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Abstract

Background/purpose: Dental implantology involves different treatments that have been used in conjunction with
dental implant surgery to increase implant stability and bone regeneration process. Photobiomodulation( PBM) can
be one of these techniques. The objective of this study was to evaluate the bone density around implants.
Materials and methods: in this study, 10 individuals had 20 implants inserted in the posterior of their mandibles.
each patient received two implants the left side served as the control whereas the right side served as the study group
with a diode laser (same patients). measurements were made for each implant. Measurements were obtained using
cone-beam computed tomography (CBCT). Results: Cone beam computed tomography (CBCT)analysis found
statistically significant quotient differences between the study groups were discovered. (P = <0.001) had a better
degree of bone integration than the control group after 3 months of observation of different powers the best power
effect on bone density around the implant from group 1 is 50 mW while the best power in bone density around the
implant from group 2 is 4 W Conclusion: Effective osteogenesis promotion by photobiomodulation is possible; the
bone healing process was accelerated around implants by different powers of 650nm and 976nm of the laser's
photobiomodulation action.
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1. Introduction

A dental implant (also known as an end-osseous implant) has been used to substitute missing teeth for more
than 50 years. Modern dentistry aims to get the patient back to normal function., contour, comfort, esthetics,
speech, and health by replacing teeth with a prosthetic or treating a diseased tooth, a dental implant is a
significant development in dentistry as has improved greatly the success rate of replacing lost teeth (Warreth
et al,2017). Success in implant dentistry depends on several parameters that may improve the phenomenon
of osseointegration and new bone formation in close contact with the implant (Jani et al,2015).
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Implant stability is considered one of the most important factors affecting the healing and successful
osseointegration of dental implants (Ibraheem et al,2015). The stability of an implant is its ability to sustain
loads in axial, lateral, and rotational directions (Staedt et al,2020). Generally known to be "a measurement
of the difficulty of moving an item or system from equilibrium (Atsumi et al,2007). Secondary stability
results from osteointegration, a biological process, whereas primary stability is mechanical (Yoshiki Oshida
et al,2007). By coincidence, the Swedish orthopedist Branemark and his associates discovered
osseointegration the occurrence of bone integration with titanium in the 1960s. Consequently,
osseointegration includes the clinically asymptomatic, hard fixation of alloplastic materials, which is
maintained during functional loads (Dugum et al,2008).0Osseointegration is defined as the direct structural
and functional connection between both the titanium implant surface and the organized vital bone, which
can receive functional loads (Albrektsson et al,1981). This connection is characterized by forming a thin
layer of bone tissue around the implant, which becomes firmly attached to the implant over time without
fibrous tissue in between (Abdullah et al,2023).

The clinical success of dental implants is directed by the implant surface and bone cell responses that
promote rapid osseointegration and long-term stability (Turkyilmaz et al,2007). Implant stability is
considered one of the most important factors affecting the healing and successful bone healing of dental
implants (Heinemann F et al, 2015). Many attempts have been made in recent years to enhance implant
shape, design, materials, and processes to accelerate bone healing. process and implant density success
rates. treatment with PBM is a new technology that has been developed to the osseointegration surrounding
dental implants should be improved. Based on its capacity to stimulate the biochemical and molecular
processes involved in tissue repair, increased to promote the biochemical and molecular mechanisms
needed for tissue (Arakeeb et al,2019).

Laser light irradiation has been applied in the medical field and has biostimulatory effects on wound
healing, collagen synthesis, and fibroblast proliferation in addition, laser light appears to increase
mitochondrial respiration and adenosine triphosphate (ATP) synthesis (Avci P et al,2013). Furthermore, an
adequate method of measuring the effectiveness of primary stability and bone density is required. Since the
removal torque method and histomorphometry analysis measurements are invasive techniques (Matys et
al,2015). Additionally, it has been noted that cone-beam computed tomography (CBCT) offers
submillimeter isotropic voxels that enable precise measurements of bone density (error 0.1) (Matys et
al,2019). The method can be considered a preferential diagnostic tool for bone, density evaluation during
implant treatment as it provides qualitative and quantitative analysis (Matys et al,2015) (Dahiya et al,2018).
Noninvasive osseointegration assessment technologies include X-ray imaging, cone beam computed
tomography (CBCT), multislice computed tomography (CT), and micro-computed tomography (MCT)
(Arakeeb et al 2019). Some studies have reported that PBMT has the best result when compared with other
methods (Matys et al,2015) while other studies have reported no significant difference. This controversy
may be due to multiple factors, some related to laser parameters and others related to the incorrect diagnosis
of selected patients (Garcia-Morales et al,2012). Any implant procedure's success is influenced by several
patients- and procedure-related factors, including the patient's overall health the implant surface design, the
biocompatibility of the implant material, the surgical procedure, and the quantity and quality of the
surrounding bone (Parithimarkalaignan et al,2013).

The purpose of the study was to compare the effects of 650 and 976 nm diode lasers of varying powers
on bone density around implants using computed tomography (CBCT). Using OnDemand software, relative
bone density (RBD) was determined by placing a simulated implant at the inserted implant and adjusting it
to the same size and position, then measuring the relative bone density using the software's verification
tool.

2. Materials and method

The study was performed in line with the principles of the Declaration of Helsinki. Approval was granted
by the Institute of Laser for post-graduate studies.
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3. Design and Investigation of Nanowire Metasurface Grating Polarizer

Ten male patients (age: 30-50 years) with missing teeth for at least 6 months were randomly selected for
this study. Each patient had received two implants (neoabietic company), On both sides of the lower jaw.
According to the delayed implant placement protocol, the late insertion approach requires a 6- to 8-month
waiting period between tooth extraction and implant placement (Gallucci GO et al 2018). Each group
(divided into 2 groups Group 1(study group) 650nm (n=5, 10 implants), power used is 25 mW,50 mW,
75 mW,100 mW, and 200 mW on the right-side Time used 40 seconds, continuous emission mode and
group 2 (study group) treated with 975nm (n=5,10 implants) power used is 0.5W,1W,1.5W,2W,4W on the
right side. Time used 40 seconds, continuous emission mode. The left side of each group served as a control.

4. Diode Laser

The Woodpecker LX 16 diode laser used two wavelengths 650 nm and 976 nm, handpiece diameter:8mm,
output differentness power, spot area: 0.5024 cm?, continuous mode, time: 40 sec per point, 2 points
(irradiation on a buccal and a lingual side of the alveolus/implant). when the irradiance law is used
(irradiance = power/cm?). Inclusion Criteria: Patients ranged in age from 30 to 50; they were missing lower
posterior teeth; the working regions were edentulous for at least 6 months; and the investigation was
performed on the lower jaw's two-sided structure. is shown in Fig.1.

Fig. 1. The patient's lower jaw two-sided missed lower posterior teeth.

The groupl and group?2 (test) group’s implants were irradiated with the aluminum gallium arsenide (diode
laser) from Woodpecker Company according to the following protocol: immediately after the surgery and
3,5,7,9,11,13,15,17, and 19 days. Exclusion Criteria Patients with significant bone loss, diseases that slow
the healing process, such as diabetes and thyroid disease, females who could have hormonal changes that
might alter the research’s findings (Koszuta P et al 2015), and patients who get radiation or chemotherapy
are all excluded from the study.

5. Surgical phase

All patients had surgery under local anesthetic made up of 2% lidocaine and 1:100,000 epinephrine, both
provided by Novocol Pharmaceutical of Canada. Lower mandibular posterior left and right had a horizontal
mid-crestal incision made using a #15 Bard-Parker blade through the connected gingival and rather lingual
to the ridge's crest (3-4 mm to the crest), and the mucoperiosteal flap was bluntly dissected with a periosteal
elevator and performed exposed buccally and lingually by a reflection on the alveolar ridge's buccal side.
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Osteotomies were performed using a starting drill with a pilot hole of 2.0 mm, followed by further drills
directed by the manufacturer at a drilling speed of (800 rpm), then the implant was put in its position shown
in Fig.2. A Preoperative CBCT (Kavo OP 3D PRO, Biberach, Germany) was performed on the patients to
assess bone density using the OnDemand3DTM software (Cybermed Inc., Seoul, Korea) (Mello-Machado
et al., 2021). To examine the relative bone density around each implant, all patients in the two groups were
tested by CBCT on the first day after implant insertion, followed by another one month later, and finally
after three months. Relative bone density (RBD) was measured around the implants with OnDemand
software by placing a simulated implant at the implanted implant and adjusting to the identical size and
position, then measuring. The software's verification function was used to determine the relative bone
density as shown in Fig.3.

Fig. 3. Using the verification tool in the simulation, measuring the relative bone density surrounding
the simulated implants in On-Demand software.

Bone density (grayscale value) was measured at the two-sided around implant the implant of each patient.
The greyscale value for all subjects was measured by CBCT software in recent years (CBCT) and has grown
in acceptance in the dental field. Other studies discovered a strong correlation between the Hounsfield unit
calculated from CBCT voxel values and real parameters of bone density acquired from Micro-CT and multi-
slice CT, suggesting that CBCT may be used to measure bone density.

p  University of Baghdad Publishing, Institute of Laser for Postgraduate Studies

Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



https://ijl.uobaghdad.edu.iq/index.php/IJL

1JL, Issue 2, Vol. 22, " 56

6. Statistical analysis

ANOVA analysis was performed. repeated measure compared to the control concentration. Information
presented as mean SD. The letters (A, B, C, and D) are extremely significant beginning with the letter (A)
or (a), decreasing with the final one. The least significant difference (LSD) test was used to assess the
significant differences between the tested mean. Similar letters indicate that the tested means are not
significantly different from one another. Values of p>0.05 were considered statistically unimportant while
p<0.05 and <0.01,0.001 were considered extremely significant differences, significant differences
respectively. The statistical analysis was carried out by SPSS (v 20).

7. Results

Measurement was taken for bone density around the implant in the Hounsfield unit for (HU) each implant
between tested and controlled by On-Demand software immediately after implant placement, one month
and 3" month.

7.1 Bone density for the 650 nm group

The best result affected bone density around the implant in one day with a maximum mean value was
2112.96 HU. Following this, after one month of exposure to laser light at a wavelength of 650 nm, a power
of 50 (mW) was found to have the best effect on bone density. This was supported by a maximum mean
value of 1982.46 HU. When assessing the impact of laser wavelength on bone density over three months,
the analysis indicated that a power level of 50 mW had the most significant effect on bone density around
the implant area. This was evident through a mean value of 2134.52 HU. These findings are presented
comprehensively in Table 1 and visualized through Figure 4, providing a clear representation of the
influence of power levels and laser wavelength on bone density around implants.

Power of 650 nm light/0.001

2134.52

+ TIME 90 DY/50

2112.96 i
§2049.67 I TIME 90 DY/25
‘ 2010.83 )
1982.46 23 TIME 30 DY/50
| 1940.83 -
1909.28 29 TIME 30 DY/100
1866.36 =
1768.41 Bl TIME 30 DY/150
1768.11 ]
1650.31 B TIME 1DY/150
\ 1643.32 i
1609.48 TIME 1DY/100
‘ 1486.59 3
I 1297.18 ol TIME 1DY/25
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Fig. 4. Comparison of power levels and their effects on bone density were analyzed across various
study periods, focusing specifically on bone density around implants within Group 1.
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Table 1: Comparison powers on bone density between the different studied periods according to bone density
around implants of group 1.

Powers of 650 nm in

Bone density around

implant in HU with 650

Bone density around

implant in HU with

watt M control P VALUE
25 mean SD Mean SD
. C
Time 1day/25 129718 376.10 1856.73 1188.94 0.001
. B
Time 30 day/25 1866.36 826.58 1886.39 1247.12 NS
. A
Time 90 day/25 2049.67 823.69 2015.71 1254.99 NS
P value 0.001 NS
50 mean SD Mean SD P VALUE
. A B
Time 1day/50 2112.96 1311.34 1860.20 1259.48 0.001
. B C
Time 30 day/50 1982 46 1060.26 1638.83 956.65 0.001
. A A
Time 90 day/50 9134 52 1193.16 2007.37 1777.57 0.05
P value 0.001 0.001
75 mean SD Mean SD P VALUE
. C A
Time 1day/75 1486.59 1106.23 1909.28 1349.39 0.001
. A C
Time 30 day/75 1768.11 918.38 1599.37 592.58 0.001
. B B
Time 90 day/75 1643.32 694.22 1719.56 586.41 0.05
P value 0.001 0.001
100 mean SD Mean SD P VALUE
. C
Time 1dy/100 1609.48 1451.46 1645.35 1400.74 NS
. B
Time 30 day/100 1909.28 1349.39 1552.75 1277.01 0.001
. A
Time 90 day/100 2010.83 1247.75 1683.27 1277.11 0.001
P value 0.001 NS
150 mean SD Mean SD P VALUE
. C
Time 1day/150 1650.31 990.09 1683.49 961.60 -
. B
Time 30 day/150 1768.41 917.95 1751.48 875.43 -
. A
Time 90 day/150 1940.83 934.06 1737.33 746.72 -
P value 0.001 NS

Time: Time of measurement/ Day of implant placement.

*P value: calculated between the three times of measurement/LSD test was used to calculate the significant
differences between tested mean, the letters (A, B, and C) represented the levels of significant, highly significant
start from the letter (A) and decreasing with the last one. Similar letters mean there are no significant differences

between the tested mean. p <0.05 were considered significantly different.
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7.2 Bone density for the 976 nm group

In one day, the maximum recorded power mean value is 2112.96 Hounsfield Units (HU) was achieved at a
power of 1 watt. After one month, the most favorable power level for enhancing bone density in patients
exposed to laser light at a wavelength of 976 nm was 4 watts. At this power level, the average mean value
reached 2456.47 HU. The subsequent effective power level was 1 watt, resulting in an average bone density
of 2346.23 HU. After three months, the impact of laser wavelength on bone density was examined. The
most notable improvement in bone density around the implant site, with a maximum average of 2941.10
HU, was observed at a power level of 4 watts. Following closely was a power level of 1.5 watts, yielding
an average bone density of 2636.50 HU. These findings are detailed in Table 2 and illustrated in Fig. 5.

976nm Power/P value 0.001

2941.10 —_—
10 W — TIME 90 DY/4
2636.50 S TIME 90 DY/1.5
2569.34 )
2489.20 = TIME 90 DY/0.5
2456.47 1
2346.23 3| TIME 30 DY/1
2335.19 a
2294.05 91 TIME 30 DY/2
2215.80 D)
2112.96 % TIME 1DY/1
727.24
1162977.231 af TIME 10Y/4
s 60871 S TIME 10Y/0.5

3000.00 2500.00 2000.00 1500.00 1000.00 500.00  0.00

MEAN VALUE

Fig. 5. Comparison powers on bone density between the different studied periods
according to bone density around implants of group 2.

8. Discussion

Extrinsic bone healing stimuli, including those associated with the use of PBM, have been shown to
improve implant osseointegration and have a positive impact on the healing and attachment of titanium
implants (Blay et al,2016). Authors believe that the administered dose, or the proper energy density and
power, determines the metabolic changes carried about by PBM that stimulate tissue regeneration as well
as the proliferation and viability of reparatory cells (Fahimipour et al,2013). There is a lot of discussion
around the research studies that have looked at how PBM alters the process of bone regeneration, which
suggests that further studies are necessary to determine how PBM affects bone tissue (Favaro-Pipi et
al,2010). Our study aimed to determine the impact of the photo modulation on implant-bone density
following peri-implant soft tissue irradiation with a 650 nm and 976nm diode laser accounted for
significantly greater bone density after 3rd month in contrast to nonirradiated subjects. The main finding of
the study was the best power of 4Win laser 976nm bone density around the implant after one month and
3rd month Because, in the infrared region, the absorption rate is small, so in order to obtain the best result,
we increase power while in BDI the best power effect for the similar period the effect of 50 mW due to the
absorption rate is higher in the visible region, so we did not need a higher power until we get bone density.
The results of our study were in good agreement with (Matys et al,2019) found improved bone density, in
the red to the near-infrared spectrum (600-1500nm), Thus, the energy can be absorbed by the soft tissue
and bone.
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Table 2: Comparison powers on bone density between the different studied periods according to bone density
around implants of group 2

Bone density around

976 nm powers in implant in HU with 976

Bone density around

watt nm implant in HU control P value
0.5 mean SD Mean SD
. C C
Time 1day/0.5 608.71 597.70 1083.26 160.71 0.001
. B B
Time 30 day/0.5 9915.80 402.05 1873.44 827.97 0.001
. A A
Time 90 day/0.5 2489.20 472.09 1936.09 806.62 0.001
P value 0.001 0.001
1 mean SD Mean SD P value
. C C
Time 1day/1 9112.96 1311.34 1723.70 1452.52 0.001
. B B
Time 30 day/1 9346.23 691.10 2059.83 1552.04 0.001
. A A
Time 90 day/1 2675.76 812.27 213784 1521.12 0.001
P value 0.001 0.001
1.5 mean SD Mean SD P value
. C C
Time 1day/1.5 1727 24 1102.44 1768.11 918.38 NS
. B B
Time 30 day/1.5 9335.19 507.12 1999.37 1158.26 0.001
. A A
Time 90 day/1.5 2636.50 372.65 2156.87 1225.07 0.001
P value 0.001 0.001
2 mean SD Mean SD P value
. C C
Time 1day/2 1560.82 528.99 1965.48 1462.40 0.05
. B B
Time 30 day/2 999405 192.71 206151 1553.90 0.001
. A A
Time 90 day/2 9569.34 248.99 2138.68 1511.16 0.001
P value 0.001 0.001
4 mean SD Mean SD P value
. C C
Time 1day/4 1697 31 1158.91 2007.00 1119.29 0.001
. B B
Time 30 day/4 2456.47 633.45 2138.37 1043.29 0.001
. A A
Time 90 day/4 294110 673.94 2960.88 1061.60 0.001
P value 0.001 0.001
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PBM also encourages nondifferentiated mesenchymal cells to differentiate into osteoblasts, which turn into
osteocytes more quickly, and acts as an inducer factor that enhances vascularization has an anti-
inflammatory impact, and enhances collagen synthesis, thus enhancing the bone healing process (Lopes et
al,2005).The results from (Lopes et al,2005) support this study. Who concluded that PBM encourages
improved bone regeneration around dental implants. On the other side, numerous studies have shown that
PBM has no benefits and may even have negative consequences on osseointegration, (Pereira et al). This
controversy may be attributed to many factors such as selected wavelength, high dose or very low dose,
irradiation time, spot size, improper diagnosis, and the number of session treatments (Herranz-Aparicio J
et al 2013). To overcome this problem a proper adjustment to power density is needed Within a specific
relationship between dose and output power, PBM energy was discovered to have a favorable effect on
bone regeneration.

9. Conclusion

Despite the limitations of this study, it can be concluded that photobiomodulation can significantly enhance
bone healing around dental implants.

Author Contributions

All authors have contributed to the study’s conception and design. The manuscript was written by [Zahraa
A. Alameri]. Also, data collection and analysis were performed by [Zahraa A. Alameri]. Material
preparation was performed by [Hussein A. Jawad]. All authors have read and approved the final manuscript
before submission.

Acknowledgments

The authors would like to thank the Woodpecker company for its support with sensor equipment.

References

Abdullah, Zainab Saleh, Mustafa Shaker Mahmood, Faiza Mohammed Ali Abdul-Ameer, and Abdalbseet Ahmad
Fatalla. (2023)."Effect of commercially pure titanium implant coated with calcium carbonate and nanohydroxyapatite
mixture on osseointegration." Journal of Medicine and Life., 16 (1): 52.

Albrektsson, T., P-l. Branemark, H-A. Hansson, and J. Lindstrém. (1981)."Osseointegrated titanium implants:
requirements for ensuring a long-lasting, direct bone-to-implant anchorage in man." Acta Orthopaedica
Scandinavica., 52 (2): 155-170.

Arakeeb, Mohamed Ali Ali, Ahmed Abbas Zaky, Tarek Abdel-Hamid Harhash, Walid S. Salem, and Mohamed ElI-
Mofty. (2019."Effect of combined application of growth factors and diode laser bio-stimulation on the osseo
integration of dental implants." Open Access Macedonian Journal of Medical Sciences., 7(15): 2520.

Atsumi, Mihoko, Sang-hoon Park, and Hom-Lay Wang. (2007)."Methods used to assess implant stability: current
status.” International Journal of Oral & Maxillofacial Implants., 22(5):743-54.

Avci P, Gupta A, Sadasivam M, Vecchio D, Pam Z, Pam N, Hamblin MR. (2013).“Low-level laser (light) therapy
(LLLT) in skin: stimulating, healing, restoring”. InSeminars in cutaneous medicine and surgery”., 32(1): 41-52.

Blay, Alberto, Claudia C. Blay, Samy Tunchel, Sergio Alexandre Gehrke, Jamil Awad Shibli, Eduardo B. Groth, and
Denise M. Zezell. (2016)."Effects of a low-intensity laser on dental implant osseointegration: Removal torque and
resonance frequency analysis in rabbits." Journal of Oral Implantology., 42(4): 316-320.

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies

Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



https://ijl.uobaghdad.edu.iq/index.php/IJL
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=24049929

IJL, Issue 2, Vol. 22,

Dahiya, Kirti, Narendra Kumar, Pankaj Bajaj, Avdesh Sharma, Rohan Sikka, and Sagar Dahiya. (2018). "Qualitative
Assessment of Reliability of Cone-beam Computed Tomography inevaluating Bone Density at Posterior Mandibular
Implant Site." The Journal of Contemporary Dental Practice., 19 (4): 426-430.

Duqum, lbrahim Salim. (2008)."A Comparative study on the effect of Integrin subunits Beta one and Beta 3 on
Osteoblast Implant interactions.”

Fahimipour, Farahnaz, Mina Mahdian, Behzad Houshmand, Mohammad Asnaashari, Alireza Naser Sadrabadi, Seid
Emadadin Najafi Farashah, Seid Mohsen Mousavifard, and Arash Khojasteh. (2013)."The effect of He-Ne and Ga-
Al-As laser light on the healing of hard palate mucosa of mice." Lasers in medical science., 28: 93-100.

Favaro-Pipi, Elaine, Suellen Maurin Feitosa, Daniel Araki Ribeiro, Paulo Bossini, Poliani Oliveira, Nivaldo A.
Parizotto, and Ana Claudia Muniz Renno. (2010)."Comparative study of the effects of low-intensity pulsed ultrasound
and low-level laser therapy on bone defects in tibias of rats." Lasers in medical science., 25: 727-732.

Gallucci GO, Hamilton A, Zhou W, Buser D, Chen S. (2018). “Implant placement and loading protocols in partially
edentulous patients: A systematic review”. Clinical oral implants research., 29:106-34.

Garcia-Morales, Joelle Marie, Pedro Tortamano-Neto, Francisco Fernando Todescan, José Carlos Silva de Andrade,
Juliana Marotti, and Denise Maria Zezell. (2012)."Stability of dental implants after irradiation with an 830-nm low-
level laser: a double-blind randomized clinical study." Lasers in medical science., 27: 703-711.

Heinemann F, Hasan I, Bourauel C, Biffar R, Mundt T.(2015).”Bone stability around dental implants: Treatment
related factors”. Annals of Anatomy-Anatomischer Anzeiger.,199:3-8.

Herranz-Aparicio J, Vazquez-Delgado E, Arnabat-Dominguez J, Espafia-Tost A, Gay-Escoda C. The use of low level
laser therapy in the treatment of temporomandibular joint disorders. Review of the literature. Medicina oral, patologia
oral y cirugia bucal. 2013 Jul;18(4):e603.

Ibraheem, Noor S., and Sahar S. Al-Adili. (2015)."Assessment of dental implant stability during healing period and
determination of the factors that affect implant stability by means of resonance frequency analysis (Clinical
study)." Journal of Baghdad College of Dentistry., 27(3): 109-115.

Jani, Ghasak H., Shatha S. Al-Ameer, and Salam N. Jawad. (2015). "Histological and histomorphometric analysis of
strontium chloride coated commercially pure titanium implant compared with hydroxyapatite coating." Journal of
Baghdad College of Dentistry., 27(1): 26-31.

Koszuta P, Grafka A, Koszuta A, Lopucki M, Szymanska J. (2015).”Effects of selected factors on the osseointegration
of dental implants”. Menopause Review/Przeglad Menopauzalny.,14(3):184-7.

Lopes, Cibelle B., Antdnio LB Pinheiro, Sokki Sathaiah, Janaina Duarte, and Maria Cristinamartins. (2005). "Infrared
laser light reduces loading time of dental implants: a Raman spectroscopic study.” Photomedicine and Laser
Therapy., 23(1): 27-31.

Mandi¢, Borka, Zoran Lazié, Aleksa Markovi¢, Bojan Mandi¢, Miska Mandi¢, Ana Dini¢, and Biljana Mili¢i¢. (2015).
"Influence of postoperative low-level laser therapy on the osseointegration of self-tapping implants in the posterior
maxilla: a 6-week split-mouth clinical study." VVojnosanitetski pregled.,72 (3): 233-240.

Matys, Jacek, Katarzyna Swider, Kinga Grzech-Lesniak, Marzena Dominiak, and Umberto Romeo.
(2019)."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: 2785302.

Matys, Jacek, Rafat Flieger, and Marzena Dominiak. (2017). "Effect of diode lasers with wavelength of 445 and 980
nm on a temperature rise when uncovering implants for second stage surgery: An ex-vivo study in pigs." Advances in
Clinical and Experimental Medicine., 26 (4): 687-693.

Mello-Machado RC, de Almeida Barros Mourao CF, Javid K, Ferreira HT, Montemezzi P, Calasans-Maia MD, Senna
PM. (2021).” Clinical assessment of dental implants placed in low-quality bone sites prepared for the healing chamber
with osseodensification concept: A double-blind, randomized clinical trial”. Applied Sciences.,11(2):640.

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies

Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



https://ijl.uobaghdad.edu.iq/index.php/IJL

IJL, Issue 2, Vol. 22,

Parithimarkalaignan S., and T.V. Padmanabhan.(2013)."Osseointegration: an update.” The Journal of Indian
Prosthodontic Society, 13(1): 2-6.

Pereira, Cecilia Luiz, Enilson Antdnio Sallum, Francisco Humberto Nociti Jr, and Roger William Fernandes Moreira.
(2009)."The effect of low-intensity laser therapy on bone healing around titanium implants: a histometric study in
rabbits." International Journal of Oral & Maxillofacial Implants, 24(1).

Staedt, Henning, Peer W. Kédmmerer, Elisabeth Goetze, Daniel GE Thiem, Bilal Al-Nawas, and Diana Heimes.
(2020)."Implant primary stability depending on protocol and insertion mode—An ex
vivo study." International Journal of Implant Dentistry, 6(1): 1-9.

Turkyilmaz, 1., T. F. T6zim, and C. Tumer. (2007)."Bone density assessments of oral implant sites using computerized
tomography." Journal of oral rehabilitation, 34(4): 267-272.

Warreth, Abdulhadi, Najia Ibieyou, Ronan Bernard O'Leary, Matteo Cremonese, and Mohammed Abdulrahim.
(2017)."Dental implants: An overview." Dental Update, 44(7): 596-620.

Yoshiki Oshida. "Osseointegration and bioscience of implant surfaces-current concepts at bone-implant
interface.” Implant Dentistry-A Rapidly Evolving Practice, 978-953 (2011): 307-658.

Zein, Randa, Wayne Selting, and Stefano Benedicenti. (2017). "Effect of low-level laser therapy on bone regeneration
during osseointegration and bone graft.” Photomedicine and laser surgery, 35(12): 649-658.

s A2 )5 J o alliad) alidl) Gadad B ) 3all) il ga (e (ulidia ¢l gha 48 61 ga
A e A e A S
Nga o pean @I 2 £l R

é‘)a_“ ¢Aary calazy daals ‘L}S’J\ LL\LH:\JJH )).\.U\ SPE 9N

zahraa.abdulrazag12021a@ilps.uobaghdad.edu.iq : bl s ySIY1a pall*

DAY
)il 33l 3 Gl de ) ) dal e e cain ) i Lgaladiiad 25 ddliae ciladle Ll de ) ) ) Gaalii s ad) / 410

A 5 A jall 38 (e Cingd) S LiEl 038 2af (PBM) (o8 saall el 0 5S5 0f (g alliad) spaas Alas 5 3 2l
s gl J g allael) 48US

O e Gy ye JS A 0 i1 5 puliad i) Glal (e A e el A je 20 JWA) a3 ¢ Al jall o388 2§ skl g 3] gall
el al o (ol (i) 200 )l aladiuly Al jall de seneS Gal) el Jee Lot oSl Aliay IS ual) sl
(CBCT) 4xha s saall A jall 53 s saall oadaiall gl alasiinly i@l e J gaadl o5 A e JS) luld

Gle gana (o dralall 3 dilas) AV GIb 35,58 (CBCT) Abs_dadl A ally adadall jy geaill Jidat aa g oilidl)
Al 5 g8l ddandle (e el 3 ey Aadliall de ganall (e Juail alie JalS5 a0 Lal (S (P = <0.001) Al Al
albaall 8US 85 8 Juadl (ff (ps 3 dal laae 50 .52 1 Ae senall (e d il Jsa pldaed) AES e 280 s Juadl
& ¢ (San gl (5 al) il sk (e Jladl) alaall (0S5 3 a1 AuadAd Lol 54 8 2 e senall (e A il Jsa
@3l il dae e Jia sl 976 5 siesili 650 (e ddlide (5 8 Al sy Sl 2l Jsa allaall lad dlae a jus
BPRIIE

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies

Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



https://ijl.uobaghdad.edu.iq/index.php/IJL
mailto:zahraa.abdulrazaq12021a@ilps.uobaghdad.edu.iq

