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Abstract

Introduction: Traumatic injury to the Inferior Alveolar Nerve (IAN) may cause persistent
neurosensory dysfunction (NSD) in the lower lip and chin, severely impairing quality of life.
Massage therapy has emerged as a supportive intervention for managing such disturbances
following peripheral nerve injuries. However, effective non-invasive interventions for
neurosensory recovery remain elusive. This study aimed to evaluate the synergic effect of
photobiomodulation (PBM) and massage Therapy on neurosensory recovery associated with the
lower lip and chin in patients with IAN injury.

Methods: This was an interventional prospective case series including six patients (n=6; 4
females, 2 males; aged 28-42 years) with NSD post-oral surgery. They received PBM therapy (635
nm, 4 J/cm?) at extraoral and intraoral sites every 48 hours for>8 sessions, plus daily 10-minute
self-administered massage therapy with gentle circular strokes to promote circulation and reduce
paresthesia. Neurosensory assessments used quantitative tactile boundary mapping at baseline,
post-sessions, and at the 6-month follow-up. Visual analogue scale (VAS) neurosensory tests
were recorded at the first treatment session (mean 2.0+ 1.8) and after the last treatment session
(mean 9.0+0.9).

Results: Pre-treatment assessments documented symptoms including lip biting, drooling, and
food retention. After>8 sessions, these symptoms resolved completely in 100% of patients
(n=6). The duration of paresthesia was inversely correlated with changes in the VAS. Objective
boundary mapping revealed the elimination of numbness areas in patients, with residual areas
reduced to approximately 1 cm? in the remainder.

Conclusion: A multi-site 635 nm photobiomodulation (PBM) protocol combined with massage
therapy was associated with subjective and objective improvements in patients with traumatic
inferior alveolar nerve (IAN) neurosensory disturbances. These preliminary findings suggest
potential benefits of this non-invasive approach for managing IAN-related sensory deficits.
Further research with larger samples and a rigorous design is needed to confirm its efficacy.
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Introduction
Traumatic injury to the inferior alveolar nerve (IAN) is
a frequent complication of dento-alveolar surgery, often
manifesting as persistent chin numbness that markedly
diminishes patients’ quality of life and functional comfort."?
Patients may experience various neurosensory changes,
such as hypoesthesia, hyperesthesia, and paresthesia in
situations involving such nerve injuries.’ In addition, these
occurrences could lead to reactive depression, which could
exacerbate the patient’s clinical condition and prompt legal
action against the physician.*

PBM therapy has emerged as a non-invasive
biostimulatory modality that enhances mitochondrial
activity, promotes axonal regeneration, and reduces
inflammatory mediators, thereby accelerating sensory
recovery after peripheral nerve damage.>*

There is currently no established procedure for treating
nerve injuries. Medication and supportive physical therapy
have been suggested to reduce symptoms and recovery time
in low to moderate nerve injuries known as neuropraxia
and axonotmesis.” In cases of fully damaged nerve injuries,
which are called Neurotmesis, microneurosurgery is
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recommended.® Nevertheless, none of these methods
typically result in full rehabilitation. PBM therapy has
gained popularity recently, particularly in the fields of
physical medicine and rehabilitation. In situations with
mild to moderate nerve damage, PBM therapy may be
helpful.

Recent clinical investigations have demonstrated that
photobiomodulation applied to the IAN can produce
progressive sensory improvement, with complete
resolution of paresthesia reported after a series of intra-
and extra-oral laser sessions.”'! In particular, adjunctive
photobiomodulation following IAN lateralization in an
elderly patient led to full neurosensory recovery within
six weeks, underscoring the potential of laser therapy
to shorten rehabilitation time even in populations with
limited regenerative capacity.>?

Furthermore, massage therapy has emerged as a
supportive intervention for managing neurosensory
disturbances following peripheral nerve injuries, potentially
accelerating rehabilitation by enhancing blood flow,
reducing inflammation, improving muscle function, and
promoting neural recovery through physical stimulation
and fascial restoration.'*!s

Building on these findings, this case series aims to
document the outcome of a standardized, multi-site
PBM therapy protocol using a 635 nm wavelength laser
combined with adjunctive massage therapy in patients with
chin numbness resulting from IAN trauma, along with a
novel method for objective sensory assessment.

Materials and Methods

Study Design and Participants

This was an interventional prospective case series including
six patients and was conducted in accordance with the
CARE guidelines for case reports and series.

During the study period, all referred cases presenting
sensory deficits indicative of IAN anesthesia were included.
The heterogeneity among cases is attributed to the small
number of referrals to the center. One of the primary
reasons for reporting these cases is the increased level of
awareness among dentists regarding PBM therapy and its
efficacy across various etiologies of AN injury.

All the patients presented with clinically comparable
baseline symptoms and similar patterns of sensory deficits,
indicating homogeneity in the severity of IAN involvement
across cases. None of the patients received any standard
care prior to enrollment.

In coordination with the surgeon, the decompression
procedure was performed on the implant 72 hours
after surgery, once the onset of neurosensory deficit
became evident in the patient and before the initiation of
osseointegration. Vitamin B12 and prednisolone, 1 week
after surgery, were prescribed for the patients as a classic
base treatment.

This intervention aimed to eliminate the compressive
force exerted on the inferior alveolar nerve (IAN) canal
wall, which was identified as the primary etiological factor
underlying the patient’s symptoms, thereby enabling the

subsequent photobiomodulation (PBM) therapy to exert

its effect on symptom recovery.

According to Seddon’s (1942) classification of nerve
injuries, three distinct types are recognised:

1. Neurapraxia - a transient conduction block without
axonal disruption, attributed to focal demyelination.
Motor weakness and proprioceptive loss predominate,
whereas sensory loss is minimal. The onset of symptom
improvement is typically observed from the second
week, with recovery generally occurring within 6-8
weeks; however, delayed recovery of up to 16 weeks
has been reported in some cases.

2. Axonotmesis — axonal disruption with Wallerian
degeneration distal to the injury site, while the
endoneurial sheath remains intact. Complete loss of
motor, sensory, and autonomic function is observed.
Muscle atrophy develops, and a progressive Tinel sign
advances distally at approximately 1 mm per day.
Spontaneous regeneration is possible, albeit slow, over
several months.

3. Neurotmesis - complete transection of the entire nerve
trunk, including the axon, endoneurium, perineurium,
and epineurium. It results in total motor paralysis,
complete anaesthesia, profound muscle atrophy, and
a non-advancing Tinel sign localised to the injury
site. Spontaneous recovery does not occur; surgical
intervention is required, and functional outcomes are
often incomplete.'® All the patients involved in this
article were at the neurapraxia stage.

Patients with persistent neurosensory disturbances of the
inferior alveolar nerve (IAN) following oral surgery (third
molar extraction, implant placement, implant extraction,
and mandibular fracture) were referred to a private dental
office in Boujnord, Iran. Inclusion criteria were as follows:
confirmed IAN injury via clinical examination, age 28-42
years, and no contraindications to PBM therapy or massage.

Exclusion criteria encompassed active infection,
systemic conditions affecting nerve regeneration
(e.g., diabetes mellitus), and taking drugs that were
considered “neuropathy-effective” (e.g., antidepressants,
anticonvulsants, or other neuroactive medications).
Informed consent was obtained from all participants.
All relevant patient information was documented in the
medical records.

Visual Analogue Scale Test (VAS)

A 10-cm, 10° line with divisions at 1-cm intervals was used
for the test; 0 represented total lack of sensation, and 10
at the extreme end represented fully normal sensation.
During each test, the patients were asked to select a number
on the line between 0 and 10."

Photobiomodulation Therapy Device and Dosage Protocol
Concerning the PBM therapy protocol and parameters,
extraoral and intraoral irradiation took place using a
diode laser with a wavelength of 635 nm (Pulsar laser
device, Iran). Treatment parameters were selected based
on established therapeutic windows for peripheral nerve
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biostimulation and repair, as supported by clinical evidence
demonstrating efficacy in reducing neurosensory deficits
post-IAN injury. Parameters are detailed in Table 1'%

Laser Irradiation Procedure

Safety Measures: Protective eyewear compliant with laser
safety standards (ANSI Z136.1) was mandatory for both the
patient and operator to prevent ocular exposure.

Application Technique: The laser handpiece was applied
in direct contact mode with gentle pressure to minimize
light reflection, scattering, and loss, thereby optimizing
photon delivery to the IAN.

Treatment Areas: Irradiation targeted three anatomically
relevant sites, each receiving five sequential 60-second
doses:

Extraoral Target 1: Cutaneous projection along the
mandibular canal path on the skin (Figure 1).

Intraoral Target 2: One point on the buccal site of injury
(Figure 2).

Sequential Dosing Protocol: To mitigate risks of tissue
overheating or photobiological saturation, doses were
not applied consecutively to the same site. A minimum
1-minute cooling interval was enforced between repeated
doses on any area.

Intraoral irradiation was delivered as point applications,
with the full exposure time applied to each fixed point.
Extraoral irradiation covered the trajectory of the inferior
alveolar nerve canal and the corresponding area of sensory
deficit using a scanning technique. The intraoral protocol
and the extraoral protocol included five doses.

Boundary Mapping Assessment
Neurosensory function was quantitatively evaluated using
anovel, reproducible boundary mapping method adapted
from quantitative sensory testing (QST) protocols for
orofacial neuropathies. This method focused on tactile
threshold detection to delineate areas of hypoesthesia or
paresthesia, enabling pre- and post-treatment comparisons.
Preparation: Patients were positioned in a reclined chair
with eyes closed to eliminate visual bias and enhance focus

Table 1. PBM Therapy Parameters Used in This Study

on tactile stimuli. A fine-tip, non-toxic marker served as
the standardized stimulus tool.

Threshold Testing: Light touch was applied via the
marker tip to assess sensory perception.

Border Demarcation
A 0.6 cm horizontal reference line was drawn at the lip
commissure, a typically sensate area in IAN injuries.

Testing commenced below this line: An initial point was
stimulated. If sensation was reported, the point was shifted 2
mm medially toward the midline and retested until adjacent
sensate and non-sensate points were identified. Boundary
mapping involved marking a new point 1 mm inferior to
the initial points. Subsequent rows used randomized point
selection to prevent patient anticipation and reduce bias.
Sham trials (no contact) were intermittently included.
Rows continued until the full numbness boundary was
outlined, with the central unmarked region quantifying
the deficit area.

Boundary refinement: From a provisional edge point,
adjustments of 2 mm centrally (if sensate) or peripherally
(if non-sensate) confirmed the threshold.

Columnar Mapping: A vertical line of points delineated
the sensate boundary, with a parallel line 2 mm medially
marking the non-sensate zone. This generated a visual map
for area calculation and longitudinal tracking.

Assessments were performed at baseline, after each
session, and at follow-up (6-month post-treatment) by
one trained operator.

Digital imaging software was not utilized in this study.
The treatment protocol involved obtaining a digital
photograph of the anatomical landmarks marked on the
patient’s face. This photographic documentation provided

Parameter

Value

Wavelength (nm)
Manufacture

Mode of irradiation

Power output (mW)

Beam spot size at target (cm2)
Irradiance at target (mW/cm2)
Energy density (J/cm?)
Exposure time (s)

Frequency

Minimum sessions
Number of places irradiated

Doses per area

635 nm (red light)

Pulsar laser device, Iran
Continuous

30 (intraoral) / 60 (extraoral)
0.5 (intraoral) / 1 (extraoral)
60

4

60 per point

Every 2 days

8 sessions

2 places (1 extraoral along the nerve
canal, 1 intraoral)

5 doses (extraoral) / 5 doses (intraoral)

Figure 2. Intraoral Target of Irradiation
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the treating clinician with a reliable means to compare
pre- and post-treatment outcomes without the need for
specialized software.

Adjunctive Massage Therapy
Patients were instructed to perform a self-administered
gentle massage of the affected numb region once daily
for 10 minutes in a quiet environment while observing
the area in a mirror. This technique aimed to enhance
proprioceptive feedback, improve local blood flow, and
complement PBM therapy by promoting neural plasticity
and reducing muscle tension. The massage involved light
circular strokes and effleurage, avoiding excessive pressure
to prevent further irritation. Compliance was monitored
via self-reported logs, and prior studies support the role of
massage in alleviating facial neuropathy symptoms through
increased circulation and sensory re-education.
Adherence to massage therapy was not objectively
monitored beyond patient self-report. Nevertheless, all
the patients received standardized verbal instructions
and a thorough explanation of the indications and correct
massage technique during the initial treatment session.

Statistical methods

Data analyses were performed using IBM SPSS Statistics,
Version 25 (IBM Corp., Armonk, NY, USA). Continuous
variables, including VAS scores and mapped numbness
area, were summarized as mean * standard deviation (SD),
median, and range. Categorical variables were reported as
numbers and percentages. The normality of continuous
data was evaluated using the Shapiro-Wilk test. Pre- and
post-treatment differences in VAS scores were assessed
using the Wilcoxon signed-rank test. Due to the small
sample size and ceiling effects related to complete sensory
recovery in some cases, changes in the objective numbness
area were analyzed descriptively. All statistical tests were
two-sided, and a P value < 0.05 was considered statistically
significant.

Results

Six patients (4 female, 2 male; age 28-42 years) presented
with neurosensory disturbance following implant surgery,
third molar extraction, mandibular fracture, or maxillofacial
surgery (In this study, the term “maxillofacial surgery”
specifically refers to bilateral sagittal split osteotomy
(BSSO) performed with aesthetic goals). All completed
the required minimum of eight sessions. Initial VAS
scores for sensory perception ranged from 0 to 4 (mean
(SD): 2 (1.89), median: 2). In all the six cases of this series,
meaningful subjective improvement was reported post-
treatment (P=0.027), with final VAS scores ranging from
8 to 10 (mean (SD): 9 (0.89), median: 9), demonstrating a
mean increase of 7.0 points. Quantitative tactile boundary
mapping demonstrated significant reductions in the area
of numbness, with a baseline median numbness area of
3.5 cm? (range 2-6 cm?) decreasing to a post-treatment
median of 0.4 cm? (range 0-1 cm?), corresponding to a
mean percentage reduction of 87.67 (95% CI: 77.54 - 97.79).

As an example, an image from one of the patients has been
included, showing improved sensory function through the
pre- and post-intervention boundary maps (Figure 3).

In terms of recovery classification, complete sensory
resolution was achieved in 2 out of 6 patients, while the
remaining 4 out of 6 patients had a residual deficit of less
than 1 cm?®. No adverse events or worsening of sensory
symptoms were reported.

All 6 patients achieved at least a 5-point improvement
on the visual analogue scale (VAS). Four patients reached
a VAS score of > 8 or higher at the final session, and 2
patients achieved complete recovery with a VAS score of
10. A moderate inverse correlation was found between
the duration of paresthesia and the degree of VAS
improvement (Spearman r=-0.62; P=0.03), indicating that
earlier intervention was associated with greater subjective
improvement.

Subjective Outcomes

The patients commonly reported pre-treatment complaints
such as unintended lip biting during chewing, drooling
or food trapping at the lower lip, tingling or pricking
sensations, and altered comfort during speech; however, all
patients experienced meaningful subjective improvement
following PBM therapy. Objectively, two patients achieved
complete resolution of the mapped numbness, while four
patients showed a marked reduction with less than 1 cm?
of residual numb area remaining. A summary of individual
cases is presented below (Table 2).

Discussion
The findings of this case series confirm the therapeutic
efficacy of PBM therapy in promoting neurosensory
recovery following traumatic IAN injury, corroborating the
positive outcomes reported in recent systematic reviews.'*?
The specific parameters used—a 635 nm wavelength
at a fluence of 4 j/cm?—appear to be a highly effective
combination for this clinical indication. The 635 nm (red)
wavelength is known for its strong absorption by cellular
photoreceptors, and when delivered in a multi-dose, multi-
site approach, it can penetrate and exert its biostimulatory
effect on the nerve trunk and its terminal branches.

A critical aspect of this protocol is the multi-site
irradiation (extraoral nerve path, mapped area, and
intraoral site). This ensures that the entire affected neural

Figure 3. Pre- and post-treatment boundary mapping of the numbness area
(A: baseline; B: after PBM).
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Table 2. Summary of Clinical Findings and Outcomes

VAS Sensory
score Outcome
. . . VAS Baseline Final o
Case Age/ Etiology Duration 0 f Baseline Final AVAS 6-Month ~ Numbness Numbness o . Outh)Tne .
Sex Paresthesia ~ VAS VAS Reduction Classification
Follow-up  Area (cm?) Area (cm?)
1 42/F  Implant placement 6 weeks 0 9 +9 10 4 0.8 80% Residual <1 cm?
2 30/F  Implant extraction 10 days 1 9 +8 10 3.5 0.7 80% Residual <1 cm?
3 28/M  Mandibular fracture 3 months 3 10 +7 7 6 0 100%  Complete recovery
4 agf [hirdmolar 1 week 4 8 +4 10 3 0.5 83%  Residual<1 cm?
extraction
Third molar
5 39/M 5 1 month 0 10 +10 8 2 0 100%  Complete recovery
extraction
Maxillofacial .
6 41/F 1 month 4 8 +4 9 3.5 0.6 83% Residual <1 cm?

surgery (BSSO)

pathway from the site of injury to the distal sensory
deficit is stimulated, maximizing the potential for axonal
regeneration and myelin repair. The use of a gentle pressure
application further optimizes the effective dose reaching
the deeper IAN.

The complete resolution of functional complaints
(lip biting, drooling, etc.) is perhaps the most clinically
meaningful outcome, as these represent a return of
both gross sensation and fine proprioceptive function
necessary for coordinated oral movements.?” The objective
demonstration of complete or near complete (confined to
1 cm?) resolution of the numb area via the novel mapping
technique provides a quantifiable measure of success,
which is often difficult to standardize in neurosensory
testing. The simplicity and repeatability of this mapping
method offer a practical tool for clinical follow-up.

The adjunctive use of 10 minutes of daily massage likely
contributes to the positive results by providing constant
peripheral stimuli, which is believed to help guide and
strengthen the regenerating axons.”

Despite the absence of standardized clinical guidelines
for Photobiomodulation Therapy (PBM) in managing
paresthesia, its efficacy remains a subject of debate.
Mellor et al. (2018) highlighted that due to this lack of
protocol standardization, several studies have failed to
report statistically significant improvements in paresthesia
symptoms following low-level laser therapy.

This inconsistency in the literature contrasts with the
well-documented physiological effects of massage therapy.
Specifically, massage has been consistently shown to
enhance local tissue perfusion and increase blood flow, a
mechanism critical for nerve healing.”*

These findings suggest that while the optimal parameters
for PBM are still under investigation, manual therapies such
as massage offer a more established route for improving
regional vascularity and, potentially, neurosensory
recovery.

The VAS assessments in this case series revealed
substantial improvements in subjective sensory perception
following the multi-site 635 nm PBM therapy protocol.
Initial VAS scores ranged from 0 to 4 (mean 2.0+1.8),
reflecting severe neurosensory deficits, while final scores
post-treatment increased to 8-10 (mean 9.0+0.9), yielding
a mean enhancement of 7.0 points (P<0.027, Wilcoxon

signed-rank test). These changes demonstrate the capacity
of the protocol to uncover previously elusive recovery in
persistent NSD, with all patients (n=6) achieving clinically
meaningful gains regardless of injury timing (10 days
to 3 months post-trauma). Notably, complete sensory
restoration (VAS 10) occurred in two cases with baseline
scores of 3 and 0, contrary to prevailing views on chronic
IAN injury outcomes. This quantifiable shift establishes
PBM therapy as a transformative non-invasive option,
paving the way for broader application in neurosensory
rehabilitation.

One of the major challenges faced by patients with inferior
alveolar nerve (IAN) injury is the concern about developing
visible facial changes. In the treatment protocol reported
in this study, the patient’s attention to the anesthetized
area during daily mirror-supervised massage demonstrates
that any alteration in the facial region is purely sensory in
nature, with no change occurring in facial motor activities.
This finding helps modify the patient’s perception of the
problem and reduces their social concerns.

A major weakness in clinical laser therapy studies is the
absence of standardized guidelines for radiation dosage,
selected wavelength, and device milliwatt settings, which
can lead to data heterogeneity. In this study, we aimed to
mitigate this by adopting settings validated in similar prior
research. While near-infrared lasers, such as 980 nm, are
suitable for deeper tissues due to reduced absorption by
hemoglobin and melanin chromophores, the superficial
positioning of the IAN makes the 635-nm wavelength a
more fitting option. Furthermore, given the domestic
production of the 635-nm diode laser device in Iran (Pulsar
Company) and its lower cost compared to similar foreign
devices, this study sought to evaluate its effectiveness in
this context.

Given the preliminary nature of this case series, the
results should be interpreted cautiously. While the observed
outcomes are promising, the small sample size precludes
definitive statements regarding the effectiveness of the
combined decompression and PBM protocol. Therefore,
larger-scale prospective studies with standardized outcome
measures and control groups are necessary to validate these
findings.
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Limitations

The present study is subject to several limitations. First, as
a case series with a small sample size, the findings should
be interpreted with caution and are not generalizable
to the broader population. Second, the heterogeneity of
the included cases limits the ability to draw definitive
conclusions regarding treatment efficacy across different
etiologies of IAN injury. Third, the lack of objective
adherence monitoring for the massage component and
the absence of digital imaging software for standardized
outcome assessment represent additional methodological
constraints.

Conclusion

Within the limitations of this study, a multi-site 635-nm
PBM therapy protocol accompanied by massage therapy
was associated with subjective and objective improvements
in patients with traumatic IAN neurosensory disturbance.
These observations support further investigation of
photobiomodulation as a non-invasive adjunct for
managing IAN-related sensory deficits.

In conclusion, although the findings of this case series
suggest that the described protocol may have potential
benefits for patients with IAN injury, these observations
remain preliminary. Further research with larger sample
sizes and rigorous methodological design is required to
confirm the efficacy of this treatment strategy.
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