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Abstract
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Aim: To evaluate the impact in terms of benefit of adjunctive photobiomodulation (PBM) therapy associated with laser and LED ir-
radiance on the management of periodontitis.

Background: The pathogenesis of periodontitis has been well represented in peer reviewed publications and is accepted as a com-
plex interaction of multiple factorial agents. The challenge in delivering applicable therapy requires that these factors should be rec-
ognised and incorporated within the ultimate choice of therapy. Photobiomodulation therapy, developed through the use of photonic 
energy in many medical and surgical disciplines, has been shown to have predictable and ultimately beneficial adjunctive effects. 
There is a logical synergy to be evaluated wherein photobiomodulation together with contemporary periodontal treatment may 
result in an enhanced clinical outcome.

Methods: This discussion paper is presented to offer an overview of the potential benefits of photobiomodulation, as referenced 
through a number of peer reviewed publications.

Discussion: The relative benefit and adjunctive use of photobiomodulation therapy and the role played in periodontal treatment 
may be evaluated and quantified through analysis of the many proven effects of the treatment modality. Identification of the host 
inflammatory response to the microbial challenge in periodontitis can be matched to the proven effects of PBM at cellular and tissue 
molecular level.

Conclusion: The extent of this discussion paper is to provide an introduction and overview to the discerning clinician and should 
promote the further evaluation through controlled well designed clinical trials of this potentially useful clinical modality.

Introduction
Periodontal disease is a complex multifactorial condition and achieving resolution can be difficult in high susceptibility patients with 

a gene based inherent heightened immunological response to pathogens [1,2]. In addition, due to the sophisticated biodynamics of a viru-
lent pathogenic biofilm, once formed, it can be very difficult to eradicate [3]. Conventional approaches have limitations and the require-
ment for an initial intensive and meticulous intervention combined with a life-long commitment to re-care is an issue for many patients 
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[4]. Consequent to post therapy inflammation and dentinal sensitivity, there can be reduced patient compliance and sadly some patients 
even prefer to permit the onward progression of the disease rather than tolerate treatment. Given the expanded and evolving evidence 
base associating chronic periodontal infections with systemic health issues, combined with the increased resistance of many periodontal 
pathogens to antibiotics, it is becoming increasingly evident that new approaches to intervention and care are required [5-8].

Photobiomodulation (PBM)

Lasers generically have many intrinsic interesting and useful properties. For instance, there is the potential for producing different 
results depending on dose. Laser tissue interaction can range in product from biochemical and biophysical promotion of healing and the 
selective suppression of the inflammatory cytokine cascade through to surgical ablation of diseased tissues and the photothermal de-
struction of pathogens [9-11]. Therapeutic low intensity laser and light emitting diode (LED) irradiation is termed photobiomodulation 
(PBM) and this type of treatment has been suggested as an adjunctive measure in the management of periodontitis [12,13]. Based on in 
vitro, animal and some human studies PBM has been found to have the capacity to modify the cytokine cascade away from a reactive pro 
inflammatory locally destructive process to an anti-inflammatory cycle [14]. In addition, PBM has been found to have a significant effect 
on the quality of healing [11] and may optimise the biological capacity for tissue regeneration plus laser treatments can be a useful ad-
junct to the management of dentinal sensitivity [15] as well as mitigate pain associated with surgical interventions [10].

PBM using lasers or LED light sources is an accepted evidence based therapy for a number of medical conditions including muscu-
loskeletal pain and rheumatoid arthritis [16]. Also, it is an effective management strategy to reduce the incidence and severity of the 
very painful ulceration (oral mucositis) associated with head and neck radiotherapy and cancer chemotherapy [17]. In addition, there 
is a growing evidence base demonstrating clinical benefits for the PBM treatment and resolution of a wide variety of inflammatory and 
immunologically related oral medicine issues including aphthous ulceration, burning mouth syndrome, xerostomia and lichen planus 
amongst others [18]. Furthermore, PBM has been found to offer considerable promise as an adjunct to periodontal gingival surgery [19]. 

Advocates for low intensity laser therapy propose that by use of a so called photoceutical, there may be a reduced need for costly drugs, 
with a negligible risk for the potential systemic complications of conventional chemotherapy such as allergy, drug interactions or immu-
nosuppression [20,21]. Furthermore, based on extensive in vitro and animal models of wound healing there are histological, genomic and 
proteomic studies plus many interesting models of PBM therapy, for example, in the acceleration of orthodontic tooth movement, that 
clearly demonstrate a positive effect in the production of matrix materials as well as in other aspects of healing, repair and regeneration 
[22,23]. There are some intriguing clinical studies that support the use of PBM therapy as an analgesic in orthodontics as well as in restor-
ative dentistry, and in a number of systematic reviews, PBM is an effective measure in treating dentinal sensitivity [24].

PBM therapy has been found to have profound and deep reaching effects in many cellular sub systems and the potential for the thera-
peutic application of the same has attracted interest to clinicians seeking a novel approach to managing periodontitis. Gupta., et al. con-
ducted a comparative outcome study between periodontal flap surgery using an erbium chromium YSGG laser and a conventional scalpel 
approach [25]. This interesting study showed a small statistically significant difference in the clinical outcome indices of around 0.5 mm 
gain in clinical attachments levels favouring the conventional approach. Perhaps far more significantly the authors commented on the 
very marked differentials in patient acceptance of the procedures as the laser approach was associated with a considerable reduction in 
post-operative pain and sensitivity compared to the conventional scalpel approach.

As identified by Chambrone., et al. studies on outcome in periodontology tend to focus on indications of statistical significance in peri-
odontal indices such as pocket depths and clinical attachment loss where perhaps the subtle difference in outcome is of suspect clinical 
significance [26]. The important issues of patient comfort as well as the long-term stability of the outcome tend to be neglected as metrics 
of outcome.
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The mechanisms of PBM have undergone many investigations and it would appear to operate on many different planes. Depending on 
dose it is possible to achieve a good anti-inflammatory and analgesic action [27,28], and due to attenuation of the delivery beam simulta-
neously improve the biological capacity of the wound bed to achieve optimal healing [11]. Furthermore, the systemic benefits associated 
with the adjunctive use of lasers and light photo-therapy has been proposed as a possible mechanism for both reducing risk and affecting 
patient morbidity [20].

Red to near infrared wavelengths of coherent laser light have the potential for optical penetration into tissues, up to 3 - 5 cm in depth 
[29,30]. Consequent to the selective absorption of the applied photonic energy by cellular organelles and sub structures, including the cell 
membrane, as well as cupric-ferrous containing protein clusters, low levels of LED and laser energy trigger a range of anti-inflammatory 
and pro-healing regulatory events. There are marked changes in cellular physiology which can result in the manufacture and release of 
extracellular signals including nitric oxide and tissue growth factors such as tissue growth factor B1(TGF-β1) and vascular endothelial 
growth factor (VEGF) [31,32]. Nitric oxide is a vasodilator which helps enhance the availability of the peripheral circulation as well as 
improve lymphatic drainage [33,34]. TGFβ1 is associated with an increase in the formation of secondary dentine and VEGF promotes the 
growth of new blood vessels at a wound site.

In addition, there are highly significant changes in gene transcription factors that positively affect the rate of mitosis as well as the 
manufacture of other matrix materials such as collagen and bone [35-37]. Furthermore, there is a major step difference in the manufac-
ture of ATP resulting in a highly energized and more stress resilient cell in an aerobic cycle of metabolism. 

The resultant effects of PBM are wide ranging from vasodilatation and analgesia, improved lymphatic drainage and angiogenesis, to the 
activation and inactivation of specific cytokines which are central to the inflammatory, healing and regeneration sequence associated with 
wound resolution. Exposure to the correct dose of low level of laser energy can have a profound anti-inflammatory effect due to the up 
regulation of specific antagonists to interleukin-1β and tissue necrosing factor- alpha (TNF-α). These are key pro-inflammatory cytokines 
which in turn stimulate the release of prostaglandin E2 (PGE2) and modulate the transcription factors for nuclear factor κappa B which on 
exposure to PBM results in reduced osteoclast activation [38-40]. 

The downstream effects of PBM therapy include an increase in the numbers of osteoblasts and fibroblasts, a more active immune re-
sponse to infection and the selective inhibition of PGE-2 production by cyclooxygenase-2 (COX-2) as well as the selective apoptosis of pro 
inflammatory cells [41].

Due to the potential for enhanced healing and reduced inflammation plus the ability to modulate the key cytokines involved in the 
destructive processes of periodontitis there are some clinical studies exploring the potential benefits of PBM in the management of peri-
odontitis. Studies by Aykol., et al. and Qadri., et al. measured a statistically significant improvement in probing pocket depths, clinical 
attachment loss and gingival inflammation in test groups treated with the low level Diode laser at a dose in the range 2-5J/cm2 [42,43]. 
in vitro and in vivo animal studies demonstrate that there are effects on the expression of interleukins viz. IL-1, IL-6, IL-8 and TNF-α, all 
of which are suppressed by PBM. In consequence, PBM could prove of value in promoting healing and reducing inflammation as well as 
alleviating post-operative pain. The clinical studies of Aykol and Qadri however show only a small improvement in clinical parameters and 
the adjunctive value of this interesting treatment strategy have yet to be proven.

The potential for lasers to modulate the cytokine cascade towards an anti-inflammatory pathway was the subject of an interesting 
paper by Pesevska., et al. in a human histology study. The outcome clearly demonstrated a marked reduction in TNF-α in human papillae 
biopsies post laser irradiation. TNF-α is a key cytokine involved in the destructive histopathological sequence that cumulates in bone loss 
[39].

Pesevska., et al. used 80 patients in a parallel study divided into four groups. The measured clinical parameters were taken by two cali-
brated blinded periodontists and the choice of subjects, for excisional papilla biopsy, were randomly assigned. The results demonstrated 
a highly statistically significant change in TNF-α in the laser test subjects. The test group given a series of ten daily Diode laser treatments 
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achieved the optimum results. The positive outcome of the therapy is very promising; however, this is a short-term study. The researchers 
in this elegant study set out well defined boundaries with good scientific controls and a clear idea of the test subject. The laser parameters 
are presented in a well presented table and there is sufficient information to permit later researchers to either repeat the study or use 
the template for further investigations.

Turning this interesting study into something clinically applicable however takes some careful consideration. TNF-α forms in response 
to lipopolysaccharide (LPS) stimulating a cell mediated immune response to a bacterial challenge. If there is a failure to eliminate the 
bacterial challenge, then the intervention with the laser is bound to fail. There would in this event be at best a short-term effect, as more 
TNF-α is manufactured in response to a continued or recurrent bacterial challenge. To translate this reported adjunctive use of PBM 
therapy to a treatment protocol with a demonstrable long-term clinical gain has yet to be determined. 

In a more recent study Pesevska used a similar model of human papilla biopsies employing genomic and proteomic analyses to in-
vestigate the effects of the application of low levels of near infrared (NIR) lasers to COX-2 activity. The outcome clearly demonstrated the 
suppression of COX-2 activation [41]. This outcome is further supported by in vitro studies that similarly describe the suppression by NIR 
exposure of the activation and production of other pro inflammatory markers including IL-1 and IL-6.

The expanded knowledge base on the physiology and biochemistry of the inflammatory cascade and its modulating factors have 
opened the possibility of additional clinical pathways to explore in the search for further effective tools to eliminate inflammation and the 
associated destructive sequence in the periodontium.

The potential benefits of photo medicine via laser biomodulation are presently one of the aspects of laser use which are attracting a 
high level of current interest within the dental laser community [44-46]. To date however, the merits of the periodontal use of lasers in 
this respect has been shown to be only of marginal and temporary clinical benefit. Perhaps in conjunction with stem cell research and the 
selective use of tissue growth factors, PBM is an area which may in the fullness of time evolve into a routine clinical measure.

Future Trends
Current efforts to incorporate photomedicine into periodontal care are attempts to capitalise on the existing evidence base that shows 

the potential for some improvements in clinical indices and a reduction in the histochemical markers associated with inflammation. Al-
though there are many anecdotal clinical reports of positive clinical outcomes, the evidence base of this approach currently is weak and 
in need of further studies. In recognition of the proven potential for phototherapy in reducing inflammation, promoting healing as well 
as reducing pain and post-operative sensitivity the adjunctive incorporation of photomedicine into periodontology offers considerable 
merit. The challenge remains however of establishing agreed evidence based clinical protocols. 

Notwithstanding the high quality and volume of in vitro and animal model research, PBM therapy in periodontology can only be 
viewed at present as indicative to the potential for human clinical gains pending suitable well designed blinded controlled clinical trials.

Conclusion
The extent of this discussion paper is to provide an introduction and overview to the discerning clinician and should promote the fur-

ther evaluation through controlled well designed clinical trials of this potentially useful clinical modality.

Bibliography

1. Axelsson P. “Diagnosis and Risk Prediction of Periodontal Diseases”. Quintessence Pub Inc. (2002). 

2. Axelsson P. “Minimally Invasive Treatment, arrest and Control of Periodontal Disease”. Quintessence Pub. Inc. (2009).

3. Socransky S and Haffajee A. “Periodontal microbial ecology”. Periodontology 2000 38 (2005):135-187. 

https://www.ncbi.nlm.nih.gov/pubmed/15853940


Citation: Mark Cronshaw., et al. “Photobiomodulation Therapy and Periodontitis: A Discussion Paper”. EC Dental Science 18.8 (2019): 
1791-1797.

Photobiomodulation Therapy and Periodontitis: A Discussion Paper

1795

4. Cobb CM. “Non-Surgical Pocket Therapy: Mechanical”. Annals of Periodontology 1.1 (1996): 443-490. 

5. Otomo-Corgel J., et al. “State of the science: chronic periodontitis and systemic health”. Journal of Evidence-Based Dental Practice 12.3 
(2012): 20-28. 

6. Ardila CM., et al. “Antibiotic resistance of subgingival species in chronic periodontitis patients”. Journal of Periodontal Research 45.4 
(2010): 557-563. 

7. Komatsu Y., et al. “Effects of Erbium doped: Yttrium Aluminum Garnet (Er:YAG) Laser on Bacteremia due to Scaling and Root Planing”. 
Lasers in Medical Science 3.4 (2012): 175-184.

8. Assaf M., et al. “Effect of the Diode laser on bacteremia associated with dental ultrasonic scaling: a clinical and microbiological study”. 
Photomedicine and Laser Surgery 25.4 (2007): 250-256.

9. “Lasers in Dentistry- Current Concepts”. Ed. D Coluzzi and S Parker. Springer (2017). 

10. Hahm E., et al. “Targeting the pain, inflammation and immune (P11) axis: plausible rationale for PBM”. Photonics and Lasers in Medi-
cine (2012).

11. Khan I and Arany P. “Biophysical approaches for oral wound healing: emphasis on photo biomodulation”. Advances in Wound Care 
4.12 (2015): 724-737.

12. Mills MP., et al. “American Academy of Periodontology best evidence consensus statement on the efficacy of laser therapy used alone 
or as an adjunct to non-surgical and surgical treatment of periodontitis and peri-implant diseases”. Journal of Periodontology 89.7 
(2018): 737-742.

13. Mizutani K., et al. “Lasers in minimally invasive periodontal and peri-implant therapy”. Periodontology 2000 71.1 (2016): 185-212.

14. Choi H., et al. “Inflammatory cytokines are suppressed by light-emitting diode irradiation of P. gingivalis LPS-treated human gingival 
fibroblasts”. Laboratory Information Management Systems 27.2 (2012): 459-467.

15. Sgolastra F., et al. “Lasers for the treatment of dentin hypersensitivity: a meta-analysis”. Journal of Dental Research 92.6 (2013): 492-
499.

16. Haslerud S., et al. “The efficacy of Low Level Laser Therapy as an adjunct therapy in shoulder tendinopathy: a systematic review and 
meta-analysis”. Physiotherapy 20.2 (2015): 108-125.

17. Lalla R., et al. “MASCC/ICOO clinical practice guidelines for the management of mucositis secondary to cancer therapy”. Cancer 120.10 
(2014):1453-1461.

18. Rahman SU., et al. “Learning from clinical phenotypes: low dose biophotonics therapies in oral diseases”. Oral Diseases 24.1-2 (2018): 
261-276.

19. Ozcelik O., et al. “Improved wound healing by low level laser irradiation after gingivectomy operations: a controlled clinical pilot 
study”. Journal of Clinical Periodontology 35.3 (2008): 250-254. 

20. Hamblin M., et al. “Photobiomodulation and cancer: what is the truth?”. Photomedicine and Laser Surgery 36.5 (2018): 241-245.

21. Arany P. “Healing Tumours with Light: Science Fiction or the Future of Medicine”. Photomedicine and Laser Surgery 36.5 (2018): 227-
229.

https://www.ncbi.nlm.nih.gov/pubmed/9118268
https://www.ncbi.nlm.nih.gov/pubmed/23040337
https://www.ncbi.nlm.nih.gov/pubmed/23040337
https://www.ncbi.nlm.nih.gov/pubmed/20546113
https://www.ncbi.nlm.nih.gov/pubmed/20546113
http://journals.sbmu.ac.ir/jlms/article/view/3353
http://journals.sbmu.ac.ir/jlms/article/view/3353
https://www.ncbi.nlm.nih.gov/pubmed/17803380
https://www.ncbi.nlm.nih.gov/pubmed/17803380
https://www.ncbi.nlm.nih.gov/pubmed/26634185
https://www.ncbi.nlm.nih.gov/pubmed/26634185
https://www.ncbi.nlm.nih.gov/pubmed/29693260
https://www.ncbi.nlm.nih.gov/pubmed/29693260
https://www.ncbi.nlm.nih.gov/pubmed/29693260
https://www.ncbi.nlm.nih.gov/pubmed/27045437
https://www.ncbi.nlm.nih.gov/pubmed/21814735
https://www.ncbi.nlm.nih.gov/pubmed/21814735
https://www.ncbi.nlm.nih.gov/pubmed/23609160
https://www.ncbi.nlm.nih.gov/pubmed/23609160
https://www.ncbi.nlm.nih.gov/pubmed/25450903
https://www.ncbi.nlm.nih.gov/pubmed/25450903
https://www.ncbi.nlm.nih.gov/pubmed/24615748
https://www.ncbi.nlm.nih.gov/pubmed/24615748
https://www.ncbi.nlm.nih.gov/pubmed/29480614
https://www.ncbi.nlm.nih.gov/pubmed/29480614
https://www.ncbi.nlm.nih.gov/pubmed/18269665
https://www.ncbi.nlm.nih.gov/pubmed/18269665
https://www.ncbi.nlm.nih.gov/pubmed/29466089
https://www.researchgate.net/publication/324957432_Healing_Tumors_with_Light_Science_Fiction_or_the_Future_of_Medicine
https://www.researchgate.net/publication/324957432_Healing_Tumors_with_Light_Science_Fiction_or_the_Future_of_Medicine


Citation: Mark Cronshaw., et al. “Photobiomodulation Therapy and Periodontitis: A Discussion Paper”. EC Dental Science 18.8 (2019): 
1791-1797.

Photobiomodulation Therapy and Periodontitis: A Discussion Paper

1796

22. Cronshaw MA. “Photobiomodulation Concepts within Orthodontics”. In Lasers in Dentistry- Current Concepts. Ed. D Coluzzi and S 
Parker”. Springer (2017): 262-275. 

23. Sonesson M., et al. “Efficacy of low-level laser therapy in accelerating tooth movement, preventing relapse and managing acute pain 
during orthodontic treatment in humans: a systematic review”. BMC Oral Health 17 (2017): 11. 

24. Machado AC., et al. “Is photobiomodulation (PBM) effective for the treatment of dentin hypersensitivity? A systematic review”. Lasers 
in Medical Science 33.4 (2018): 745-753.

25. Gupta M., et al. “Comparison of periodontal open flap debridement versus closed debridement with Er,Cr:YSGG laser”. Australian 
Dental Journal 58.1 (2013): 41-49. 

26. Chambrone L and Armitage GC. “Statistical significance versus clinical relevance in periodontal research: implications for clinical 
practice”. Journal of Periodontal Research 87.6 (2016): 613-616.

27. Poli R and Parker S. “Achieving dental analgesia with the erbium chromium yttrium gallium garnet laser (2780nm) A protocol for 
painless conservative treatment”. Photomedicine and Laser Surgery 33.7 (2015): 364-371. 

28. Polonsky M., et al. “Review of possible predictors for pain perception with class 1-5 cavity preparations using Er, Cr: YSGG laser: a 
retrospective clinical in vivo study”. Lasers in Dental Science 1.1 (2017): 9-21.

29. Niemz M. “Laser tissue interactions”. 3rd edition. Springer, (2007). 

30. Steiner R. “Laser tissue interactions”. In: Laser and IPL Technology in Dermatology and Aesthetic Medicine”. Springer (2011). 

31. Tang E., et al. “Laser-activated TGF-β1 induces Human β-Defensin 2: Implications for Laser Therapies for Periodontitis and Peri-
implantitis”. Journal of Periodontal Research 52.3 (2017): 360-367.

32. Fortuna T., et al. “Biomodulatory potential of low-level laser on neoangiogenesis and remodeling tissue. A literature review”. Journal 
of Dentistry and Public Health 9.1 (2018): 95-103.

33. Buravlev E., et al. “Are the mitochondrial respiratory complexes blocked by NO the target for the laser and LED therapy?”. Lasers in 
Medical Science 30.1 (2015):173-180. 

34. Baxter GD., et al. “Low level laser therapy (Photobiomodulation therapy) for breast cancer-related lymphedema: a systematic re-
view”. BMC Cancer 17.1 (2017): 833.

35. Haxsen V., et al. “Relevance of laser irradiance threshold in the induction of alkaline phosphatase in human osteoblast cultures”. La-
sers in Medical Science 23.4 (2008): 381-384.

36. Kessler G., et al. “Platelet derived growth factor secretion and bone healing after Er:YAG laser bone irradiation”. Journal of Oral Im-
plantology 37 (2011): 195-204.

37. Hosseinpour S., et al. “Molecular impacts of photobiomodulation on bone regeneration: A systematic review”. Progress in Biophysics 
and Molecular Biology (2019).

38. Safavai SM., et al. “Effects of low level He-Ne laser irradiation on the gene expression of IL-1β, TNF-α, TGF-β, bFGF and PDGF in rats 
gingiva”. Lasers in Medical Science 23.3 (2008): 331-335.

39. Pesevska S., et al. “Effect of laser on TNF-alpha expression in inflamed human gingival tissue”. Lasers in Medical Science 27.2 (2012): 
377-381. 

https://www.ncbi.nlm.nih.gov/pubmed/29204915
https://www.ncbi.nlm.nih.gov/pubmed/29204915
https://www.ncbi.nlm.nih.gov/pubmed/23441791
https://www.ncbi.nlm.nih.gov/pubmed/23441791
https://www.ncbi.nlm.nih.gov/pubmed/26751344
https://www.ncbi.nlm.nih.gov/pubmed/26751344
https://www.ncbi.nlm.nih.gov/pubmed/26154724
https://www.ncbi.nlm.nih.gov/pubmed/26154724
https://link.springer.com/article/10.1007/s41547-017-0001-4
https://link.springer.com/article/10.1007/s41547-017-0001-4
https://www.ncbi.nlm.nih.gov/pubmed/27396269
https://www.ncbi.nlm.nih.gov/pubmed/27396269
https://www.researchgate.net/publication/323670148_BIOMODULATORY_POTENTIAL_OF_LOW-LEVEL_LASER_ON_NEOANGIOGENESIS_AND_REMODELING_TISSUE_A_LITERATURE_REVIEW
https://www.researchgate.net/publication/323670148_BIOMODULATORY_POTENTIAL_OF_LOW-LEVEL_LASER_ON_NEOANGIOGENESIS_AND_REMODELING_TISSUE_A_LITERATURE_REVIEW
https://www.ncbi.nlm.nih.gov/pubmed/25118663
https://www.ncbi.nlm.nih.gov/pubmed/25118663
https://www.ncbi.nlm.nih.gov/pubmed/29216916
https://www.ncbi.nlm.nih.gov/pubmed/29216916
https://www.ncbi.nlm.nih.gov/pubmed/17972010
https://www.ncbi.nlm.nih.gov/pubmed/17972010
https://www.ncbi.nlm.nih.gov/pubmed/20594059
https://www.ncbi.nlm.nih.gov/pubmed/20594059
https://www.ncbi.nlm.nih.gov/pubmed/31002851
https://www.ncbi.nlm.nih.gov/pubmed/31002851
https://www.ncbi.nlm.nih.gov/pubmed/17786499
https://www.ncbi.nlm.nih.gov/pubmed/17786499
https://www.ncbi.nlm.nih.gov/pubmed/21380536
https://www.ncbi.nlm.nih.gov/pubmed/21380536


Citation: Mark Cronshaw., et al. “Photobiomodulation Therapy and Periodontitis: A Discussion Paper”. EC Dental Science 18.8 (2019): 
1791-1797.

Photobiomodulation Therapy and Periodontitis: A Discussion Paper

1797

40. Sakurai Y., et al. “Inhibitory effects of low level laser irradiation on LPS stimulated prostaglandin E2 production and cyclooxygenase 
2 in human gingival fibroblasts”. European Journal of Oral Sciences 108.1 (2000): 29-34.

41. Pesevska S., et al. “The effect of lowlevel diode lasers on COX-2 gene expression in chronic periodontitis patients”. Lasers in Medical 
Science 32.7 (2017): 1463-1468.

42. Aykol G., et al. “The Effect of Low evel Laser Therapy as an Adjunct to Non Surgical Periodontal Treatment”. Journal of Periodontology 
82.3 (2011): 481-488. 

43. Qadri T., et al. “The shortterm effects of low-level lasers as adjunct therapy in the treatment of periodontal inflammation”. Journal of 
Clinical Periodontology 32.7 (2005): 714-719.

44. Parker S., et al. “Systematic Review of Delivery Parameters used in Dental Photobiomodulation Therapy”. Accepted for publication 
Photobiomodulation, Photomedicine, and Laser Surgery. (2019).

45. Cronshaw M., et al. “Pain, Inflammation and Infection: A Daily Challenge in Every Clinical Practice; Role for Lasers?” EC Dental Science 
18.6 (2019): 1352-1353.

46. Cronshaw M., et al. “Systematic Review of Orthodontic Treatment Management with Photobiomodulation Therapy”. Accepted for 
publication Photobiomodulation, Photomedicine, and Laser Surgery. (2019).

Volume 18 Issue 8 August 2019
©All rights reserved by Mark Cronshaw., et al.

https://www.ncbi.nlm.nih.gov/pubmed/10706474
https://www.ncbi.nlm.nih.gov/pubmed/10706474
https://www.ncbi.nlm.nih.gov/pubmed/28523391
https://www.ncbi.nlm.nih.gov/pubmed/28523391
https://www.ncbi.nlm.nih.gov/pubmed/20932157
https://www.ncbi.nlm.nih.gov/pubmed/20932157
https://www.ncbi.nlm.nih.gov/pubmed/15966876
https://www.ncbi.nlm.nih.gov/pubmed/15966876
https://www.ecronicon.com/ecde/pdf/ECDE-18-01025.pdf
https://www.ecronicon.com/ecde/pdf/ECDE-18-01025.pdf

	_GoBack

