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Abstract

This study was designed to determine the effect of photobiomodulation therapy
on dental implant stability. A complete systematic search was performed in
PUBMED/MEDLINE, COCHRANE library databases, EMBASE, SCOPUS, and
Google Scholar databases on articles published until June 2024. All the RCTs and
CCTs reported the solo impact of photobiomodulation on dental implant stability
in humans were included. The means and standard deviation for implant stabil-
ity and sample size were extracted for the meta-analysis. The statistical analysis
was conducted using Stata 17 software, and random effect models were applied
to assess the source of heterogeneity. The 12 statistic was used to estimate the
significance of any discrepancies in the therapy result. After a full-text inspec-
tion, 17 articles were qualified for systematic review, and 14 were included in the
meta-analysis. Statically significant differences in implant stability were observed
between the laser and the control groups on weeks 2 in ISQ reporting groups
(p=0.01, CI 95%) and weeks 4 and 8 in PTV reporting groups (p<0.001, CI
95%). Despite limitations, the study suggests that PBM therapy benefits patients
with dental implants at different periods, particularly during the early phases of
healing.
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INTRODUCTION

Dental implants succeed in the stability of the implantand
the process of osseointegration."” Both short-term and
long-term implant stability are crucial for ensuring dental
implants' functionality and longevity.® Osseointegration,
“the direct structural and functional connection between
the implant surface and the surrounding bone”, plays

a key role in achieving and maintaining this stability.*
A number of conditions, including aging, systemic dis-
eases such as diabetes, and specific medications, can
negatively impact the osseointegration of implants.”™
Various non-invasive methods, including photobiomod-
ulation (PBM), have emerged as treatment options to ad-
dress these issues and improve the successful outcomes
of implant treatment.’™!

Abbreviations: ATP, Adentosine triphosphate; CCT, Controlled clinical trial; IL-1B, Interleukin 1 beta; ISQ, implant stability Quotient; LED,
Light-emitting diode; LLT, Low level laser; PBM, Photobiomodulation; PGE2, Prostaglandin E2; PTV, Periotest value; RCT, Randomised control trial;
RELM, random effect model based on restricted maximum liklihood; RFA, Resonance frequency anlysis; ROS, Reactive oxygen species.

Photochemistry and Photobiology. 2024;00:1-19.

wileyonlinelibrary.com/journal/php

© 2024 American Society for Photobiology. 1


www.wileyonlinelibrary.com/journal/php
mailto:
https://orcid.org/0000-0002-0565-9512
https://orcid.org/0000-0002-3490-170X
mailto:yekta.mazidi@yahoo.com

2 |

PHOTOCHEMISTRY AND PHOTOBIOLOGY

PBM involves the use of red and near-infrared light
to enhance cellular processes, accelerate the inflamma-
tory process, and promote wound healing.'*'* By em-
ploying specific light wavelengths typically ranging from
600 to 1100, this therapy can stimulate the synthesis of
Adenosine triphosphate (ATP) and the proliferation of
osteoblasts, thereby increasing cell viability and support-
ing bone growth around implants.**™® This non-invasive
and non-thermal treatment effectively reduces pain and
inflammation while facilitating tissue repair.'*'>!”

Non-invasive methods are available to assess dental
implant stability, such as “damping capacity assessment”
(Periotest) and “resonant frequency analysis” (RFA).!® The
Periotest device records tooth movement in quantitative
units by evaluating the periodontal ligament's damping ca-
pability, using “The Periotest Value” (PTV), which ranges
from —8 to +50. Lower PTV scores indicate higher implant
stability.'* Resonance frequency analysis (RFA) measures
implant stability by analyzing implant vibration in response
to transducer-generated pulses. This data calculates the
“Implant Stability Quotient” (ISQ), which varies from 0 to
100. Higher ISQ scores indicate better implant stability.*’

Prados-Frutos et al. explored the effects of photobio-
modulation (PBM) on osseointegration in a systematic
review published in 2016.%' Despite animal models show-
ing promising results, there is insufficient data to sup-
port translation to human clinical care.”* Recent clinical
studies have provided insight into how to optimize PBM
for osseointegration.””*® Previous meta-analyses failed
to separately analyze PBM outcomes for each value, de-
spite the differing physical principles and scales of RFA
and PTV."'%%*2> However, RFA and PTV can both provide
useful information about implant stability and should be
interpreted separately.'®

In prior studies, Chen et al. and Sourvanos et al. re-
viewed the combined effects of PBM on dental implants and
orthodontic mini-implants (mini-screws)."!! It is crucial to
consider the differences in materials (titanium for dental
implants and stainless steel for mini-implants) and their ap-
plications, as orthodontic mini-implants are primarily used
for temporary anchorage.*>*” Consequently, high levels of
osseointegration in mini-implants may cause complications
when removed after treatment is completed.?

Consequently, this current systematic review and
meta-analysis aims to assess the impacts of photobiomod-
ulation therapy on changes in implant stability during the
healing period in humans.

MATERIALS AND METHODS

This systematic review was developed based on “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

(Prisma)” guidelines.?® The study protocol was registered
on Prospero with the ID #crd42021281772.

PICOS criteria

The focused question followed the PICOS framework:

Population (P): Patients of any age or gender who have
received dental implants for missing teeth.

Intervention (I): the PBM therapy (low-level laser and
LED).

Comparison (C): Treatment without photobiomodu-
lation (PBM) involved patients who did not receive laser
therapy or control implants in a split-mouth study.

Outcomes (O): The effect of photobiomodulation
(PBM) therapy on implant stability was assessed using
both the implant stability quotient (ISQ) and Periotest
value (PTV). Study design (S): RCTs and CCTs that solely
investigate the effect of PBM on implant stability were
included.

The focused question was “Does photobiomodulation
therapy result in higher implant stability in dental im-
plant patients?”

Literature search

A search using electronic means was conducted in the
databases listed: PUBMED/MEDLINE, COCHRANE li-
brary databases, EMBASE, SCOPUS, and Google Scholar,
from the start of the database through June 2024. Also,
an in-depth search was carried out through the refer-
ences of the included studies and gray literature from
ProQuest and OpenGrey. Search algorithms used the
following terms in each database: “(dental implant OR
Dental Implantology OR “Dental Implants“[Mesh]) AND
(Photobiomodulation OR Low-Level Laser Therapy OR
Low-Level Light Therapy OR LLLT OR Low Intensity
Laser OR Soft Laser OR Laser Bio-Stimulation OR “Low-
Level Light Therapy“[Mesh] OR Low-Level Laser Therapy
OR Low-Level Laser Therapies) AND (Osseointegration
OR Implant Stability OR “Osseointegration“[Mesh] OR
Success Rate)”. This study did not specify the language
or publication date. Two investigators screened the titles
and abstract independently (M.A, Y.M). Then, the sec-
ond screening was done by evaluating the full text of the
articles.

Inclusion and exclusion criteria

Study inclusion criteria contained human randomized
clinical trial (RCT) and controlled clinical trial (CCT)
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that assessed the impacts of photobiomodulation ther-
apy of titanium implants. Exclusion criteria included
in vitro studies, animal studies, case reports, orthodontic
mini-screw studies, short implant studies, and studies
that combined PBM with calcium or growth factor treat-
ment. The studies that did not meet minimum report-
ing requirements of irradiation parameters (wavelength
and laser power) were excluded in the meta-anlysis but
their results were reported in the review.

Quality assessment

The Cochrane Collaboration's risk of bias tool*’ was
employed to assess the risk of bias in eligible RCTs by
two researchers (M.A, Y.M) individually in an MS Excel
file. The following criteria analyzed the articles: ran-
dom sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and
other biases.

The risk of bias in non-randomized studies of interven-
tions (ROBINS I tool) was used to assess the risk of bias in
eligible CCTs by two researchers (M.A, Y.M) individually
in an MS Excel file.*® The following criteria analyzed the
articles: bias due to confounding, bias in the selection of
participants into the study, bias in the measurement of
interventions, bias due to departures from intended inter-
ventions, bias due to missing data, bias in the measure-
ment of outcomes, bias in the selection of the reported
result, overall.

The studies were categorized as low, moderate, and
high risk of bias. The study was classified as low risk if
all domains were evaluated as low risk. If one or some do-
mains were categorized as unclear, the study was consid-
ered moderate risk, and any high-risk domains resulted in
a high-risk bias classification for the study.

Data extraction

Studies included in this review provide data regarding the
variables listed below: author, year of publication, country,
study design, study type, mean age, gender, sample size,
bone type, implant position, performed analysis (ISQ or
PTV), device, laser type, wavelength, laser power, energy
density, power density, spot size, laser output mode, laser
probe distance from the tissue, total dose per implant, ex-
posure time, probe distance from the tissue, application
area, number of contact points per session, frequency of
laser treatment, frequency of evaluation, and the primary

result. All the extracted data were listed in an MS Excel file
by Y.M. We did not reach out to each author for clarifica-
tion of irradiation parameters. This was intentional to high-
light the limitations of incomplete irradiation parameters
reported by authors and manufacturers.

Meta-analysis

We conducted two separate meta-analyses for each of
the two outcome measures, RFA and PTV, for indicating
implant stability. The study group and the control group
mean, standard deviation, and sample size were extracted
to perform the meta-analysis. Analysis of the data was
performed using Stata software, version 17, developed by
StataCorp LLC. Random effect models based on restricted
maximum likelihood (RELM) were applied for statistical
analysis. Hedges's G as the standardized mean difference
with 95% confidence intervals (CI) was calculated for im-
plant stability. The forest plots were created to provide a
visual representation of the standardized mean difference
in outcomes among studies. Heterogeneity was measured
using the 12 statistic to determine the significance of any
differences in treatment effect, which indicates the over-
all percentage variability across studies. A random effect
model based on restricted maximum likelihood (RELM)
assessed the source of heterogenicity. The possible sources
of heterogenicity were laser wavelengths, total dose per
implant (all sessions and one session), total exposure time,
number of laser applications, laser output power, and
power density were analyzed in this study.

RESULTS
Article selection

The four electronic databases yielded 2611 articles. There
were 51 articles qualified by title and abstract. Seventeen
articles qualified for systematic review, and 14 for meta-
analysis after full-text reviews (Figure 1).

Characteristics of studies

31534 three in

22,40,41

Four studies were completed in Iran,
Egypt,”>*>3® three in Brazil,”’ ™ three in Turkey,
and the remaining were performed in India,*
Serbia,** Poland,** and Spain.45 Fifteen studies were
randomized control trials*****3%5 and only two
studies that were controlled clinical trials.**** Nine
studies had a split-mouth design,??'3*>?*374043 apn4
eight had a parallel group design.?>?%3%3941:4244.45
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[ Identification of studies via databases and registers ]
Records identified from:
_5 PubMed (n = 618) Records removed before
8 Embase (n = 310) screening:
£ Scapus (n = 85) |  Duplicate records
g Cochrane library (n = 68) removed (n=1653)
= Google scholar (n = 1530)
) v
Records screened for L Reiords excluded
eligibility (n = 958) (n=2888)
2 Reports excluded
'c Records after title and abstract |——| i =51)
§ screening (n =70)
n
Y
Recorc} after EL;I; text Reports excluded from
sereening (n = 19) meta-analysis
Palled: Not reporting
v baseline implant stability
() Kashefimehr: not
° Studies included in review »| reporting standard
§ n=17) deviation
° Studies included in meta- Bozkaya: reporting
- analysis (n = 14) median difference

FIGURE 1 PRISMA diagram for the study selection.

Thirteen studies measured ISQ,22’31’33’3’5’37’43’45 while

four studies®***** measured PTV. The age of the
participants ranged between 36 and 61years. The
total sample size is 760 subjects. PBM parameters
varied between studies. Laser wavelength was applied
from 626nm to 1064nm with a total exposure time
of 40s-1200s. The number of laser applications also
differed from 2 to 11 sessions. Tables 1-3 summarize
study characteristics and other information.

Quality assessment

Cochrane Collaboration's risk of bias tool was used
to assess the risk of bias in 20 eligible RCTs.*’ Three
studies presented a low risk of bias,>”*** while the re-
maining 12 had a moderate risk.*3!73+338-4244 gjx stud-
ies had a low selection risk of bias (random sequence
generation and allocation concealment),37’40’43’45 and

nine had an unclear risk of bias.?**'73*3*41%2 1n per-

formance bias, nine studies had a low-ris
and six had an unclear risk.3*23*3644 Rpour studies
had a low-risk,>"¥”*** and 11 had an unclear detection
risk of bias,?}3273436:38-424446 A]] RCTs presented a low
risk of bias in attrition bias, reporting bias, and other
biases?>317343673941746 (Rigyre 2). In total, three studies
showed a low risk of bias*”*** while the rest showed a
moderate I'iSk.22’23’31_36’38_42’44

ROBINS I tool was used to assess the risk of bias in two
eligible CCTs***> was™ (Figure 3). Both studies presented a
moderate risk of bias.***> One of them showed a low risk of
bias due to confounding and intervention classification,*
and the other one had an unclear selection bias.?* One of
the CCTs?*? had a low risk, and one had an unclear risk of
bias due to deviation from the intended intervention. Both
studies contained a low risk of bias due to the selection of
participants, missing data, measurement of outcome, and
selection of the reported results*** (Figure 3).

23,33,38-43,45
ka
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TABLE 2 PBM characteristics of the eligible articles.

Laser Parameters

Author Laser type Wavelength

Memarian Diode laser (Diode laser doctor 810nm
smile 810 nm, Italy)
LED (osseopulsetmar 300, Biolux 626 nm
Research Ltd., Canada)

Gokmenoglu LED (osseopulsetm AR 300, Biolux 626 nm
Research Ltd., Canada)

Camolesi Diode laser (Laser Duo, MMO-Sao 630nm
Carlos)

808 nm

Mohajerani LLL 830nm
LED 632nm

Matys Red diode laser (smartm, 635nm
Lasotronix, Poland)

Mandic Gaalas laser (Medicolaser 637, 637nm
Technoline, Belgrade, Serbia)

Fahmy Semi-conductor diode LASER 660 nm
(typeiv) sirolaser Blue

El Makaky Aluminum gallium indium 660 nm
phosphide (Thor Photomedicine
Ltd., Chesham, UK)

Kinalski Gaala laser (Therapy XT, DMC 808 nm
Group, Sao Carlos, Brazil)

Lobato Gaalas laser (Therapy XT, DMC 808 nm
Group, Sao Carlos, Brazil)

Karaca Gaalas laser (Laser BTL-4000, Brno,  830nm
Czech Republic)

Garcia Gaalas laser (Thera Lase, DMC, Sao  830nm
Carlos-SP, Brazil)

Torkzaban Biolase diode laser (epicl0, 940 nm
BIOLASE, Inc., Irvine, CA, USA)

Elsyad Gallium aluminum-arsenide diode 940-nm
low-level laser 940-nm wavelength
(Epic, Biolase, Inc., San Clemente,
Calif)

Bozkaya Gaalas diode laser (BTL 4110 Laser ~ 830nm
Professional, BTL Indus- tries, UK)

Palled Nd: YAG laser (Fotona lightwalker ~ 1064 nm
dental laser system, Ljubljana,
Slovenia)

Kashefimehr LED radiation NR

laser Power Energy Laser output
power spot size density density mode
50 mW 1cm? NR 20J/cm? cwW
185mW 4.80cm? 38.5mW/cm®  46.2]/cm? CW
185mW 4.80 cm? 38.5mW/cm’® 46.2J/cm*> CW
100 mw NR NR 33.3J/cm?> CW
10mW 0.0015cm* 15 mw/cm? NR CW
NR NR 10 mw/cm®>  NR CW
100 mW 0.5024cm?  199.04mW/  8J/cm? CW
Cl’Il2
40mW NR NR 6.26]/cm*  CW
25mW NR NR NR CwW
75mW 0.260cm? 0.245W/cm  0.980J/cm®> CW
50mwW 0.4cm? NR 66J/cm? NR
50 mW 0.4cm’ NR NR CW
86+2mW  0.0028cm’> NR 92.1J/cm*>  NR
86+2mW  0.0028cm®> NR 92.1J/cm*> NR
100 mW 0.2826cm?  354.6mW/ 28.36J/cm®> CW
sz

240.50mW 0.004cm®>  NR NR NR
300mW 0.0028cm®> NR 810J/cm? CcwW
NR NR NR 7.07]/cm*>  NR
NR NR NR NR NR

Abbreviations: CW, continous wave; NR, not reported.

Implant stability measurement

Stability measurement immediately after
implant Insertion

Thirteen studies assessed implant stability using ISQ
values immediately after implant placement and 10

studies met the meta-analysis criteria?>**3>37-39414345 3 q

three studies were excluded.***** Palled et al.'s study*
was excluded from the meta-analysis because it did not
report baseline implant stability. Kashefimehr et al.*! did
not report standard deviation, and Bozkaya et al. (40)
reported outcomes in median difference. Due to these
reasons, it was impossible to perform a meta-analysis.
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Number of

Total energy dose Total exposure Probe distance from contact points Applications

Per Implant time per session  the implant Clinical site of application per session frequency

207 4005s Contact mode Intra-oral/Buccal mucosa 1 5

2227 1200s Non-contact mode Extra-oral 1 5

2227 1200s Non-contact mode Extra-oral 1 9

10J 100s Contact mode Intra-oral/ occlusal side 1 2
Intra-oral/Buccal and lingual 2
mucosa

NR 1200s NR Extra-oral 4 10

8J 80s Contact mode Intra-oral/Buccal and lingual 2 6
mucosa

NR NR NR Intra-oral/Buccal mucosa 1 8

NR 120s Non-contact (5mm) Intra-oral/Buccal mucosa 1 8

5.12 40s Contact mode Intra-oral/Buccal and lingual 2 8
mucosa

26.4] 480s NR Intra-oral /Buccal and lingual 6 2
mucosa and occlusal side

667 442.8s Contact mode Intra-oral /Buccal and lingual 6 2
mucosa and occlusal side

57 60s Contact mode Intra-oral /Buccal and lingual 20 8
mucosa and vestibular region

5] 60s Contact mode Intra-oral /Buccal and lingual 20 8
mucosa and vestibular region

8] 80s Contact mode Intra-oral/Buccal and lingual 2 7
mucosa

30 360s Non-contact (2-3m) Intra-oral/Buccal and lingual 6 3
mucosa

6J 60s Noncontact (0.5-1cm) Intra-oral /Buccal and lingual 20 7
mucosa and vestibular region

2] 60s NR Intra-oral 1 4

NR 1200s NR Extra-oral NR 11

The heterogeneity between studies (I*=0%, p=0.65) and
the difference between the test and control groups was
statically insignificant (z=0.27, p=0.78, Hedges's g=0.3,
95% CI: [—0.16, 0.21]) (Figure 4).

Four studies evaluated the implant stability using
the Periotest value (PTV) immediately after the implant

insertion.”***** The result presented relatively high
heterogeneity among the studies (I*=72.78%, p=0.01)
(Figure 5), but the difference between groups was insig-
nificant (z=-0.40, p=0.69, Hedges's g=—0.12, 95%CI:
[—0.71, 0.47]). The extracted source of hetrogenicity was a
difference in output power (Table 4).
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TABLE 3 Outcomes of the eligible articles.

Immediately and 2,4,8 and

Immediately and 2, 4,8 and

Immediately and1,2,3,4,5,

Immediately and 6 months

Immediately and 6 months

Immediately and 6 months

Immediately and 10, 21,42

Immediately and 30,60 and

Immediately and 2,6 weeks

Author Treatment Frequency Follow up
Memarian Immediately and on days 3,7,10, = Immediately and 3, 4 and
and 14 8weeks
Gokmenoglu Immediately and 3 times per
week for 3weeks 12weeks later
Camolesi Immediately and day 7 day Immediately and 1, 4 and
8 weeks later
Mohajerani Immediately and on days 1 to 10 ~ Immediately and 10days,
3weeks, 6 weeks and
9weeks after
Matys Day before, immediately and on
days 2, 4, 7, and 14 12 weeks later
Mandic Immediately and on days
1,2,3,4,5,6,7 6 weeks later
Fahmy Immediately and on days 2,4, 6,  Immediately and 14, 30,
8,10, 12 and 14 90days later
El Makaky Immediately and on days 2,4, 6, Immediately and 6 and
8,10, 12 and 14 12 months later
Kinalski Before the preparation of the
implant bed and after suturing later
Lobato Immediately
later
Karaca Immediately and on days 2, 4, 6,
8,10, 12 and 14 later
Garcia Immediately and on days 2, 4, 6, Immediately,10days and
8,10, 12 and 14 3,6,9,12weeks later
Torkzaban Immediately and on days 2, 4, 6,
8,10, and 12 and 90days later
Elsyad Immediately, on days 3 and 7 Immediately and 6 and
12 months later
Bozkaya Immediately and three times a
week for 15days 90days later
Palled Immediately and on weeks 2
and 6; and3 months later and 3months later
Kashefimehr Day before, immediately and on =~ Immediately and 1 and

days 1,2,3,4,5,6,7,8 and 9

3months later

Result
Positive effect on the stability of the implants
after 3-4 weeks

Positive effect on osseointegration and implant
stability in LED

Effective in reducing inflammation and
improving early healing of mucosal tissue,
but ineffective to increase or accelerate the
secondary stability of implants.

LLL and LED resulted in increased stability of
implants after 9 weeks of follow-up

PBMT enhanced secondary implant stability
and bone density

No significant influence on osseointegration of
self-tapping Implants placed into low-density
bone

Application of LLLT improves bone reaction
and resulting implant stability.

No statistically significant impact on the
osseointegration

No positive effect

No significant effect on dental implant stability

Positive effect on dental implant stability

No positive effect

No significant effect on dental implant stability

PMB was beneficial in improving implant
stability 6 months after overdenture insertion

No significant effect on dental implant stability

Enhanced osseointegration and early implant
stability can be achieved for loading, thus
shortening the time required for conventional
loading.

LED irradiation led to a favorable increase in
the ISQ value 3 months after surgery

Stability measurement in the first month after
implant insertion

After 1week of implant insertion, the ISQ evaluation
found no heterogeneity between Mandic et al. and
Camolesi et al. (I*=0.00%, p=0.44) and no significant
differences between test and control groups (z=0.97,
p=0.33, Hedges's g=0.2, 95% CI: [-0.22, 0.65])**
(Figure 6).

Eight studies reported implant stability after 2weeks
of insertion. Seven studies reported ISQ**7%3"#4: gne
was excluded from the meta-analysis,42 and one reported
PTV.* A statistically significant difference between laser
and control groups was found (z=2.68, p=0.01, Hedges's
g=0.34, 95% CI: [0.09, 0.59]), with no evidence of hetero-
geneity among the studies (I*=0.00%, p=0.82),3*7333741:43
Matys et al. reported that both the test and control groups
showed significant improvements in implant stability
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FIGURE 2 Bias assessment summary graph of eligible
randomized clinical trials based on Cochrane Collaboration's risk-
of-bias tool.

from baseline to 2weeks after intervention (p = 0.01).
After 2weeks of observation, the laser-irradiated group
exhibited higher implant stability than the non-irradiated
group.* Also, Palled et al. reported statistically significant
differences between control and test groups at 2weeks (p
< 0.001)* (Figure 7).

Five studies reported outcomes 3weeks after implant
insertion. In one study, implant stability was reported in
PTV% in the remaining four, implant stability was con-
firmed with no heterogeneity (P=44.34%, p=0.05), and
no statistically significant difference between laser and
control groups (z=1.76, p=0.08, Hedges's g=0.34, 95% CI:
[—0.04, 0.71])***73*4! (Figure 8). Memarian et al. reported
the control group exhibited significantly lower implant sta-
bility (p <0.001) in the third week compared to the time of
surgery. Conversely, minimal changes were observed in the
laser and LED PBM groups during the same period.**

Bias in the classification of interventions

Bias due to confounding

-~
. . Bias in the selection of participants
-~

Karaca (2018)

Fahmy (2018) . .
. Low risk of bias 2

FIGURE 3 Bias assessment summary graph of eligible
controlled clinical trials-based ROBINS I tool.

Y . Bias due to deviations from intended interventions

. . Bias due to missing data
. ‘ Bias in selection of the reported result

‘ . Bias in the measurement of outcomes

Unclear risk of bias . High risk of bias

Eight studies reported outcomes after 4weeks. Six
reported RFA in ISQ,**>4044345 two of them were not
included in the meta-analysis,31’40 and two in PTV.3>*
According to ISQ studies, there was no significant dif-
ference in stability between the PBM and control groups
(z=1.49, p=0.14, Hedges's g=0.26, 95% CI: [—0.08, 0.61]),
and the heterogeneity was also insignificant (I*=0.00%,
p=0.67)*>*"*** (Figure 9). Two studies measuring PTV
have reported that using PBM significantly improves im-
plants’ stability 4weeks after surgery.**** The results of
the PBM group and the control group were significantly
different (z=—4.65, p<0.001, Hedges's g=—1.03, 95% CL:
[-1.47, —0.60]) and there was no heterogeneity among
studies (I*=0.00%, p=0.90)*** (Figure 10). Kashefimehr
reported that the ISQ value was notably higher on the ir-
radiated than on the non-irradiated side 1 month after sur-

gery (p=0.04).*!

Stability measurement in 6, 8, and 9 weeks after
implant insertion

Five studies reported RFA in ISQ after 6weeks>>3437:4243
while one was excluded from the meta-analysis.** The
analysis showed significant heterogeneity (I*=59.20%,
p=0.06) and insignificant differences among outcomes
(z=1.35, p=0.18, Hedges's g=0.30, 95% CI: [—0.14, 0.75])
(Figure 11)3%3%3743 total exposure time was extracted as
the primary source of heterogeneity (Table 5).



10

PHOTOCHEMISTRY AND PHOTOBIOLOGY

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Camolesi 20 715 88 20 715 8.8 0.00[-0.61, 0.61] 9.33
Kinalski 22 62.02 16.41 30 61.36 20.02 0.03[-0.51, 0.58] 11.72
Mohajerani 28 67.26 6.8 28 68 6.42 -0.11[-0.63, 0.41] 12.88
Karaca 25 73 325 25 73 313 0.00[-0.55, 0.55] 11.56
Lobato 23 59.84 129 23 59.29 13.41 0.04[-0.53, 0.61] 10.67
Fahmy (buccolingual) 10 575 6.87 10 579 6.64 -0.06 [-0.90, 0.78] 4.88
Torkzaban 40 585 6.19 40 58.62 6.3 -0.02[-0.45, 0.42] 18.27
Mandic 20 76 352 20 7289 7.15 0.54[-0.08, 1.16] 8.99
Gokmenoglu 10 73.2 79 12 779 4.8 -0.71[-1.54, 0.13] 4.95
Garcia 15 774 34 14 757 5.6 0.36[-0.35, 1.07] 6.75
Overall 0.03[-0.16, 0.21]
Heterogeneity: 1° = 0.00, I* = 0.00%, H* = 1.00
Test of 6, = 6;: Q(9) =6.84, p=0.65
Testof 6=0:z=0.27,p=0.78

2 1 0 1

Random-effects REML model

FIGURE 4 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups immediately after implant
insertion. Studies PBM wavelength: Camolesi**:630,808 nm, Kinalski**:808 nm, Mohajerani**:832,830 nm, Karaca®*:830 nm, Lobato**:808 nm,
Fahmy®*:660 nm, Torkzaban®*:940 nm, Mandic*:637 nm, Gokmenoglu*':626 nm, Garcia®”:830 nm.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
El Makaky 20 -2.05 .759 20 -1.95 .826 -0.12[-0.73, 0.48] 21.33
Elsayad 20 -2 .86 19 -1.12 49 —Il— -1.22[-1.90, -0.55] 20.29
Matys2019 18 -5.37 52 22 -535 .68 -0.03[-0.64, 0.58] 21.29
Memarian 810 12 -5.52 1.38 12 -6.12 1.019 0.48[-0.31, 1.26] 18.51
Memarian LED 12 -57 1.067 12 -6.12 1.019 0.39[-0.39, 1.17] 18.58
Overall -0.12[-0.71, 0.47]
Heterogeneity: 1° = 0.32, I° = 72.78%, H’ = 3.67
Test of 6; = 6;: Q(4) = 14.23, p = 0.01
Testof 6 =0:z=-0.40, p=0.69

Z 5 o

Random-effects REML model

FIGURE 5 Forest plot comparing implant stability (PTV values) between laser-treated and control groups immediately after implant
insertion. Studies PBM wavelength: El Makaky**:660 nm, ElSayad®®:940 nm, Matys**:635nm, Memarian®*:626,810 nm.

TABLE 4 Meta-regression results using restricted maximum likelihood (RELM) based on photobiomodulation characteristic variables
to determine the source of heterogeneity (implant stability in PTV values) immediately after implant insertion.

Meta estimate Coefficient Standard error 4 p> Izl [95% confidence interval]
Output power 0.007025 0.004079 1.72 0.085 —0.00097 0.01502
Constant —0.69731 0.40754 —1.71 0.087 —1.49607 0.101456
Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)

Mandic
Camolesi 20

20 74.88 3.4 20 74.69 438
712 59 20 683 86
Overall

Heterogeneity: 1 = 0.00, I = 0.00%, H = 1.00
Test of 6, = 6; Q(1) = 0.60, p = 0.44

Testof 86=0:z=0.97,p =0.33

Random-effects REML model

Y R

0.04 [ -0.56, 0.65] 50.47

—+—J—0.39[-0.23, 1.00] 49.53
——— 0.21[-0.22, 0.65]

T T 1

-5 0 5 1

FIGURE 6 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups one-week post-implant
insertion. Studies PBM wavelength: Mandic*:637 nm, Camolesi**:630,808 nm.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Mandic 20 74.22 3.93 20 72.56 5.67 —— 0.33[-0.28, 0.95] 16.29
Gokmenoglu 10 718 52 12 693 74 ———&%—— 0.37[-0.44, 1.18] 9.19
Fahmy (buccolingual) 10 524 5.62 10 50.4 548 — - 0.35[-0.50, 1.19] 8.52
Mohajerani 28 68.24 6.51 28 64.71 6.91 —— 0.52[-0.01, 1.04] 22.10
Torkzaban 40 54.87 6.92 40 54.12 763 —— 0.10[-0.33, 0.54] 32.34
Garcia 15 789 37 14 762 46 —+—®— 0.63[-0.10, 1.36] 11.56
Overall - 0.34[ 0.09, 0.59]
Heterogeneity: T° = 0.00, I = 0.00%, H* = 1.00
Test of 6= 6: Q(5) = 2.22, p=0.82
Testof 6=0:z=2.68, p=0.01

T T |

Random-effects REML model

FIGURE 7 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 2 weeks post-
implant insertion. Studies PBM wavelength: Mohajerani**:832,830 nm, Fahmy*>:660 nm, Torkzaban**:940 nm, Mandic**:637 nm,

Gokmenoglu*:626 nm, Garcia*’:830 nm.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Mohajerani 28 68.56 6.55 28 63.26 6.21 —— 0.82[ 0.28, 1.36] 26.26
Torkzaban 40 54.55 6.75 40 53.87 7.59 0.09[-0.34, 0.53] 32.32
Mandic 20 72.67 3.65 20 70.44 6.16 0.43[-0.18, 1.05] 22.56
Garcia 15 768 46 14 769 35 -0.02[-0.73, 0.68] 18.86
Overall 0.34[-0.04, 0.71]
Heterogeneity: 1° = 0.06, I* = 44.34%, H® = 1.80
Test of 6= 6;: Q(3) =5.37, p=0.15
Testof 6=0:z=1.76, p=0.08

¥ 0 1 2

Random-effects REML model

FIGURE 8 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 3 weeks post-implant
insertion. Studies PBM wavelength: Mohajerani**:832,830 nm, Torkzaban*:940 nm, Mandic*:637 nm, Garcia®’:830 nm.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Camolesi 20 69.7 35 20 695 7.4 0.03[-0.57, 0.64] 32.87
Mandic 20 725 4.18 20 69.22 9.09 0.45[-0.16, 1.07] 32.02
Gokmenoglu 10 693 55 12 687 8.2 0.08[-0.73, 0.89] 18.60
Fahmy (buccolingual) 10 49.6 564 10 46.6 4.58 ——#@— 0.56[-0.30, 1.42] 16.51

Overall

Heterogeneity: 1° = 0.00, I” = 0.00%, H’ = 1.00
Test of 6= 6;: Q(3) = 1.57, p = 0.67

Testof 8 =0:z=1.49, p =0.14

Random-effects REML model

R 0.26 [ -0.08, 0.61]

FIGURE 9 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 4 weeks post-implant
insertion. Studies PBM wavelength: Camolesi**:630,808 nm, Falhmy35 :660 nm, Mandic*:637nm, G0kmenoglu41:626 nm.

Palled et al's 6-week follow-up analysis of the test
group revealed that 80% of the implants had achieved
moderate stability ranging from 60 to 69 ISQ, whereas 20%
had achieved high stability above 70 ISQ. Conversely, all
the implants in the control group displayed low stability at
the end of 6 weeks of follow-up.**

A total of four studies assessed outcomes 2months
after implant insertion.***>***> Camolesi et al. and

Gokmenoglu et al. reported RFA in ISQ, found signifi-
cant mean difference between laser and control groups
(z=0.28, p=0.78, Hedges's g=0.07,95% CI: [—0.42, 0.56])
and no significant heterogenicity (I =0.00%, p = 0.84)*"*
(Figure 12). Two studies reported measurements in
PTV.>** PBM and control groups differ significantly
with higher implant stability in laser groups (z=-3.14,
p<0.001, Hedges's g=—0.67 95% CI. [-1.09, —0.25]),
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)

Memarian 810 12 -5.98 1.052 12 -4.58 1294 ————l—— -1.15[-1.98, -0.31] 26.95
Memarian LED 12 -5.58 .85 12 -4.58 1.294 ——l— | -0.88 [ -1.69, -0.07] 28.70
Matys2019 18 -464 51 22 -4.04 59 —— -1.06 [-1.71, -0.41] 44.35
Overall i -1.03 [ -1.47, -0.60]
Heterogeneity: 1° = 0.00, I* = 0.00%, H’ = 1.00
Test of 6, = 6;: Q(2) = 0.21, p = 0.90

Testof 6 =0:z=-4.65, p=0.00

Random-effects REML model

FIGURE 10 Forest plot comparing implant stability (PTV values) between laser-treated and control groups 4 weeks post-implant
insertion. Studies PBM wavelength: Matys**:635 nm, Memarian®%:626,810 nm.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Mohajerani 28 70.52 6.14 28 64.92 6.34 —l— 0.88[ 0.34, 1.43] 26.01
Torkzaban 40 55.35 6.88 40 54.42 7.44 0.13[-0.31, 0.56] 30.24
Mandic 20 72.67 3.69 20 70.61 7.2 0.35[-0.26, 0.97] 23.46
Garcia 15 755 4 14 763 23 -0.24[-0.95, 0.47] 20.29
Overall 0.30[-0.14, 0.75]

Heterogeneity: 1° = 0.12, I’ = 59.20%, H’ = 2.45
Test of 6, = 6;: Q(3) = 7.28, p = 0.06
Testof6=0:z=1.35,p=0.18

Random-effects REML model
FIGURE 11 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 6 weeks post-implant

insertion. Mohajerani®*:832,830 nm, Torkzaban®*:940 nm, Mandic**:637 nm, Garcia®’:830 nm.

TABLE 5 Meta-regression results using restricted maximum likelihood (RELM) based on photobiomodulation characteristic variables
to determine the source of heterogeneity (implant stability in ISQ values) 6 weeks post-implant insertion.

Meta estimate Coefficient Standard error z P>zl [95% confidence interval]
Total exposure time 0.000764 0.000298 2.57 0.01 0.0001803 0.0013469
Constant —0.02887 0.202477 —-0.14 0.887 —0.4257226 0.3679733
Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% ClI (%)

Camolesi 20 725 4.3 20 723 74 4#7 0.03[-0.58, 0.64] 63.90

Gokmenoglu 10 69.7 3.9 12 689 6.7 a 0.14[-0.67, 0.95] 36.10

Overall 0.07 [ -0.42, 0.56]

Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00
Test of 6, = 6;: Q(1) = 0.04, p = 0.84
Testof6=0:z=0.28,p=0.78

Random-effects REML model

FIGURE 12 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 8 weeks post-implant
insertion. Studies PBM wavelength: Camolesi*’:630,808 nm, Garcia®’:830 nm.

with no significant heterogeneity in the data. (I>=0.00%,  the laser and control groups (z=0.42, p=0.68, Hedges's
p=0.54)*>% (Figure 13). g=0.23, 95% CI: [—0.83, 1.28]).***" There was a statistical

After 9weeks of implant insertion, Mohajerani et al. difference in data heterogeneity (I*=82.20%, p=0.02)*>"’
and Garcia et al. reported insignificant distinction between (Figure 14).
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Matys2019 18 -5.01 41 22 -463 59 —— -0.72[-1.35, -0.09] 44.49
Memarian 810 12 -6.68 1.159 12 -546 1.264 ——— -0.97 [-1.79, -0.15] 26.31
Memarian LED 12 -5.87 1.079 12 -5.46 1.264 —— -0.34[-1.12, 0.44] 29.20
Overall - -0.67 [ -1.09, -0.25]

Heterogeneity: 1° = 0.00, I* = 0.00%, H’ = 1.00
Test of 8= 6;: Q(2) = 1.25, p = 0.54
Testof 8=0:z=-3.14, p=0.00

Random-effects REML model

FIGURE 13 Forest plot comparing implant stability (PTV values) between laser-treated and control groups 8 weeks post-implant
insertion. Studies PBM wavelength: Matys44:635 nm, Memarian>2:626,810 nm.

Treatment Control

Study N Mean SD N Mean SD

Mohajerani 28 71.18 575 28 66.5 6.73
Garcia 15 762 49 14 777 35
Overall

Heterogeneity: T° = 0.48, I = 82.20%, H’ = 5.62
Test of ;= 6;: Q(1) = 5.62, p = 0.02
Testof06=0:z2=0.42,p=0.68

Random-effects REML model

Hedges's g Weight
with 95% ClI (%)
—— 0.74[ 0.20, 1.27] 52.50
——— -0.34[-1.05, 0.37] 47.50
— T T 0.23[-0.83, 1.28]
0 1 2

FIGURE 14 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 9 weeks post-implant

insertion. Mohajerani33:832,830 nm, Garcia®’:830nm.

Stability measurement 3 months after implant
insertion

After 3months of implant insertion, seven RFA in ISQ
evaluations were conducted. Among these, four studies
were included in the meta-analysis*****7*! and three were
excluded.*"**** There was no significant statistical differ-
ence between the control groups and the PBM groups
(z=25.54, p=0.59, Hedges's g=0.17, 95% CIL. [—0.45,
0.80]), but there was significant heterogeneity among the
studies (I?=68.97%, p=0.03).34’35’37’41 (Figure 15) Based
on the meta-regression analysis, the power density can be
one of the sources of the heterogeneity (Table 6).

Stability measurement 6 months after implant
insertion

Five studies reported implant stability 6 months after in-
sertion,?>?*3%3%3 and three reported 1SQ.***** The anal-
ysis revealed no significant difference between the PBM
and control groups (z=0.85, p=0.39, Hedges's g=0.29,
95% CI:[—0.37,0.95]) and high heterogeneity among the
studies (I = 75.70%, p= 0.02)*%38:3 (Figure 16). Based on
the meta-regression analysis, the total exposure time can
be one of the sources of the heterogeneity (Table 7).

El Makaky et al. and ElSayad et al. reported implant
stability in PTV, which showed no statistically significant
difference between test and control groups (z=-1.14,
p=0.25, Hedges's g=—0.53,95% CI: [—1.44, 0.38]) and had
high heterogeneity (I =76.09%, p=0.04)*** (Figure 17).

Stability measurement 12 months after implant
insertion

El Makaky et al. and ElSayad et al. reported implant stabil-
ity in PTV, which showed no statically significant differ-
ence between test and control groups (z=—1.141 p=0.27,
Hedges's g=—0.68, 95% CI: [—1.88, 0.52]) and high het-
erogeneity (I*=85.52%, p=0.01)*>*° (Figure 18).

DISCUSSION

In recent years, photobiomodulation has attracted con-
siderable attention from researchers because of its many
safe and effective potential clinical uses in dentistry.?’
This area must be evaluated through carefully planned
clinical trials and systematic reviews to develop compre-
hensive practice guidelines.*” Numerous systematic re-
views and meta-analyses assessed the impact of PBM on
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Torkzaban 40 57.9 6.34 40 55.85 6.82 0.31[-0.13, 0.74] 31.46
Gokmenoglu 10 714 42 12 717 6 -0.05[-0.86, 0.75] 22.91
Garcia 15 763 4.1 14 784 3 -0.57 [-1.29, 0.16] 24.80
Fahmy (buccolingual) 10 744 4.35 10 69.6 4.01 —— 1.10[ 0.19, 2.00] 20.84
Overall 0.17 [ -0.45, 0.80]

Heterogeneity: 1° = 0.27, I = 68.97%, H’ = 3.22
Test of 6, = 6;: Q(3) = 8.69, p = 0.03
Testof 6 =0:z=0.54, p=0.59

Random-effects REML model

FIGURE 15 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 3 months post-implant
insertion. Studies PBM wavelength: Fahmy®:660 nm, Torkzaban®*:940 nm, Gokmenoglu*:626 nm, Garcia®’:830 nm.

TABLE 6 Meta-regression results using restricted maximum likelihood (RELM) based on photobiomodulation characteristic variables
to determine the source of heterogeneity (implant stability in ISQ values) 3 months post-implant insertion.

Meta estimate Coefficient Standard error z P>zl [95% confidence interval]
Power density 0.002033 0.001104 1.84 0.066 —0.00013 0.004196
Constant —6.9862 3.482534 —2.01 0.045 —13.8118 —0.16056
Treatment Control Hedges's g Weight

Study N Mean SD N Mean SD with 95% ClI (%)

Karaca 25 79 251 25 77 214 —— 0.84[ 0.27, 1.41] 33.11

Kinalski 22 62.02 11.19 30 65.12 8.67 —— -0.31[-0.86, 0.23] 33.83

Lobato 23 68.11 12.06 23 64.19 10.6 —— 0.34 [-0.23, 0.91] 33.05

Overall e 0.29 [ -0.37, 0.95]

Heterogeneity: 1° = 0.26, I’ = 75.70%, H’ = 4.12

Test of 6, = 6;: Q(2) = 8.32, p = 0.02

Testof 6 =0:z=0.85p=0.39

4 0 1 2

Random-effects REML model

FIGURE 16 Forest plot comparing implant stability (ISQ values) between laser-treated and control groups 6 months post-implant
insertion. Studies PBM wavelength: Kinalski**:808 nm, Karaca*’:830 nm, Lobato**:808 nm.

TABLE 7 Meta-regression results using restricted maximum likelihood (RELM) based on photobiomodulation characteristic variables
to determine the source of heterogeneity (implant stability in ISQ values) 6 months post-implant insertion.

Meta estimate Coefficient Standard error
Total exposure time —0.00218 0.001235
Constant 1.002014 0.469731

z P>zl [95% confidence interval]
—-1.77 0.077 —0.00461 0.000236
2.13 0.033 0.081359 1.922669

osseointegration, crestal bone loss, and as a surface treat-
ment for dental implants.”"“"48 Nevertheless, there are a
limited number of meta-analysis reviews that precisely
assess the effectiveness of PBM on implant stability. The
prior goal of this systematic review and meta-analysis
was to assess the impacts of photobiomodulation ther-
apy on changes in implant stability during the healing
period in humans. Multiple techniques, such as inser-
tion torque values, reverse torque test, percussion test,

ISQ, and PTVs, are employed to assess implant stability.
ISQ and PTVs are regarded as the most dependable of
these techniques, as evidenced by the studies incorpo-
rated in this study.

Various methods have been developed to improve the
stability of dental implants during the healing period.
These include coating with chemical agents such as cal-
cium and growth factor, implant surface modification,
ozone therapy, and PBM. %2450
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
ElMakaky 20 -3.25 .639 20 -3.2 .696 —i—-o.on-o.es, 0.53] 50.88
Elsayad 20 -2.54 1.58 19 -1.34 .42 —— -1.01[-1.66, -0.35] 49.12
Overall ———e—  -0.53 [ -1.44, 0.38]
Heterogeneity: 1° = 0.33, I’ = 76.09%, H’ = 4.18
Test of 6= 6;: Q(1) =4.18, p = 0.04
Testof 6=0:z=-1.14,p=0.25

15 -1 5 0 5

Random-effects REML model

FIGURE 17 Forest plot comparing implant stability (PTV values) between laser-treated and control groups 6 months post-implant
insertion. Studies PBM wavelength: El Makaky**:660 nm, ElSayad*®:940 nm.

Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
El Makaky 20 -3.35 .587 20 -3.3 .657 —i— -0.08 [-0.69, 0.53] 50.80
Elsayad 20 -236 .78 19 -1.48 .51 —B— -1.30[-1.98, -0.62] 49.20
Overall e -0.68[-1.88, 0.52]

Heterogeneity: 7° = 0.64, I’ = 85.52%, H’ = 6.91
Test of 6, = 6 Q(1) = 6.91, p = 0.01
Testof 6 =0:z=-1.11,p=0.27

Random-effects REML model

FIGURE 18 Forest plot comparing implant stability (PTV values) between laser-treated and control groups 12 months post-implant
insertion. Studies PBM wavelength: El Makaky**:660 nm, ElSayad®®:940 nm.

PBM exerts its photochemical effects on biological
systems through non-thermal mechanisms, wherein the
light is absorbed and induces a subsequent chemical al-
teration.*” Numerous investigations have demonstrated
the bio-stimulatory impacts of PBM on tissue growth
and regeneration and explored the molecular biological
processes underlying these effects.”’ These processes
are closely linked to heightened ATP synthesis and
improved mitochondrial activity. Additionally, photo-
biomodulation therapy using low-level laser (LLL) can
reduce inflammation around implants by stimulating
cellular processes that lead to decreased inflammation
and improved healing.’* The reduction of inflammatory
processes during the healing phase decreased inflam-
matory factors such as PGE2 and IL-1B in both PBM
and control implants. However, IL-1B and PGE2 levels
were inflammatory factors in the case, and the control
sides were not statistically different at all follow-up in-
tervals.”>*! By targeting specific wavelengths of light to
the affected area, PBM therapy can modulate inflamma-
tory responses and promote tissue regeneration.’® The
anti-inflammatory effects of PBM therapy using LLL
are achieved through various cellular and molecular
pathways, including the activation of mitochondrial re-
spiratory chain components, the production of reactive
oxygen species (ROS), and the modulation of inflamma-
tory mediators. Additionally, PBM therapy can enhance

cellular metabolism, increase blood flow, and promote
tissue repair.”* Camolesi et al. demonstrated that PBM
plays a crucial role in reducing inflammation and im-
proving the early healing of mucosal tissue but does not
have effective results in increasing or accelerating the
stability of implants.*’

The present study's meta-analysis revealed that PBM
positively influenced implant stability in the research
participants. More precisely, improvements were ob-
served in the second week of ISQ assessments and the
fourth and eighth weeks of PTV assessments. In line with
Kashefimehr et al., findings indicated that the use of laser
led to a significant enhancement in ISQ values 3 months
post-implantation.®’ Matys et al's research has shown
a consistent increase in implant stability after 30days
using red and near-infrared laser wavelengths. Contrarily,
Bozkaya et al. did not observe a considerable distinction
in implant stability.*’ The results of our meta-regression
analysis exhibited that factors such as laser wavelengths,
total dose per implant (both in all session and one ses-
sion), total exposure time, number of laser applications,
laser output power, and power density could contribute to
the heterogeneity.

Statistically insignificant variances were observed in
implant stability and alkaline phosphatase (APL) activity
surrounding dental implants reported by Mandi¢ et al.*
However, upon examination of the data collected in this
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study, it was noted that the laser group displayed higher
levels for both implant stability and ALP compared to
control group after the 4th week of observation period.
The reason behind this occurrence can be traced back to
the connection between LLL stimulation and the reaction
of stem cells in the tissue. Research indicates that LLL
can significantly influence stem cell behavior by promot-
ing their proliferation and differentiation. For example,
studies have shown that LLL enhances the proliferation
of stem cells derived from sources such as bone marrow,
adipose tissue, and dental pulp. Specifically, LLL has
been found to increase the expression of growth factors
like Vascular Endothelial Growth Factor (VEGF) and
Transforming Growth Factor beta 2 (TGFp2), which are
crucial for cell growth and tissue regeneration. Moreover,
LLL appears to activate various intracellular signaling
pathways that facilitate these processes. It has been sug-
gested that LLL can enhance mitochondrial function,
leading to increased adenosine triphosphate (ATP) pro-
duction, which is vital for cellular energy and activity.>>>¢
This reaction encourages soft tissue, bone regeneration,
and recovery around the implant site. The study con-
ducted by Torkzaban et al. also found comparable out-
comes.** The combined findings of studies included in
this meta-analysis indicated a beneficial impact of PBM
on dental implant stability. Conversely, there is limited
research on the effects of PBM on osteoporotic bones. De
Vasconcellos et al. and Karakaya et al. reported a positive
influence of PMBT on osteointegration in animal models
with osteoporotic bones.”’ >

El Makaky et al.* (laser wavelength 660 nm, 8 laser
application sessions, 40s exposure time) reported that
the peri-implant probing and modified gingival index of
the PBM groups at all follow-up sessions did not reach
significant statistical differences for the evaluation of
clinical parameters and the secondary outcome mea-
sures. On the contrary, Palled et al.** (laser wavelength
1064 nm, 4 laser application sessions, 60s exposure time)
documented that the peri-implant probing index and
the modified plaque index were significantly lower in
the laser group.

During El Makaky et al.'s** study period, no significant
difference was observed between the modified plaque
index of the PBM and control implants. The modified
sulcus bleeding index was insignificantly lower in the El
Makaky et al. laser group® and significantly lower in the
Palled et al. study.*” It has been shown in Lobato et al. and
El Makaky et al.>** that PBM did not affect pain levels,
marginal bone loss, and radiographical peri-implant alter-
ations (laser wavelength 808 nm, 2 laser application ses-
sions, 442.8 s exposure time).

The healing cascade around titanium implants is a
multi-stage biological process essential for successful

osseointegration. Immediately following implantation, an
inflammatory response occurs, attracting immune cells to
prevent infection. This is followed by a proliferation phase
where fibroblasts and endothelial cells form granulation
tissue and new blood vessels. Osteoblasts then migrate to
the titanium surface, depositing new bone matrix, which
is critical for implant stability. The final remodeling phase
involves the continuous breakdown and rebuilding of
bone tissue to optimize the structure around the implant.
Factors such as implant surface characteristics and pa-
tient health significantly influence this healing process,
ultimately determining the success and longevity of the
implant.®

Although it has been suggested that PBM therapy could
be beneficial for improving implant stability in diabetic
patients, the majority of the qualified studies in this sys-
tematic review excluded diabetic patients. To draw a de-
pendable conclusion, clinical trials should be structured
to evaluate the effects of photobiomodulation therapy in
individuals with diabetes, other systemic illnesses, and
smokers. Given the diverse age range for implant applica-
tion, it is essential to assess the effectiveness of PBM ther-
apy across different age groups. Moreover, area-specific
research is necessary due to the significant variations in
bone morphology and microstructure. All the previous
systematic reviews"*"*” highlighted the need for higher
quality and more standardized human clinical trials. The
same need is concluded in this review.

The systematic review and meta-analysis encountered
certain limitations. Initially, the small sample size may
also lead to inter-subject variations, causing clinical het-
erogeneity. Furthermore, uncontrollable factors such as
diverse dietary habits, oral hygiene status, and oral health
awareness among patients were present. Additionally,
only 14 studies were incorporated into the meta-analysis,
which is limited for a review because of the topic's novelty
and ongoing modifications. The small sample size may
also lead to inter-subject variations, causing clinical het-
erogeneity. Furthermore, uncontrollable factors such as
diverse dietary habits, oral hygiene status, and oral health
awareness among patients were present. These variations
could lead to inconsistent baseline parameters, affect-
ing the collected data and analysis of implant stability.
Moreover, variations in follow-up days among the evalu-
ated studies could significantly impact the results.

CONCLUSIONS

Despiteits limitations, the study suggests that PBM therapy
benefits patients with dental implants at different periods.
PBM therapy is particularly beneficial during the early
phases of healing, making it a viable option for patients
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with dental implants. However, various laser parameters
and treatment protocols were used in the included studies.
Further evaluation of photobiomodulation's impact on
implant therapy results requires additional well-designed
clinical trials with standardized protocols.
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