Photobiomodulation, Photomedicine, and Laser Surgery
Volume 41, Number 3, 2023

© Mary Ann Liebert, Inc.

Pp. 93-103

DOI: 10.1089/photob.2022.0161

Open camera or QR reader and
scan code to access this article
and other resources online.

Improving Titanium Implant Stability with Photobiomodulation:
A Review and Meta-Analysis of Irradiation Parameters

Dennis Sourvanos, BsDH, DDS, CTR,® Jason Poon, DDS;*
Bradley Lander, MChD/BChD, BSc," Hector Sarmiento, DMD, MSc,"® James Carroll?
Timothy C. Zhu, PhD?” and Joseph P. Fiorellini, DMD, DMSc'+?

Abstract

Objective: This analysis was designed to present a summary of available evidence that will inform
practice and guide future research for photobiomodulation (PBM) after titanium implant placement
procedures.

Materials and methods: A systematic review was performed according to the Cochrane Collaboration and in
line with Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) criteria. Two inves-
tigators screened the titles and abstracts, and reviewed articles for risk of bias. Online databases searched
included PubMed, Embase, Scopus, and Web of Science. Terms were specific to the effects of PBM on dental
implant stability.

Results: Eight hundred fifty-six studies were identified, and 15 studies fulfilled the inclusion criteria. Light
sources included both laser and light emitting diode (LED) devices. Wavelengths ranged from 618 to 1064 nm.
The meta-analysis concluded that all 15 published studies were able to safely apply PBM near dental implants
without adverse events. Laser and LED wavelengths that reported significant results included 618, 626, 830,
940 (2x%), and 1064 nm.

Conclusions: The use of adjunctive PBM can be safely prescribed after surgical placement of titanium
implants. Six groups reported statistical significance for improving implant stability (four laser diode, two LED)
in wavelengths ranging from 618 to 1064 nm. The amount of time spent delivering PBM was not a variable that
differentiated whether a study reported significant results.
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Introduction and 1000 nm. Incorporating PBM into a surgical procedure

can promote wound healing, provide analgesia, and reduce

PHOTOBIOMODULATION (PBM) THERAPY Is a nonthermal inflammation and edema. Several groups have published

nonionizing treatment of red and near-infrared light.'=  PBM protocols that can signiﬁcantlg improve tissue regen-
PBM applications involve light wavelengths between 600 eration and dental implant stability.*®

'Department of Periodontics, School of Dental Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA.

“Center for Innovation and Precision Dentistry (CiPD), School of Dental Medicine, School of Engineering, University of Pennsylvania,
Philadelphia, Pennsylvania, USA.

*Institute for Translational Medicine and Therapeutics (ITMAT), Perelman School of Medicine, University of Pennsylvania,
Philadelphia, Pennsylvania, USA.

“Department of Orthodontics, School of Dental Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA.

>Private Practice, New York City, New York, USA.

STHOR Photomedicine Ltd., Chesham, Buckinghamshire, United Kingdom.

"Department of Radiation Oncology, Perelman Center for Advanced Medicine, University of Pennsylvania, Philadelphia, Pennsylvania,
USA.

93



94

There are several proposed generalized biologic mecha-
nisms of action for PBM. These fall within the categories
of intracellular, cell membrane receptors, and extracellular
components. Intracellular mechanisms involve the absorp-
tion of PBM wavelengths by cytochrome c¢ oxidase and
photodissociation of nitric oxide located within the mito-
chondria.”® PBM initiates a cascade that leads to the enhan-
cement of enzyme activity,” electron transport,’ increasing
mitochondrial respiration, and increasing adenosine tripho-
sphate (ATP) production.® The second proposed mechanism
is the cell membrane receptor that involves the activity of
photosensitive ion transporters on cell membranes, Opsins
2-4, TRPV1, AHR, and P2X7. The third type of mechanism
is defined by extracellular components that predictably
upregulate the transforming growth factor (TGF)-f1 im-
mediately after PBM treatment.?>'!!

It is understood that PBM light wavelengths work in con-
junction with the hemoglobin coefficient of absorption'?™
and can photoactivate latent TGF f 1 through a redox-
mediated physiochemical process.' This is notable con-
sidering that TGF-f1 is a pluripotent mesenchymal stem

cell'®?*% with the potential to impact re-epithelialization,
1nﬂammat10n, angiogenesis, and granulation tissue forma-
tion during wound healing.'”'***?* It is also well under-
stood that TGF-f1 can be predictably u 5) gulated by specific
PBM wavelengths 600-1000 nm.'¢'82%21 This mechanism
is supported by evidence that TGF-f1 will present imme-
diately after PBM treatment in the degranulating platelets
of freshly wounded tissues.'®2° Therefore, PBM can direc-
tly affect keratinocyte function and migration, which is
essential to wound re-epithelialization.?

Titanium dental implant placement is a routine surgical
procedure with predictable outcomes. A surgeon must consider
the restorative treatment plan, implant size, and the alveolar
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ridge anatomy.*>° Surgeons must precisely plan implants in an
ideal three-dimensional position to avoid inadvertent bone loss
on adjacent sites.”’° Dental implant surgery relies primarily on
the osseointegration potential at the titanium surface, which is
engineered to promote tissue regeneration.”*!

Titanium implant placement can be evaluated by reso-
nance frequency analysis (RFA) at various time points after
surgery. RFA is a noninvasive protocol used to measure
implant stability, which can clinically assess implant inte-
gration.® Acquiring the implant stability quotient (ISQ) can
help determine the implant stability value on a linear scale
of 1-100. The ISQ can be measured beginning at the time of
placement to correlate ISQ values with the healing cascade
of osseointegration.*?

Multiple research groups have provided guidance for
PBM applications after titanium implant placement.>*~*
Despite these findings, there are no validated evidence-
based protocols for PBM to improve implant stability.
Clinicians do not have guidance on how to select a laser
system or how to prescribe an optimal dose. These are
critical for all clinicians to prescribe an effective dose and
achieve a predictable result safely. PBM settings can be
safely optimized for the varying optical properties of human
tissues and titanium.>>>® This review and meta-analysis
aim to present a summary of available evidence that will
inform practice and guide future research for PBM after
titanium implant placement procedures.

Materials and Methods

This systematic literature review and meta-analysis were
conducted according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guide-
lines (Fig. 1).*” The PICO question formulated was as

FIG. 1. PRISMA flow diagram.
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follows: In patients receiving titanium implant placement
surgery (P), does the amount of time prescribed for PBM (I)
compared with placebo therapy (C) have an effect on im-
plant stability of titanium implants (O)? The study protocol
was registered with PROSPERO (Registration No.
CRD42022341395).

Search strategy

A detailed systematic review of the literature was con-
ducted between January 1, 1967, and July 1, 2022, in the
following databases: Elsevier Embase, Scopus, The Nati-
onal Library of Medicine PubMed (MEDLINE), and Web
of Science. The search terms included keywords and med-
ical subject headings: dental implant (including full size,
mini-implant), 1SQ, RFA, PBM, low-level laser therapy,
laser dentistry, LLLT, and PBM. The comprehensive search
strategy can be retrieved via PROSPERO (Registration No.
CRD42022341395).

Two reviewers (D.S. and J.P.) conducted the title,
abstract, and full-text screenings after prescreening stan-
dardization in selection criteria. Two reviewers (D.S. and
B.L.) performed the revised Cochrane risk-of-bias tool for
randomized trials (RoB 2).38 Authors of the included stud-
ies were not contacted to clarify issues regarding miss-
ing data for irradiation parameters. This highlighted the
limitation caused by a lack of standardized reporting for
PBM.

Studies that passed the title/abstract screening and rep-
orted the quantity of dose delivery in time (sec) were
reviewed for irradiation parameter dosing analysis (D.S.,
J.C., and T.C.Z.). Data sets were examined for appropri-
ateness when more than one publication reported the same
patient group. Disagreements for study eligibility or irradi-
ation parameter reporting were resolved through an open
debate between reviewers until an agreement was reached
or through settlement by an arbitrator (J.P.F.).

Additional electronic manual searches were conducted
to ensure a thorough screening process. Manual searches
were performed in the following journals: Journal of Dental
Research, Journal of Clinical Periodontology, Journal of
Periodontology, Clinical Oral Implants Research, The
International Journal of Oral & Maxillofacial Implants,
Journal of Oral and Maxillofacial Surgery, and Interna-
tional Journal of Periodontics and Restorative Dentistry.
Systematic reviews were retrieved and processed for
full-t%(t screening, including Chen et al.** and Costa
et al.

Study selection criteria
Inclusion criteria

e Human prospective randomized controlled trials (RCTs).
e RCTs comparing PBM therapy versus placebo as an
adjunct therapy after titanium implant placement surgery.

e Test groups using a single PBM system and the same
laser wavelength throughout the treatment.

e Reporting the following PBM irradiation parameters:
wavelength (nm), treatment time (sec), number of con-
tact points per visit, and the total amount of visits.

e Reporting of adverse events, safety, and efficacy.

e Statistical analysis.
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Exclusion criteria

e Nonhuman studies.

e Study type: cohort, case control, case series, expert
opinion, review).

e Inadequate site standardization.

e Using multiple laser systems at different wavelengths
for the same group or the same PBM system at varying
wavelengths.

e No placebo or control.

e Non-English language.

Quality assessment of studies

The Cochrane risk-of-bias tool for RCTs (Cochrane RoB
2.0) was utilized to assess bias. Risk categories included
(1) risk of bias arising from the randomization process,
(2) risk of bias due to deviations from the intended inter-
ventions (effect of assignment to intervention; effect of
adhering to intervention), (3) missing outcome data, (4) risk
of bias in the measurement of the outcome, (5) risk of bias
in the selection of the reported result, and (6) overall risk
of bias. Responses were stratified as either a “‘low risk of
bias” or a potential marker ‘‘for a risk of bias.”” Two rev-
iewers (D.S., B.L.) independently performed the assessment
(Table 1). Disagreement was resolved by discussion among
the reviewers. Unresolved debates were settled through arbi-
tration (J.P.F.).

Data extraction

An electronic data extraction database (MS EXCEL) was
created by the author (D.S.). Studies were itemized by two
reviewers (D.S., J.P.) according to year, author, title, laser
wavelength, exposure time (sec), output power, dose/energy
density, total dose per point, site of clinical application,
statistical significance, and frequency of visits. Exposure
time analysis was conducted by two reviewers (D.S., J.C.)
and was limited to author, site of clinical application, wave-
length (nm), laser power (W), and exposure time (sec).

Data synthesis

Irradiation parameter analysis was conducted by three
reviewers (D.S., J.C., T.C.Z.). It included the following
where applicable: site of clinical application, wavelength
(nm), laser power (W), beam area spot size (cmz), exposure
time (sec), energy dose (J), fluence (J/cm?), points per
treatment, and the number of sessions (Tables 2 and 3).

Notations were indicated if data were misreported or cor-
rected and if the value was not reported and added by
synthesis (Tables 2 and 3). The value of fluence (J/cmz) was
calculated as [(power X time)/area spot size]; energy (J) as
(power x time); power density (W/cm?) as (power/area spot
size); and spot size (sz) as (m(radiusl X radius2)), noting
that many laser diode beams are elliptical and not round.
The mean, median, mode, and upper/lower quartile ranges
were generated and plotted.

Results

The literature search process is detailed in Fig. 1. A total
of 15 out of 856 articles were identified that fulfilled the
inclusion reporting criteria. This group included both laser
diode and light emitting diode (LED) devices. Reported
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TABLE 1. RoB2: RiSK-OF-BIAS ASSESSMENT
Derivations Missing Selection Overall
Randomization  from the intended outcome  Measurement  of the reported risk of
No. Author process intervention data of the outcome results bias
1 Abohabib + + + + + Low RoB
2 Bozkaya + + + + + Low RoB
3 Ekizer + + + + + Low RoB
4  Elsyad + ? + + + Some concern
5  Garcia + + + + + Low RoB
6  Gokmenoglu ? ? + + + Low RoB
7  Kinalski + + + + + Low RoB
8  Lobato + + + + + Low RoB
9  Matys (2019) + + + + + Low RoB
10  Matys (2020) + + + + + Low RoB
11 Memarian + ? + + + Some concern
12 Osman + + + - + High RoB
13 Palled + + + + + Low RoB
14 Sleem ? - + + ? High RoB
15  Torkzaban + + + + + Low RoB

(+) is the symbol of ““low risk of bias.” (?) is the symbol for ““some concern.” (-) is the symbol for ‘‘high risk of bias.”

wavelengths ranged from 618 to 1064 nm. None of the 15
published studies reported negative adverse events because
of PBM in human subjects. Six studies reported statistical
significance for the application of PBM to improve implant
stability (Table 4). Four included laser devices with the fol-
lowing wavelengths: 830, 940 (2x), and 1064 nm (Figs. 2
and 3). Two reported LED devices with wavelengths, 618
and 626 nm (Tables 2 and 3). The prescribed value for time
was not a variable that differentiated whether a study rep-
orted significant results.

Assessment of the risk of bias

The risk of bias in each study was summarized according
to the Cochrane risk-of-bias 2.0 classification from 1999.*!

Ten studies were considered low risk of bias. Three were
rated as having a moderate risk of bias. Two were consid-
ered a high risk of bias. Details can be found in Table 1.

Irradiation parameter analysis for time (sec)

Fifteen studies reported the treatment time (in sec) spent
for each clinical application of PBM (Tables 2 and 3). Two
groups reported wavelengths at 635 nm for 80sec of PBM
per visit. Six studies reported wavelengths between 808 and
830 nm, from 60 to 498 sec per visit. Four studies reported
wavelengths within 910-940 nm, from 60 to 360 sec of PBM
per visit. One group reported a 1064nm wavelength for
60 sec of PBM per visit. Three groups reported LED wave-
lengths within 618—-626 nm at 1200 sec per visit.

TABLE 2. SUMMARY OF CHARACTERISTICS OF 15 ARTICLES

System Laser Beam area/ Treatment Treatment
type (laser, Wavelength power spot size time (sec) - time (sec) -
Author Year LED) (nm) (W) ( sz) per point per visit

1 Abohabib 2018 Laser 940 1.7 2.83% 60 60"

2 Bozkaya 2021 Laser 830 0.126 0.0028 3 60

3 Ekizer 2016 LED 618 — — 1200° 1200°

4 Elsyad 2019 Laser 940 0.25° 0.004 60 360

5 Garcia 2012 Laser 830 0.086° 0.0028 3 60*

6 Gokmenoglu 2014 LED 626 0.185 4.8 1200° 1200%

7 Kinalski 2021 Laser 808 0.05° 0.4 80 480°

8 Lobato 2019 Laser 808 0.05° 0.4 83 498?

9 Matys 2019 Laser 635 0.1% 0.5024 40 80
10 Matys 2020 Laser 635 0.1* 0.5024 40 80%
11 Memarian 2018 Laser 810 0.05 1 400 400%

LED 626 0.185° 4.8 1200° 1200
12 Osman 2017 Laser 910 0.7 — 60 60*
13 Palled 2021 Laser 1064 0.033% 0.28% 60 60*
14 Sleem 2019 Laser 830 0.1° 0.28 30 60°
15 Torkzaban 2017 Laser 940 0.1° 0.28 40 80%

(—) indicates a value that cannot be derived from other reported values.
“Indicates value was not reported in the literature and calculated by the authors with values given in the article.
“Indicates value that was initially misreported and corrected by the authors’ calculations.

LED, light emitting diode.
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TABLE 4. SUMMARY OF CHARACTERISTICS OF STATISTICALLY SIGNIFICANT STUDIES
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All laser groups

A total of 12 studies reported irradiation parameters
for laser devices between 635 and 1064 nm (Tables 2 and 3
and Fig. 4). The two most common reported wavelengths
were 940nm (3x) and 830nm (3 x). The range of laser
power was from 0.033 to 1.7 W. Beam area spot size ranged
from 0.0028 to 2.83 cm”. Treatment time per point ranged
from 3 to 400 sec. Energy dose ranged from 0.25 to 1021].
Fluence ranged from 4 to 3750 J/cm”. All laser groups rep-
orted intraoral laser placement at the time of PBM appli-
cation. The total number of clinical applications ranged
from 1 to 20 per appointment. The number of visits ranged
from 1 to 21 days.

Statistically significant laser groups

Four laser studies reported statistical significance for
PBM after dental implant placement (Figs. 2 and 3).>*4>~*
Wavelengths ranged from 830 to 1064 nm, with the most
commonly reported at 940nm (2x). The range of laser
power (W) was from 0.033 to 1.7 W. Beam area spot size
ranged 0.0028-2.83 cm?®. Treatment time per point ranged
from 3 to 60 sec. Energy dose ranged from 0.3 to 102J per
point. Fluence ranged from 36 to 3750J/cm? per point.
Contact points ranged from 1 to 20 per appointment. The
number of visits ranged from 1 to 7 days, with 4 days being
the most common value.

All LED groups: irradiation parameter analysis

Three studies reported irradiation parameters for LED
devices (Tables 2 and 3).***” Wavelengths ranged from
618 to 626 nm. Six hundred twenty-six nanometers was the
most common reported wavelength (2x). Two of these
groups reported a laser power (W) of 0.185 W. Two groups
reported beam area spot size at 4.8 cm”. Treatment time per
point was reported at 1200 sec for all three groups. Two
groups reported energy dose at 222 J per point. Two groups
provided values for fluence at 46.2J/cm” per point. All
groups reported extraoral headset mounted device place-
ment at the time of PBM application. All groups prescribed
1 contact point per visit. The number of appointment inter-
vals ranged from 5 to 21 days.

Discussion

The present study’s findings determined that prescribing
PBM after implant placement can significantly improve
implant stability, as reported in six studies (Figs. 2 and 3
and Table 4). Activating a PBM device near a titanium
implant (directly in contact with tissue) is safe and will not
cause an adverse event. This analysis also determined that
the quantity of time spent applying PBM is not correlated
to significant differences reported for implant stability. This
is due to the heterogeneity of PBM devices, light wave-
lengths, clinical protocols, and varying implant dimensions
(Tables 2 and 3). PBM devices were placed at different
anatomic locations, including extraoral and internal contact
points.

The present meta-analysis evaluated the application of
PBM postimplant placement. We determined that activat-
ing a laser directly in contact with soft tissue is safe and will
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Wavelength (nm) Laser Power (W)

1100 1.8
3
1.6
1050
1.4 2.5
1000 1.2
2
1
950
0.8 1.5
900 0.6 1
0.4
850 0.5
0.2
800 0 0

Energy Dose (J) - Per Energy Dose (J) - Per

Beam Area/Spot Size
(ecm2)

Fluence (J/cm2)- Per

99

Treatment Time (sec) - Treatment Time (sec) -

Per Point Per Visit
70 400
60 350
300
50
250
40
200
30
150
20 100
10 50
0 0
Contact Points Per Visit Amount of

Point Visit Point 75 Appointments
120 120 4000 8
3500 7
100 100 20
3000 6
80 80
2500 15 5
60 60 2000 4
10
1500 3
40 40
1000 2
5
20 20
500 1
0 0 0 0 0

FIG. 2. Statistically significant laser parameters: Bozkaya et al. (830nm), Abohabib et al. (940nm), ELsyad et al.
(940 nm), Palled et al. (1064 nm). Box and whisker plot diagrams indicate inner points, outer points, mean markers, mean
lines, and upper and lower quartile ranges for all reported PBM settings. Wavelengths (830—1064 nm), laser power (0.033—
1.7 W), beam a.rea/spot size (0.0028-2.83 cm ) treatment time per point (3—-60 sec), treatment time per visit (60-360 sec),
energy dose per point (0.3-102J), energy dose per visit (2-1021J), fluence per point (7.07-3750 J/cm?), contact points per

visit (1-20), and number of appointments (4-7).

not cause a negative or adverse event. All wavelengths
evaluated in this study are within the red and near-infrared
spectra (600—1000 nm). The only exception is the study by
Palled et al., which utilized a 1064 nm device.*?

The transfer of energy from the PBM device to the clinical
site is an area of interest. This can be influenced both by the
tissue optical properties and the beam area spot size of the
light source. Tissue optical properties vary from person-to-
person, and are characterized by absorption (1,) and scattering
(1s)-">*® PBM settings can activate a biologic reaction by
adjusting for specific tissue optical properties and the beam
area spot size. This delivery of optimal PBM dose is received
at the intended target site as fluence (J/cm?).10:41:49:50

Prescribing PBM treatment to reach an intended pene-
tration depth can be achieved by absorption of specific
biomolecular targets such as hemoglobin.'> Asimov et al.
have suggested methods that maximize these targets
through a wide variety of wavelengths by targeting oxygen
coupling/decoupling of hemoglobin. A clinician can pre-
scribe an effective PBM treatment by accurately calculat-

ing irradiation parameters to reach a specific depth. Thus,
allowing the clinician to maximize the effect of a particular
wavelength to create a desired biologic reaction at a specific
depth of penetration.'?

The surgical placement of titanium implants has become
a common procedure in contemporary dentistry. Prescrib-
ing PBM after implant placement can significantly affect
implant stability. Muslim et al. proposed the idea that light
wavelength can produce optical transmittance and reflec-
tance at the interface of titanium.>' Titanium implants are
highly amorphous and porous. Surface porosities are con-
sidered voids that transmit light from the PBM device.”' The
amount of light transmitted is dependent on the PBM
wavelength profile that interacts with the optical properties
of tissue. It is theorized that energy can transmit through
the tissues and distribute through the porous voids on the
titanium surface. This will allow the energy to further
transmit and reflect through the titanium implant body and
stimulate the bone tissue in direct contact with the titanium
implant body.
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FIG. 4. Meta-analyses of all
the laser and LED parameters
for 15 reported studies. Box and
whisker plot diagrams indicate
inner points, outer points, mean
markers, mean line, and upper
and lower quartile ranges for all
reported PBM settings. Wave-
lengths (618-1064 nm), laser
power (0.033-1.7 W), beam
area/spot size (0.0028-4.8 cmz),
treatment time per point (3—
1200sec), treatment time
per visit (60-1200sec), en-
ergy dose per point (0.25—
2221]), energy dose per visit
(2-22217), fluence per point
(7.07-3750J/cm?), contact
points per visit (1-20), and
number of appointments (1—
21). LED, light emitting diode;
PBM, photobiomodulation.
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There was no correlation between the studies with sig-
nificant increases in implant stability and the amount of time
spent applying PBM. Time spent applying PBM ranged
from 3 to 1200sec (Table 4). This is due to the high het-
erogeneity of clinical protocols included in this analysis.
Several concerns included a wide range of PBM wave-
lengths, a nonstandardized selection of laser/LED devices,
different surgical-site locations, and a wide variety of
implant sizes. Despite these findings, this does not disqual-
ify time as an important variable when prescribing PBM.
Future clinical studies (for PBM and implant stability)
would need to compare similar treatment protocols (wave-
length, laser power, fluence) to determine optimal prescrip-
tions for time.

Reporting significance for implant stability was possible
for both LED and laser PBM devices. There was wide het-
erogeneity in how studies prescribed the device place-
ment at different anatomic locations. All LED (618—626 nm)
protocols placed the device externally (extraoral) to the
surgical site. The laser devices (635-1064nm) utilized
internal (intraoral) contact points. There was no regularity
of placing the device in contact versus noncontact (fixed
distance) between protocols. There were also variations in
the number of contact points per protocol. We could not
correlate any of these factors with significantly improving
implant stability.

Prescribing PBM during titanium osseointegration can
result in significant improvements in implant stability (Fig. 2
and Table 4). Continued PBM application has a direct impact
on the healing cascade of bone wound healing that takes
place over a surgical site. This specific mechanism is induced
by the presence of hemoglobin coefficients stimulated by
specific PBM wavelengths in the red and near-infrared
range,'” thus inducing the bone healing cascade with fibrin
localization, tissue vascularization, and trabecular activity.5 2

Limitations

There currently needs to be a universal consensus for
naming PBM in literature. Several variations exist in how
this therapy is defined and cataloged across databases.
This includes nomenclature for PBM, low-level laser ther-
apy, PBM, LLLT, and laser stimulation. This inconsis-
tency has limited the potential for groups to locate data
and further develop a research protocol to develop clinical
care.

The broad clinical heterogeneity for qualifying stud-
ies impacted reporting for wavelength, beam area/spot
size, location of implant placement, and size of tita-
nium implants (full size and mini-implant). These fac-
tors directly affect the depth of penetration and amount of
light received. Standardizing the anatomical location of
PBM in future studies is necessary. This is also true
when considering different sizes of titanium implants and
bone tissue densities. Significant efforts are needed to
standardize how PBM is prescribed after titanium implant
placement.

Conclusions

This is the first known review and irradiation parameter
analysis to focus on the significant effects of PBM to
improve implant stability. The 15 studies from this meta-
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analysis support the use of PBM after the placement of
titanium implants. It is noted that PBM can be applied
to titanium implant surgical sites without adverse nega-
tive events. Six out of 15 groups reported statistically
significant improvements of implant stability for multi-
ple types of PBM devices (Fig. 2 and Table 4). Results
include LED and laser PBM, including a diverse group of
wavelengths.

The results of this review and meta-analysis of PBM
irradiation parameters after titanium implant placement
must be interpreted with caution due to the heterogeneity of
all studies. The specific clinical protocols of each reported
study should be followed when prescribing PBM for future
research. This includes adhering to specific devices, the
prescription of clinical contact points, and the total number
of PBM visits. There needs to be more standardization in
the literature with reporting PBM settings. Future research
collaborations can develop future prescription dosing pro-
tocols by thoroughly documenting the clinical applications
of PBM. This should include the following irradiation
parameters at a minimum: wavelength (nm), laser power
(W), beam area/spot size (cmz), treatment time (sec), power
density (W/cmz), energy dose (J), fluence (J/cmz), clinical
application, amount of contact points per dose, and the total
number of clinical appointments.
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