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Photobiomodulation and implants:

implications for dentistry

Elieza Tang, Praveen Arany"

Cell Regulation and Control Unit, National Institute of Dental and Craniofacial Research, National Institutes of Health, Bethesda, MD, USA

The use of dental implants has become a mainstay of rehabilitative and restorative dentistry. With an impressive clinical suc-
cess rate, there remain a few minor clinical issues with the use of implants such as peri-implant mucositis and peri-implantitis.
The use of laser technology with implants has a fascinating breadth of applications, beginning from their precision manufac-
turing to clinical uses for surgical site preparation, reducing pain and inflammation, and promoting osseointegration and tissue
regeneration. This latter aspect is the focus of this review, which outlines various studies of implants and laser therapy in animal
models. The use of low level light therapy or photobiomodulation has demonstrated its efficacy in these studies. Besides more
research studies to understand its molecular mechanisms, significant efforts are needed to standardize the clinical dosing and
delivery protocols for laser therapy to ensure the maximal efficacy and safety of this potent clinical tool for photobiomodula-

tion.
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INTRODUCTION

Low-level light therapy (LLLT) or photobiomodulation (PBM)
has become a routine treatment modality in many dental
clinical settings and has been demonstrated to be efficacious
in wound healing and tissue regeneration [1]. The term ‘level’
in LLLT is a poor descriptor, as it usually misrepresents the
power and total energy utilized. The preferred term, PBM,
better encompasses the inhibitory and stimulatory biological
responses of low power laser therapy, both of which have
therapeutic benefits. An operational definition of PBM sug-
gests there is no significant increase in target tissue temper-
ature above normal tissue temperature (37°C) [2]. These non-
thermal therapeutic PBM effects are distinct from the heat-
mediated laser tissue ablation effects, utilized for photody-
namic therapy (PDT) and high power surgical applications.
PBM effects should also be clearly distinguished from the

antibacterial-antifungicidal effects of light therapy based on
either endogenous fluorophores (color) in microorganisms
or, more often, pretreatment with an exogenous photosensi-
tizer dye. These disinfectant light effects are more akin to
PDT than PBM, but do contribute to the beneficial therapeu-
tic healing response.

Lasers at various nonionizing wavelengths are popularly
used for PBM applications such as visible (660 nm), near-in-
frared (810 nm and 940 nm), and less frequently, midinfrared
(1,040 nm, 2,940 Nm, 9,400 N, or 10,400 nm). Light emitting
diodes and, less often, broad light sources are also becoming
more popular due to better quality and control offered by the
newer devices. Although the precise molecular mechanisms
for PBM remain to be fully elucidated, their clinical effects
on alleviating pain, reducing inflammation, and stimulating
wound healing are well established [3,4]. The most significant
challenge to using PBM in the clinic today is defining effec-
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tive clinical dose parameters, specifically, the wavelength, ir-
radiance, fluence, and delivery protocols for its use in a spe-
cific biological scenario to alleviate pain and inflammation
or modulate the immune response to promote wound heal-
ing and tissue regeneration [4,5].

A major advancement in restorative clinical dentistry has
been the increasingly popular use of dental implants. Besides
their remarkable aesthetic and functional utility, the remark-
able success rate (97—99%) of dental implants has significant-
ly increased the reliability of restorative dental clinical care
[6]. A few persistent clinical issues with implants currently are
peri-implant mucositis (in the soft tissue) and peri-implantitis
(of the bone-implant interface) [7,8]. Peri-implantitis is an in-
flammatory infection defined by bone loss of the peri-im-
plant bone, with bleeding or bleeding upon examination of
the soft tissue around the implant area, as well as pocket for-
mation [8,9]. Peri-implant mucositis is classified as an in-
flammatory infection of only the soft tissue surrounding the
implant site, with mucosal lesions, and lacking bone loss of
the peri-implant bone [7,9].

Lasers have a fascinating range of applications for implants,
from their initial stages of fabrication (e.g., laser sintering) to
generating surface-topological modifications to promote
ideal metal-biological interfaces. Further, lasers are used in
the clinical setting where they are rapidly becoming a popu-
lar surgical tool to prepare soft (mucosa) and hard (bone) tis-
sues for implant placement, to decontaminate surgical sites,
and finally, to reduce pain and inflammation and promote
healing (Fig. 1) [3,8,10,11]. The latter procedures are within the
scope of PBM and can be performed either at the time of
implant placement or during follow-up visits [10]. It should
be emphasized that the lasers used in all these applications
vary significantly with the type, dose, and manner of use.
This article focuses on the published studies evaluating the
potential utility of low power laser therapy for PBM in pro-
moting clinical implants’ success.

MATERIALS AND METHODS

A literature search was performed in PubMed using the key-
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words “implants”, “lasers”, and “tissue regeneration” with a
publication date up to April 2013. This resulted in 61 hits (Fig. 2).
A second PubMed search was conducted using more specific

keywords: “dental implants”, “low-level laser therapy”, and “tis-
sue regeneration”, which yielded additional 10 results.

Exclusion and inclusion criteria

The search results were further screened for relevance by
excluding articles if they met any of the following criteria: (1)
use of a surgical laser to cut into soft tissue or surgical prepa-
ration of hard or soft tissue, (2) laser treatment to treat the
surface of the bone/implant—this includes surface decon-
tamination/debridement, and/or (3) in vitro models. This lit-
erature review only focused on in vivo implant studies with
the sole goal of evaluating relevant studies addressing PBM
effects that may improve implant stability. Of the 71 total hits
from the two searches, we identified 7 articles for more de-
tailed analyses. The full text papers were assessed, and results
were summarized based on the experimental animal model,
namely, rabbits, nonhuman primates, and rodents.

RESULTS

Studies in rabbits

Guzzardella et al. [12] studied the effects of the low-power
laser on osseointegration in a rabbit model. Hydroxyapatite
implants were placed into both femurs of the rabbits; the left
femur was laser treated, and the right femur served as the in-
ternal control for each rabbit. The laser treatment was applied
using a GaAlAs 780 nm for 10 minutes, equating to 300 J/cm>
The laser treatment was applied immediately after surgery
and each day for five consecutive days. Histomorphometric
and histologic analyses were conducted in the 4th and 8th
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week to assess osseointegration of the implant to the bone.
The histologic and histomorphometric results showed that
better osseointegration was achieved in the laser-treated
group than the control in both 4th and 8th week (P<o.005
and P<o.001, respectively). In addition to improved osseoin-
tegration, the authors also observed that the laser-treated
group demonstrated enhanced healing of the surgical site
and reduced swelling as compared to the control group. In
another study, Lopes et al. [13] assessed the bone quality and
healing of rabbit tibial implants after laser treatments. Tibial
implants were placed into fourteen rabbits; eight of the rab-
bits were laser treated, and the other six served as controls.
Laser treatments were performed with an 830 nm laser. A to-
tal of seven treatments were performed every 48 hours for 15
days, resulting in total energy of 86 J per session. The rabbits
were sacrificed at on the 1sth, 30th, and 4sth day, and bone
healing was evaluated using Raman sectroscopy and scan-
ning electron microscopy. The authors found that there was
significantly higher discrepancy in calcium hydroxyapatite
deposition on the 30th and 4s5th day between the irradiated
and control group (P<o.001) [13]. The authors attributed
these differences to the biostimulatory effects of laser treat-
ments at the cellular level, as they increase adenosine tri-
phosphate (ATP) production, osteoblast differentiation, and
angiogenesis, potentially contributing towards improved
bone mineral deposition. Another study by Campanha et al.
[14] investigated the ability of PBM to improve implant sta-
bility. In this study, implants were inserted into the tibia of 30
rabbits and laser treatment was performed in 15 subjects. An
830 nm wavelength GaAlAs laser was used to treat four
points around the implant with 21.5 J/cm® per point for 51
seconds. The laser treatment was applied every 48 hours for
seven treatments. The animals were sacrificed on the 1s5th,
3oth, and 4sth day. The tibia was removed and embedded
onto an acrylic resin block, and the removal torque values
(RTVs) of the implant were measured using an axial digital
torquemeter. The RTV is the amount of force required to
break the bone-implant union. The authors observed a sta-
tistically significant increase in the RTVs of laser-treated sites
on the 15th day (P<0.013) and the 30th day (P<0.030), but not
on the 45th day (P<0.215), compared to the controls.

The type and quality of the implant itself can have major
implications for the integration of the implant into the bio-
logical system. An ideal implant would be biocompatible,
could be placed with a minimally invasive procedure, and
would have high clinical predictability with low postopera-
tive risks [15]. In order to improve the latter implant charac-
teristics, investigators have assessed the effects of various
implant materials when combined with PBM.

Pinto et al. [16] assessed the effect of LLLT on the stability of
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two different orthodontic mini-implants in rabbits. Sixteen
self-threading titanium fix implants and sixteen self-perfo-
rating implants were inserted into the right tibia of eight
rabbits (two mini implants per rabbit) and their left tibia served
as the control. Laser treatment was performed every other
day for 21 days after implantation, at two sites with a fluence
of 9o J/cm? for 25 seconds, with a total energy of 2.5 ] and a
total of 10 laser treatments. The stability of the implants was
assessed by measuring the amount of force needed to re-
move the implant using a pull-out test from a device fabri-
cated by the authors. This type of pull-out test is distinct from
the RTV that is used in many implant studies to determine
the amount of force required to remove an implant [17]. The
mean pull-out force for the implants in the control group
ranged from 108.58 N to 124.63 N, while the laser-treated
groups had the mean pull-out force values ranging from
124.63 N to 177.39 N. Furthermore, their results indicate that
there was a statistically significant difference (P<o.05) be-
tween the laser titaniumim plant group and all of the other
groups, which the authors suggest is because of the increased
contact of the surface of the titanium implant with bone due
to its higher threadability. This study indicates that the
choice of implant type, such as its shape and material, along
with PBM therapy can have major clinical implications for
successful integration and overall mechanical stability.

All four rabbit studies demonstrated improved implant
performances following laser treatments. There was reduced
swelling and better osseointegration of the implant-to-bone
interface. These studies provide supportive evidence for the
potential application of low-power laser therapy to improve
implant healing, stability, and long-term success. However,
the wavelength, dose, number of laser treatments, and dura-
tion of laser treatments vary substantially among these stud-
ies, indicating that there is a clear need to standardize the
most efficacious treatment parameters to ensure optimal
clinical therapeutic benefit.

Studies in baboons

The effect of low-power laser treatment on implant sites of
hard tissue was evaluated by Dortbudak et al. [18] using a
nonhuman primate model. The osteocyte count and viability
were measured in the iliac crest of male baboons after im-
plant insertion into each iliac crest of the baboon. The left ili-
ac crest of the animal was treated for 1 minute with a 690 nm
laser of 100 mW for 60 seconds for a total of 6 J. Five days af-
ter implantation, the bone and implant were removed, and
the osteocyte viability and resorption rates were quantified
using histomorphometric analysis. In the laser treated group,
osteocyte viability was significantly higher (41.7%) than in the
control group (34.4%, P<o0.027). However, there were no dif-
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ferences in the bone resorption rates between the two groups.
Although laser treatment did not appear to modulate the
bone turnover rates, the authors suggested that the use of
PBM may improve implant osseointegration based on the
increased osteocyte viability they observed.

Studies in rodents: mice & rats

There have been many studies that demonstrate the bios-
timulatory effects of laser therapy to improve the bone-bio-
material interface and increased bone deposition after im-
plantation. However, it is important to evaluate whether laser
therapy can improve the functional and mechanical stability
of implants. Maluf et al. [19] evaluated the mechanical stabili-
ty of the bone-implant attachment after laser treatment in a
mouse model. An implant was placed into one of the tibia in
each of 24 mice. A 795 nm GaAlAs laser diode was used to treat
four areas around the implant with 8 J/cm* for a total of six
treatment sessions every 48 hours. Both the control and irra-
diated groups were sacrificed on day 14, and the bones with
implants were removed, fixed, and processed for hard tissue
sectioning. The torque required to loosen the implant was
measured using a digital torque machine. Results from this
study revealed that the laser-treated groups had significantly
higher torque removal values than the control (P<o.o1). Based
on this, the authors concluded that there is a significant in-
crease in implant-to-bone attachment following laser treat-
ments, suggesting that PBM improves bone repair and os-
seointegration.

Kim et al. [2] placed dental titanium implants in the tibia of
20 rats, divided into two groups. They measured the amount
of receptor activator of nuclear factor kB (RANK), receptor
activator of nuclear factor kB ligand (RANKL), and osteopro-
tegerin (OPG). The binding of RANKL (the ligand) to RANK
(the receptor) potently stimulates osteoclast differentiation
and resorptive activity [2]. OPG, on the other hand, is a cyto-
kine that inhibits osteoclast activity by binding and seques-
tering RANK, hence reducing osteoclast differentiation. La-
ser treatments were performed with a GaAlAs diode laser
with a wavelength of 808 nm. Six points were treated around
the implant site with a duration of 10 seconds per point for a
total of 960 mJ per point. Laser treatments were performed
for 7 consecutive days after implant placement. The animals
were sacrificed on the 1st, 3rd, 7th, 14th, and 21st day after
treatment, and the decalcified sections were processed for
routine immunohistochemical analysis to assess RANKL,
OPG, and RANK expression. RANKL expression was present
in both groups, but expression of RANKL appeared to be
stronger and higher in the laser-treated group compared to
the control group. Similar to RANKL, OPG was also ex-
pressed in both groups but at much higher levels in the laser-
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treated group. It is interesting to note that RANK expression
was observed on the first day in the laser-treated group,
while its expression was not detected until the 21st day in the
control group. The bone densities of the two groups were
also compared using histomorphometric analysis, and a sig-
nificantly higher bone density was noted in the laser-treated
group. It is also worth noting that the authors used scanning
electron microscopy to assess the surface of the titanium im-
plant and found that it was not damaged during laser treat-
ment. This study indicates that laser therapy can modulate
the specific molecular pathways involved in osteoclast prolif-
eration and differentiation in vivo that could contribute to
better osseous implant healing.

DISCUSSION

There appears to be some evidence for the use of PBM in
improving implant stability in animal models. While lasers
are extensively used in dentistry, their clinical applications in
implant dentistry are currently largely limited to surface de-
contamination and surgical site preparation. PBM is becom-
ing more recognized in the literature for its beneficial effects
in enhancing implant stability, and therefore, more controlled
human clinical studies should be pursued to validate its clini-
cal efficacy in improving implant outcomes.

Animal implant models to assess PBM efficacy

Animal models have been extensively used to improve our
understanding of disease pathogenesis and have contributed
immensely to discovering safe, effective therapeutic regimens
for humans. A multitude of factors must be considered in
designing and implementing animal studies. Appropriate
animal models are chosen based on their physiological, ana-
tomical, and genetic similarities to humans [20]. In animal
implant studies, variables such as differences in bone density
and composition, the rate of skeletal changes, and bone mi-
crostructures are additional factors that should be taken into
consideration when designing an appropriate study [21].

In this review, we noted the use of mice, rats, baboons, and
rabbit models to assess the effects of PBM on implant biolo-
gy (Table 1). New Zealand white rabbits were the most com-
mon animals used to assess the stability of implants after
treatment with lasers. Although Wang et al. [22] have observed
that human fracture properties are different from those of
rabbits, rabbits are still a useful intermediate model to use
before testing in a larger animal [21]. Baboons and other
nonhuman primates are ideal animal models due to their
genetic and physiological similarity to humans, such as bone
composition and bone fracture properties [23]. However,
these primate models are expensive, not as readily available,
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Summary of the advantages and limitations of animal models used to assess photobiomodulation efficacy with implants.

Animal model Advantages

Limitations

Rabbit Less aggressive nature

Cost effective

Easy to house and maintain

Physiologically and genetically closer to humans
Large mammal, better model for human disease
Less aggressive nature

Cost effective

Easy to house and maintain
Transgenic models

Known genetic backgrounds

Nonhuman primate

Rodents (mouse & rat)

Different bone structure and composition than humans
Higher metabolic rate than humans

Expensive

Difficult to house and maintain

Ethical opposition

Not as readily available

Small mammal model, may not compare closely to humans
Differences in bone structure and composition

difficult to house, and have greater ethical barriers for their
use. Rodents have always been the most popular model or-
ganism for research, as they offer many advantages, such as
ease of housing and maintenance, relatively homogenous
genetic background in inbred strains; they offer a powerful
mean to perform targeted gene studies. Advancements in
genomic technologies have facilitated for the development
of transgenic models allowing alteration of specific genes in
a controlled spatio-temporal manner that has significantly
contributed to our understanding of human diseases [24].
This capability to manipulate factors at the genetic level is
key to our understanding of critical molecular players and to
deriving causal relationships that can help develop targeted,
efficacious clinical therapies.

Mechanisms of PBM that contribute to implant success

Cell culture models have also immensely contributed to
advancements in research and medicine. Despite the obvi-
ous limitation of being an isolated, simplified experimental
model system, there are many advantages to using homo-
typic (single cell type) or heterotypic (multiple cell lineages)
and in situ (graft and scaffold) models to study specific ques-
tions on cell behavior and function individually with mini-
mal extraneous variables [25].

Implant success is dependent on both the health of the soft
tissue collar (top) as well as proper interface of connective tis-
sue to the implant surface [26]. Therefore, the effects of PBM
on implants have been explored with regard to both the con-
nective tissue cells, namely, the fibroblasts, as well as cells
mediating osseointegration, namely, osteoblast-osteoclasts
[12]. Khadra et al. [26] investigated the effect of laser therapy
in the improvement of the attachment of human oral fibro-
blasts onto titanium surfaces, concluding that laser therapy
can stimulate fibroblast activity and improve fibroblast at-
tachment to a titanium implant surface, and suggesting that
this may be a basis for the use of laser therapy to improve the

implant-to-soft tissue interface. Besides soft tissue, cells that
mediate osseointegration are also important. Many studies
have looked at the use of laser treatment to stimulate osteo-
blast activity in vitro. For example, Dortbudak et al. [27] inves-
tigated the effect of low-level laser treatment on osteoblasts
in vitro using bone marrow-derived mesenchymal stem cells,
concluding that higher osteoblastic activity by laser treatment
can contribute to improved implant osseointegration. The
success and stability of an implant would be dependent on
the ability of the implant to osseointegrate, indicated by the
successful union of bone-to-implant material while main-
taining structural and functional integrity of the host site
[2,15,28]. PBM not only improves implant stability but it can
also enhance healing around the surgical site through an in-
crease in ATP synthesis and angiogenesis, reduce inflamma-
tion, and increase osteoblast proliferation [13,14,19].

Limitations of this review and future directions

Although this review noted the positive results of PBM
used on implants in multiple animal studies, unfortunately,
many negative studies are not published and rarely present-
ed in professional forums. The gold standard to incorporate
PBM in routine implant clinical management hinges on
double-blinded, placebo-controlled, and multicentered ran-
domized clinical trials. Given the popularity of implants in
current dental practice and the increasing limitation in re-
sources to perform such large clinical studies, innovative av-
enues to perform PBM research in implant dentistry via ex-
isting clinical networks such as the practice-based research
network could be explored [29]. Implants are already an inte-
gral part of clinical dental practice with remarkable success
rates. Modalities that promote these clinical successes to
near perfection will not only improve patient satisfaction
with esthetics and function, but bode well for the profession
of dentistry.
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