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Abstract

Introduction: Inferior alveolar nerve (IAN) injury is a serious complication during intraoral surgeries.
We aimed to evaluate the outcome of photobiomodulation (PBM) therapy in patients with IAN
injury associated with third molar or implant procedures.

Methods: Eight patients with an alteration of sensory function of the IAN after third molar or implant
surgeries were enrolled in this case series study. The patients received 10 sessions of PBM therapy
(810 nm diode laser, 200 mW, 10 J/cm? per point, three times a week). Pinprick (PP) and visual
analogue scale (VAS) neurosensory tests were recorded at each treatment session and 14 days after
the last treatment. The association between explanatory variables and the outcome of interest was
analyzed using generalized estimating equations.

Results: The median percentage change of outcomes from the first to the last visit was as follows: VAS
score: +125.00% (range: 50.00 to 166.67); PP score: +350% (range: 150 to 800). The duration of
paresthesia was inversely correlated with changes in VAS and PP scores. No significant association
was found between patients’ gender or age and changes in VAS and PP scores.

Conclusion: Considering the limitations of this study, PBM with the parameters used in this study
presented positive effects on neurosensory recovery in patients suffering from IAN injury associated
with routine intraoral procedures. Patients with shorter duration of paresthesia tended to respond
more favorably to PBM therapy.

Keywords: Low-level light therapy; Nerve regeneration; Inferior alveolar nerve; Photobiomodulation
therapy.

hyperesthesia, paresthesia, and anesthesia.® Moreover,

Peripheral nerve injuries during intraoral surgeries are
challenging adverse events for both the patient and the
surgeon.! The inferior alveolar nerve (IAN) is the most
commonly injured nerve during mandibular third molar
surgery” and dental implant procedure in the posterior
mandible® as the incidence of this complication has been
estimated to occur up to 20% and 40% respectively.** The
primary risk factors include the difficulty of the procedure,
initial surgeons’ experience, and the close proximity of the
mandibular third molar or implant fixture to the IAN.?
In cases of such nerve injuries, patients may experience
different neurosensory alterations including hypoesthesia,

these phenomena may result in reactive depression that
can worsen the clinical status and lead to starting legal
action against the doctor.?

At present, there is no defined protocol for the
management of nerve injuries. In low to moderate
nerve injuries named as neuropraxia and axonotmesis,
medication and supportive physical therapy have been
proposed for the reduction of symptoms and recovery
time.* Microneurosurgery is indicated in completely
transected nerve injuries, i.e. neurotmesis.* However, in
most instances, complete rehabilitation is not achieved
by any of these approaches. Recently, laser therapy or
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photobiomodulation (PBM) has become an increasingly
used treatment modality, especially in the areas of physical
medicine and rehabilitation. PBM might offer beneficial
results in cases with low to moderate nerve injuries. In
addition, it has been proposed as an adjunctive method in
severe nerve injuries.”

PBMisanon-thermallighttherapyaimingatmodulating
tissue metabolism. These features are mediated by
light absorption in cytochrome ¢ oxidase (CCO) as the
primary chromophore in mitochondria. The stimulated
CCO induces an increase in electron transport chain
activity and ATP synthesis.® This process can activate
several signaling pathways leading to the modulation of
cell reactions.” PBM has shown several positive effects
on the regeneration of peripheral nerve injuries. These
include axonal growth and myelinization," decrease or
prevention of scar formation," decline of mononuclear
inflammatory infiltration,'? upregulation of neurotrophic
growth factors,”” improvement of functionality," and
improved neurosensory recovery.'* Despite the promising
finding in animal studies, there are conflicting results in
human clinical nerve injury studies.'®"” This study aimed
to evaluate the efficacy of PBM on neurosensory recovery
in patients suffering from IAN disturbance associated
with routine intraoral procedures.

Materials and Methods

Patients

The patients in the present study were selected from
those referred to the clinic of the laser research center of
dentistry, Tehran University of Medical Sciences between
February 2018 and November 2019. Patients complaining
of paresthesia of the lip and/or chin following mandibular
third molar extraction or implant placement were enrolled.
The patients were excluded if they had any relevant
systemic disease, neurological disorders, infection at the
site of injury, or any history of other interventions for the
management of nerve injury. In addition, patients taking
medications affecting the wound healing process were
excluded. All patients provided signed informed consent
to participate in this study.

Assessment of IAN Paresthesia

To determine the degree of the neurosensory deficit,
visual analogue scale (VAS) and Pinprick (PP) tests were
used as subjective and objective assessments respectively.
These tests were examined at baseline and each treatment
session, just before irradiation, and 14 days after the end
of the treatment sessions.

Pinprick Test

The PP test included ten touches with an explorer tip
(No. 23, shepherds hook single ended, Hu-Friedy Mfg.
Co., Chicago, USA) on the extraoral soft tissues (lip and
chin), while the patient’s eyes were closed. The explorer
was applied with moderate pressure to the lip (2 points)

and the chin (eight points) for approximately 2-3 seconds
with interval time of 30 seconds. The distance between
the 2 points was considered about 10 mm. The number of
points in which the patient noticed the explorer tip touch
was recorded in each session. The range of response was
considered between 0-10.'

Visual Analogue Scale Test

The test was performed using a 10-cm, 10° line with
divisions at 1-cm intervals (The number 0 meant the
complete absence of sensation and 10 at the extreme
end indicated fully normal sensation). The patients were
asked to choose a number between 0-10 on the line at
each testing."

Photobiomodulation Treatment

All patients received 10 sessions of laser therapy every 48
hours (three times aweek) with an 810-nm diodelaser (Fox,
AR.C laser, Nuremberg, Germany). The PBM protocol is
presented in Table 1. In each session, the output power of
the laser device was checked by a calibrated power meter
(Laser Point s.r.1, Milano, Italy). A single practitioner
experienced in the PBM field performed all irradiations
(N. H.). Safety goggles were used by the practitioner and
the patient during laser irradiation. The treatment was
performed on several points including intra- and extra-
oral sites as follows: extraorally: two points on the lower
lip, nine points on the chin, and one point on the region of
mental foramen; intraorally: mandibular foramen, mental
foramen region, one point on the buccal site of injury
(perpendicular to the mandible body in the vestibular
depth at the site of third molar or implant placement), and
two points 10 mm anterior and posterior to the injured
site at the same vertical position.

Statistical Methods
Data analyses were performed using statistical software

SPSS 16 (SPSS Inc. Chicago, IL, USA) and JMP, Version

Table 1. PBM Protocol Used in This Study

Parameter (Unit) Laser Source

wavelength 810 nm

Manufacture Fox; A.R.C Laser, GmbH,
Nuremberg, Germany

Mode of irradiation Continuous

Power (mW) 200

Beam spot size at target (cm?) 0.5

Irradiance at target (mW/cm?) 400

Exposure time (s) 25 per point

Radiant exposure (J/cm?) 10

Radiant energy ()) 5

Application technique Contact with mild pressure

Number of points irradiated 17 points (12 extraoral, 5 intraoral)

Number and frequency of treatment 10 sessions (3 times a week)
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7 (SAS Institute Inc., Cary, NC, 1989-2007). Continuous
variables were summarized as median, interquartile
range (IQR: 25th- to 75th-percentile) and total range.
Categorical data were reported as No. (%). P values
less than 0.05 were considered statistically significant.
The association between explanatory variables and the
outcome of interest was analyzed using generalized
estimating equation (GEE) in order to take into account
the correlated nature of outcomes over time.

Results

Eight patients with paresthesia (4 women and 4 men)
were recruited in this study. The median age of patients
was 47.5 years (IQR: 44.25 to 56; range: 26 to 60 years). Six
of these patients had paresthesia due to mandibular third
molar surgery and 2 patients had paresthesia following
implant placement (Table 2). The median duration of
paresthesia was 2.25 months (IQR: 0.68 to 19; range: 0.23
to 26 months).

The median VAS and PP scores of patients with
paresthesia in each time point are presented in Figure 1.
Complete neurosensory recovery was observed in two
patients with 7-day and 12-day duration of paresthesia
according to both scores of VAS and PP on a 35-day
follow-up visit. In addition, one of the patients had
complete neurosensory recovery on a 35-day follow-up
visit according to the VAS score with the 45-day duration
of paresthesia.

On day 35 of the study, the median percentage change
of VAS scores from the baseline was +125.00% (range:
50.00% to 166.67%). According to the GEE model, a
significant increase was found in VAS scores over time
of the study (B=0.43, SE=0.04, 95% CI for f: 0.35 to 0.52
and P<0.001). The duration of paresthesia was inversely
correlated with VAS scores (f=-0.08, SE=0.02, 95% CI
for B: -0.11 to -0.04 and P<0.0001). On day 35 of the
study, the median percentage change of PP scores from
the baseline was +350% (range: 150% to 800%). There
was a significant increase in PP scores over time ($=0.62,
SE=0.06, 95% CI for B: 0.51 to 0.72 and P<0.001). Shorter

10 (a)
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3

Median Visual Analogue Scale (VAS)

Table 2. Information Regarding the Patients Enrolled in the Study

Patient Age  Duration of

No. Sex ) Paresthesia Procedure  Referred Center

1 M 56 45d Implant Private dental office

2 M 60 45d Implant Private dental office

3 F 26 7d Third molar Dental faculty
surgery

4 M 44 4 mon Implant Private dental office

5 M 45 3 mon Implant Private dental office

6 F 50 12d Implant Private dental office

7 F 56 24 mon Third molar Private dental office
surgery

8 F 45 26 mon  Implant Private dental office

M: male, F: female,

duration of paresthesia was associated with a higher PP
score (p=-0.09, SE=0.01, 95% CI for B: -0.11 to -0.08 and
P<0.001). There was no significant association between
individuals’ age and both changes of VAS scores (B=-0.04,
SE=0.02, 95% CI for f: -0.08 to 0.002 and P <0.06) and PP
scores (B=-0.04, SE=0.02, 95% CI for p: -0.07 to 0.002 and
P<0.07) over time. No significant association was found
between patients’ gender and both changes of VAS scores
(B=0.20 (male vs. female), SE=0.63, 95% CI for p: -1.04 to
1.45 and P<0.75) and PP scores (f=0.41, SE=0.73, 95% CI
for B: -1.02 to 1.84 and P<0.58).

Discussion

There is a large variety of PBM protocols such as
wavelength, energy density, power density, and treatment
frequency used for healing purposes.’* Thus, up to now, it
is not possible to obtain an informative and comprehensive
instruction for the use of PBM in neurorehabilitation.”
The current study aimed to assess the efficacy of PBM in
the sensory recovery of IAN in patients suffering from
paresthesia associated with intraoral procedures. The
results revealed that in all patients, neurosensory status
improved after receiving PBM therapy. Moreover, the
patients with shorter duration of paresthesia tended to

5
1
0
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Time (Day)

Median Pin Prick Score

(b)

0 2 4 6 & 10 12 14 16 18 20 22 24 20

lime (Day)

28 30 32 M 36 38 40

Figure 1. (a) Median VAS Scores and (b) Median Pinprick Scores of Patients (with Box plot) in Each Study Time Point. Note: VAS scores
range from O to 10, considering a line with 0 indicating the complete absence of sensation and 10 at the extreme end expressing fully
normal sensation; Pinprick score was recorded as the number of points in which the patient noticed the explorer tip touch in each session
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respond more favorably to PBM therapy. This finding is
inconsistent with those of Pol et al*! and de Oliveira et
al® studies which showed a higher recovery rate of IAN
regarding the VAS test in patients who received PBM
within 6 months after IAN damage compared to those
receiving it later. On the other hand, another case series
reported successful results after PBM therapy in patients
with history of more than one year clinical symptoms
of lip/chin paresthesia.?* The number of PBM treatment
sessions was set at 20 sessions that may be associated with
achieving good results even in long term paresthesia.

It is important to note that the nerve recovery process
may happen spontaneously between several weeks
and one year post injuries depending on the severity of
injuries.** Thus, the results should be interpreted with
caution in uncontrolled studies on patients with short
duration of paresthesia.

Noteworthily, Santos et al. investigated the efficacy
of PBM on IAN recovery in patients suffering from
neurosensory disturbance associated with bilateral
sagittal split osteotomy in a randomized split-mouth
design study. Patients were divided into 2 groups: group
1 who received PBM during the short postoperative
period (30 days) and group 2 treated during the late
postoperative period (6 months to 1 year). The results
showed sensory improvement in both experimental and
control sides. However, the experimental side in both
groups exhibited a marked improvement in sensory
recovery during the follow-up period, and group 1 had
the best results.”> The early beginning of PBM after nerve
injury probably accelerates the neurosensory recovery by
reducing the post-trauma inflammation and enhancing
the regenerative process."

In this study, we applied both objective and subjective
tests for the assessment of neurosensory status. Most of
the previous case series studies investigated the sensory
recovery by mechanoceptive objective tests which assess
the large myelinated fibers (A-a and A-p axons),?** while
the PP test is a nociceptive objective test which evaluates
the integrity of cells innervated by small myelinated
A-8 and C fibers.”” The purpose of the inclusion of the
subjective test (VAS) was to detect any kind of paresthesia
not identified by objective tests.?

In this study, an 810-nm laser was used as the light source
for PBM therapy. The 808-830 nm lasers are the most
used wavelengths for the purpose of neurorehabilitation.?’
This wavelength has a good penetration depth suitable for
targets with a deep location like the IAN.*® Moreover, the
CCO as the main chromophore in light absorption has
the maximum absorption bands in the range of the near
infra-red spectrum (~800 nm).* To ensure the delivery of
a sufficient dose at the level of the target, we should select
proper dosimetry during PBM therapy. In this study, we
applied 5 J energy and 10 J/cm? energy density per point.
The effectiveness of PBM treatment using the energy
density in the range of 6-10 J/cm? has been shown in the

previous studies.*? It seems that the insufficient dose of
the laser in PBM therapy was the reason for failure in the
enhancement of neurosensory recovery in the study by
Miloro et al. They applied total energy of 6 J and 3 J in 5
intra-oral and 8 extra-oral points respectively,'® which was
much lower than that of studies with positive results.'*!

In the current study, we did not find any significant
association between patients age and the outcome
scores. However, previous studies reported a higher
sensory recovery rate in younger patients compared to
older ones.'**? This inverse relationship between age
and regeneration capacity of peripheral nerves has been
attributed to lower secretion of neurotrophic factors
and reduction in terminal and collateral sprouting of
regenerated fibers in older patients.”® In our study, the
patients’ median age was 47.5 years with only one patient
under 30 years old. This age distribution could affect our
results.

No difference in outcome scores was found related to
gender in the present study. This finding is similar to that
of de Oliveira et al study subsequent to the analysis of
clinical records of patients receiving PBM therapy for the
acceleration of IAN recovery after orthognathic or minor
oral surgeries.”

Conclusion

Within the limitations of this study, PBM with the
parameters used in the current study presented
positive effects on IAN recovery in both subjective and
objective neurosensory tests in patients complaining
of neurosensory disturbance associated with routine
intraoral procedures including third molar or implant
procedures. Patients with shorter duration of paresthesia
tended to respond more favorably to the PBM therapy.
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