Funct. Morphol. Kinesiol. 2023, 8, 17. [CrossRef]

de Santana Santos, T.; Osborne, PR.; Jacob, E.S.; Aratjo, R.T.E.; Nogueira, C.B.P; Martins-Filho, PR.S. Effects of Water-Circulating
Cooling Mask on Postoperative Outcomes in Orthognathic Surgery and Facial Trauma. J. Craniofac. Surg. 2020, 31, 1981-1985.
[CrossRef] [PubMed]

Bravo, M.; Bendersky Kohan, J.; Uribe Monasterio, M. Effectiveness of glucocorticoids in orthognathic surgery: An overview of
systematic reviews. Br. J. Oral Maxillofac. Surg. 2022, 60, e231-e245. [CrossRef]

James, A.; Williams, J. Basic Opioid Pharmacology—An Update. Br. J. Pain 2020, 14, 115-121. [CrossRef] [PubMed]

Widar, F; Kashani, H.; Alsén, B.; Dahlin, C.; Rasmusson, L. The effects of steroids in preventing facial oedema, pain, and
neurosensory disturbances after bilateral sagittal split osteotomy: A randomized controlled trial. Int. J. Oral Maxillofac. Surg. 2015,
44, 252-258. [CrossRef]

Park, H.J.; Park, J.U.; Yoo, W.; Moon, Y.E. Analgesic effects of nefopam in patients undergoing bimaxillary osteotomy: A
double-blind, randomized, placebo-controlled study. J. Cranio-Maxillo-Facial Surg. Off. Publ. Eur. Assoc. Cranio-Maxillo-Facial Surg.
2016, 44, 210-214. [CrossRef] [PubMed]

Lee, T.Y.C.; Curtin, J.P. The effects of melatonin prophylaxis on sensory recovery and postoperative pain following orthognathic
surgery: A triple-blind randomized controlled trial and biochemical analysis. Int. ]. Oral Maxillofac. Surg. 2020, 49, 446—453.
[CrossRef] [PubMed]

Degala, S.; Shetty, S.K.; Bhanumathi, M. Evaluation of neurosensory disturbance following orthognathic surgery: A prospective
study. J. Maxillofac. Oral Surg. 2015, 14, 24-31. [CrossRef] [PubMed]

Pagotto, L.E.C.; de Santana Santos, T.; de Vasconcellos, S.J.d.A.; Santos, ].S.; Martins-Filho, PR.S. Piezoelectric versus conventional
techniques for orthognathic surgery: Systematic review and meta-analysis. . Cranio-Maxillo-Facial Surg. Off. Publ. Eur. Assoc.
Cranio-Maxillo-Facial Surg. 2017, 45, 1607-1613. [CrossRef] [PubMed]

Firoozi, P; Keyhan, S.O.; Kim, S.G.; Fallahi, H.R. Effectiveness of low-level laser therapy on recovery from neurosensory
disturbance after sagittal split ramus osteotomy: A systematic review and meta-analysis. Maxillofac. Plast. Reconstr. Surg. 2020,
42, 41. [CrossRef] [PubMed]

Pourdanesh, E; Tabrizi, R.; Alam, M.; Farzan, A.; Moslemi, H.; Farzan, A.; Khorsand, A.; Mohammadikhah, M.; Farzan, R. Effect
of transcutaneous electrical nerve stimulation on neuro-sensory disturbance after orthognathic surgery: A randomized clinical
trial. Ann. Med. Surg. 2024, 86, 5224-5229. [CrossRef]

Semper-Hogg, W.; Fuessinger, M.A.; Dirlewanger, TW.; Cornelius, C.P.; Metzger, M.C. The influence of dexamethasone on
postoperative swelling and neurosensory disturbances after orthognathic surgery: A randomized controlled clinical trial. Head
Face Med. 2017, 13, 19. [CrossRef] [PubMed]

de Lima, V.N.; Lemos, C.A.A.; Faverani, L.P,; Santiago Jtnior, ].F,; Pellizzer, E.P. Effectiveness of Corticoid Administration in
Orthognathic Surgery for Edema and Neurosensorial Disturbance: A Systematic Literature Review. . Oral Maxillofac. Surg. Off. ].
Am. Assoc. Oral Maxillofac. Surg. 2017, 75, 1528.e1-1528.8. [CrossRef]


https://doi.org/10.1089/pho.2017.4312
https://www.ncbi.nlm.nih.gov/pubmed/29022844
https://doi.org/10.1089/pho.2015.3888
https://doi.org/10.1177/0964528419890880
https://doi.org/10.1016/S1079-2104(00)80006-2
https://doi.org/10.1016/j.joms.2018.06.002
https://doi.org/10.1097/SCS.0000000000002929
https://doi.org/10.1016/S1079-2104(96)80215-0
https://doi.org/10.1016/j.joms.2017.04.004
https://doi.org/10.3390/jfmk8010017
https://doi.org/10.1097/SCS.0000000000006624
https://www.ncbi.nlm.nih.gov/pubmed/32604311
https://doi.org/10.1016/j.bjoms.2021.04.011
https://doi.org/10.1177/2049463720911986
https://www.ncbi.nlm.nih.gov/pubmed/32537150
https://doi.org/10.1016/j.ijom.2014.08.002
https://doi.org/10.1016/j.jcms.2015.11.012
https://www.ncbi.nlm.nih.gov/pubmed/26725583
https://doi.org/10.1016/j.ijom.2019.07.006
https://www.ncbi.nlm.nih.gov/pubmed/31420120
https://doi.org/10.1007/s12663-013-0577-5
https://www.ncbi.nlm.nih.gov/pubmed/25729223
https://doi.org/10.1016/j.jcms.2017.06.011
https://www.ncbi.nlm.nih.gov/pubmed/28843403
https://doi.org/10.1186/s40902-020-00285-0
https://www.ncbi.nlm.nih.gov/pubmed/33331972
https://doi.org/10.1097/MS9.0000000000002411
https://doi.org/10.1186/s13005-017-0153-1
https://www.ncbi.nlm.nih.gov/pubmed/29116013
https://doi.org/10.1016/j.joms.2017.03.039

Life 2025, 15, 111 24 of 24

76. Vieira, C.L.; Vasconcelos, B.C.d.E.; Leao, ].C.; Laureano Filho, J.R. Effect of the use of combination uridine triphosphate, cytidine
monophosphate, and hydroxycobalamin on the recovery of neurosensory disturbance after bilateral sagittal split osteotomy: A
randomized, double-blind trial. Int. J. Oral Maxillofac. Surg. 2016, 45, 186-193. [CrossRef] [PubMed]

77. Nogami, K.; Taniguchi, S. Stellate Ganglion Block, Compared With Xenon Light Irradiation, Is a More Effective Treatment of
Neurosensory Deficits Resulting From Orthognathic Surgery, as Measured by Current Perception Threshold. J. Oral Maxillofac.
Surg. Off. ]. Am. Assoc. Oral Maxillofac. Surg. 2015, 73, 1267-1274. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ijom.2015.09.007
https://www.ncbi.nlm.nih.gov/pubmed/26458536
https://doi.org/10.1016/j.joms.2015.01.012

	Introduction 
	Materials and Methods 
	Focused Question 
	Protocol 
	Eligibility Criteria 
	Information Sources, Search Strategy, and Study Selection 
	Data Collection Process and Data Items 
	Risk of Bias and Quality Assessment 
	Quality Assessment 

	Results 
	Study Selection 
	General Characteristics of the Included Studies 
	Main Study Outcomes 
	Quality Assessment of the Included Studies 

	Discussion 
	Conclusions 
	References

