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ABSTRACT

Objectives: The primary objective of this systematic review is to evaluate the effectiveness of photobiomodulation in
promoting neurosensory regeneration in patients with inferior alveolar nerve injury resulting from the extraction of mandibular
third molars or dental implant placement.

Material and Methods: An electronic search was conducted across major scientific databases including MEDLINE (PubMed),
Scopus, Web of Science, and the Cochrane Library. Predefined inclusion and exclusion criteria were applied, and a total of 10
studies were included for qualitative analysis.

Results: A total of 10 studies were analysed, including 4 randomized clinical trials, 5 case series, and 1 retrospective study. All
utilized GaAlAs lasers for photobiomodulation (PBM) therapy with wavelengths ranging from 808 to 830 nm. The number
of treatment sessions ranged from 7 to 20, delivered at frequencies of 1, 2, or 3 times per week. Nearly all studies reported
statistically significant improvements in both objective and subjective neurosensory assessments in favour of PBM therapy.
Additionally, no significant differences were found between groups regarding sex, age, injury aetiology, or time to treatment
initiation.

Conclusions: Photobiomodulation shows promising potential in the neurosensory recovery of inferior alveolar nerve injuries.
However, further randomized controlled trials with larger sample sizes and long-term follow-up are needed to establish
standardized clinical protocols and confirm its efficacy in dental practice.
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INTRODUCTION

Injury to the inferior alveolar nerve (IAN) arises from
factors inherent to its complex anatomy and proximity
to dental structures. Among its causes are a wide
range of procedures performed within its innervation
territory, including local anaesthetic infiltration,
endodontic treatment, and surgical interventions [1-4].
Among the latter, mandibular third molar extraction
and dental implant placement in the posterior
mandibular region, together with mandibular sagittal
osteotomies, represent the main aetiological factors
of nerve injury, with incidence rates ranging from 0.2
to 7.1% in third molar extraction and 1.7 to 43.5% in
implant surgery [5-9].

The symptomatology resulting from nerve injury
depends on its nature, severity, and the type of damage
caused to the nerve fibres (neurapraxia, axonotmesis,
or neurotmesis) [10,11] and may significantly impair
patients’ quality of life due to a wide range of sensory
symptoms, including paraesthesia, dysesthesia,
anaesthesia, and, in some cases, neuropathic pain.

In most patients, sensory disturbance is transient and
may resolve spontaneously, occurring in 1.2 to 13.4%
of cases following third molar extraction and up to
24% following implant placement. When sensory
alteration persists beyond six months post-treatment, it
is considered permanent, a complication reported in up
to 11% of implant surgeries in the posterior mandible
according to some studies [12,13].

For proper diagnosis and monitoring, a series of
tests have been described to determine the degree
of nerve injury and prognosis, as well as to select
appropriate treatment and assess recovery. These
so-called neurosensory tests are divided into two
major categories: mechanoreceptive and nociceptive.
Both evaluate the peripheral afferent A-delta (Ad)
and C fibres, which are small-diameter, slow-
conducting fibres responsible for tactile, thermal, and
pain sensitivity [14]. In addition to objective tests,
subjective tools such as the Visual Analog Scale (VAS)
are used to assess patient-reported symptoms.
Therapeutic options for these injuries are diverse and
include pharmacological treatment (corticosteroids,
NSAIDs, B and C vitamin complexes, nucleotides)
[3], local physiotherapy, electrical stimulation,
acupuncture, laser therapy, and surgical management
(microsuturing or nerve grafting) when complete nerve
transection is present [15-18].

Low-level laser therapy (LLLT), also known as
photobiomodulation (PBM), was first described
by Rochkind in 1978 [19]. It uses specific light
wavelengths, typically within the infrared range,
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without producing thermal effects. Its use has been
proposed as an alternative therapy, showing promising
results in the recovery of nerve injuries due to its
demonstrated capacity to promote regeneration of
damaged neural tissue [20].

The described mechanisms of action of PBM include
the reduction of inflammation and pain, as well as
the promotion of neuronal repair [11-23]. Several
studies suggest these effects are partially due to
the modulation of inflammatory mediators, such as
decreased tumour necrosis factor-alpha (TNF-a) and
interleukin-1 (IL-1) [24], increased trophic factors,
and stimulation of collateral reinnervation [25], as
well as mitochondrial activation to boost adenosine
triphosphate (ATP) production. PBM has also been
shown to enhance the synthesis of growth factors
[26], thereby contributing to nerve fibre regeneration,
increased myelinated fibre count, and subsequent
improvement in nerve function.

Compared to conventional pharmacological therapies,
PBM offers several advantages in the treatment of
nerve injuries, including the absence of side effects,
its non-invasive nature, and high levels of patient
satisfaction. These factors make PBM an attractive
alternative for resolving sensory disturbances
caused by third molar extractions or dental implant
placement. The majority of the existing literature
has focused on PBM’s efficacy in sensory alterations
secondary to mandibular sagittal osteotomies
[27-30], whereas fewer studies have explored its
use for injuries arising from third molar extractions
and posterior dental implants [31,32]. Therefore,
the primary goal of present study is to evaluate
if photobiomodulation therapy is effective in the
treatment of inferior alveolar nerve injuries after
third molar extraction or posterior mandible implant
surgery. The secondary goal is to determine what
doses and timing are effective for the treatment.

MATERIAL AND METHODS
Protocol and registration

A systematic literature review was conducted
following the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [33], with the
objective of evaluating the effectiveness of PBM
therapy in treating IAN injuries resulting from
mandibular third molar extraction or dental implant
placement in the posterior mandible.

The review protocol was registered in the
International Prospective Register of Systematic
Reviews (PROSPERO), under registration number
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CRD42025621162. The protocol can be accessed at:
https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42025621162

Focus question

The research question was systematically formulated
following the Patient, Intervention, Comparison,
Outcome, and Study Design (PICOS) framework
(Table 1) [34].

The PICO model for this systematic review was as

follows:

e Population: adult patients with IAN injury
resulting from third molar extraction or dental
implant placement.

e Intervention: PBM therapy to promote nerve repair
and sensory recovery.

e Comparison: no PBM treatment or
pharmacological  therapy  with  B-vitamin
complexes.

e Outcomes: the primary outcome was the sensory
IAN recovery, and the secondary outcome was
patient satisfaction after photobiomodulation
therapy.

The focus question: “Is PBM therapy effective in

neurosensory recovery of IAN damage after third

molar extraction or implant surgery?”’

Information sources

An electronic literature search was conducted in the
databases MEDLINE (PubMed), Scopus, Web of
Science, and the Cochrane Library, limited to English
or Spanish publications from January 1, 1993 to
September 30, 2024.

Search

A comprehensive electronic search was conducted in
accordance with the PRISMA guidelines to identify
relevant studies. The search terms used were: “Low
Level Laser Therapy” OR “Low Level Light Therapy”
OR “Light Therapies” OR “Photobiomodulation” OR
“LLLT” OR “Laser Therapy Low Level” OR “Low
Power Laser Therapy” OR “Laser Phototherapy”

Table 1. PICO guidelines

OR “Laser Biostimulation” OR “Biostimulation” OR
“Low Power Laser Irradiation” OR “diode laser” AND
“Inferior Alveolar Nerve” OR “Mandibular Nerve”
AND “Injury” OR “Damage” OR “Paraesthesia”
OR “Neurosensory Disturbance” AND “Third Molar
Extraction” OR “Wisdom Tooth Extraction” OR
“Implant Surgery” OR “Dental Implants”.
Additionally, the reference lists of included articles, as
well as relevant narrative and systematic reviews, were
manually screened.

Selection of studies

After duplicate removal, two reviewers (A.B. and
J.S.) independently screened the records obtained
from the systematic search. In the initial phase, titles
and abstracts were reviewed to exclude irrelevant
articles. Subsequently, full texts of selected studies
were assessed to determine eligibility for inclusion.
Disagreements were resolved through discussion
and consensus, with the involvement of a third
reviewer (C.M.) when necessary. To ensure inter-
rater reliability in the screening process, a calibration
exercise was conducted using a random sample
comprising 10% of the identified publications.

Types of publications

Human studies published in Spanish or English
language were included in the review. Letters to the
editor, editorials, doctoral theses, and conference
abstracts were excluded.

Types of studies

The review included clinical trials, availability of
at least one experimental and/or a control group,
cases series and retrospective studies evaluating the
effectivity of PBM after IAN injury.

Types of participants
Patients with IAN injury secondary to implant

treatment or surgical extraction of mandibular third
molars.

Population (P) Adult patients with inferior alveolar nerve injury resulting from third molar extraction or dental implant placement
Intervention (I) | Photobiomodulation therapy to promote nerve repair and sensory recovery
Comparison (C) | No photobiomodulation treatment or pharmacological therapy with B-vitamin complexes

The primary outcome was the sensory inferior alveolar nerve recovery, and the secondary outcome was patient
Outcome (O) . . . .

satisfaction after photobiomodulation therapy.

. Is photobiomodulation therapy effective in neurosensory recovery of inferior alveolar nerve damage after third molar

Focus question . .

extraction or implant surgery?
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Inclusion and exclusion criteria
Inclusion criteria

* Randomized controlled trials (RCTs), case
series, and observational studies evaluating
the effect of laser therapy on IAN injury due
to third molar extraction or dental implant
placement.

* Articles published in either English or Spanish.

*  Studies published up to September 2024.

Exclusion criteria

* Injury to the IAN due to endodontic treatment,
sagittal osteotomy of the jaw, removal of tumours,
facial trauma.

* Articles that the full text was not available.

e Clinical trials in animals, in vitro studies, case
report.

Sequential search strategy

In accordance with PRISMA guidelines [33], titles of
all records identified through the initial search were
screened to remove irrclevant studies. Thereafter,
abstracts were assessed to exclude articles that did
not meet the eligibility criteria. Full-text articles of
potentially relevant studies were then retrieved and
evaluated in detail to confirm their inclusion in the
final review.

Data extraction

In alignment with the objectives and specific tasks
outlined for this review, data were independently
extracted from the included studies in the form
of relevant variables. This process was directly
guided by the review’s aims and thematic focus,
as detailed below. In cases where essential
information was missing, the corresponding
authors were contacted via email to obtain the
necessary data. Any disagreements were resolved
by discussion; if unresolved, a third reviewer was
consulted.

Data items

From each study, the following parameters were
extracted when available using a standardized table:
first author and publication year, study design,
sample size, gender, age, aetiology of nerve injury,
time elapsed between injury and treatment, type
of laser used, wavelength and emission mode,
energy per point and fluence, power, duration of
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laser application, number of sessions, types of
sensory tests, follow-up duration, and reported
outcomes.

Risk of bias within studies

The two principal reviewers (A.B. and J.S.) assessed
the methodological quality and risk of bias of the
included studies. Disagreements were resolved by
consensus, or by consultation with a third reviewer
(C.M.). Specific assessment tools were applied
according to the study design.

For RCTs, the Cochrane Risk of Bias Tool for
RCTs was used [35], which evaluates six domains:
selection bias (random sequence generation, allocation
concealment), performance bias (blinding of
participants and personnel), detection bias (blinding
of outcome assessment), attrition bias (incomplete
outcome data), reporting bias (selective outcome
reporting), and other potential sources of bias. “Low
risk”, “high risk”, “unclear” was given to each
criterion.

For case series, a quality assessment tool based on
the modified Delphi technique was employed [36].
Studies with > 70% affirmative responses were
considered of acceptable quality and low risk of
bias.

For observational studies, the National Institutes of
Health (NIH) Quality Assessment Tool for Before-
After (Pre-Post) Studies With No Control Group was
applied [37].

Statistical analysis

Mendeley® (Elsevier; London, UK) reference manager
software was used for article management. Inter-rater
agreement between the two reviewers during the
abstract and study selection process was quantified
using Cohen'’s kappa coefficient (k).

Statistical analysis was performed using IBM SPSS®.
Statistics software version 30.0 (IBM Corp.; Armonk,
New York, USA). P-value was considered statistically
significant at P < 0.05.

The performance of a meta-analysis was not feasible,
since the studies included in this review exhibited
substantial heterogeneity in their PBM protocols.
Specifically, the investigations differed with regard
to the wavelength employed, the anatomical site of
application, the number and frequency of treatment
sessions, the overall duration of therapy, and the
time point at which photobiomodulation was
initiated. Such variability precluded the possibility
of pooling data in a statistically meaningful
manner.
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RESULTS
Study selection

The initial databases search revealed 3,376
records, of which 2,399 duplicates were excluded
(Figure 1). A total of 977 titles and abstracts were
screened, leading to the exclusion of 966 articles
because they were not in English or Spanish and/
or did not address the aetiology of the nerve
injury. Eleven full-text articles were retrieved for
comprehensive analysis [23,31,32,38-45], of which
one was excluded [31].

Finally, 10 studies [23,32,38-45] were included in
this systematic review. Among these, four were RCTs
[23,38,39,45], five were case series [32,40-42,44], and
one was a retrospective observational study [43]. All
of them evaluated the effect of LLLT on IAN injuries-
five following mandibular third molar extraction
and five following extractions of third molars or
placement of implants in the posterior mandibular
region.

The level of agreement between the reviewers
(A.B. and J.S.) on title and abstract selection was
assessed by calculating Cohen’s kappa coefficient
(x), showing a value of 0.87, which indicates strong
agreement.

Exclusion of studies

After comprehensive analysis, one full-text article was
excluded for being a case report [31].

Risk of bias within studies

The findings are summarized in the methodological
quality and risk of bias tables (Table 2, 3 and 4). Only
one [39] of the four RCTs included [23,38,39,45]
was rated as low risk of bias across all domains
(Table 2).

Of the five case series analysed [32,40-42,44], four
[32,40-42] were assessed as low risk of bias with
77.8% and 72.2% affirmative responses on the 18-
item Delphi-based checklist (Table 3).

The observational study by de Oliveira et al. [43]
met 7 out of 12 quality assessment items (> 50%)
(Table 4).

Study characteristics

The number of patients included in the studies
[23,32,38-45] ranged from 4 to 125 (Table 5). Only
studies in which the aetiology of the nerve injury was
mandibular third molar extraction and/or posterior
dental implant placement were considered.

Records identified through
databases search
(n=3376)

Duplicates excluded
(n=2399)

Records after duplicates
removed
(n=977)

Screening ’l Identification I

Record excluded:

[

- Not in English or Spanish;
- Non-relevant titles and abstracts

Full-text articles assessed for
eligibility
(n=11)

Eligibility

(n = 966)

|

Full-text articles excluded:
- One case report (n =1)

Studies included in qualitative
synthesis
(n=10)

Included

Figure 1. PRISMA flow diagram.
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Table 2. Risk of bias assessment by Cochrane collaboration tool for RCTs

- Qiectal. | Khullaretal. | Yarietal. | Miloro and
Criteria |
[23] [38] [39] Criddle [45]
Generating the randomization sequence + + + ?
Randomization sequence concealment - - + +
Masking of investigators, study personnel, or study N N N
participants
Masking the evaluation or measurement of outcomes + - + +
Incomplete results data + + + -
Selective description of results + - + -

“-” = high risk of bias; “+” = low risk of bias; “?”” = unclear risk of bias.

Table 3. Quality appraisal tool for case series studies using a modified Delphi technique

Criteria and checklist Pol et al. | Ozen et al | Hakimiha et al. | Bozkaya et al. | Midamba and
[32] [40] [41] [42] Haanaes [44]
Study objective
1. Is the l.lypotheS{s/alm/obJectlve of the study stated clearly in the Yes Yes Yes Yes Yes
abstract, introduction, or methods section?
Study population
2. Arc:;z the characteristics of the participants included in the study Yes Yes Yes Yes Yes
described?
3. Were the cases collected in more than one centre? Yes No Yes Yes Yes
4. Arq the eligibility crlte?la (inclusion _and exclusion criteria) for Yes No Yes No No
entry into the study explicit and appropriate?
5. Were participants recruited consecutively? Yes Yes Yes Yes Yes
6. Did participants enter the study at a similar point in the disease? No No No No No
Intervention and co-intervention
7. Was the intervention clearly described in the study? Yes Yes Yes Yes Yes
8. Were additional interventions (co-interventions) clearly reported Yes Yes Yes Yes Yes
in the study?
Outcome measures
9. Are the ou.tcome measures clearly defined in the introduction or Yes Yes Yes Yes Yes
methods section?
10. Were r@levgnt outcomes appropriately measured with objective Yes Yes Yes Yes Yes
and/or subjective methods?
11. Were outcomes measured before and after intervention? Yes Yes Yes Yes Yes
Statistical analysis
12. Wer.e the statistical tests used to assess the relevant outcomes Yes Yes Yes Yes Unclear
appropriate?
Results and conclusions
13. Was the length of follow-up reported? Yes Yes Yes No Yes
14. Was the loss to follow-up reported? No Yes No No No
15. Does the sFudy provide estimates of the random variability in No No Yes Yes No
the data analysis of relevant outcomes?
16. Are adverse events reported? No Yes No No No
17. Are the conclusions of the study supported by results? Yes Yes Yes Yes Yes
Competing interests and sources of support
18. Are both competing interests and sources of support for the No Yes Yes Yes No
study reported?
Percentage of positive responses 72.2% 77.8% 77.8% 72.2% 61.1%
http://www.ejomr.org/JOMR/archives/2025/3/e2/v16n3e2ht.htm J Oral Maxillofac Res 2025 (Jul-Sep) | vol. 16 | No 3 | e2 | p.6
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Table 4. National Institutes of Health (NIH) Quality Assessment Tool for observational study by de Oliveira et al. [43]

Checklist Yes | No | N/A
1. Was the study question or objective clearly stated? X
2. Were eligibility/selection criteria for the study population prespecified and clearly described? X
3. Were the participants in the study representative of those who would be eligible for the test/service/intervention in X
the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled? X
5. Was the sample size sufficiently large to provide confidence in the findings? X
6. Was the test/service/intervention clearly described and delivered consistently across the study population? X
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across all study X
participants?
8. Were the people assessing the outcomes blinded to the participants’ exposures/interventions? X
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis? X
10. Did the statistical methods examine changes in outcome measures from before to after the intervention? X
Were statistical tests done that provided p values for the pre-to-post changes?
11. Were outcome measures of interest taken multiple times before the intervention and multiple times after the X
intervention (i.e., did they use an interrupted time-series design)?
12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statistical X
analysis take into account the use of individual-level data to determine effects at the group level?

N/A = not applicable.

In most studies, the control groups received either
inactive laser (placebo) or no treatment, whereas only
one study employed mecobalamin (vitamin B12) as an
alternative therapy to laser [23].

Reported sensory disturbances among patients
included paraesthesia, dysaesthesia, hypaesthesia,
anaesthesia, and hyperaesthesia. One study did not
specify the type of sensory alteration [38].

The time between nerve injury and initiation of
PBM therapy varied from 48 hours [23] to 7 years
[44] (Table 6). Four studies [32,42,43,45] stratified
samples according to this time interval. Two studies
reported significant differences favouring early
treatment [43,45], while the other two found no
timing-dependent effects [32,42].

Sensory recovery onset was noted between the
sixth and eleventh sessions in two studies [32,39].
One study documented continued neurosensory
improvement up to 24 months post-PBM therapy [44].

PBM therapy protocols

All studies utilized GaAlAs diode lasers with
wavelengths ranging between 808 and 830 nm, except
for Pol et al. [32], who applied a combination of 904
nm (superpulsed mode) and 650 nm (continuous
mode) (Table 6). The energy per point ranged from
2.8 to 123 J, while the energy density varied from 3 to
244 .8 J/cm? The power output ranged from 5 to 400
mW in continuous mode.

In most studies, both intraoral and extraoral points were

http://www.ejomr.org/JOMR/archives/2025/3/e2/v16n3e2ht.htm

irradiated. The intraoral application predominantly
followed the course of the IAN (from the mandibular
foramen to the mental foramen), while adjacent
extraoral sites such as the lip and chin were also
irradiated, regardless of the lesion location. Only
Qi et al. [23], applied the laser via the post-extraction
socket within two days after third molar removal (Table
5). The number of PBM sessions varied from 7 to 20,
with frequencies of 1 to 3 sessions per week. Although
the follow-up period was not specified in most studies,
the longest recorded duration was 24 months [44]. In
some cases, follow-up ended upon completion of the
last PBM session (Table 6).

Neurosensory assessment methods

Both objective and subjective tests were used
to evaluate neurosensory recovery. Objective
assessments included tactile discrimination, two-point
discrimination, directional discrimination, thermal
discrimination (most commonly used), and pinprick
or mapping tests. All studies used the VAS as the
subjective measure, in which significant improvements
in favour of PBM were reported in most studies
[23,32,39,40-44] (Table 6).

Results of individual studies
Qi et al. [23] conducted a clinical trial comparing

PBM therapy to oral mecobalamin in patients with
IAN injury secondary to third molar extraction.
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Table 5. Main characteristics of the included studies

Year of No. of No. of Implant Definition of Peri-implantitis Mucositis
Study .. Study design |Country Age Gender . L location peri-
publication patients implants implantitis No (%) No (%)
Mayta-Tovalino et Retrospective 53 M: 213, Total: 431, Maxilla: 51%; ) N ) o
al. [22] 2019 study Peru (range 18 to 80)| F: 218 | osteoporosis: 12 1279 mandible: 49% NR Implants: 23 (2%) Implants: 23 (2%)
1 . 0/ .
Cross-sectional Total: 177, nl\lgi)((ililti?ééji&/"o/’ ;1 su Bu?:t’ion Patients: 110 (13%),
Dvorak et al. [30] 2011 Austria 63 (SD9) F: 177 | osteoporosis: 46, 828 . 0’ PP > |osteoporosis: 11 (24%), NS
study osteopenia: 16 anterior: 57%; | PD > 5 mm, osteopenia: 4 (25%)
penia: posterior: 43% RBL penia: °
Maxilla: 43%; Restarted their
. Retrospective 53 (range 42 ) Total: 21, Total: 46, mandible: 57%; Patients: 0 (0%), therapy after the
Shabestari et al. [31] 2010 case series fran to 79) k21 osteoporosis: 21 |osteoporosis: 46| anterior: 70%; NS osteoporosis: 0 (0%) osseointegration
posterior: 30% phase.
. . PD > 6 mm Patients: 17 (19%).
. . . . 0/ . e
Seki et al. [32] 2023 | Retrospective |y 53.9 M: 34,1 Total: 89, Total: 216, | Maxilla: 32%: | ppr's s, | Implants: 34 (16%), NR
cohort study F: 55 | osteoporosis: 4 |osteoporosis: 16| mandible: 48% . .
suppuration | osteoporosis: 15 (94%)
RBL >2 mm,
Retrospective M: 109, Total: 270, BOP, Patients: 172 (64%), Patients: 9 (3%),
Renvertetal. [33] 2014 study Sweden 365 F: 161 | osteoporosis: 5 NE NR suppuration, | osteoporosis: 4 (80%) |osteoporosis: 1 (20%)
PD >4 mm
. Total: 101,
Bell and Bell [34] 2008 | Retrospective | ;e NR M:2, 1 Totl:42, | oporosis: NR NR NS NR
study F: 40 | osteoporosis: 42 101
Retrospective . 47 (range 18 Total: 132, Patients: 21 (16%),
Astolfi etal. [35] 2022 study Spain to 84) NR osteoporosis: 11 333 NR RBL osteoporosis: 3 (2%) NS
. . . Total: 140,
Suvarna et al. [36] 2016 Retrospe(;tlve India NR M: 30, Toual: 1.1?’ osteoporosis: NS NR NS NR
analysis F: 82 |osteoporosis: 112 140
BOP with
Apaza-Bedoya et 2024 crlc\)/lslgl-tslgcegzgal Brazil 56 (range 31 | M: 44, Total: 99, Total: 266, NR SE;;:E:SEL Patients: 15 (15%), Patients: 49 (50%),
. Tae iq- > H . 0 H . o,
al. [37] study to 77) F: 55 | osteoporosis: 7 |osteoporosis: 15 PD, RBL >3 implants: 31 (12%) | implants: 114 (43%)
mm
Maxilla: 55%;
Romandini et al. Cross-sectional . M: 39, mandible: 45%; | PD, BOP, RBL | Patients: 31 (31%), Patients: 1 (1%),
[38] 2021 study Spain 637 F: 60 %9 458 anterior: 18%; |  >2mm implants: 128 (28%) | implants: 146 (32%)
posterior: 82%

M = male; F = female; NS = not specified; NR = not recorded; RBL = radiographic bone loss; PD = probing depth; BOP = bleeding on probing.

Table 6. Clinical parameters, treatment, evaluation, results and conclusions of the included studies

Study

Clinical
parameters

Antiresorptive
treatment

Evaluation interval
(years)

Results

Conclusions

Mayta-Tovalino
etal. [22]

RBL, PD

NR: regarding timing
or suspension of
bisphosphonate therapy

11 (2006 to 2017)

The implant failure rate was 18%, corresponding to 23
lost implants.
The cumulative implant survival rate decreased over
time: 99% in the first two years, decreasing to 38%
between eleven and twelve years

The survival rate showed a decline over time (Kaplan
Meier), with a high percentage of survival in the first
few years and a significant reduction in the survival rate
after a decade

Dvorak et al. [30]

NR

NR: antiresorptive
therapy for osteoporosis

6 (SD 4) (range 1 to 24)

Peri-implantitis in 13% of implants

The study did not find a significant association between
osteoporosis and peri-implantitis or implant loss in an
adult female population

Shabestari et al.
[31]

BOP, PD, RBL
TE, mobility

Bisphosphonate use prior
to implant placement

4.2 (range 0.6 to 8.1)

Patients were considered free of peri-implantitis

Being treated with oral bisphosphonates before and
after implant placement does not appear to compromise
osseointegration or the clinical and radiographic
condition of the implants

Seki et al. [32]

PD 6 mm, RBL >
25%, suppuration

NS: regarding timing
or suspension of
bisphosphonate therapy

Peri-implantitis was significantly higher in the systemic
disease group

Osteoporosis was the third most significant cause of
peri-implantitis

Renvert et al. [33]

BY, BOP,
suppuration, PD

NR: antiresorptive
therapy for osteoporosis

4 (2007 to 2011)

The study does not find that diseases such as
osteoporosis are associated with peri-implantitis because
there was a low prevalence rate in the study sample

No significant association was found between peri-
implantitis and osteoporosis

Bell and Bell [34]

BOP, PD, RBL,
oM

Bisphosphonate use prior
to implant placement

3.1 (range 0.4 to 7.5)

Five implants failed for other reasons. The implant
success rate was 95%, comparable to 97% in patients
without bisphosphonates, with no evidence of OM

Patients taking oral BPs are not at increased risk of
implant failure compared to other patients

Astolfi et al. [35]

PD, mBOP, BPI,
suppuration,
recession, RBL

NR: antiresorptive
therapy for osteoporosis

6.7 (range 1 to 9)

Peri-implantitis in < 25% of implants placed in patients
with osteoporosis

Systemic diseases such as osteoporosis do not show a
significant influence on the incidence of peri-implantitis

Suvarna et al. [36]

PD, BOP, RBL,
mobility, BPI

Bisphosphonate use prior
to implant placement

3, follow-up after
implant placement

There were 10 cases of implant failure, resulting in a
success rate of over 92%.

No jaw osteonecrosis was found in any patient.
The implants demonstrated functional stability,
with no significant differences between patients on
bisphosphonate therapy and other patients

No significant risk of implant failure is observed in
patients receiving bisphosphonate treatment

Apaza-Bedoya et

BOP, suppuration,

NR: antiresorptive

2.52 (range 12 to 90

There was a significant association between the

The prevalence of peri-implant mucositis and

PI, PD, KM . 1 t of i-implantiti iti ith i-implantiti ignificantl lat ith
al. [37] mPI, PD, > | therapy for osteoporosis months) development of peri-implanti is and mucositis wi peri-implantitis was significantly correla ed wi
MR, RBL osteoporosis osteoporosis
Presence of
.. plaque, depth of o . The association between osteoporosis and peri- . . . .
Romandini et al. recession, BOP, NR: antiresorptive 78 implantitis was not established as a significant risk Osteoporosis was not identified as a major risk factor

[38]

PD, suppuration,
RBL > 2 mm

therapy for osteoporosis

factor in the final multivariate logistic regression model

for peri-implantitis

BPI = bacterial plaque index; TE = thread exposure; mPI = modified plaque index; KM = keratinized mucosa; MR = marginal recession; NS = not specified; NR = not recorded; RBL = radiographic bone loss;
PD = probing depth; BOP = bleeding on probing; mBOP = modified bleeding on probing; OM = osteonecrosis of the jaw.
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Twenty patients were included and divided into
two groups of 10: one receiving PBM and the other
mecobalamin orally. Recovery was evaluated using
both objective and subjective tests. At one-month
post-extraction, the PBM group had achieved full
sensory recovery, whereas half of the control group
still exhibited deficits. VAS scores were significantly
better in the PBM group by days 6 to 7 of treatment
(P < 0.05), while the placebo group showed slower
improvement.

Pol et al. [32] compared the effects of PBM in
patients with nerve injuries of less than and more
than six months of evolution, stemming from various
aetiologies. At the end of therapy, 54.2% to 83.3%
of patients achieved complete sensory recovery.
No significant differences were observed between
groups in objective test scores (P = 0.7914), although
subjective perception of recovery (VAS) was
markedly higher in the early-treatment group (P =
0.034). Clinical improvement began to be noticeable
after the sixth session (Table 6).

Khullar et al. [38] conducted a double-blind
randomised clinical trial (RCT) evaluating PBM
in patients with TAN injuries lasting more than
six months, including cases related to third molar
extraction. Semmes-Weinstein monofilaments and
thermal discrimination tests were used. The PBM-
treated group showed significant improvement
in both tests (P = 0.01), while the control group
exhibited no neurosensory changes (Table 5
and 6).

Yari et al. [39] conducted another RCT including 36
patients to evaluate IAN recovery following third
molar extraction. Participants were divided into two
groups: 18 received PBM and 18 received placebo.
Sensory disturbances included hypoesthesia (n =
16), paraesthesia (n = 14), and dysesthesia (n = 8).
Assessment involved objective tests (light touch,
two-point, directional, and thermal discrimination)
and the VAS. After 11 days, the PBM group showed
significantly superior recovery in most tests (P <
0.05), with effects persisting for up to 9 months.
Thermal discrimination was the only test without
statistically significant differences (P > 0.05), although
improvement was observed in the PBM group
(Table 5 and 6).

Ozen et al. [40] evaluated the effectiveness of PBM
in four patients with IAN injury persisting for more
than one year after third molar extraction. Reported
neurosensory  disturbances included dysesthesia,
hypoesthesia, and paraesthesia. After 20 PBM
sessions, all patients exhibited improvement in both
objective and VAS assessments (P =0.01 and P = 0.02
respectively) (Table 5 and 6).

http://www.ejomr.org/JOMR/archives/2025/3/e2/v16n3e2ht.htm

Hakimiha et al. [41] conducted a case series including
eight patients with paraesthesia in the lip and/or chin:
six following third molar extraction and two after
implant placement. Pinprick testing and the VAS were
used to assess recovery. After 35 days, subjective
improvements of 125% and objective improvements
of 350% were reported (P < 0.001), with no significant
differences according to age (P < 0.06) or gender
(P <0.75) (Table 5 and 6).

Bozkaya et al. [42] included 50 patients with
nerve injuries of varying aetiologies, most related
to third molar extraction. Statistically significant
improvements were found in both VAS and objective
neurosensory test outcomes in favour of PBM (P
= 0.0). No significant differences were observed
between groups based on age (P = 0.4), gender (P =
0.7), paraesthesia duration (P = 0.7), aetiology (P =
0.9), or affected location (P = 0.5) (Table 5 and 6).

In the observational study by de Oliveira et al. [43],
over 80% of the 125 patients treated with PBM
showed recovery classified as reasonable, good, or
excellent, regardless of age, sex, or actiology of the
nerve injury. VAS was statistically significant (P <
0.05) (Table 5 and 6).

Among the case series included, Midamba and
Haanaes [44] evaluated the effects of GaAlAs laser
in 15 patients with IAN injury of varying actiologies,
including 11 from third molar extractions, 1 from
implant placement, and 3 from other causes. Of the
six patients with complete anaesthesia for less than
one year, five experienced significant improvement
after 12 to 19 PBM sessions. Overall, patients with
recent injuries (< 1 year) reported improvements
of 40 to 100%, and those with chronic injuries (> 1
year) showed recovery rates of 40 to 90%. One patient
showed no improvement initially but experienced
delayed recovery in the following months. Treatment
was administered three times per week over 2
to 8 weeks. Statistically significant at P < 0.05
(Table 5 and 6).

Miloro and Criddle [45] performed an RCT including
28 patients with IAN injury, 22 from third molar
extraction, one from implant placement, and 5 from
other causes. No statistically significant differences
were observed between PBM and placebo groups
(P = 0.66), regardless of the nerve type affected
or time since injury. Nevertheless, 46.7% of
patients in the PBM group improved in at least one
parameter, compared to 38.5% in the placebo group
(Table 5 and 6).

Synthesis of results

All  included studies reported improvements
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in neurosensory function in at least one of the
objective and/or subjective assessments after PBM
treatment. None of the studies reported adverse
effects related to laser therapy. Only one study [32]
addressed patient satisfaction following treatment
(Tale 6).

DISCUSSION
Summary of evidence

Surgical extraction of mandibular third molars and the
placement of mandibular dental implants, along with
sagittal split osteotomies, represent the main surgical
procedures associated with the risk of injury to the
IAN, due to the proximity of this vital anatomical
structure to the operative area.

The various sensory disturbances resulting from such
injuries can significantly compromise patients’ quality
of life, especially when they become permanent.
Although some authors [46,47] suggest that treatment
should not be initiated within the first three months
due to the possibility of spontaneous recovery, a larger
number advocate for early intervention to mitigate
symptoms and enhance the chances of complete
recovery [48].

Although no standardized treatment protocol has
yet been established for IAN injuries, various
therapeutic approaches have been proposed, including
pharmacological therapy with anti-inflammatories,
corticosteroids, and B-vitamin complexes, as
well as physical therapy, acupuncture, and PBM
[40]. In addition, the IANIDIS protocol has been
proposed for IAN injuries associated with implant
surgeries for diagnosis and treatment [49] but there
is not still a scheduled protocol for IAN injuries
treatment.

Treatment efficacy

With the exception of the randomized clinical trial
by Miloro and Criddle [45], all studies included in
this review reported both objective and subjective
improvement in sensory recovery following PBM
therapy.

These findings are consistent with those reported by
other authors. Notably, Alharbi et al. [47], in their
systematic review, evaluated the effect of LLLT
on sensory recovery of IAN injuries. Three of the
RCTs included in their review showed statistically
significant results in favour of PBM, in both objective
and subjective assessments [28,32,38]. Similarly,
Mirzaei et al. [50] observed significant improvements
in six out of the seven clinical trials evaluated

http://www.ejomr.org/JOMR/archives/2025/3/e2/v16n3e2ht.htm

[28,29,51-54]. Additionally, a Cochrane review by
Coulthard et al. [55] included two RCTs comparing
PBM to placebo, identifying positive effects on
sensory recovery, though the findings were limited
by high risk of bias due to heterogeneity among the
studies.

Assessment of sensory improvement

Despite the lack of consensus on the optimal
method to uniformly assess sensory improvement,
most studies use both subjective and objective
VAS 1is considered the gold standard for assessing
perceived sensory alteration. For objective tests,
mechanoreceptive assessments are commonly used
to evaluate the function of large myelinated fibres
(A-a and A-PB), while nociceptive tests assess small
myelinated A-0 fibres and unmyelinated C fibres
[56,57]. However, VAS scores may be influenced by
the patient’s physical and psychological state, and
may reflect changes such as paraesthesia that are not
detectable with objective testing-highlighting the
importance of combining both methods to accurately

assess PBM efficacy.
Among the most frequently employed objective
assessments are two-point discrimination and

light touch tests. Most of the studies in this review
[23,32,39-45] reported  statistically  significant
improvements in VAS scores following PBM, as
well as in several objective measures-except for
thermal discrimination tests, in which no significant
improvements were observed. These findings are
consistent with those reported by Salari et al. [58]
in their RCT evaluating PBM in patients with
neurotmesis due to mandibular fractures. Similarly,
results from the meta-analysis by Firoozi et al.
[30] confirmed the lack of statistically significant
improvements in thermal discrimination among
patients undergoing sagittal split osteotomies [29,59].
Nevertheless, based on current evidence, it remains
unclear which test modality is most responsive to
PBM; further studies comparing different assessment
tools are needed to determine which nerve fibres are
most affected by the therapy.

Start of the therapy

Regarding the timing of PBM initiation, two studies
[32,45] reported no differences in recovery between
patients with injuries < 6 months and those treated
after longer intervals. Conversely, Midamba and
Haanaes [42] and Ozen et al. [40], in case series,
reported  statistically  significant improvements
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in mechanoreceptive tests and VAS scores in patients
with nerve injuries of more than one year, following
PBM. These findings align with those of Mirzaei
et al. [50], who documented improvements in both
subjective and objective measures in patients with
IAN injuries secondary to sagittal osteotomies, treated
up to two years post-injury.

In contrast, Firoozi et al. [30] cautioned about the
limited efficacy of PBM within the first 48 hours
postoperatively. However, other studies suggest that
early PBM can achieve 90 to 100% improvement
in sensory function. These findings, however, are
limited by the possibility of spontaneous recovery
during the acute phase following nerve injury
[32,43,56].

At the same time, evidence has demonstrated the
relevance of prompt diagnosis and intervention.
Current recommendations suggests that diagnosis
should ideally be reached within 36 hours [60].

Patients’ satisfaction

With respect to patient-reported satisfaction, Pol
et al. [32] noted that participants did not request
additional therapy after completing the PBM protocol.
These findings are consistent with those reported by
Ebrahimi et al. [9], who assessed satisfaction across
different stages of therapy using wavelengths of 810
nm and 940 nm, observing greater improvement in the
810 nm PBM group compared to both the 940 nm and
control groups. Likewise, Fernandes-Neto et al. [31]
reported complete patient satisfaction following PBM
treatment.

Wavelength and dosage

A key factor in PBM efficacy is the appropriate
selection of wavelength and dosage to ensure
sufficient laser penetration into deep tissues. All
studies included in this review employed GaAlAs
lasers with wavelengths ranging between 808 and
830 nm, consistent with current scientific evidence
supporting greater efficacy in the infrared range
compared to the red spectrum [24,29,61,62].
Nonetheless, Pol et al. [32] used superpulsed
wavelengths of 904 to 910 nm combined with
continuous 650 nm light and reported favourable
outcomes in sensory recovery. These findings are
consistent with those of Mohajerani et al. [29], who
observed positive outcomes following combined
application of 810 nm and 632 nm wavelengths in
patients undergoing sagittal osteotomies.

Despite evidence supporting the superior efficacy
of infrared wavelengths (800 to 908 nm) in PBM,

http://www.ejomr.org/JOMR/archives/2025/3/e2/v16n3e2ht.htm

there is still no consensus regarding the optimal
dosage. However, unfavourable outcomes appear
to be more commonly associated with underdosing
rather than overdosing. In their systematic review,
Zein et al. [63] concluded that insufficient dosage may
compromise laser penetration into deep tissues, where
most mitochondria and nerve cells are located. In our
review, only one RCT [45] failed to find significant
differences between PBM and placebo, which may
be attributed to the much lower dosage used (6 J
intraoral and 3 J extraoral) compared to other studies
that used energy levels ranging from 2.8 to 123 J
per point.

Number of sessions and duration of therapy

Regarding the number and duration of sessions,
no causal relationship can be established due to
heterogeneity across studies, which reported between
7 and 20 sessions. Nevertheless, Mirzaei et al. [50]
documented significant neurosensory improvements
following PBM regardless of the number and duration
of treatment sessions.

Follow-up

The long-term effects of PBM remain unclear due to a
lack of follow-up in several studies and variability in
follow-up duration among those that did, ranging from
30 days [23] to 24 months [44].

PBM and other therapies

Several studies [64-66] have proposed that B-complex
vitamins-specifically B1, B6, and Bl2-play a
crucial role in nerve regeneration. These so-called
neurotrophic vitamins are essential for nervous system
function and offer several physiological benefits.
Vitamin Bl acts as an antioxidant, protecting nerves
from oxidative damage [67]. Vitamin B6 is involved
in neurotransmitter synthesis, inhibits neurotoxic
glutamate release, and contributes to sensory function
restoration [68]. Vitamin B12 supports neuronal
regeneration, enhances cell survival, promotes
remyelination, and maintains the integrity of myelin
sheaths [69]. Collectively, these effects contribute to
the restoration of nerve function, including sensory
conduction velocity [70,71].

PBM has demonstrated benefits in nerve regeneration
and peripheral neuromuscular repair by modulating
cytokine and growth factor expression, helping
regulate inflammation and improving the morphology
of nerve tissues. While many studies have evaluated
the individual effects of B vitamins and PBM,
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there is a significant lack of research examining the
combined effect of both therapeutic strategies. In
a 2024 rat study, Martins et al. [72] confirmed the
efficacy of B-complex vitamins and PBM in pain
relief and reduction of inflammation following nerve
injury; however, the combination of both treatments
did not demonstrate superior outcomes compared to
either therapy used independently.

In our review, only the study by Qi et al. [23]
compared PBM and oral mecobalamin (0.5 mg
three times daily), finding greater efficacy in
PBM administered via the post-extraction socket.
Nevertheless, further studies are needed to compare
the effectiveness of both therapies, as well as to
explore potential synergistic effects when applied
in combination for the treatment of IAN injury in
humans.

Limitations

The main limitations of this review include the
limited number of RCTs, small sample sizes, short
or absent follow-up periods, and high wvariability
in PBM parameters (wavelength, energy, fluence,
irradiated points, duration, timing of the therapy),
which currently prevent the establishment of a
standardized therapeutic protocol for this type of

injury.

CONCLUSIONS

Despite the demonstrated safety, non-invasive nature,
and promising results of photobiomodulation in
the sensory recovery of the inferior alveolar nerve
following third molar extraction or dental implant
placement, the current lack of high-quality randomized
controlled trials with larger sample sizes and the
significant methodological heterogeneity-particularly
regarding aetiology, time from injury to treatment, and
number of photobiomodulation sessions-precludes the
establishment of a standardized treatment protocol.

It is therefore recommended that future research
implement homogeneous protocols, particularly
for variables with the greatest dispersion, such as
treatment duration and timing, and further explore
the combination of photobiomodulation with other
therapeutic strategies to assess potential synergistic
effects in nerve regeneration.
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