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Abstract: Fractures can occur at any age, but in modern times as the worldwide 
population grows older, the risk increases. Many of the fractures need metallic implants 
for a more efficient healing process and a reduced risk of complications. An implant can 
be used in orthopedic surgery if it can safely interact with the bone and the surrounding 
tissue. The most used materials in fracture management are metal alloys (Steel, Titanium, 
Cobalt-Chrome) that need to be compatible with tissue, however, they do not stimulate 
the healing process. Physiotherapy could improve the bone/implant interaction by 
stimulating the local metabolism and cell proliferation while also reducing local 
symptoms such as pain. The advantages of using LASER therapy are: a reduced number 
of contraindications, the availability of the equipment in rehabilitation facilities, and the 
compliance of patients as there is no discomfort during the procedure. The main 
drawback of using LASERs in bone stimulation is that there is no consensus in protocol 
usage between researchers because of the multitude of parameters. Through this article, 
we aim to shed some light on the use of LASER therapy in implant osseointegration and 
bone healing. 

Keywords: implant osseointegration, implant stability, Low-level LASER therapy, Photobiomodu-
lation, Physiotherapy, bone  

I. INTRODUCTION 

        Fractures can occur at any age and in any individual, however, factors such as age, 
sex, and the presence of comorbidities could influence the risk. The incidence of osteopo-
rosis is increasing proportionally with the population's life expectancy [1]. Low bone den-
sity is correlated to a higher risk of fracture and reduced stability of orthopedic implants 
[2]. The systemic treatment for osteoporosis increases bone density, but satisfactory results 
need time, complementary methods of increasing bone density in a certain area should be 
a priority in order to reduce the risk of complications [3]. Noninvasive therapies such as 
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Low-Level LASER therapy (LLLT) could prove beneficial in treating regular or pathologi-
cal bone fractures [4]. Studies suggest that the biostimulation induced by LLLT accelerates 
the healing process and improves remodeling due to increased hydroxyapatite and colla-
gen deposits, protein expression, and neovascular proliferation. The different energy den-
sity levels seem to produce results proportional to the level of energy [5,6].  

The LASER acronym stands for Light Amplification by Stimulated Emission of Radia-
tion, and it represents a device that produces a highly collimated beam of monochromatic 
light composed of photons using an active medium. When the atoms in the active medium 
receive energy they shift to more elevated orbits, after time varying from nanoseconds to 
milliseconds they tend to return to lower energy orbits that are more stable releasing en-
ergy through photons that form the LASER beam. The active medium can be a solid (ne-
odymium-Nd: YAG), liquid (rhodamine), plasma (argon, krypton), or gaseous (He-Ne, 
CO2) [7]. One of the advantages of using photobiomodulation for bone tissue stimulation 
is that it is already available in most rehabilitation facilities for the treatment of various 
afflictions such as fibromyalgia, tendinopathy, osteoarthritis, neuralgia, epicondylitis, car-
pal tunnel syndrome [8-13].  

LASERs used in musculoskeletal pathologies can be separated into 2 groups LLLT 
(Low-level LASER therapy) and HILT (High-intensity LASER therapy). The main differ-
ences are: wavelength, power, penetration, and tissue temperature changes. LLLT LA-
SERs are represented as class I, IM, II, and III, with a wavelength of 600–980 nm, <1W 
Power with low penetration <2 cm, and temperature changes <1 °C. HILT LASERs are 
class IV with a wavelength of 660–1280 nm, power of 1-75W, 5-15 cm penetration, and low 
thermal accumulation in tissues [14].   

LLLT or photobiomodulation is a noninvasive procedure that applies LASER beams 
emitted through a device that is used in different afflictions for symptom management 
and stimulatory effects. It is widely used in Rehabilitation Medicine in managing pain, 
inflammation, edema and tissue damage. The effects of LASER therapy have been proven 
in neurological, muscular, orthopedic, and rheumatological afflictions.   

Some fractures require implants for stabilization and to insure proper alignment [15]. 
The interaction between bone tissue and implant is called osseointegration, the capacity 
of the bone and the surrounding tissue to accept the implant and form a stable system [16]. 
Superior stability can be obtained by stimulating the bone tissue or by augmenting the 
implants. Most bone implants nowadays are produced using titanium alloys because of 
their mechanical properties, corrosion resistance, and high biocompatibility [17]. Biocom-
patibility determines the interaction between a material and tissue. A material that is in-
troduced into a living organism should not produce an inadequate response, it should be 
either inert or should promote the healing process.  The biocompatibility of Ti is deter-
mined by the TiO2 film that appears on the surface in contact with Oxygen [18]. Biocom-
patibility and osseointegration can be improved by adding bioactive coatings (hydroxy-
apatite, polyether ether ketone, nano-diamonds), surface patterning for a better cell adhe-
sion and orientation or reducing the elasticity module (Young Modulus) [19]. 

Studies on LLLT impact in tissue healing suggest that Adenosine triphosphate (ATP) 
and calcium concentration can increase, while Calcium sensitive signaling pathways be-
come more active after stimulation [20-21]. In vitro studies show that osteoblastic differ-
entiation and proliferation are promoted by two transcription factors, RUN-X2 and OSX. 
Under the influence of the transcription process, the osteoprogenitor cells differentiate 
into osteoblasts and osteocytes. According to research papers, the RUN-X2 transcription 
factor is more expressed in bone tissue that has been irradiated by LLLT and the OSX gene 
is more expressed after 21 days in rats exposed to a LLLT beam with a wavelength of 540 
nm [22].  RUN-X2 and OSX factors also upregulate the expression of Osteocalcin, a non-
collagenous protein hormone produced by osteoblasts, type 1 collagen most frequently 
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found collagen in bone tissue, and osteopontin, an extracellular structural protein impli-
cated in the remodeling process. Type 1 collagen, osteopontin and osteocalcin are reported 
to increase after LASER treatment. Photobiomodulation induces neovascularization that 
helps in bone healing by increasing the metabolic rate in the area.  VEGF (vascular endo-
thelial growth factor) and ANGPT-2 (angiopoietin-2) used as signaling molecules in order 
to assess angiogenesis are reported to also increase when irradiated with a Low-level LA-
SER [23]. 

There are a series of parameters that can help guide practitioners help manage different 
diseases. The multitude of parameters can be overwhelming thus leading to misunder-
standing of different protocols.  

LASER measurement units/parameters   

• Power (P) is measured in watts (W) and it represents the energy level of the emitted 
photons. There is Peak power (Pp)- the highest power level the impulse reached and 
Average power (Ap) – a mean of the power levels of impulses that were emitted in a 
certain period of time. 

• The intensity or power density is measured in W/cm2 and it indicates power per sur-
face unit (the spot size).  

• Energy is measured in Joule (J) and it represents power multiplied by time (WxT) in-
dicating the quantity of light in the time frame. As an example, in order to achieve 80 J 
of energy the LASER beam should have a power of 20 W over 4 sec. 

• Fluency or energy density is measured in J/cm2 and it shows the amount of energy per 
surface unit. If 1 cm2 is irradiated with a 5W LASER in 5 seconds then the energy den-
sity would be 25J/cm2 (WxT/surface), however, if the area is 5cm then the energy den-
sity is 5 j/cm2.  

• Impulse fluency is measured in J/cm and it indicates the energy density for each im-
pulse. Considering that LASER therapy is usually administered in impulses the power 
or the length of time can vary during a session (low power-long exposure, high power-
short exposure) [7]. 

• Wavelength is measured in nm and it defines the distance of consecutive crest points 
(the highest points) in a wave. Penetration is determined by wavelength (a higher 
wavelength corresponds to a better penetration). LLLT wavelength usually ranges 
from 600 to 1070 nm and understanding the different ranges can help the therapist treat 
pathology more accurately. Lower ranges of 600 to 700 nm are better for more superfi-
cial tissues while wavelengths in the range of 780-950nm are better suited for deeper 
tissue stimulation.  The wavelengths in the 700-770 nm range are not commonly used 
because they seem to lack biochemical activity [24]. According to White et.al a beam 
with a wavelength of 808 can penetrate 20% of the tissue, but if the wavelength is 904 
nm the penetration reaches 54%. A wavelength of 400 to 700 nm is not highly efficient 
because 50 to 90% of the energy is being absorbed by skin pigments and the penetration 
is lower than 1 cm (epidermis) [14]. 

 Apart from describing the LASER beam, some parameters refer to the equipment char-
acteristics such as the type of medium being used (Nd. Yag, CO2, GaAlAs..etc), the diam-
eter of the optic fiber, or parameters that are suited to practical usage, such as distance to 
the treatment area (in contact or from a certain distance) or type of emission (continuous 
or in impulses). Modifying each of these parameters could lead to different results. 
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 The multitude of LASER parameters offers the researcher the option of using different 
approaches in treating pathology. The number of sessions, the number of points of irradi-
ation, or the distance between LASER and the tegument can prove to be important factors 
that influence the results.  

 Even though LASER therapy is used in bone research, there is no consensus on what 
protocols improve bone quality or implant stability because the parameters differ between 
researchers. In this study, we aim to shed some light on different study protocols that 
evaluated the osseointegration of Titanium implants in bone tissue. We included two 
types of studies: 1. Studies that evaluated the effect of LASER photobiomodulation on 
implant osseointegration in rodents (In vivo experiments) and 2. Studies that evaluated 
the effect of LASER photobiomodulation on dental implants in the human skull, as there 
are no studies on orthopedic implant stability after LASER therapy in any other type of 
bone. We excluded studies that evaluated nonmetallic implants. All studies were found 
by researching the PubMed and Google Scholar databases.  

II. RESULTS 

II.1 The efficacy of Low-Level Laser Therapy in implant osseointegration in rodents  

Studies performed in vivo are necessary for a better understanding of photobiomodu-
lation’s role in implant stability. Most used animal models for implant research in vivo 
are rodents (rats and rabbits) as their size is large enough for surgical practice and LLLT 
treatment but the housing and feeding logistics remain favorable (Table 1).     

Table 1. Parameters - LASER therapy on Titanium implants in rodents 
 

First author Power 
(W) 

Wavelength 
(nm) 

Total expo-
sure time 

(s) / session 

Number of 
sessions 

Number of 
points of ir-

radiation 

Results 

1. Karakaya 
M [24] 

0.3 940 80 10 consecu-
tive  

4 In favor of LLLT 

2. Campanha 
BP [25] 

0.01 840 202 7, 1 every 
48h 

4 In favor of LLLT after 15 
and 30 days with no diffe-
rence at 45 days 

3. Gomes FV 
[26] 

0.05 830 1. 102 
2. 202 
3. 402 

7, 1 every 
48h 

2 In favor of LLLT but only 
for a fluency of at least 
10J/cm2, 20j/cm2 showed 
the best results 

4. Goymen M 
[27] 

0.3 810 1. 190 
2. 395 

 

10 consecu-
tive 

1 In favor of LLLT with a 
fluency of 20J/cm2 

5. Khadra  M 
[28] 

0.15 830 180 10 consecu-
tive 

9 In favor of LLLT 

6. Kim YD 
[29] 

0.1 808 60 7 consecu-
tive  

6 In favor of LLLT  (immu-
nohistochemical analysis 
Rank, Rank L, OPG)  

7. Kim JR [30] 0.1 808 60 7 consecu-
tive  

6 In favor of LLLT in histolo-
gical analysis and removal 
torque test at 12 weeks, but 
no statistical difference in 
Micro-Ct scanning or re-
moval torque test at 6 we-
eks  

8. Massotti FP 
[31] 

0.05 830 1. 102 
2. 202 
3. 402 

7 consecu-
tive  

2 In favor of LLLT but only 
if the fluence was 20J/cm2 
(5 and 10 J/cm2 similar to 
controls) 
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9. Mayer L 
[32] 

0.05 830 No Expo-
sure time 

7, 1 every 
48h 

2 In favor of LLLT 

10. Omasa S 
[33] 

0.2 830 270 7 consecu-
tive  

2 In favor of LLLT in Perio-
test, but inconclusive in 
BMP-2 gene expression 
and micro-CT imaging. 

11. Prado RFD 
[34] 

0.1 808 100 7, 1 every 
48h 

4 In favor of LLLT, but the 
best results were found in 
groups that received a coa-
ted implant (CaP coating) 

12. Primo BT 
[35] 

0.04 830 121  1 after 
surgery 

4 No difference between 
LLLT protocol and control 

13. Vasconcel-
los LM [36] 

0.04 780 100 7, 1 every 
48h 

4 In favor of LLLT after 2 
weeks in both ovariecto-
mized and non-ovariecto-
mized rats, after that, the 
results were not conclu-
sive 

14. Lopes CB 
[37] 

0.01 830 No expo-
sure time 

7, 1 every 
48h 

4 In favor of LLLT only at 45 
days, but no difference at 
15 days 

 

As seen in table 1, the wavelength used during LASER therapy in the evaluated studies 
was set between 780 and 940 nm, with a higher prevalence of 830 nm. As stated before, 
higher wavelengths show better penetrability and the wavelengths in the aforementioned 
interval can reach at least 2 cm deep, which is enough considering the type of animals 
used (rats and rabbits) and the depth of the structure of interest (bone). The power also 
varied between researchers from 0.01 up to 0.3 W. The time of exposure each session var-
ied from 60 up to 420 seconds per session, and the number of points of irradiation varied 
from 1 to 9. There was a difference between the number of sessions and the session timing 
of the irradiation with some of the stimulation being performed daily where others pre-
ferred a day off.  

 The LASER used in all studies was diode probably because of it’s disponibility and 
price.  In the research published by Karakaya [24] , Primo [35] and Lopes [37] the nature 
of the LLLT device was not specified.  

 There were also differences in the distance of irradiation. Karakaya et.al [24] opted for 
a distance of 1.5 cm between the handpiece and the tegument. Gomes et.al [26] placed the 
handpiece directly perpendicular to the mandible.  Khadra [24] and Mayer [32] used the 
handpiece in direct contact with the tegument. Omasa [33] preferred using a distance of 1 
mm from the skin. Prado [34] and Vasconcellos [36] used an optic fiber to directly stimu-
late the bone through a surgical cavity. 

1.Karakaya M et.al studied the effects of photobiomodulation on implant stability in 22 
ovariectomized rabbits that underwent fracture and implantation of a Ti dental implant 
in the right tibiae using a device with a fluency of 6J/cm2 per session and a total energy of 
60J. The animals were distributed into 4 groups: OVX (ovariectomized) without other in-
terventions, ShamOVX (non-ovariectomized) and no intervention, OVX + LASER therapy, 
and Sham OVX + LASER therapy. The best results were obtained in the group that re-
ceived Sham OVX + LLLT, the group that received OVX + LLLT had significantly im-
proved implant stability compared to Sham OVX no LLLT. The micro-CT scan and the 
removal torque tests showed a significant (P<0.05) increase in implant stability in irradi-
ated osteoporotic rats compared to the controls (osteoporotic rats with no LLLT), however, 
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the results of the PerioTest showed no difference between the 2 groups at 6 weeks after 
surgery [24]. 

2.Campanha BP et.al evaluated the effect of LASER therapy on Ti implants with poor ini-
tial stability (rotation freedom) placed in the tibiae of 30 rabbits. The fluency used was 86 
J/cm2 per session with a total energy delivery of 602 J. The bone/implant contact was eval-
uated through removal torque. At 15 and 30 days there was a significant difference in 
favor of the LLLT irradiated groups, but after 45 days there was no significant difference 
between groups. LLLT improved bone-implant contact in the first 15 and 30 days, but the 
results were similar between groups at 45 days [25]. 

3.Gomes FV et al. assessed implant stability and bone formation in 32 rabbits that under-
went extraction of the left mandibular incisor followed by implant placement. The group 
compared three different fluencies: 5J/cm2 (35.7 J total energy), 10J/cm2 (70.7 J total en-
ergy), and 20J/cm2 (140 J total energy) between each other and to a control group (sham 
LLLT). After 45 days the animals were euthanized and the stability was assessed through 
3 methods Resonance Frequency Analysis, Scanning Electron Microscopy (SEM), and ste-
reology. The parameters assessed in SEM and stereology were BIC (bone/implant contact) 
and BA (ratio between newly formed bone area and total area of possible bone formation). 
SEM results showed significantly improved BIC values in 10 and 20 J/cm2 groups com-
pared to the rest, but no difference between 5J/cm2 and sham LLLT. BA values were sig-
nificantly higher only in the 20J/cm2 group compared to the control. The stereological BIC 
analysis showed statistically significant differences in all three LASER treated groups 
(5,10,20J/cm2) compared to the control group, and BA results showed an increase in sta-
bility (statistically significant) only for 10 and 20 J/cm2 fluencies. RFA also showed an 
increase in stability only in the 20J/cm2 compared to the sham group.  Although 10J/cm2 
was more efficient in most tests than the control group, 20J/cm2 fluency was the most 
effective dose. 5J/cm2 proved to be a dose insufficient for bone stimulation [26]. 

4.Goymen M et al researched the cumulative effect of photobiomodulation and force in 
implant stability on 17 rabbits that received two orthodontic self-drilling mini screw im-
plants in each fibula. The two implants (screws) were connected via a nickel-titanium coil 
that permitted an applied force of 150 g. There were 2 fluencies used in the irradiated 
(LLLT) groups 10 (585 J total energy) and 20J/cm2 (1170 J total energy). The animals were 
divided into 6 groups, and each possible combination was assessed: LLLT (20J/cm2)+150 
g force, LLLT (10J/cm2) + 150 g force,  LLLT (20J/cm2) no force, LLLT (10J/cm 2) no force, 
noLLLT+150g force, no LLLT no force.  The method of assessment was histomorphometry, 
BIC (bone/implant contact), and CBT (cortical bone thickness) ratio. BIC evaluation 
showed a significantly increased contact in all groups, however, the group that received 
20J/cm2 LLLT and 150g force presented the best results and the group that received no 
LLLT and no force was the poorest. All groups that received 20J/cm2 with or without 
applied force scored higher, but 150g force (no LLLT) was superior to LLLT 10J/cm2 (no 
force).  CBT evaluation showed that the highest score was in group 20J/cm 2 with no force 
applied, but there was no significant statistical difference to the other groups. There was 
also no statistical correlation between BIC and CBT [27]. 

5. Khadra M et al evaluated the osseointegration of coin-shaped Titanium implants in 12 
rabbits that received 2 implants in each tibia. In the irradiation protocol used, the fluency 
was 23J/cm2 with a total energy tissue absorption of 270 J. The assessment methods used 
were tensile strength test, histomorphometry, and energy dispersive x-ray microanalysis 
evaluation. Tensile strength evaluation showed a statistically significant difference in the 
LASER stimulated group. The histomorphometric evaluation showed a 10% higher 
bone/implant contact in the irradiated group and the x-ray microanalysis showed a statis-
tically significant difference in phosphorous and calcium percentage in the LLLT stimu-
lated group [28]. 
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6. Kim YD et al used immunohistochemical analysis (RANK, RANKL, OPG) to evaluate 
the effect of LASER therapy on bone formation and implant osseointegration in 20 rats 
that received Ti implants installed in the tibia. The total energy delivered was 40.32 J, with 
a power density of 830 mW/cm2. In the group that received LASER therapy, RANKL was 
more expressed than in the control group starting from day 1 to day 21. OPG was ex-
pressed from day 1 in both groups, but in the group that received LLLT the increase in 
expression was faster and more uniform compared to the control group where it increased 
slowly. RANK was observed in bone cells from the first day in the LASER irradiated 
group and it became more expressed during the following days, but in the control group, 
it was only expressed after 21 days [29]. 

7. KIM JR et al used histomorphometry analysis, removal torque testing, and resonance 
frequency analysis (RFA) to evaluate the effects of LLLT on Ti implant attachment in both 
femurs of 13 rabbits. The power density used was 830 mW/cm2, but the fluency and total 
energy could not be calculated due to a lack of parameters. Histological findings showed 
a more pronounced bone matrix and collagen at 6 and 12 weeks (H&E stain and Masson’s 
Trichrome stain) in the stimulated groups. BIC evaluation showed higher contact at 6 and 
12 weeks in the LLLT groups but with no statistical significance. Removal torque tests 
showed no significant difference between groups at 6 weeks, but with a statistically sig-
nificant difference at 12 weeks in favor of the LLLT group [30]. 

8.Massotti FP et al. studied the effect of LLLT on the peri-implant bone healing process in 
24 rabbits that received Ti implants (with thread) after extraction of the left mandibular 
incisor through histomorphometry. The animals were placed into 3 groups with different 
LASER beam fluencies 5, 10, and 20J/cm2 per session and total energy absorption of 35.5, 
70.7, 141.4J, and a control group. The higher fluency was acquired through a longer time 
of exposure as seen in Table 1. BAR% (total area of bone from the 5th to 7th thread on the 
implant) and BA% (amount of bone within each thread from the 5th to 7th thread) values 
were the highest in the group that received 20J/cm2 per session, but there were no statis-
tically significant differences between groups, however, BIC (bone-implant contact) and 
CF(collagen fiber) values showed a statistically significant difference in group 20J/cm2 
compared to the rest. BIC and CF showed similar values in the groups that received flu-
encies of 5 or10J/cm2 and control [31]. 

9. Mayer L et al evaluated the effects of LLLT on the integration of 14 titanium dental 
implants that were placed after the removal of the left incisor in 14 rabbits. The total LA-
SER energy absorbed in the tissue at the end of the irradiation period was 140 J with a 
power density of 17.85 W/cm2 per session. The methods used for assessment were RFA 
in synergy with a micro-CT scan after euthanasia. RFA results showed significantly higher 
osseointegration in all groups after 30 days, but with a highly statistically significant dif-
ference in favor of the experimental group. Micro-CT scan also showed a higher percent-
age of newly formed bone in the experimental group (statistically significant) [32]. 

10. Omasa S et al. studied the biostimulation effects of LLLT on mini-implant osteointe-
gration in the tibial bone of 39 rabbits with a device that used a fluency of 195 J/cm2 and 
a total energy of 378J. The stability was evaluated at 7 and 35 days after implantation using 
the following methods: micro-CT scan, PerioTest and BMP-2 gene expression. The Peri-
oTest showed better stability (statistically significant) in the LLLT groups at both times of 
euthanasia (7 and 35 days). The micro-CT scan showed newly formed bone tissue sur-
rounding the implant 5 days after surgery with a seemingly better result in the experiment 
group, but no statistical significance. The expression of the BMP-2 gene was significantly 
higher in the LLLT group 1 day after LLLT, but 3,5, and 7 days after photobiomodulation 
the expression was similar between groups [33]. 
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11. Prado RFD et al. compared the osseointegration of dental implants with or without 
Cap (calcium phosphate) coating alone or in association with LLLT stimulation. The LA-
SER beam was directed through the skin with a fluency of 16J/cm2 per session and total 
energy of 70J. The histological analysis showed no bone formation after the 1st week in 
any of the groups, but all groups apart from the control displayed higher amounts of tra-
becular bone. After 6 weeks, all groups displayed similar quantities of bone at the appo-
sition between bone and implant. Histomorphometry after 1 week showed a statistically 
significant difference in the group that received CaP coating + LASER compared to the 
control (Ti implants with no additions or LLLT), but no differences compared to the 
groups that received either just the CaP coating or just LLLT. At 2 weeks the group that 
received either CaP or LLLT had significantly higher stability compared to the control 
group, but the group that received both CaP and LLLT had similar stability to the control 
group. After 6 weeks all groups were similar during histomorphometric testing. The 
torque test that was performed after 6 weeks showed that the groups that received either 
CaP coating or CaP + LLLT had significantly higher stability compared to the control. The 
control group presented the least stable implants and the combination of LLLT and CaP 
coating seems to be effective in the first 2-3 weeks [34]. 

12. Primo BT et al. evaluated the effects of surface roughness and LLLT on 24 titanium 
implants placed in both femurs of 12 rats. They divided the animals in 3 groups: smooth 
titanium, acid-etched titanium, and smooth Titanium + LLLT (4.8 J/cm2 fluency, 4.84 J 
total energy). The assessment method was the removal torque test. The only group with 
higher removal torque values was acid etched one with surface roughness. LLLT did not 
influence osseointegration, but the irradiation was only done once with a small dose [35]. 

13. Vasconcellos LM et al. investigated the effect of LLLT (fluency 16J/cm2, 27J total energy) 
on bone healing in 84 rats with a normal or low bone density that received a titanium 
implant in their left femur. At first, the rats were split into 2 groups and half were ovari-
ectomized. After the sterilization, all rats were separated again, some received LLLT, and 
others received sham. Histomorphometry was used for evaluation. At 2 weeks the groups 
that received LLLT showed a greater quantity of mature bone compared to the other 
groups. The cumulative bone formation differed over time, at 2 weeks the group that was 
not ovariectomized but received LLLT showed the best results and the group that was 
ovariectomized but did not receive LLLT showed the poorest. At 4 weeks the cumulative 
bone formation did not differ.  At 6 weeks the best results could be seen in the group with 
sham ovariectomy and LLLT. In the ovariectomized group a significant difference could 
be observed only at 2 weeks in favor of LLLT. In the non-ovariectomized groups, there 
was a difference in favor of the LLLT group at 2 and 6 weeks [36]. 

14. Lopes CB et al evaluated the bone quality and healing in 14 rabbits that received a 
dental titanium implant on 1 tibia and LLLT through Raman spectroscopy. The device 
used a fluency of 85J/cm2 per session and a total energy of 602J. At 15 days there was no 
significant difference between groups but up to the 45th day the irradiated group showed 
a statistically significant difference compared to the controls [37]. 

II.2 The efficacy of Low-Level Laser Therapy in dental implant osseointegration in 
patients 

The effect of Low-level LASER therapy has been researched in peri-implantitis, peri-
mucositis, and the osseointegration of implants in the human alveolar bone. Compared 
to in Vivo tests performed on rodents,  protocols used in Dental Medicine have even 
more differences and there is no consensus on parameter usage (Table 2).  
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Table 2 Parameters – LASER therapy on Titanium stomatological implants in patients 
 

First author Power 
(W) 

Wavelength 
(nm) 

Total exposure 
time (s) / session 

Number of ses-
sions 

Number of 
points of irra-
diation 

Results 

1. Arakeeb 
MAA [38] 

- 808 60 6, 1 every 48h 2 LASER proved a nega-
tive effect on L-PRF 
screws, resulting in 
poor osseointegration 

2. Flieger R 
[39] 

0.1 - 200 7, Immediately 
and on days 
3,6,9,12,15,30 

2 In favor of LLLT  

3. Gulati P 
[40] 

0.1 980 60 4- immediately 
and on days 
3,7,14 

6 In favor of LLLT, but 
only at 6 months and 1 
year (no difference at 6 
weeks) 

4. Matys  J 
2019 [41] 

0.1 635 80 7- 1 before 
surgery, 2 im-
mediately after 
and on days 
2,4,6,14 

2 In favor of LLLT using 
the Periotest device, but 
no difference in CBT 
testing 

5. Mikhail FF 
[42] 

0.2 904 30 9- 3 sessions 
per day on days 
3,6,9 

- In favor of LLLT 

6. Lobato 
RPB [43] 

0.05 808 498 2- 1 before 
surgery, 1 after 

6 No statistical difference 
between LLLT and con-
trol 

7. Matys J 
2020 [44] 

0.1 808 80 7- in the days 
1,3,6,9,12, 
15,30 

2 In favor of LLLT but 
only after 30 and 60 
days, no difference be-
fore 

8. Mehdyiev I 
[45] 

0.025 630-660 360 4, 1 every 48 h 3 In favor of LLLT 

9. Garcia-Mo-
rales JM [46] 

0.086 830 60 7 every 48 h 20 No statistical difference 
between LLLT and con-
trol 

10. Osman A 
[47] 

0.7 910 60 - 1 No statistical difference 
between LLLT and con-
trol 

11. Torkzaban 
P [48] 

0.1 940 80 7, 1 every 48 h 2 No statistical difference 
between LLLT and con-
trol 

As seen in table 2, the wavelength used in the irradiation protocols varied from 630 nm 
to 980 nm. Power varied between 0.025 and 0.1 W. There were important differences in 
time of exposure per session ranging from 30 to 498 seconds. In dental research, the au-
thors used very different protocols compared to the in vivo studies performed on rodents 
where there were fewer variations in the number of irradiation sessions. Some of the au-
thors used standard physiotherapy protocols (consecutive sessions 1 every other day or 1 
every 48 hours) [38, 45, 48] while others decided to change the time in between sessions 
(no reason was given). In some of the protocols the LASER stimulation was performed 
before the surgery and others increased the number of sessions carried out in a single day. 
The number of irradiation points varied from 1 to 20, but most authors preferred using 2. 
The authors did not specify the distance of irradiation. 
1.  Arakeeb MAA et al. measured the level of osseointegration of 40 dental Ti implants 
placed in 40 male patients with missing teeth. The exact location of the implant was not 
specified.  The patients were randomly allocated to 4 groups: Titanium with no augmen-
tation, Ti + LLLT, Ti + leukocyte and platelet-rich fibrin (L-PRF), Ti + LPRF + LLLT. The 
device used a LASER with a beam fluency of 20J/cm2 per session, but the total energy 
delivered to the tissue could not be calculated due to the lack of parameters listed. Relative 
bone density (RBD) was measured through cone beam computed tomography at 1, 6, and 
12 weeks after insertion. The only significant difference was at 6 and 12 weeks in group 
Ti+L-PRF compared to the rest. There was no significant difference between the other 
groups, even though the groups that received LASER (either alone or in addition to L-
PRF) showed better results, but with no statistical significance. The LLLT had an inhibi-
tory effect on L-PRF because of the activation of osteoclasts [38]. 
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2. Flieger R et al used photobiomodulation on 20 patients that received 40 Mini-implants 
placed between the second premolar and first molar teeth, 2 mm below the mucogingival 
junction on both sides of the maxilla. The bone was stimulated on one of the implants in 
each patient with a power density of 199.04 mW/cm2 and a total energy of 140J. The im-
plant stability was measured through a Periotest device immediately and at and 3, 6, 9, 12, 
15, 30, and 60 days after the insertion. There was significantly higher stability in the LLLT 
group at 3, 30, and 60 days, but no difference in pain reduction [39]. 
3. A pilot study elaborated by Gulati P et al evaluated the level of crestal bone resorption 
in 20 patients that received 20 implants in place of the first mandibular molar through 
digital intraoral periapical radiographs (IOPA) cone beam computed tomography (CBT). 
Half of the subjects received LASER therapy with a beam fluency of 24 J/cm2 and a total 
energy of 24J. The results of IOPA reveal a significant difference in crestal bone loss at 6 
months and a year, the irradiated group proving better stability than the control, but no 
difference at 6 weeks. There were no significant differences between the implant osseoin-
tegration in the same group. The CBT examination showed significantly better results in 
the LLLT group at 6 months, and 1 year [40]. 
4. The study conducted by Matys J et al in 2019 aimed to evaluate the stability(primary 
and secondary) and bone density in the peri-implant zone of 40 titanium implants placed 
in the posterior region of the mandible in 24 patients. Half of the patients received LLLT 
with a beam power density of 199.04mW/cm2  and a total energy of 56J. The implant sta-
bility was assessed through a Periotest device and the bone density was measured 
through CBT.  The Periotest evaluation revealed no difference in the first 2 weeks, but 
after that, at 4 and 8 weeks, the irradiated group was proven to have significantly in-
creased stability. However, after 12 weeks there was again no difference between groups. 
CBT measured in 3 points (cervical, middle, and apical) showed no difference after 4 
weeks. Significantly higher values in bone density were observed in the LLLT group only 
after 12 weeks [41]. 
5.  Mikhail FF et al evaluated the effect of LLLT used in synergy with oral supplementation 
of Vitamin C (500 mg)+ Calcium (500)+ Omega 3 (1000 mg) on the osseointegration of Ti 
implants placed in the mandibular first molar region of 20 patients. Only half of the pa-
tients received LASER therapy, but both received supplements. The LASER used a device 
with a fluency of 4.7 J/cm2 and a total energy of 42.3 J. The method of assessment chosen 
was radiographic panoramic imaging (greyscale) taken right after implant and at 1.5 and 
6 months. Results showed that both groups had statistically significant changes for the 
better at 1.5 and 6 months compared to implantation, however, the LLLT group exhibited 
better bone density values in all 3 points of interest (apical, distal, and mesial at 1.5 and 6 
months) with a statistical significance.  Dietary supplementation with vitamin C, Omega 
3, and Ca improves bone quality, but the association with LASER therapy further im-
proves osseointegration [42]. 
6. Lobato RFB et al. Measured the stability of 50 titanium Implants placed in 44 patients 
(the region is not specified). Half of the patients received LASER therapy with a fluency 
of 62.25 J/cm2 and total energy of 132 J.  The method of assessment was the Ostell device 
with ISQ (implant stability coefficient) and digital periapical radiographs at 2 different 
times T0 (implant time) and Ta (time of abutment- time of crown placement on the Ti 
implant). There was no statistical difference between the controls and the groups that re-
ceived photobiomodulation at the abutment installation time on ISQ or radiography [43]. 
7. Matys J et al used LASER therapy to improve implant stability of 44 patients implants 
placed in 22 patients. Each patient received LLLT with a fluency of 16J/cm2 and a total 
energy of 56 J on one of the implants, the other was used as a control. The method of 
assessment was Periotest and the implant stability was measured right after surgery and 
3, 6, 9, 12, 15, 30, and 60 days after implant placement. The only statistically significant 
difference was at 30 and 60 days in favor of LLLT. There was no difference in pain man-
agement between the control and therapy groups [44]. 
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8. Mehdyiev I et al observed the effects of LLLT on bone formation in 12 patients that 
required bilateral sinus floor augmentation for implant prosthetic rehabilitation. All pa-
tients required bilateral sinus augmentation with simultaneous implant placement (24 
augmentations). The LASER beam fluency was 72 J/cm2, but the total energy was not 
specified and it can not be measured due to a lack of parameters (surface of irradiation). 
The method of assessment was panoramic radiographic imaging. 4 panoramic radio-
graphs, one preoperative and three postoperative (1st, 3rd, and 6th month), were taken 
for each patient. There was a significant increase in bone density at 1, 3, and 6 months in 
the therapy group. However, the increase in bone tissue increased in the first month, then 
it decreased slightly at 3 months, and then at 6 months, it increased again [45]. 
9. A double-blinded study conducted by Garcia-Morales JM on 30 Ti implants placed in 
the posterior region of the maxilla of 8 patients (16 LASER- 14 control) evaluated the effect 
of LLLT photobiomodulation on stability. The method of assessment used was Resonance 
Frequency Analysis (RFA- Ostell Device). Each patient had at least a control and an im-
plant with LLLT. The measurements were performed after 10 days, 3, 6, 9, and 12 weeks. 
The LASER beam fluency was 92,1 J/cm2 but the total energy was not specified. No statis-
tically significant difference between the ISQ means between the 2 groups at any time 
interval. In the control group, the stability gradually increased over time, but the LASER 
irradiated group experienced fluctuations in stability with a peak after 10 days, followed 
by a decrease at 6 weeks and an increase after 12 weeks [46]. 
10. Osman A et al evaluated the effect of LLLT on osseointegration in 12 patients that 
received 24 orthodontic mini-screws inserted into the buccal alveolar bone between the 
second premolar and first molar on the right and left sides. Each patient received LASER 
treatment on one side but the fluency and total energy were absent in the protocol study 
and they could not be calculated because of a lack of parameters. 14 days after implanta-
tion a150 g force retraction force was placed on the implants. The measurements were 
done via Periotest on days 7, 14, 21, 30, and 60 and the soft tissue was assessed using a 
gingival index that ranged from 0 to 3 (3 represents high inflammatory levels). The test 
showed no significant difference between the 2 groups. The gingival index showed light 
inflammation in 4 patients belonging to the control group, and no inflammation in the 
LASER group [47]. 
11. Torkzaban P et al evaluated the effect of LASER therapy on implant stability in 19 
patients that received 80 dental implants. The LASER device used a fluency of 28 J/cm2 
and a total energy of 56 J. Implant stability was measured using an OSTELL device in 
implant stability quotient (ISQ) value immediately after surgery and at 10 days and 3, 6,12 
weeks later. Both groups had increased stability over time (statistically significant), but 
there was no significant difference between LLLT and control [48]. 
 
III. Discussion 

The articles presented above show many differences between LASER protocols in stud-
ies performed either in vivo on rodents or human alveolar bone, but photobiomodulation 
seems to be beneficial as an osteointegration tool. The effects of LASER therapy were eval-
uated through various methods of assessment ranging from histology, micro-Ct scans, 
Scanning Electron Microscopy, and tensile strength tests (in vivo) to Cone Beam Com-
puted Tomography, Resonance Frequency Analysis, and different implant stability de-
vices performed on implants placed in living human subjects. The results performed in 
vivo on rodents seem to show better results than the research conducted in Stomatology. 

Some of the studies performed on the osteointegration of Titanium implants in rodent 
bone have shown improvement only in the first few weeks after irradiation, but no signif-
icant differences later on, while others showed significant differences only after 3 to 4 
months. The studies that compared different fluencies showed that higher fluencies 
yielded better results, and 20 J/cm2 was proven to be superior to lower values. The num-
ber of sessions seems to influence the results, the protocols that used 1 or 2 treatment 
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sessions observed no difference between stimulated and control groups. Most studies 
showed significant osteointegration between 5 and 10 sessions, indicating that the con-
centration of LASER energy in the stimulated tissue is important. The structures stimu-
lated via LASER photobiomodulation were mostly superficial <2 cm (human alveolar 
bone, rodent femur, or tibiae), and the wavelength differences ranged from 630 to 940 nm 
did not make a difference because deep penetration was not required. A study on bone 
formation in rabbits that received osteotomies evaluated the differences between infrared 
(790–830 nm) and red LASERS (660–690 nm) with identical parameters and showed that 
there was no significant difference between the two [49]. However, if the structure of in-
terest is situated more than 2 cm deep, a higher wavelength is required, and the equip-
ment needed is HILT (High-Intensity Laser Therapy) with better penetrability. A study of 
HILT performed on rabbits suggests that a single session 5 days before implant placement 
can improve osseointegration [50]. Studies that evaluated implant surface modifications 
combined with LASER therapy yielded positive results in the case of CaP coatings [34], 
but the LASER had an inhibitory effect on L-PRF implants and it reduced bone/implant 
contact, thus implant surface augmentation could lead to better results, but there is also 
the risk of unwanted interactions [38].  Osseointegration could also improve by using oral 
ingestion of different supplements (Ca, Vitamin D, Omega3) in synergy with LLLT, as 
seen in a study by Mikhail et al. [42]. Photobiomodulation through LASERs can also im-
prove bone quality and regeneration in induced defects. In studies performed in vivo on 
rodents by Guzzardella [51] and Kazem [52], LASER therapy increased callus formation 
in rodents that received bone defects. Photobiomodulation can also improve bone quality 
in systemic diseases such as osteoporosis. Karakaya [24] showed better osteointegration 
of implants in osteoporotic rats that received LASER therapy, and Scalize [53] showed that 
bone defects induced in the calvaria bone of osteoporotic rats were healing faster after 
being irradiated at least 3 sessions of LASER therapy with a fluency of at least 20J/cm2. In 
a study performed by Akyo [54] on diabetic rats with femoral-induced defects, LLLT ther-
apy increased bone mass compared to normal and diabetic non-irradiated specimens.  

LASER therapy is not the only form of physiotherapy that has been researched in bone 
healing. Several studies compared Ultrasound therapy to Low-Level LASER therapy in 
bone formation after osteotomy. In vivo studies on animals show that even though Ultra-
sound improves bone healing, but LLLT is superior [55,56]. 

 
IV. CONCLUSIONS 
LASER photobiomodulation could help increase patient functionality by establishing 

a more stable bone-implant contact after a fracture and reducing the risk of further dam-
age to the nearby structures through tissue stimulation. The effects of analgesia, edema 
and inflammation reduction observed through studies could increase patient comfort and 
could reduce the need for drug treatment. 

Even though LASER therapy seems to be beneficial in bone healing and implant osse-
ointegration, there is no consensus on protocol choice, mainly because the equipment used 
differs. The multitude of parameters could dissuade physicians from using photobiomod-
ulation on bone formation, but the protocols could be simplified by focusing on fluency 
(J/cm2), energy (J), number of sessions, and wavelength (nm) because other variables (sur-
face, time of exposure..etc) can be changed accordingly for each piece of equipment to 
achieve a similar protocol. 
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	There are a series of parameters that can help guide practitioners help manage different diseases. The multitude of parameters can be overwhelming thus leading to misunderstanding of different protocols.
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	5. Khadra M et al evaluated the osseointegration of coin-shaped Titanium implants in 12 rabbits that received 2 implants in each tibia. In the irradiation protocol used, the fluency was 23J/cm2 with a total energy tissue absorption of 270 J. The asses...
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	8.Massotti FP et al. studied the effect of LLLT on the peri-implant bone healing process in 24 rabbits that received Ti implants (with thread) after extraction of the left mandibular incisor through histomorphometry. The animals were placed into 3 gro...
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	11. Prado RFD et al. compared the osseointegration of dental implants with or without Cap (calcium phosphate) coating alone or in association with LLLT stimulation. The LASER beam was directed through the skin with a fluency of 16J/cm2 per session and...
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	II.2 The efficacy of Low-Level Laser Therapy in dental implant osseointegration in patients
	The effect of Low-level LASER therapy has been researched in peri-implantitis, peri-mucositis, and the osseointegration of implants in the human alveolar bone. Compared to in Vivo tests performed on rodents,  protocols used in Dental Medicine have eve...
	Table 2 Parameters – LASER therapy on Titanium stomatological implants in patients
	As seen in table 2, the wavelength used in the irradiation protocols varied from 630 nm to 980 nm. Power varied between 0.025 and 0.1 W. There were important differences in time of exposure per session ranging from 30 to 498 seconds. In dental researc...
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	4. The study conducted by Matys J et al in 2019 aimed to evaluate the stability(primary and secondary) and bone density in the peri-implant zone of 40 titanium implants placed in the posterior region of the mandible in 24 patients. Half of the patient...
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	III. Discussion
	The articles presented above show many differences between LASER protocols in studies performed either in vivo on rodents or human alveolar bone, but photobiomodulation seems to be beneficial as an osteointegration tool. The effects of LASER therapy w...
	Some of the studies performed on the osteointegration of Titanium implants in rodent bone have shown improvement only in the first few weeks after irradiation, but no significant differences later on, while others showed significant differences only a...
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	IV. CONCLUSIONS
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	Even though LASER therapy seems to be beneficial in bone healing and implant osseointegration, there is no consensus on protocol choice, mainly because the equipment used differs. The multitude of parameters could dissuade physicians from using photob...
	References
	1.  Compston JE, McClung MR, Leslie WD. Osteoporosis, Lancet, 2019 Jan 26, volume 393(10169), pp 364-376. doi: 10.1016/S0140-6736(18)32112-3..
	2. Mitchell SAT, Majuta LA, Mantyh PW. New Insights in Understanding and Treating Bone Fracture Pain. Curr Osteoporos Rep. 2018 Aug; volume 16(4), pp 325-332. doi: 10.1007/s11914-018-0446-8.
	3. Arceo-Mendoza RM, Camacho PM. Postmenopausal Osteoporosis: Latest Guidelines. Endocrinol Metab Clin North Am. 2021 Jun; volume 50(2), pp 167-178. doi: 10.1016/j.ecl.2021.03.009. PMID: 34023036.
	4. Aspray TJ, Hill TR. Osteoporosis and the Ageing Skeleton. Subcell Biochem, 2019; volume 91, pp 453-476. doi: 10.1007/978-981-13-3681-2_16.
	5. Escudero JSB, Perez MGB, de Oliveira Rosso MP, Buchaim DV, Pomini KT, Campos LMG, Audi M, Buchaim RL. Photobiomodulation therapy (PBMT) in bone repair: A systematic review. Injury, 2019 Nov, volume 50(11), pp 1853-1867. doi: 10.1016/j.injury.2019.0...
	6. Mussttafa RA, Jenkins DFL, Jha AN. Assessing the impact of low level laser therapy (LLLT) on biological systems: a review, International Journal of Radiation Biology, 2019 Feb; volume 95(2), pp 120-143. doi: 10.1080/09553002.2019.1524944.
	7. Zati A, Valent A. Laser therapy handbook, edizione Minerva Medica, 2008, pp 3-11
	8. Yeh SW, Hong CH, Shih MC, Tam KW, Huang YH, Kuan YC. Low-Level Laser Therapy for Fibromyalgia: A Systematic Review and Meta-Analysis, Pain Physician. 2019 May, volume 22(3), pp 241-254. PMID: 31151332
	9. Girgis B, Duarte JA. Physical therapy for tendinopathy: An umbrella review of systematic reviews and meta-analyses, Physical Therapy in Sport, 2020 Nov; volume 46, pp 30-46. doi: 10.1016/j.ptsp.2020.08.002.
	10. Martins RÁB, Sæbø H, Lund H, Fersum KV, Bjordal JM. Efficacy of low-level laser therapy on pain and disability in knee osteoarthritis: systematic review and meta-analysis of randomized placebo-controlled trials. BMJ Open. 2019 Oct 28, volume 9(10)...
	11. Ibarra AMC, Biasotto-Gonzalez DA, Kohatsu EYI, de Oliveira SSI, Bussadori SK, Tanganeli JPC. Photobiomodulation on trigeminal neuralgia: systematic review, Lasers in Medical Science, 2021 Jun; volume 36(4), pp 715-722. doi: 10.1007/s10103-020-0319...
	12. ElMeligie MM, Gbreel MI, Yehia RM, Hanafy AF. Clinical Efficacy of High-Intensity Laser Therapy on Lateral Epicondylitis Patients: A Systematic Review and Meta-analysis, American Journal of Physical Medicine and Rehabilitation, 2023 Jan 1, volume ...
	13. Franke TP, Koes BW, Geelen SJ, Huisstede BM. Do Patients With Carpal Tunnel Syndrome Benefit From Low-Level Laser Therapy? A Systematic Review of Randomized Controlled Trials, Arch Phys Med Rehabil. 2018 Aug, volume 99(8), pp 1650-1659.e15. doi: 1...
	14. White PF, Elvir-Lazo OL, Yumul R . Cold laser therapy for acute and chronic pain management: a comparison of low-level and high-intensity laser therapy devices Anesthesiol News, 2019, volume 13 , pp 65
	15. Cozadd AJ, Schroder LK, Switzer JA. Fracture Risk Assessment: An Update, J Bone Joint Surg Am,  2021 Jul 7; volume 103(13), pp 1238-1246. doi: 10.2106/JBJS.20.01071.
	16. Overmann AL, Aparicio C, Richards JT, Mutreja I, Fischer NG, Wade SM, Potter BK, Davis TA, Bechtold JE, Forsberg JA, Dey D. Orthopaedic osseointegration: Implantology and future directions, J Orthop Res. 2020 Jul, volume 38(7), pp 1445-1454. doi: ...
	17. Hanawa T. Biocompatibility of titanium from the viewpoint of its surface. Sci Technol Adv Mater. 2022 Aug 15, volume 23, pp 457-472. doi: 10.1080/14686996.2022.2106156.
	18. Popa C, Cândea V, Lucaciu D, Şimon V, Rotariu O, Ştiinţa Biomaterialelor, U.T.PRESS Cluj-Napoca, 2008, pp 121-166;.
	19. Zafar M, Farooq I, Awais M, Najeeb S, Khurshid Z, Zohaib S,Chapter 11 - Bioactive Surface Coatings for Enhancing Osseointegration of Dental Implants, In Woodhead Publishing Series in Biomaterials, Biomedical, Therapeutic and Clinical Applications ...
	20. Farivar S, Malekshahabi T, Shiari R. Biological effects of low level laser therapy. J Lasers Med Sci. 2014 Spring, volume 5(2), pp 58-62, PMID: 25653800, PMCID: PMC4291815.
	21. Sharma SK, Kharkwal GB, Sajo M, Huang YY, De Taboada L, McCarthy T, Hamblin MR. Dose response effects of 810 nm laser light on mouse primary cortical neurons. Lasers Surg Med. 2011 Sep; volume 43(8), pp 851-859. doi: 10.1002/lsm.21100.
	22. Wang, Y., Huang, Y.-Y., Wang, Y., Lyu, P., Hamblin, M.R., 2016. Photobiomodulation (blue and green light) encourages osteoblastic-differentiation of human adipose-derived stem cells: role of intracellular calcium and light-gated ionchannels. Scien...
	23. Hosseinpour S, Fekrazad R, Arany PR, Ye Q. Molecular impacts of photobiomodulation on bone regeneration: A systematic review. Prog Biophys Mol Biol. 2019 Dec; volume 149, pp 147-159. doi: 10.1016/j.pbiomolbio.2019.04.005.
	24. Karakaya M, Demirbaş AE. Effect of low-level laser therapy on osseointegration of titanium dental implants in ovariectomized rabbits: biomechanics and micro-CT analysis. Int J Implant Dent. 2020 Oct 12; volume 6(1), pp 61, doi: 10.1186/s40729-020-...
	25. Campanha BP, Clo´ vis Gallina, Geremia T, Loro RCD, Valiati R,  Hu¨ bler R, Gerhardt de Oliveira M, Low-Level Laser Therapy for Implants Without Initial Stability, Photomedicine and Laser Surgery, 2010, Volume 28, Number 3, , Pp. 365–369. DOI: 10....
	26. Gomes FV, Mayer L, Massotti FP, Baraldi CE, Ponzoni D, Webber JB, de Oliveira MG. Low-level laser therapy improves peri-implant bone formation: resonance frequency, electron microscopy, and stereology findings in a rabbit model. Int J Oral Maxillo...
	27. Goymen M, Isman E, Taner L, Kurkcu M. Histomorphometric evaluation of the effects of various diode lasers and force levels on orthodontic mini screw stability. Photomed Laser Surg. 2015 Jan; volume 33(1), pp 29-34. doi: 10.1089/pho.2014.3833. Erra...
	28. Khadra M, Rønold HJ, Lyngstadaas SP, Ellingsen JE, Haanaes HR. Low-level laser therapy stimulates bone-implant interaction: an experimental study in rabbits. Clin Oral Implants Res. 2004 Jun, volumea 15(3), pp 325-332. doi: 10.1111/j.1600-0501.200...
	29. Kim YD, Kim SS, Hwang DS, Kim SG, Kwon YH, Shin SH, Kim UK, Kim JR, Chung IK. Effect of low-level laser treatment after installation of dental titanium implant-immunohistochemical study of RANKL, RANK, OPG: an experimental study in rats. Lasers Su...
	30. Kim JR , Kim SH, Kim I-R , Bong-Soo Park B-S, Kim Y-D, Low-level laser therapy affects osseointegration in titanium implants: resonance frequency, removal torque, and histomorphometric analysis in rabbits, J Korean Assoc Oral Maxillofac Surg , 201...
	31. Massotti FP, Gomes FV, Mayer L, et al. Histomorphometric assessment of the influence of low-level laser therapy on peri-implant tissue healing in the rabbit mandible. Photomed Laser Surgery, 2015, volume 33(3), pp 123-128. doi:10.1089/pho.2014.3792
	32. Mayer, L., Gomes, F.V., de Oliveira, M.G. et al. Peri-implant osseointegration after low-level laser therapy: micro-computed tomography and resonance frequency analysis in an animal model. Lasers in Medical Science , 2016 , volume 31, pp 1789–1795...
	33. Omasa S, Motoyoshi M, Arai Y, Ejima K, Shimizu N. Low-level laser therapy enhances the stability of orthodontic mini-implants via bone formation related to BMP-2 expression in a rat model, Photomedicine and Laser Surgery, 2012 May, volume 30(5), p...
	34. Prado RFD, Ankha MDVEA, Bueno DAG, Santos ELS, Tini ÍRP, Ramos CJ, Spalding M, Vasconcellos LGO, Vasconcellos LMR. CaP Coating and Low-Level Laser Therapy to Stimulate Early Bone Formation and Improve Fixation of Rough Threaded Implants. Implant D...
	35. Primo BT, da Silva RC, Grossmann E, Miguens SA Jr, Hernandez PA, Silva AN Jr. Effect of surface roughness and low-level laser therapy on removal torque of implants placed in rat femurs. Journal of Oral Implantology, 2013 Oct; volume 39(5), pp 533-...
	36. de Vasconcellos LM, Barbara MA, Deco CP, Junqueira JC, do Prado RF, Anbinder AL, de Vasconcellos LG, Cairo CA, Carvalho YR. Healing of normal and osteopenic bone with titanium implant and low-level laser therapy (GaAlAs): a histomorphometric study...
	37. Lopes CB, Pinheiro AL, Sathaiah S, Da Silva NS, Salgado MA. Infrared laser photobiomodulation (lambda 830 nm) on bone tissue around dental implants: a Raman spectroscopy and scanning electronic microscopy study in rabbits. Photomedicine and Laser ...
	38. Arakeeb MAA, Zaky AA, Harhash TA, Salem WS, El-Mofty M. Effect of Combined Application of Growth Factors and Diode Laser Bio-Stimulation on the Osseo Integration of Dental Implants. Open Access Macedeonian Journal of Medical Sciences, 2019 Aug 12,...
	39. Flieger R, Gedrange T, Grzech-Leśniak K, Dominiak M, Matys J. Low-Level Laser Therapy with a 635 nm Diode Laser Affects Orthodontic Mini-Implants Stability: A Randomized Clinical Split-Mouth Trial, Journal of Clinical Medicine, 2019 Dec 31; volume...
	40. Gulati P, Kumar M, Issar G, Thakral A. Effect of low level laser therapy on crestal bone levels around dental implants-A pilot study. Clinical Implant Dentistry and Related Research,  2020 Dec, volume 22(6), pp 739-746. doi: 10.1111/cid.12957.
	41. Matys J, Świder K, Grzech-Leśniak K, Dominiak M, Romeo U. Photobiomodulation by a 635nm Diode Laser on Peri-Implant Bone: Primary and Secondary Stability and Bone Density Analysis-A Randomized Clinical Trial, Biomed Research International,  2019 A...
	42. Mikhail FF, El-Din M, Ibrahim T, Zekry K, Nemat A, Nasry S. Effect of Laser Therapy on the Osseointegration of Immediately Loaded Dental Implants in Patients under Vitamin C, Omega-3 and Calcium Therapy. Open Access Macedonian Journal of Medical S...
	43. Lobato RPB, Kinalski MA, Martins TM, Agostini BA, Bergoli CD, Dos Santos MBF. Influence of low-level laser therapy on implant stability in implants placed in fresh extraction sockets: A randomized clinical trial, Clinical Implant Dentistry and Rel...
	44. Matys J, Flieger R, Gedrange T, Janowicz K, Kempisty B, Grzech-Leśniak K, Dominiak M. Effect of 808 nm Semiconductor Laser on the Stability of Orthodontic Micro-Implants: A Split-Mouth Study. Materials (Basel). 2020 May 14; volume 13(10), pp 2265....
	45. Mehdiyev I, Gülsen U, Sentürk MF, Sayan NB. Radiographic Evaluation of Low-Level Laser Therapy-Enhanced Maxillary Sinus Augmentation with Simultaneous Dental Implant Placement. Ann Maxillofac Surg. 2019, volume 9(1), pp 48-52. doi: 10.4103/ams.ams...
	46. García-Morales JM, Tortamano-Neto P, Todescan FF, de Andrade JC Jr, Marotti J, Zezell DM. Stability of dental implants after irradiation with an 830-nm low-level laser: a double-blind randomized clinical study. Lasers Med Sci. 2012 Jul, volume 27(...
	47. Osman A, Moneim AA, El Harouni N, Shokry M, Long-term evaluation of the effect of low-level laser therapy on orthodontic miniscrew stability and peri-implant gingival condition: A randomized clinical trial, Journal of the World Federation of Ortho...
	48. Torkzaban P, Kasraei S, Torabi S, Farhadian M. Low-level laser therapy with 940 nm diode laser on stability of dental implants: a randomized controlled clinical trial, Lasers in Medical Sciences, 2018 Feb; volume 33(2), pp 287-293. doi: 10.1007/s1...
	49. Barbosa D, de Souza RA, Xavier M, da Silva FF, Arisawa EA, Villaverde AG. Effects of low-level laser therapy (LLLT) on bone repair in rats: optical densitometry analysis. Lasers in Medical Sciences, 2013 Feb; volume 28(2), pp 651-656. doi: 10.1007...
	50. Naka T, Yokose S, "Application of Laser-Induced Bone Therapy by Carbon Dioxide Laser Irradiation in Implant Therapy", International Journal of Dentistry, 2012, volume 2012. https://doi.org/10.1155/2012/409496
	51. Guzzardella GA, Fini M, Torricelli P, Giavaresi G, Giardino R. Laser stimulation on bone defect healing: an in vitro study. Lasers Med Sci. 2002; volume 17(3), pp 216-20. doi: 10.1007/s101030200031. PMID: 12181636.
	52. Kazem Shakouri S, Soleimanpour J, Salekzamani Y, Oskuie MR. Effect of low-level laser therapy on the fracture healing process. Lasers Med Sci. 2010 Jan; volume 25(1), pp 73-77. doi: 10.1007/s10103-009-0670-7.
	53. Scalize PH, de Sousa LG, Gonçalves LMN, Pitol DL, Palinkas M, Coppi AA, Righeti MA, Ricardo V, Bombonato-Prado KF, Regalo SCH, Siessere S. Low-level laser therapy enhances the number of osteocytes in calvaria bone defects of ovariectomized rats, A...
	54. Akyol UK, Güngörmüş M. Effect of biostimulation on healing of bone defects in diabetic rats. Photomed Laser Surg. 2010 Jun, volume 28(3), pp 411-416. doi: 10.1089/pho.2008.2478.
	55. Lirani-Galvão AP, Jorgetti V, da Silva OL. Comparative study of how low-level laser therapy and low-intensity pulsed ultrasound affect bone repair in rats. Photomedicine and Laser Surgery,  2006 Dec; , volume 24(6), pp 735-740. doi: 10.1089/pho.20...
	56. Medeiros MA, Nascimento LE, Lau TC, Mineiro AL, Pithon MM, Sant'Anna EF. Effects of laser vs ultrasound on bone healing after distraction osteogenesis: A histomorphometric analysis, Angle Orthodontist,  2015 Jul; volume 85(4), pp 555-561. doi: 10....

