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Abstract

19th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT 2022)

by Mae Fah Luang University 2-4 November 2022

 Osteoradionecrosis of the jaw is an incurable condition. Management of complete healing of the necrotic 
bone and clinical full mucosal coverage is challenging. Therefore, the prevention of osteoradionecrosis of the jaw 
is worth considering. There was some evidence of using laser therapy for preventing osteoradionecrosis of the 
jaw. The purpose of this systematic review was to evaluate the effectiveness of laser therapy in the prevention of 
osteoradionecrosis of the jaw. A systematic review was conducted on published articles in databases of MEDLINE, 
Embase, Cochrane Library, Scopus, Google Scholar and Thai-Journal Citation Index Center to identify the eligible  
studies to compare the effectiveness to prevent osteoradionecrosis of the jaw. The latest search date was 29 May 2022.  
The included studies were assessed with two independent reviewers by using the Cochrane Risk of Bias Tool for 
randomized controlled trials or the Joanna Briggs Institute critical appraisal for case reports. Then the data was 
extracted by using the Cochrane Handbook for Systematic Reviews of Interventions. The two reviewers were calibrated. 
The agreement of assessment between the reviewers was 90 %. There were 24 articles included by title and abstract. 
Five articles were discarded because of duplication. Of 19 articles, there were four studies; one randomized controlled 
trial and three case reports, that met the eligible criteria. The level of the bias was low risk. In conclusion, there was 
a possibility of using laser therapy immediately after extraction to prevent osteoradionecrosis of the jaw by gaining 
faster tissue coverage. The combinations of using laser therapies; photobiomodulation and photodynamic therapy with 
antibiotics or pentoxifylline and tocopherol or platelet-rich fibrin allowed favorable clinical outcomes in prevention 

of osteoradionecrosis of the jaw.
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Introduction
 It is a fact that 75% of head and neck cancer patients 

need radiation therapy either for primary or adjunctive 

therapy after surgical resection of the tumors.1 Subsequently,  

patients have to undertake dental extractions or other oral 

surgeries. There is a risk for the patient to develop osteo- 

radionecrosis of the jaw (ORNJ) which is one of the most 

unmanageable complications of radiation therapy for head 

and neck tumors.2
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Materials and Methods

 From the review by Marx et al. ORNJ is defined 

as an unhealed exposed bone for at least six months in 

the size of more than 1 cm2 in an area involving the field 

of radiotherapy.3  There was a systematic review and  

meta-analysis reporting the prevalence of ORNJ in the 

range of 5% to 15%.4 According to a review by Rice et al. 

more than 70% of ORNJ occurred within the first three years  

after cancer treatment including radiotherapy.5 ORNJ was 

commonly found in the mandible by comparison with 

the maxilla due to poor vascular supply and high bone 

density of the mandible.5 Several factors including primary 

tumor sites especially at the tongue and floor of the 

mouth, cancer staging, radiation dose, radiotherapeutic 

technique, oral condition, tooth extraction, smoking, drinking  

and nutritional status were able to increase susceptibility 

to developing ORNJ.6 The clinical presentations of ORNJ 

varied from an area of exposed bone intra-orally, cutaneous 

fistula, resorption of the inferior border of the mandible 

and pathological fracture.4 Once ORNJ has occurred, it is 

very challenging for the medical team to regain the form 

and function of the jaw to the patient.

 There have been several therapies used for 

treating ORNJ such as conservative treatments7, hyperbaric  

oxygen therapy (HBO), medications comprising pentoxi-

fylline, tocopherol and clodronate (PENTOCLO), surgery5 

and laser therapy.6 Regarding conservative treatments 

including oral hygiene care and antibiotics, 40% to 60% of 

patients improved by these treatments.7 From the meta-

analysis of Leesomprasong et al. hyperbaric oxygen therapy 

provided no statistically significant better healing of tissue 

coverage of the exposed bone when compared to the 

no treatment group.8 Although, PENTOCLO seemed to gain 

the efficacy of achieving clinical and radiographic remission 

of ORNJ, the result needed to be confirmed by prospective 

randomized studies.9 After surgical interventions such as 

radical resection and immediate well-vascularized tissue 

flap reconstruction, only 55 of the 108 patients were free 

from ORNJ.10 There was a report that proposed the benefit 

of laser therapy via photobiomodulation (PBM) and anti-

microbial photodynamic therapy (aPDT) .6 This is a novel  

treatment for ORNJ due to the prominent property of laser 

for promotion of wound healing. Laser therapy was used to 

control ORNJ because it was able to promote the healing 

of soft tissue coverage for exposed bone in the oral cavity.10 

 From the review as mentioned, the clinical 

outcome of treating ORNJ has been still unpredictable. 

Moreover, some procedures such as resection of the jaw 

and extensive surgery may compromise the quality of life 

of the patient. Therefore, we postulate that prevention 

is considered to be the best strategy for managing ORNJ.

Some interventions have been introduced for the 

prophylaxis of ORNJ such as hyperbaric oxygen therapy 

and PENTOCLO. From the systematic review, there was 

insufficient information to demonstrate that the use of 

hyperbaric oxygen therapy reduced the incidence of ORNJ.10  

Regarding the use of pentoxifylline and tocopherol, there 

was a systematic review suggesting a lower incidence of 

ORNJ in the patients receiving dental extractions following 

radiation therapy.11 However, both hyperbaric oxygen 

therapy and PENTOCLO have required a long treatment 

period and compliance from the patients at least 30 dives 

of HBO in one and a half month or nine weeks of taking 

pentoxifylline and tocopherol. The systematic review of 

El-Rabbany et al. reported the prevention of ORNJ by 

using platelet-rich plasma (PRP), fluoride gel and high 

content fluoride toothpaste, HBO and antibiotics. There 

has been no review on laser therapy preventing ORNJ.13 

 Regarding the properties of the laser, this therapy was  

able to increase cellular proliferation, stimulate protein synthesis, 

promote angiogenesis, and inhibit electrophysiological 

activity on the nerves.10 Laser therapy not only enhances 

wound healing but also relieves pain. Therefore, it is noted 

that laser therapy can be a good modality for the prevention 

of ORNJ. This systematic review was conducted with the 

aim to evaluate the effectiveness of laser therapy in the 

prevention of osteoradionecrosis of the jaw.

 The systematic review was conducted based 

on the assumption and methods as follows. 
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Objective:  Our objective for this systematic review was 

to evaluate the effectiveness of laser therapy used for 

preventing ORNJ. The main process of the systematic  

review provided by the Cochrane Handbook for Systematic 

Reviews of Interventions was followed.14 The assessment 

of the included article was based on the Cochrane Risk of 

Bias Tool for randomized controlled trials15 or the Joanna 

Briggs Institute (JBI) critical appraisal for case reports.16 

Eligibility criteria: The eligibility criteria were the following: 

 - Types of studies: The clinical studies or reports which  

had the goal to evaluate the effectiveness of laser therapy 

in the prevention of ORNJ in humans published from 2000 

to week 5, April 2022 were included. In addition, the studies 

or reports must be published in Thai or English language. 

 - Types of participants of the studies: The studies 

involved patients who had a history of radiation therapy 

in head and neck regions that required dental extractions 

or oral surgeries. The studies would be excluded from 

the systematic review if ORNJ existed before receiving the 

interventions. However, it was acceptable if ORNJ occurred 

on a different site from the area where the intervention 

would be done.

 - Types of interventions: The studies of interest 

would be the ones that used laser therapy to prevent 

ORNJ. Apart from that, the studies needed to provide 

laser parameters such as wavelength, power, and time. 

The interventions could be either given to patients before 

or after dental extractions or oral surgeries.

 - Types of outcome measures: The investigators of 

the studies had to evaluate the complete wound healing  

(defined as an absence of clinical signs and symptoms of 

ORNJ), complete mucosal coverage with no bony exposure, 

no pain and patient satisfaction. 

Search methods for the identification of studies. This 

systematic review was not registered. Our search strategy 

for this review was applied up to 29 May 2022, to the  

following electronic databases which was accessed 

through Khon Kaen University, namely, MEDLINE, Embase,

Cochrane Library, Scopus, Google Scholar, and Thai-Journal 

Citation Index Center (TCI). Once the articles were identified,  

the reference lists of the included articles were reviewed 

to identify articles that may have been missed in the search. 

Articles published in Thai and English were included. The 

keywords used in the search include (Laser therapy) AND 

(Osteoradionecrosis), (Photobiomodulation) AND (Oste-

oradionecrosis), (PBM) AND (ORN), (Laser therapy) AND 

(Osteoradionecrosis of the jaw), (Photobiomodulation) 

AND (Osteoradionecrosis of the jaw), กระด่กต�ย์ (in Thai), 

เลเซอร์ (in Thai). The exploration of the references of each 

article was also performed to include more studies.

Study selection and data extraction. Two reviewers  

(T.S. and S.T.) independently conducted study selection 

and data extraction. Before selecting publications, T.S. and 

S.T. calibrated the criteria of selection with S.S. Then each 

reviewer independently reviewed the titles and abstracts 

of the studies to include the eligible studies.  The data extraction 

form was designed with guidance from the Cochrane Handbook  

for Systematic Reviews of Interventions version 6.3.14 Disagree- 

ments were solved by discussion. The senior reviewer was 

involved when the disagreements remained uncleared. 

The following data was collected:- type of study, subject, 

control, intervention and outcome.

Assessment of risk of bias and certainty of evidence.  

The risk of bias was assessed in the selected studies by 

using either the Cochrane Risk of Bias Tool for randomized  

controlled trials15 or the Joanna Briggs Institute (JBI) critical 

appraisal for case reports.16 The calibration of applying 

these assessments was also conducted among the authors.  

Two reviewers (T.S. and S.T.) independently graded the 

studies into a “low”, “unclear”, or “high” risk of bias for 

the Cochrane Risk of Bias Tool15 and “Yes”, “No”, “Unclear”,  

or “Not applicable” for the JBI critical appraisal.16 The 

reviewers solved disagreements by seeking consensus or 

consultation with a senior reviewer (S.S.). GRADE system 

was used to assess the certainty of the evidence for the 

main outcome. The certainty of the evidence was classified 

as high, moderate, low, or very low.17-18

 According to the methods of conducting this  

systematic review, there were 24 articles from the electronic 

search and no related article from the reference search. 

Results



       Sombutsirinun et al., 2023 69

After the removal of duplicates, there were 19 articles. 

These articles were independently reviewed by 2 reviewers 

(T.S. and S.T.) in order to screen the titles and abstracts. 

Out of 19 articles, 14 were discarded because they did not 

meet the inclusion criteria. The 14 excluded articles were 

related to the treatments or management of ORNJ only 

and had no information about prevention. Furthermore,  

there was one article19 that the full paper could not be 

found. Finally, four articles20-23 that met the inclusion 

criteria were included in our systematic review. The number 

of articles per process of searching, screening and selection

is shown in Figure 1.

Figure 1 The flow chart of database searching, screening, and selection. There were 5 retrieved studies (Da silva et al. 2020, Magal 
 haes et al. 2020, Tateno RY et al. 2020, Franco T et al. 2017, Moreschi et al. 2016)
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 The included articles were one randomized controlled  

trial20 and three case reports.21-23 The agreement of assessment  

between the two reviewers was 90%. The results of the 

risk of bias assessment are shown in Figure 2. The study 

of Da silva et al. which was a randomized controlled trial 

study showed a low risk of bias overall. This study achieved 

a low risk of bias in four domains and some concern in the 

domain of selection of the reported result (Figure 2).

 The assessment of the case reports is shown in 

Figure 3. The evaluation of the case report of Magalhaes 

IA et al. was considered as low risk of bias as comprising 

5 yes, 2 unclear, and 1 not applicable. The case report of 

Tateno RY et al. had a low risk of bias due to achieving 6 

yes, 1 unclear, and 1 not applicable. The case report of 

Franco T et al. was evaluated as low risk of bias comprising 

7 yes and only one unclear.

 The certainty of evidence was only assessed from 

the included RCT (Table 10). It was a moderate certainty. 

The extracted data is shown in Table 2.
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Figure 2 The risk of bias of the randomized controlled trial evaluated by using Cochrane Risk of Bias Tool for randomized controlled trials 

Figure 3 The risk of bias of the case reports evaluated by using JBI critical appraisal for case reports

Table 1 Summary of findings: Laser therapy in prevention of osteoradionecrosis of the jaw (ORNJ)

Laser therapy in prevention of osteoradionecrosis of the jaw (ORNJ)

Patient or population: patients at risk of developing ORNJ
Setting: Hospital
Intervention: Laser therapy with antibiotics
Comparison: sham laser with antibiotics

Outcomes Anticipated absolute effects* 
(95% CI)

Relative 
effect

(95% CI)

No of 
participants

(studies)

Certainty of 
the evidence

(GRADE)

Comments

Risk with sham 
laser

Risk with Laser 
therapy

Incidence 
of ORNJ 
(mucosal 
coverage)

At day 14, laser therapy 
significantly improved mucosal cov-
erage 18/19 sites compared to 0/21 
in the control group (RR 0.053, 95%CI 
0.008 to 0.355, p<0.001). There is no 
difference in mucosal coverage on 
day 28.

Not 
estimable

40
(1 RCT) Moderatea

Laser therapy (PBMT) seems 
to speed up 
the epithelization of 
the extraction 
sockets compared to sham 
lasers.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI).
CI: confidence interval
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but 
there is a possibility that it is substantially different.
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
a. downgraded 1 level due to serious indirectness (both intervention and control groups were combined with antibiotics)
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 In the four included articles, it was found that 

the investigators used the following treatments for the 

prevention of ORN. 

 1. Photobiomodulation (PBM) and amoxicillin. 

The study of da Silva et al. compared the effectiveness 

of PBM using diode laser and amoxicillin in the prevention 

of ORNJ in patients submitted to dental extraction after 

head and neck radiation therapy.20 The patients were 

divided into two groups which were PBMT and sham-PBMT. 

The intervention group received PBM by using an 808 nm 

diode laser at 40mW, 100 J/cm2 and 70 seconds on days 

0, 7, 14, and 21. However, all patients received amoxicillin 

and surgical debridement to promote primary closure of 

the surgical site. The PBMT group showed faster mucosal 

healing (NNT = 1.056, CI95% = 0.954-1.181) and less post-

operative pain (NNT = 2.192, CI95% = 1.372-5.445) than the 

other group.

 2. Photobiomodulation, photodynamic therapy 

and antibiotics. 

 Magalhaes et al. reported on a 58-year-old male 

patient with a history of radiotherapy to the head and 

neck region exhibiting a periapical cyst and multiple root 

remnants.21 The PBMT using a 660 nm diode laser at 100 mW,  

35 J/cm2, 10 seconds was immediately irradiated after the 

surgical procedure. The patient also received three PBMT 

weekly for three weeks and one aPDT by using methylene 

blue as a photosensitizer and 660 nm at 100mW, 90 

seconds as an activator. In addition, 21 days of amoxicillin 

followed by seven days of clindamycin or metronidazole 

was prescribed. 0.12% chlorhexidine mouthwash was 

prescribed until the complete tissue coverage of the  

surgical wound. From 12 months of follow-up, there was 

no recurrence of ORNJ.

 Tateno RY et al. reported on a 62-year-old male 

patient with a history of squamous cell carcinoma at the 

base of the tongue undertaking radiation therapy for 35 

fractions of 2 Gy. After one year of cancer treatment,  he  

developed generalized radiation-induced dental caries. 

Thereby, the dentist performed full mouth extraction.22 

The total number of 17 teeth were removed under general 

anesthesia. Removing bone roughness and primary closure 

was achieved. Immediately after the surgical procedure, 

PBMT by using 660 and 880nm diode lasers at 100 mW, 

1 J/point together with aPDT by using methylene blue 

and red light 660 nm at 5 J/point were undertaken. The 

patient also received the combination of PBMT and aPDT  

once a week for 30 days. During the follow-up period of one 

year, there was no recurrence of bone necrosis or sequestration  

as well as infection. The patient was asymptomatic besides 

normal oral functions.

 3. Photobiomodulation, platelet-rich fibrin (PRF) 

and antibiotics Franco T et al. reported on a 16-year-old 

female patient who was sent to the dentist for extraction

of teeth 37,38 (mandibular left second and third molars) 

due to advanced external root resorption. She had a history 

of mucoepidermoid carcinoma at the left parotid gland 

and received conventional radiotherapy with a total dose 

of 70 Gy in 35 sessions five years ago.23 The medications 

including 0.12% chlorhexidine mouthwash, antibiotic 

(amoxicillin with clavulanic acid 875mg, twice a day), 

pentoxifylline (400mg, twice a day) and tocopherol (1000 

IU) once daily were prescribed. The patient took those 

medications one week prior to the surgery and continued 

the antibiotics for one week and pentoxifylline with to-

copherol for eight weeks. After the teeth were extracted, 

PRF membranes collected from the patient’s blood were 

placed in the sockets. After suturing, PBMT by using an 

808 nm diode laser at 100 mW, 0.0028 cm2, 2 J was irradiated.  

The extraction sockets were completely healed. The 

patient did not report any post-operative pain, edema, or 

any other significant side effects.

 Based on the assumption of our systematic review, 

only one randomized controlled trial met the criteria. The 

main result of this study showed that the mucosal healing 

of the group receiving PBM was faster than the other group 

which received sham PBM. It was noticed that both groups 

received amoxicillin.20 For the case reports21-23 showing 

favorable results, the combination of laser therapy either 

Discussion
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PBM or aPDT and antibiotic medications or pentoxifylline 

and tocopherol or PRF was employed. However, the duration  

and dose of antibiotics or pentoxifylline and tocopherol 

taken were not less than the routine protocol.

 Regarding the protocol of providing laser therapy 

in particular photobiomodulation, all of the studies started 

lasering the patients just immediately after the surgical 

procedure. According to the mechanism of photobiomodu-

lation which modulates tissue by regulating cellular activity 

and increasing microcirculation.24 We suggest that a pre-

session of photobiomodulation be considered for improving 

the quality of post-radiotherapy tissue before undertaking 

oral surgery intervention. The aPDT has an antimicrobial 

effect by producing reactive oxygen species.6 Furthermore, 

this mechanism does not cause bacterial resistance.6  We 

postulate that using aPDT may reduce the duration of 

antibiotic medication taken by the patients.

Strengths and limitations of this review

 This is the first systematic review evaluating the 

effectiveness of laser therapy in preventing ORNJ. However, 

meta-analysis cannot be performed because there is only 

one RCT that met the inclusion criteria. Before making 

a reliable conclusion, we emphasize that there is a need 

for a well-designed RCT to examine the preventive effect 

of laser therapy for ORNJ. 

Implications for practice

 There is limited evidence evaluating the effec-

tiveness of laser therapy alone to prevent ORNJ. However, 

there is no report of ORNJ and clinical complications after 

being treated with laser therapy. This study cannot conclude 

that laser therapy alone prevents ORNJ due to an insufficient  

number of included studies. With the medium certainty 

evidence, this study probably recommends that pre-session 

and post-session of laser therapies combined with antibiotics 

may prevent ORNJ and promote tissue coverage in the 

patients who underwent extraction. 

Implications for research

 We strongly recommend further clinical trials  

assessing the effectiveness of laser therapy alone or combining  

the treatment with other preventive modalities to prevent 

ORNJ. Not only the clinical outcomes should be evaluated 

but the patient satisfaction should be assessed among 

different preventive modalities of ORNJ.

 From this systematic review of which low risk of  

bias and moderate certainty of evidence, there was a 

possibility of using laser therapy immediately after extraction 

to prevent ORNJ by gaining faster tissue coverage. In the 

case reports, it was found some combinations of using 

laser therapies; photobiomodulation and photodynamic 

therapy with antibiotics or pentoxifylline and tocopherol 

or PRF. Using these combinations allowed favourable 

results in the prevention of ORNJ.
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