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Abstract

The annual incidence of head and neck cancers worldwide is more than half a million cases. 85% of these patients are to receive

radiation treatment. Bisphosphonates (BP) are nowadays a common choice of therapy for osteoporosis and other skeletal related
conditions. Of the most severe oral complications of radiotherapy and BP therapy is osteonecrosis of the jaw (ONJ). ONJ is an
alarming medical condition, that can be very painful, deteriorate patients’ everyday life and, if not timely diagnosed, may demand
extended surgical treatment, as both radiation and BP affects the activity of osteoclasts and osteoblasts and also damages blood
vessels.

Endodontic therapy has an important role in these patients’ dental management. At the pretreatment phase, root canal
treatment is needed to be performed to teeth with pulpal inflammation or necrosis, or apical periodontitis, in order to prevent
the complication of flare-up of periapical lesions. At the post-treatment phase, endodontic therapy is the treatment of choice
for inflammation of odontogenic origin, especially when extraction poses a high risk of osteonecrosis. Additionally, the clinician
should be aware of the precautions needed to be addressed, in order to perform endodontic treatment safely to these patients.
A recommended protocol is presented and discussed herein, concerning these cases, based on individualized manifestation of

complications.

Bisphosphonates

Keywords: Endodontic Treatment, Osteonecrosis, Osseonecrosis, Prevention, Treatment Protocol, Radiation Therapy,

Introduction:

The annual incidence of head and neck cancers worldwide is
more than 550.000 cases [Web Reference 1]. According to Cancer
Research UK, up to 85% of these patients receive radiation
treatment. Oral complications of radiotherapy can compromise
patients’ health and quality of life or even affect and postpone
their cancer treatment. The most severe complication is
osteoradionecrosis, or most commonly referred as osseonecrosis
or osteonecrosis. Osteonecrosis of the jaw (ONJ) is an alarming
medical condition, that can be very painful, deteriorate patients’
everyday life and, if not timely diagnosed, may demand extended
surgical treatment.

ONlJisalsoassociated with antiresorptive medicationsincluding

bisphosphonates such as alendronate, risedronate, ibandronate,
zoledronic acid and denosumab [1]. Bisphosphonates (BP

are the drugs of choice for patients suffering from osteopenia,
osteoporosis, Paget's disease, multiple myeloma and bone
metastases. Since their appearance more than 50 years ago, their
use has been increased exponentially [2].

Malignant-suffering patients have started to become a more
frequent encounter in everyday dental practice. Thorough
medical and dental history is essential in these cases [Web
Reference 2]. The clinician should be aware of the details of the
disease, along with the type, time and duration of treatment (and
medication administrated), in order to prepare the appropriate
treatment plan [3].

Unfortunately, not all patients are informed that dental
evaluation (and possible treatment) is mandatory before this
kind of treatments, while about 80% of patients who are about
to receive radiation need some kind of dental care [4]. After
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radiation and BP medication, invasive dental treatments or ever
oral infections alone can cause osteonecrosis.

Endodontic therapy has an important role in these patients’
dental management. At the pretreatment phase, root canal
treatment is needed to be performed to teeth with pulpal
inflammation or necrosis, or apical periodontitis, in order to
prevent the complication of flare-up of periapical lesions. At the
post-treatment phase, endodontic therapy is the treatment of
choice for inflammation of odontogenic origin, especially when
extraction poses a high risk of osteonecrosis [5]. Additionally,
the clinician should be aware of the precautions needed to be
addressed, in order to perform endodontic treatment safely
to these patients. A recommended protocol is presented and
discussed herein, concerning these cases, based on individualized
manifestation of complications.

Osteoradionecrosis

Oral complications occurin all patients receiving head and neck
radiation and include oral mucositis, xerostomia, taste alterations
and functional disabilities (Web Reference 2). Radiation can
also cause radiation caries, trismus, osteoradionecrosis (ORN)
and affect the pulpal microcirculation. The changes of pulpal
microcirculation can lead to negative response to pulp tests
but this is temporary. The circulation can be normal about 5
months after radiation and thus the clinician should take that
into consideration before making any decisions for treatment
[6,7]. From the above complications, xerostomia and ORN have
the worse impact in patients’ quality of life [8]. Xerostomia is
caused from salivary gland dysfunction, a common side effect of
radiotherapy [8]. Patients usually recover from xerostomia but it
can last up to 2 years [9]. Severe xerostomia, combined with the
susceptibility of hard tissues to demineralization after radiation,
causes rapidly progressing post-radiation caries [10]. This type of
caries often starts from labial cervical areas and soon it extends
and encircles the tooth. It can also affect smooth surfaces like
anterior teeth which is not common for typical caries thanks to
continuous flow of saliva [10].

In 1983, Marx defined Osteoradionecrosis (ORN) as “an area
larger than 1 cm of exposed bone in a field of irradiation that
failed to show any evidence of healing for at least 6 months” [11].
Radiation affects the activity of osteoclasts and osteoblasts and
also damages blood vessels. These two aforementioned actions
combined have a negative impact in repairing and healing ability
of the bone. Marx Staging system of ORN is the most common
today. The risk of ORN depends on many factors such as radiation
dose, radiation technique, tumor location and oral hygiene [12].
The prevalence varies in the literature and ranges from 0,4% to
56% [13].

A group of drugs, the family of bisphosphonates, can also
cause osteonecrosis, as they suppress the metabolism rate of
bone modelling/remodelling. Those drugs are prescribed for
treatment of osteoporosis and specific types of cancer that
cause bone damage. For patients who receive this medication,
bisphosphonate — related osteonecrosis of the jaw (BRONJ) is
an uncommon but serious oral complication [14]. According
to American Society for Bone and Mineral Research, BRONJ is
defined as an exposed area of the bone in the upper or lower jaw,
in the maxillofacial region, which does not recover within 8 weeks
after diagnosis in a patient taking a BP, who has not received
radiation therapy in the maxillofacial region. In 2014, American

Association of Oral and Maxillofacial Surgeons proposed the
term medication-related osteonecrosis of the jaw (MRONJ) in
order to accommodate the growing number of osteonecrosis
cases involving the maxilla and mandible associated with other
antiresorptive (denosumab) and antiangiogenic therapies. MRONJ
is highly associated with intra venous (IV) bisphosphonates
whereas oral BP cause BRONJ in about 4% of the cases [15]. The
prevalence of this complication varies from 0-28% [16]. The risk of
BRONJ depends on several factors such as type of BP, frequency
of use and therapy duration. 64% of BRONJ are triggered from
extractions and trauma. Moreover, periodontitis accompanies
84% of BRONJ cases [17]. BRONJ can be asymptomatic for a long
time or cause symptoms like tooth mobility, ulcer, swelling and
paresthesia [17].

The above symptoms can appear before the alveolar bone
gets exposed [16]. The appearance of symptoms before BRONJ
diagnosis can lead the clinician to false diagnosis of odontogenic
pain and thus extractions. In those cases, healing will not occur
after normal healing period.

Preventive Treatment:

The time period between diagnosis and starting of therapy
or medication is usually short. Ideally, the preventive dental
treatment should start at least one month before the beginning
of radiation or BP treatment because that time period is enough
for oral evaluation and recovery after invasive dental treatment
[Web Reference 3]. The healing period of periapical lesions can
last from 6 months to 4 years [18]. Periapical healing cannot
be confirmed one-month post-op and as it is discussed below,
extraction is recommended in cases of periapical disease.
Apart from the recommended dental treatments, it cannot be
highlighted enough that this effort will lead to desirable results
only when combined with proper education of oral hygiene.

The clinician should form a treatment plan before radiation
or BP treatment starts. A common dilemma is whether to
endodontically treat or extract teeth with severe caries.
According to Schiodt’s model [19], prior to radiation therapy,
teeth with deep caries (nonreparable), root caries > % of root
circumference, internal or external resorption and pulpal
combined with periapical disease should be extracted because
of their high dental risk factor (DRF). According to Bruins, DRF
is defined as “dental disease unrelated to cancer therapy that
directly and/or indirectly increases the risk for oral complications
of cancer therapy” [20]. Schiodt also takes into consideration for
the treatment plan conditions associated with a high malignancy-
related risk factor. The clinician’s goal should always be to
prevent the appearance of oral inflammation after radiation or
BP treatment. At the pretreatment period it is also important
for the dentist to combine recommended protocols with clinical
judgement. For example, in a case of severely poor oral hygiene,
the treatment plan may be more aggressive.

In the pretreatment phase, it is essential to check the vitality
of all teeth but also be able to differentiate the necrotic pulp from
the stressed pulp syndrome in order to avoid unnecessary root
canal treatments. According to Abou-Rass, “the term “stressed
pulp” describes a vital dental pulp that has been subjected to
repeated damage, including operative trauma, accidents, or
other pathologic changes” [21]. The clinician should keep in mind
that the stressed pulp condition may be asymptomatic but after
crown preparation or failed restorations, it can lead to diseased
and necrotic pulp [21].
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The clinician should also be able to evaluate the existing
endodontic treatments. Endodontically treated teeth without
periapical lesion should be followed-up every 6 months. In cases
of periapical lesion, the clinician should evaluate the quality of
treatment and previous radiographs. If the quality of treatment
is adequate and it is apparent from previous radiographs that
the lesion is healing or healed with scar tissue, there is no need
for retreatment or extraction as these cases are not considered
dental conditions with high DRF [19].

In any other case, when the treatment is inadequate and
unsuccessful, retreatment or extraction should be considered.
The final treatment plan is affected by remaining time until
radiation or BP treatment begins. Unfortunately, in most cases
patients seek dental evaluation just before their treatment starts
and so root canal retreatment and waiting for healing is not an
option.

Recommended Protocol for Endodontic Therapy
Before Endodontic Treatment:

Communication with patient’s physician is essential before
any treatment plan. Medical history should include type, time
and duration of medication with details and sometimes this
information cannot be provided by the patient. Informed consent
is also necessary. Diagnostic periapical x-rays may be challenging
in cases of severe trismus. Smaller sizes of films which are usually
used for children can be useful.

Antibiotic Prophylaxis:

According to a 2017 position statement of AAE, clinician
should decide whether or not to prescribe antibiotic prophylaxis
prior to surgical procedures in patients at a significant risk for
medication-related osteonecrosis of the jaw depending on his
judgement and consultation of patient’s physician [22]. Similarly,
in an ESE position statement, prophylaxis is proposed for patients
who receive |V bisphosphonates prior to endodontic surgery and
for irradiated patients prior to nonsurgical endodontic treatment
[23]. Although it is clear that all patients after radiation of head
and neck should receive antibiotic prophylaxis before endodontic
treatment, guidelines for patients receiving BP medication are
unclear. Several authors propose antibiotic prophylaxis in the
following cases: necrotic infected pulps in patients receiving IV
BP treatment and in patients treated with oral BP medication for
more than 3 years [14,24].

Preparation for Treatment:

Mouthwash rinse with chlorhexidine for one minute can
reduce the number of microorganisms of the oral cavity and
thus the possibility of bacteremia in case of soft tissue trauma
[25,26]. Anesthetics without vasoconstrictors are the indicated
choice because the blood circulation of the area is impaired
[27,28]. Aseptic conditions are mandatory and thus rubber
dam is necessary. Even though it is not proven that traumatic
clamp placement can cause osteonecrosis, the clinician should
be cautious and avoid the contact with soft tissues if possible.
In a case report, ONJ occurred 5 months following root canal
treatment, and the placement of clamp was considered as the
cause of the complication [29]. A proper and atraumatic isolation
can be challenging in cases of irradiated patients with excessive
and deep caries at the cervical area. Complete removal of caries
and pre-endo built up is indicated. Disinfection of the rubber
dam and isolated tooth with iodine solution is recommended.

In extreme cases of heavily inflamed gingiva, ISOLITE may be
considered as an alternative for safe perform of endodontic
treatment.

Chemomechanical Preparation:

Occlusal reduction of teeth or even buccal access combined
with short files or modified files can be helpful in cases of
severe trismus [30,31]. The main principles of chemomechanical
preparation remain the same under all situations. However,
in cases with risk of osteonecrosis, mechanical trauma of the
periapical tissues and extrusion of microorganisms should be
strictly avoided. Determination of working length should be
performed with electronic apex locator but patency of the apical
foramen should be avoided. Every file should be restricted to
the working length (which is desired to be distinctly short of the
apical foramen), and thus the continuous use of apex locator
is recommended during the whole preparation. Nowadays,
endodontic headpieces come with intergraded apex locators.

It is also important to irrigate with caution using safe ended
needles and light pressure. Using low concentration of NaOCL
can also be considered. Extrusion of debris is considered
unavoidable during nonsurgical endodontic treatment, but there
are techniques which can reduce it [32]. According to research,
Ni-Ti rotary files lead to less extrusion than hand files [33]. Among
rotary systems, statistically significant differences in extrusion of
debris are not evident [33,34,35]. The self-adjusting file system
(SAF) should be seriously considered for adaptation in such cases,
as it results in significantly less apically extruded debris, compared
to other rotary systems [36,37].

Obturation:

The main goal of obturation for these cases should be to avoid
mechanical (overfilling and overextension of the filling material)
and thermal damage of the PDL during obturation. It is proven
that cold lateral condensation (CLC) leads to less overfilling than
warm techniques [38]. In patients with high risk of osteonecrosis,
warm vertical techniques should be avoided.

It has been shown that the use of ill- fitting master cone is
one of the causes of extrusion [39]. Precautions can be taken
to prevent this iatrogenic event such as obturate 1mm shorter
than the working length or customize the master cone with GP
softener. In a study of Eastman Dental Institute in 2005, it was
shown that CLC and customization of master cone reduces
significantly the root filling extrusion [40]. According to Keane and
Harrington, one dip of GP end in chloroform is enough and leads
to the best results. A short description of the technique is the
following: a non-standardized GP cone is selected to fit 1-1.5mm
short of working length with tugback, the apical 4mm of the cone
dips into chloroform for maximum of 1sec and then the cone is
seated in the canal with firm apical pressure to the canal terminus
[41]. The cone should stay there for at least 10sec in order to re-
solify and prevent undercuts.

Restoration:

Coronal restoration should completely seal the pulp chamber
and prevent microleakage. Composite resin fillings and direct
inlays and onlays are recommended for permanent restoration.
AccordingtolLondon Eastmanstudy, teeth with satisfactory coronal
restorations were found to have significantly better periapical
healing compared to those with unsatisfactory restorations.
However, in the same study, it was shown that endodontically
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treated teeth with cast posts or functioning as abutment for fixed
prosthesis have worse survival rates [42]. If the clinician decides
that crown or other indirect restoration is needed, it is suggested
to postpone it until the risk of osteonecrosis is minimized. If the
tooth cannot be restored and the goal of endodontic treatment
is to avoid extraction, the crown should be reduced to sub-
occlusal level [43]. An alternative for non-restorable teeth is, after
chemomechanical preparation and intra canal medication for the
management of symptoms, restore the tooth temporarily with
IRM or glass ionomer cement.

Follow-up:

Follow-ups including clinical and radiographical examination
should be performed as in any other endodontic treatment.
The effect of BPs on bone metabolism and remodeling could
potentially interfere with healing of periradicular lesions.
However, this is not proved and in one related study comparing
healing between BP recipients and control group, statistically
significant difference was not found [44]. Similarly, for irradiated
patients the rate of success seems to be comparable to non-
irradiated patients [45].

Discussion:

To prevent osteonecrosis followed by the compromised
healing potential of the jaws, preventive extractions, undertaken
before radiation therapy, was recommended for several decades.
Additional complications of radiation, such as limited mouth
opening, mucositis, severe caries, fractured tooth crowns and
limited rubber dam application in such patients, probably
supported an attitude that rejected maintenance of teeth. The
same aggressive treatment plan was also considered before the
initiation of IV BP medication. However, extracting functional
teeth is a harsh and difficult decision. For this reason, endodontic
therapy, if accomplished with utmost care and maximum regard
for the fragility of the periapical tissues, is the preferred treatment
[24].

Important considerations should be the patient's general
condition and level of compliance, two factors that often
contribute to problems during instrumentation and restorative
techniques.

In patients with high risk of osteonecrosis, endodontic
treatment can lead to healing or stabilization of periapical
lesion even if the tooth is unrestorable [44,45]. There are case
reports that present incidents of ONJ in some period after root
canal treatment but in these cases a cause-and-effect relation
cannot be proved. It is not wise based on these cases to jump
to conclusions and blame endodontic treatment in general
because: a) the treatment protocol applied in these cases is
unknown, and b) it is quite possible that the pain related with
spontaneous ONJ was mistakenly considered of odontogenic
origin and endodontic treatment was performed in an area with
established ONJ [46,47]. Even if endodontic treatment is followed
by crown amputation, that solution is easier, cheaper and safer
than extraction combined with hyperbaric oxygen.

For more than a decade, LLLT (Low Level Laser Therapy Or
Low Level Laser Therapy) is used for treatment of BRONJ and
cancer therapy-induced oral mucositis [48,49,50]. LLLT has also
been used successfully after extractions in patients with high risk
of osteonecrosis in order to eliminate this risk [51]. It is proved
that LLLT has antibacterial effects on soft and hard tissue and

that it can fasten and improve wound healing [49,52]. Taking the
above into consideration, LLLT can be suggested as an adjunct
to isolation clump placement, even though, as it is already
mentioned, correlation between isolation and osteonecrosis has
not been proved.

Conclusion:

The clinician should be very careful when case-selecting teeth
for endodontic therapy, undergoing radiation of head and neck
and BP medication; as long as he/she follows the recommended
protocols for such patients and stay on the safe side, risks are
minimal. Apart from the elimination of symptoms, the dentist can
offer a functional, aesthetic and safe alternative to extraction and
thus improve patient’s quality of life.

References:

1. Eguia A, Bagan L, Cardona F. Review and update on drugs
related to the development of osteonecrosis of the jaw.
Med Oral Pathol Oral Cir Bucal. 2000; 25 (1): 71-83.

2. Russell RG. Bisphosphonates: The first 40 years. Bone.
2011; 49(1): 2-19.

3. Ray-Chaudhuri A, Shar K, Porter R.J. The oral management
of patients who have received radiotherapy to the head
and neck region. Br Dent J. 2013; 214(8): 387-393.

4. Brown R.S., Miller J.H., Bottomley W.K. A Retrospective
Oral/Dental Evaluation of 92 Head and Neck Oncology
Patients Before, During and After Irradiation Therapy.
Gerodontology. 1990; 9(2): 35-39.

5. Marx R.E.,, Sawatari Y, Fortin M, Broumand V.
Bisphosphonate-Induced Exposed Bone (Osteonecrosis/
Osteopetrosis) of the Jaws: Risk Factors, Recognition,
Prevention, and Treatment. J Oral Maxillofac Surg. 2005;
63(11): 1567-1575.

6. Kataoka S.H., Setze F.C., Condim-Junior E, Pessoa O.F,,
Gavini G, Caldeira C.L. Pulp Vitality in Patients with Intraoral
and Oropharyngeal Malignant Tumors Undergoing
Radiation Therapy Assessed by Pulse Oximetry. J Endod.
2011; 37(9): 1197-1200.

7. Kataoka S.H., Setzer F.C., Gondim-Junior E, Fregnani E.R.,
Moraes C.J.P., Pessoa O.F. et al. Late Effects of Head and
Neck Radiotherapy on Pulp Vitality Assessed by Pulse
Oximetry. J Endod. 2019; 42(6): 886-889.

8. Emami B. Tolerance of Normal Tissue to Therapeutic
Radiation. Reports of Radiotherapy and Oncology. 2013;
1(1): 123-127.

9. Blanco A.l., Chao KS. C., Naga . El., Franklin G.E., Zakarian
K., Vicic M. et al. Dose-volume modeling of salivary
function in patients with head-and-neck cancer receiving
radiotherapy. Int J Radiat Oncol Biol Phys. 2005; 62(4):
1055-1069.

10. Gupta N., Pa M., Rawat, S., Grewal M.S., Garg H., Chauhan
D et al. Radiation-induced dental caries, prevention and
treatment - A systematic review. Natl J Maxillofac Surg.
2015; 6(2): 160-166.

11. Marx R.E. Osteoradionecrosis: A New Concept of Its
Pathophysiology. J Oral Maxillofac Surg. 1983; 41(5): 283-
288.

mpds-202202001

MedPress Publications LLC


https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC6982985/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC6982985/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC6982985/
https://pubmed.ncbi.nlm.nih.gov/21555003/
https://pubmed.ncbi.nlm.nih.gov/21555003/
https://pubmed.ncbi.nlm.nih.gov/23619856/
https://pubmed.ncbi.nlm.nih.gov/23619856/
https://pubmed.ncbi.nlm.nih.gov/23619856/
https://pubmed.ncbi.nlm.nih.gov/2151939/
https://pubmed.ncbi.nlm.nih.gov/2151939/
https://pubmed.ncbi.nlm.nih.gov/2151939/
https://pubmed.ncbi.nlm.nih.gov/2151939/
https://pubmed.ncbi.nlm.nih.gov/16243172/
https://pubmed.ncbi.nlm.nih.gov/16243172/
https://pubmed.ncbi.nlm.nih.gov/16243172/
https://pubmed.ncbi.nlm.nih.gov/16243172/
https://pubmed.ncbi.nlm.nih.gov/16243172/
https://pubmed.ncbi.nlm.nih.gov/21846533/
https://pubmed.ncbi.nlm.nih.gov/21846533/
https://pubmed.ncbi.nlm.nih.gov/21846533/
https://pubmed.ncbi.nlm.nih.gov/21846533/
https://pubmed.ncbi.nlm.nih.gov/21846533/
https://pubmed.ncbi.nlm.nih.gov/27071975/
https://pubmed.ncbi.nlm.nih.gov/27071975/
https://pubmed.ncbi.nlm.nih.gov/27071975/
https://pubmed.ncbi.nlm.nih.gov/27071975/
https://applications.emro.who.int/imemrf/Rep_Radiother_Oncol/Rep_Radiother_Oncol_2013_1_1_35_48.pdf
https://applications.emro.who.int/imemrf/Rep_Radiother_Oncol/Rep_Radiother_Oncol_2013_1_1_35_48.pdf
https://applications.emro.who.int/imemrf/Rep_Radiother_Oncol/Rep_Radiother_Oncol_2013_1_1_35_48.pdf
https://pubmed.ncbi.nlm.nih.gov/15990009/
https://pubmed.ncbi.nlm.nih.gov/15990009/
https://pubmed.ncbi.nlm.nih.gov/15990009/
https://pubmed.ncbi.nlm.nih.gov/15990009/
https://pubmed.ncbi.nlm.nih.gov/15990009/
https://pubmed.ncbi.nlm.nih.gov/27390489/
https://pubmed.ncbi.nlm.nih.gov/27390489/
https://pubmed.ncbi.nlm.nih.gov/27390489/
https://pubmed.ncbi.nlm.nih.gov/27390489/
https://pubmed.ncbi.nlm.nih.gov/6572704/
https://pubmed.ncbi.nlm.nih.gov/6572704/
https://pubmed.ncbi.nlm.nih.gov/6572704/

Farmakis ETR

MedPress Dental Sciences

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Lee I.J., Koom W.S,, Lee C.G., Kim Y.B., Yoo S.W., Keum
K.C et al. Risk factors and dose— effect relationship for
mandibular osteoradionecrosis in oral and oropharyngeal
cancer patients. Int J Radiat Oncol Biol Phys. 2009; 75(4):
1084-1091.

Chronopoulos A., Zarra T., Ehrenfeld M., Otto S.
Osteoradionecrosis of the jaws: definition, epidemiology,
staging and clinical and radiological findings. A concise
review. International Dental Journal. 2018; 68(1): 22-30.

AlRahabi M.K.,, Ghabbani H.M. Clinical impact of
bisphosphonates in root canal therapy. Saudi Med J. 2018;
39(3): 232-238.

Yoshiga D., Nakamichi I., Yamashita Y., Yamamoto N.,
Yamauchi K., Nogami S. et al. Prognosis factors in the
treatment of bisphosphonate-related osteonecrosis of the
jaw - Prognostic factors in the treatment of BRONJ. J Clin
Exp Dent. 2014; 6(1): 22-28.

Sharma D., Ivanovski S., Slevin M., Hamlet S., Po T.S,,
Brinzaniuc, K. et al. Bisphosphonate-related osteonecrosis
of jaw (BRONJ): diagnostic criteria and possible pathogenic
mechanisms of an unexpected anti-angiogenic side effect.
Vasc Cell. 2013; 5(1).

Grisar K., Schol M., Schoenaers J., Dormaar T., Coropciuc
R., Poorten V.V et al. Osteoradionecrosis and medication-
related osteonecrosis of the jaw: similarities and
differences. Int J Oral Maxillofac Surg. 2016; 45(12): 1592-
1599.

Orstavik D. Time-course and risk analyses of the
development and healing of chronic apical periodontitis in
man. Int Endod J. 1996; 29(3): 150-155

Schiodt M., Hermund N.U. Management of oral disease
prior to radiation therapy. Support Care Cancer. 2002;
10(1): 40-43.

Bruins H.H., Jolly D.E., Koole R. Preradiation dental
decisions in patients with head and neck cancer. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 1999; 88(4): 406-
412.

Abou-Rass M. The stressed pulp condition: An endodontic-
restorative diagnostic concept. J Prosthet Dent. 1982;
48(3): 264-267.

American Association of Endodontists (AAE). Antibiotic
Prophylaxis 2017 Update.

Segura-Egea J.J., Gould K., Sen B.H., Jonasson P., Cotti
E., Mazzoni A et al. European Society of Endodontology
position statement: the use of antibiotics in endodontics.
Int Endod J. 2018; 51(1): 20-25

Moinzadeh A-T., Shemesh H., Neirynck N.A.M, Aubert
C., Wesselink P.R. Bisphosphonates and their clinical
implications in endodontic therapy. Int Endod J. 2013;
46(5): 391-398.

Choi S., Kim H. Sodium Bicarbonate Solution versus
Chlorhexidine Mouthwash in Oral Care of Acute Leukemia
Patients Undergoing Induction Chemotherapy: A
Randomized Controlled Trial. Asian Nurs Res. 2012; 6(2):
60-66.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cousido M.C., Carmona |.T., Garcia-Caballero L., Limeres J.,
Alvarez M., Diz P. In vivo substantivity of 0.12% and 0.2%
chlorhexidine mouthrinses on salivary bacteria. Clin Oral
Investig. 2010; 14(4): 397-402.

Fedele, S., Kumar N., Davies R., Fiske J., Greening S.,
Porter S. Dental management of patients at risk of
osteochemonecrosis of the jaws: a critical review. Oral Dis.
2009; 15(8): 527-537.

Tarassoff P., Csermak K. Avascular necrosis of the jaws:
risk factors in metastatic cancer patients. J Oral Maxillofac
Surg. 2003; 61(10): 1238-1239.

Gallego L., Junquera L., Pelaz A., Diaz-Bobes C.. Rubber
Dam Clamp Trauma During Endodontic Treatment: A Risk
Factor of Bisphosphonate-Related Osteonecrosis of the
Jaw? J Oral Maxillofac Surg. 2011; 69(6): 93-95.

Aggarwal V., Singla M. Endodontic management of
a patient with oral submucous fibrosis using custom
modified endodontic instruments. J Conserv Dent. 2012;
15(1): 89-91.

Montgomery S. Endodontic complications in an irradiated
patient. J Endod. 1977; 3(7): 277-279.

Ferraz C.C., Gomes N.V., Gomes B.P., Zaia A.A., Teixeira
A.A., Souza-Filho F.J. Apical extrusion of debris and irrigants
using two hand and three engine-driven instrumentation
techniques. Int Endod J. 2001; 34(5): 354-358.

Kustarci A., Akpinar K.E., Er K. Apical extrusion of intracanal
debris andirrigant following use of various instrumentation
techniques. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2008; 105(2): 257-262.

Er K., Sumer Z., Akpinar K.E. Apical extrusion of
intracanal bacteria following use of two engine-driven
instrumentation techniques. Int Endod J. 2005; 38(12):
871-876.

Kucukyilmaz E., Savas S., Saygili G., Uysal B. Assessment of
apically extruded debris and irrigant produced by different
nickel-titanium instrument systems. Braz Oral Res. 2015;
29:1-6

De-Deus G.A., Nogueira Leal Silva E.J., Moreira E.J.,
de Almeida Neves A., Belladonna F.G., Tameirao M.
Assessment of apically extruded debris produced by the
self-adjusting file system. J Endod. 2014; 40(4): 526-529.

Farmakis E.T., Sotiropoulos G.G., Abramovitz I., Solomonov
M. Apical debris extrusion associated with oval shaped
canals: a comparative study of WaveOne vs Self-Adjusting
File. Clin Oral Investig. 2016; 20(8): 2131-2138.

Peng L., Ye L., Tan H., Zhou X. Outcome of root canal
obturation by warm guttapercha versus cold lateral
condensation: a metaanalysis. J Endod. 2007; 33(2): 106-
109.

Kerezoudis N.P., Valavanis D., Prountzos F. Study of
the hermetic obturation of root canals of teeth having
perforated apical foramen. Odontostomatological
Progress. 1995; 49: 366—373

van Zyl S.P., Gulabivala K., Ng Y-L. Effect of customization
of master gutta-percha cone on apical control of root filling
using different techniques: an ex vivo study. Int Endod J.
2005; 38(9): 658-666.

mpds-202202001

MedPress Publications LLC


https://pubmed.ncbi.nlm.nih.gov/19327914/
https://pubmed.ncbi.nlm.nih.gov/19327914/
https://pubmed.ncbi.nlm.nih.gov/19327914/
https://pubmed.ncbi.nlm.nih.gov/19327914/
https://pubmed.ncbi.nlm.nih.gov/19327914/
https://pubmed.ncbi.nlm.nih.gov/28649774/
https://pubmed.ncbi.nlm.nih.gov/28649774/
https://pubmed.ncbi.nlm.nih.gov/28649774/
https://pubmed.ncbi.nlm.nih.gov/28649774/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5893910/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5893910/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5893910/
https://pubmed.ncbi.nlm.nih.gov/24596631/
https://pubmed.ncbi.nlm.nih.gov/24596631/
https://pubmed.ncbi.nlm.nih.gov/24596631/
https://pubmed.ncbi.nlm.nih.gov/24596631/
https://pubmed.ncbi.nlm.nih.gov/24596631/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3606312/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3606312/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3606312/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3606312/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3606312/
https://pubmed.ncbi.nlm.nih.gov/27427547/
https://pubmed.ncbi.nlm.nih.gov/27427547/
https://pubmed.ncbi.nlm.nih.gov/27427547/
https://pubmed.ncbi.nlm.nih.gov/27427547/
https://pubmed.ncbi.nlm.nih.gov/27427547/
https://pubmed.ncbi.nlm.nih.gov/9206419/
https://pubmed.ncbi.nlm.nih.gov/9206419/
https://pubmed.ncbi.nlm.nih.gov/9206419/
https://pubmed.ncbi.nlm.nih.gov/11777187/
https://pubmed.ncbi.nlm.nih.gov/11777187/
https://pubmed.ncbi.nlm.nih.gov/11777187/
https://pubmed.ncbi.nlm.nih.gov/10519746/
https://pubmed.ncbi.nlm.nih.gov/10519746/
https://pubmed.ncbi.nlm.nih.gov/10519746/
https://pubmed.ncbi.nlm.nih.gov/10519746/
https://pubmed.ncbi.nlm.nih.gov/6750089/
https://pubmed.ncbi.nlm.nih.gov/6750089/
https://pubmed.ncbi.nlm.nih.gov/6750089/
https://onlinelibrary.wiley.com/doi/full/10.1111/iej.12781
https://onlinelibrary.wiley.com/doi/full/10.1111/iej.12781
https://onlinelibrary.wiley.com/doi/full/10.1111/iej.12781
https://onlinelibrary.wiley.com/doi/full/10.1111/iej.12781
https://pubmed.ncbi.nlm.nih.gov/23137312/
https://pubmed.ncbi.nlm.nih.gov/23137312/
https://pubmed.ncbi.nlm.nih.gov/23137312/
https://pubmed.ncbi.nlm.nih.gov/23137312/
https://pubmed.ncbi.nlm.nih.gov/25030829/
https://pubmed.ncbi.nlm.nih.gov/25030829/
https://pubmed.ncbi.nlm.nih.gov/25030829/
https://pubmed.ncbi.nlm.nih.gov/25030829/
https://pubmed.ncbi.nlm.nih.gov/25030829/
https://pubmed.ncbi.nlm.nih.gov/19662444/
https://pubmed.ncbi.nlm.nih.gov/19662444/
https://pubmed.ncbi.nlm.nih.gov/19662444/
https://pubmed.ncbi.nlm.nih.gov/19662444/
https://pubmed.ncbi.nlm.nih.gov/19619192/
https://pubmed.ncbi.nlm.nih.gov/19619192/
https://pubmed.ncbi.nlm.nih.gov/19619192/
https://pubmed.ncbi.nlm.nih.gov/19619192/
https://pubmed.ncbi.nlm.nih.gov/14586868/
https://pubmed.ncbi.nlm.nih.gov/14586868/
https://pubmed.ncbi.nlm.nih.gov/14586868/
https://pubmed.ncbi.nlm.nih.gov/21211886/
https://pubmed.ncbi.nlm.nih.gov/21211886/
https://pubmed.ncbi.nlm.nih.gov/21211886/
https://pubmed.ncbi.nlm.nih.gov/21211886/
https://pubmed.ncbi.nlm.nih.gov/22368345/
https://pubmed.ncbi.nlm.nih.gov/22368345/
https://pubmed.ncbi.nlm.nih.gov/22368345/
https://pubmed.ncbi.nlm.nih.gov/22368345/
https://pubmed.ncbi.nlm.nih.gov/269222/
https://pubmed.ncbi.nlm.nih.gov/269222/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://pubmed.ncbi.nlm.nih.gov/11482718/
https://pubmed.ncbi.nlm.nih.gov/18230395/
https://pubmed.ncbi.nlm.nih.gov/18230395/
https://pubmed.ncbi.nlm.nih.gov/18230395/
https://pubmed.ncbi.nlm.nih.gov/18230395/
https://pubmed.ncbi.nlm.nih.gov/16343113/
https://pubmed.ncbi.nlm.nih.gov/16343113/
https://pubmed.ncbi.nlm.nih.gov/16343113/
https://pubmed.ncbi.nlm.nih.gov/16343113/
https://pubmed.ncbi.nlm.nih.gov/25387860/
https://pubmed.ncbi.nlm.nih.gov/25387860/
https://pubmed.ncbi.nlm.nih.gov/25387860/
https://pubmed.ncbi.nlm.nih.gov/25387860/
https://pubmed.ncbi.nlm.nih.gov/24666904/
https://pubmed.ncbi.nlm.nih.gov/24666904/
https://pubmed.ncbi.nlm.nih.gov/24666904/
https://pubmed.ncbi.nlm.nih.gov/24666904/
https://pubmed.ncbi.nlm.nih.gov/26759337/
https://pubmed.ncbi.nlm.nih.gov/26759337/
https://pubmed.ncbi.nlm.nih.gov/26759337/
https://pubmed.ncbi.nlm.nih.gov/26759337/
https://pubmed.ncbi.nlm.nih.gov/17258624/
https://pubmed.ncbi.nlm.nih.gov/17258624/
https://pubmed.ncbi.nlm.nih.gov/17258624/
https://pubmed.ncbi.nlm.nih.gov/17258624/
https://eurekamag.com/research/009/988/009988307.php
https://eurekamag.com/research/009/988/009988307.php
https://eurekamag.com/research/009/988/009988307.php
https://eurekamag.com/research/009/988/009988307.php
https://pubmed.ncbi.nlm.nih.gov/16104980/
https://pubmed.ncbi.nlm.nih.gov/16104980/
https://pubmed.ncbi.nlm.nih.gov/16104980/
https://pubmed.ncbi.nlm.nih.gov/16104980/

Farmakis ETR

MedPress Dental Sciences

41.

42.

43.

44,

45,

46.

47.

48.

49.

Keane K.M., Harrington G.W. The use of a chloroform
softened gutta-percha master cone and its effect of the
apical seal. J Endod. 1984; 10(2): 57-63.

Ng Y-L., Mann V., Gulabivala K. A prospective study of
the factors affecting outcomes of nonsurgical root canal
treatment: part 1: periapical health. Int Endod J. 2011;
44(7): 583-609.

Alsalleeh F. Endodontic management of nonrestorable

teeth in patients at risk of developing osteonecrosis of the
jaw: Case series. Saudi Endod J. 2016; 6: 141-147.

Hsiao A., Glickman G., He, J. A Retrospective Clinical and
Radiographic Study on Healing of Periradicular Lesions
in Patients Taking Oral Bisphosphonates. J Endod. 2009;
35(11): 1525-1528.

Lilly J.P., Cox D., Arcurri M., Krell K.V. An evaluation of root
canal treatment in patients who have received irradiation
to the mandible and maxilla. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 1998; 86(2): 224-226.

Katz H. Endodontic Implications of Bisphosphonate-
Associated Osteonecrosis of the Jaws: A Report of Three
Cases. J Endod. 2005; 31(11): 831-834.

Sarathy A.P., Bourgeois Jr S.L, Goodell G.G.
Bisphosphonate-Associated Osteonecrosis of the Jaws and
Endodontic Treatment: Two Case Reports. J Endod. 2005;
31(10): 759-763.

Altay M.A., Tasar F., Tosun E., Kan B. Low-Level Laser
Therapy Supported Surgical Treatment of Bisphosphonate

Related Osteonecrosis of Jaws: A Retrospective Analysis of
11 Cases. Photomed Laser Surg. 2014; 32(8): 468-475.

Bjordal J.M., Bensadoun R., Tuner J., Frigo L., Gjerde K.,
Loper-Martins R.A. A systematic review with meta-analysis
of the effect of low-level laser therapy (LLLT) in cancer
therapyinduced oral mucositis. Support Care Cancer.
2011; 19(8): 1069-1077.

50.

51.

52.

Momesso G.A.C., de Souza Batista F.R., de Sousa C.A.,,
de Lima V.N., Polo T.0.B., Hassumi J.S. et al. Successful
Use of Lower-Level Laser Therapy in the Treatment of
MedicationRelated Osteonecrosis of the Jaw. J Lasers Med
Sci. 2017; 8(4): 201-203.

Kan B., Altay M.A., Tasar F., Akova M. Low-level laser
therapy supported teeth extractions of two patients
receiving IV zolendronate. Lasers Med Sci. 2011; 26(5):
569-575.

Silveira P.C.L., Silva L.A., Fraga D.B., Freita T.P., Streck E.L.,
Pinho R. Evaluation of mitochondrial respiratory chain

activity in wound healing by low-level laser therapy. J
Photochem Photobiol B. 2009; 95(2): 89-92.

Web References:

1.

Union for International Cancer Control. 2014 Review of
Cancer Medicines on the WHO List of Essential Medicines.
https://www.who.int/selection_medicines/committees/
expert/20/applications/HeadNeck.p df

Oral Complications of Cancer Treatment: What the Dental
Team Can Do. https://www.nidcr.nih.gov/sites/default/
files/2017-09/oral-complications-cancer-dentalteam.pdf

The Oral Management of Oncology Patients Requiring
Radiotherapy, Chemotherapy and / or Bone Marrow
Transplantation Clinical Guidelines Updated. https://
www.bsdh.org/index.php/component/edocman/
the-oral-management-of-oncologypatients-requiring-
radiotherapy-chemotherapy-and-or-bone-marrow-
transplantation.

Citation: Farmakis ETR, Merzioti M. Endodontic Treatment and Prevention of Osteonecrosis in Patients undergoing Radiation and/

or Bisphosphonate Therapy: A review of the Literature and Recommended Treatment Protocol. Medp Dent Sci. 2022; 1(1): mpds-
202202001.

mpds-202202001

MedPress Publications LLC


https://pubmed.ncbi.nlm.nih.gov/6586963/
https://pubmed.ncbi.nlm.nih.gov/6586963/
https://pubmed.ncbi.nlm.nih.gov/6586963/
https://pubmed.ncbi.nlm.nih.gov/21366626/
https://pubmed.ncbi.nlm.nih.gov/21366626/
https://pubmed.ncbi.nlm.nih.gov/21366626/
https://pubmed.ncbi.nlm.nih.gov/21366626/
https://www.saudiendodj.com/article.asp?issn=1658-5984;year=2016;volume=6;issue=3;spage=141;epage=147;aulast=Alsalleeh
https://www.saudiendodj.com/article.asp?issn=1658-5984;year=2016;volume=6;issue=3;spage=141;epage=147;aulast=Alsalleeh
https://www.saudiendodj.com/article.asp?issn=1658-5984;year=2016;volume=6;issue=3;spage=141;epage=147;aulast=Alsalleeh
https://pubmed.ncbi.nlm.nih.gov/19840641/
https://pubmed.ncbi.nlm.nih.gov/19840641/
https://pubmed.ncbi.nlm.nih.gov/19840641/
https://pubmed.ncbi.nlm.nih.gov/19840641/
https://pubmed.ncbi.nlm.nih.gov/9720099/
https://pubmed.ncbi.nlm.nih.gov/9720099/
https://pubmed.ncbi.nlm.nih.gov/9720099/
https://pubmed.ncbi.nlm.nih.gov/9720099/
https://pubmed.ncbi.nlm.nih.gov/16249730/
https://pubmed.ncbi.nlm.nih.gov/16249730/
https://pubmed.ncbi.nlm.nih.gov/16249730/
https://pubmed.ncbi.nlm.nih.gov/16186759/
https://pubmed.ncbi.nlm.nih.gov/16186759/
https://pubmed.ncbi.nlm.nih.gov/16186759/
https://pubmed.ncbi.nlm.nih.gov/16186759/
https://pubmed.ncbi.nlm.nih.gov/25045921/
https://pubmed.ncbi.nlm.nih.gov/25045921/
https://pubmed.ncbi.nlm.nih.gov/25045921/
https://pubmed.ncbi.nlm.nih.gov/25045921/
https://pubmed.ncbi.nlm.nih.gov/21660670/
https://pubmed.ncbi.nlm.nih.gov/21660670/
https://pubmed.ncbi.nlm.nih.gov/21660670/
https://pubmed.ncbi.nlm.nih.gov/21660670/
https://pubmed.ncbi.nlm.nih.gov/21660670/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5642170/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5642170/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5642170/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5642170/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC5642170/
https://pubmed.ncbi.nlm.nih.gov/20669038/
https://pubmed.ncbi.nlm.nih.gov/20669038/
https://pubmed.ncbi.nlm.nih.gov/20669038/
https://pubmed.ncbi.nlm.nih.gov/20669038/
https://pubmed.ncbi.nlm.nih.gov/17113781/
https://pubmed.ncbi.nlm.nih.gov/17113781/
https://pubmed.ncbi.nlm.nih.gov/17113781/
https://pubmed.ncbi.nlm.nih.gov/17113781/

