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Review Article

Introduction

Oral mucositis  (OM), a side effect of cytotoxic cancer 
therapy, is a painful condition with negative impact in daily 
activities and also leads economic consequences. Despite 
researches interest to better comprise its pathogenesis and find 
effective interventions, OM is still, an unmet need with a high 
importance for the development of a successful treatment.[1‑3]

Periodontal inflammation is a prevalent condition on population, 
with recognized role at systemic inflammation, producing high 
levels circulating of cytokines (interleukin‑1 [IL‑1] and IL‑6), 
prostaglandin E2 (PGE2), tumor necrosis factor (TNF), and 
C‑reactive protein.[4‑7]

Both conditions are characterized by an exuberant inflammatory 
reaction, regulated by an infiltration of immune cells, enzymes, 
and pro‑inflammatory cytokines such as TNF and ILs, which 
outcome in both soft‑ and hard‑tissue destructions. Further, 
OM and periodontal disease  (PD) are two most common 
chronic inflammatory diseases in adults’ patients receiving 
cancer therapy,[5,8] and despite the clear pathogenic similarities 
between them, its relationship is few studied.[9]

Thus, we propose careful approach for the patients under 
cancer therapy and that have periodontitis diagnose. The 

evidence indicate that these patients could suffer of a higher 
severity of OM. Therefore, the aim of this study is to review 
the physiopathological mechanisms that could explain this 
biological plausibility.

Review Methods

PubMed/Medline databases were searched for articles in 
English language focused on pathogenic mechanisms of PD 
and OM.

The search strategy has involved a combination of titles and 
relevant keywords in the medical area.

The search terms that we used were ““periodontal disease,” 
“periodontitis pathogeneses,” “oral mucositis,” oral mucositis 
pathogeneses,” “systemic disease and periodontal disease,” 
“cytokines,” “inflammation,” and “infection.”
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The search included the period between 1998 and 2018, which 
considered clinical trials, systematic reviews, and experimental 
animal studies.

All articles identified were full texts.

Knowledge about Periodontal Disease

PD is a complex disease in which the structures of tooth 
protection (classified as gingivitis) and tooth supporting 
(classified as periodontitis) are affected. Periodontitis is the 
main cause of oral infections and tooth loss. The etiology 
is multifactorial, with local and systemic factors enrolled. 
Opportunistic infections stand out among the risk factors for 
outset and development of PD, with a potential risk factor for 
bacteremia and focal infection. The clinical appearance of 
PDs is determined by host response against bacterial stimulus. 
Although specific bacteria are the major etiologic agents of 
PD, the host response has an important role in damage of the 
periodontal tissues.[10,11]

PD presents high prevalence, with about 90% of the adult 
population suffering from gingivitis, 60% having chronic 
periodontitis, and 5%–15% with aggressive periodontitis.[1,5]

The disease is initiated by certain species of subgingival 
Gram‑negative anaerobic bacteria that coexist within dynamic 
communities of highly organized architecture biofilm.[12] In 
periodontal health, the ordered structure of the dental plaque 
biofilm consists predominately of Gram‑positive, facultative 
anaerobic bacteria, although the onset of the disease is 
associated with a shift to Gram‑negative anaerobic bacteria, 
which begin to colonize the subgingival pocket.[13] The high 
number of red complex members such as Porphyromonas 
gingivalis, Treponema denticola, and Tannerella forsythia 
correlates strongly with periodontal tissue destruction. 
Prevotella intermedia and Fusobacterium nucleatum, both 
members of the orange complex, are also associated with 
diverse forms of PD.[14]

Numerous evidence strongly suggest that host inflammatory 
response leads tissue destruction and that the variability of host 
responses defines the variability in the clinical manifestation of 
periodontitis. Hence, although bacteria are necessary for disease 
initiation, they are not sufficient to cause disease progression. 
The inflammatory response in a susceptible host is crucial.[4,5,15]

The destruction of soft and hard tissues, seen in periodontitis, 
is the result of a large number of cytokines, and the sustained 
presence of other effector molecules released by resident 
and migrating cells. Together, these inflammatory mediators 
of inflammation induce the cascade of molecular events 
associated with extracellular matrix (ECM) degradation and 
resultant tissue damage.[4,5,16]

The regulation of the immune response depends on 
inflammatory cytokine production by different subpopulations 
of helper T‑lymphocytes  (Th), which act enhancing or 
attenuating the inflammatory response in periodontal tissues 

and thus determining the activity or the latency of periodontal 
lesions.[6,8] These cytokines include PGE2, TNF‑α, IL‑1α, 
IL‑1 β, and others.[6,7]

A biologic system model has been explored with bacterial 
components, environmental factors, and host genetic variations 
associated with disease. By this model, the microbial products 
active the immune system. Then, these immune responses 
influence the bone and connective tissue metabolism. For 
each individual, there are combinations of genetic variations 
and environmental factors. These genetic and environmental 
factors act on biologic mechanisms to modify the expression 
of genes activated by the bacterial products. Within this 
framework, discrete modules of genetic, environmental, and 
other modifying factors would define a specific expression 
pattern that represents the shift from health to disease.[17]

Periodontal Disease and Systemic Disease: Brief 
up‑to‑Date

Several systemic conditions are associated with a higher 
prevalence of PD such as diabetes mellitus. Chronic 
hyperglycemia due to structural changes occurs  (such as a 
reduction in vascularization and leukodiapedesis, and increased 
collagenase has been the reduction of scarring) which end 
accelerating periodontal destruction.[18,19] Thus, people with 
diabetes are at increased risk for PD.

Other diseases may also predispose to PD such as autoimmune 
diseases. Patients with rheumatoid arthritis, dermatomyositis, 
lupus erythematosus, and ankylosing spondylitis have more 
prevalent and more severe PD than patients without these 
conditions.[20‑22] In addition, patients with chronic orofacial pain 
and Alzheimer’s disease also have worse gingival indexes.[23‑25]

On the other hand, systemic exposure to periodontal pathogens, 
their toxins, and periodontal inflammatory mediators may 
have deleterious effects on different organs or systems. 
It was reported three mechanisms by which periodontal 
infection can influence systemic health: metastatic infection 
(caused by the translocation of Gram‑negative bacteria of 
periodontal pocket into the blood flow), metastatic lesions 
(e.g., vascular injury caused by the effects of toxins microbial 
and circulating pro‑inflammatory mediators), and metastatic 
inflammation  (due to the immune response to periodontal 
pathogens and their toxins).[12,16]

There is increasing evidence that systemic inflammation results 
from the entry of oral microbial agents and their virulence 
factors into the circulation. Elevated serum levels of C‑reactive 
protein and other acute‑phase reactants and raised biomarkers 
of oxidative stress evidence this. It is, therefore, biologically 
plausible that nonresolving chronic inflammation derived from 
PD impacts on systemic health [Figure 1].[5,6]

Furthermore, periodontitis shares many common risk factors 
with chronic systemic diseases. These factors include smoking, 
diabetes, obesity, nutritional dysfunction, stress, aging, and 
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race/ethnicity, among others. The oral cavity can act as a 
reservoir and a potential source for dissemination of pathogens 
to distant body sites. Access to nonoral sites is facilitated by 
bacteremia, which occurs following even minor oral routines, 
such as daily toothbrushing, as well as by dental procedures.[19]

Indeed, gingivitis and periodontitis can also induce a series of 
immune changes in circulating immune complexes, due to the 
failure of autoimmune regulation and tolerance, contributing 
to the emergence and progression of autoimmune diseases.[26]

Accordingly, dental and medical care should be more 
carefully integrated. Then, health education program should 
encourage the improved oral health beside the current healthy 
lifestyle guidelines, alongside smoking cessation, satisfactory 
diet, and exercise. These current evidence are such that 
prevention and treatment of PD may reduce chronic systemic 
disease risk and the onset of others immune‑inflammatory 
diseases.[25,26]

About Oral Mucositis

OM is an acute reaction associated with radiotherapy, 
chemotherapy, or a combination of both treatments.[27] It is 
one of the most common complications of oral anticancer 
treatment, being found in about 40%–46% of patients receiving 
chemotherapy.[28,29]

Among patients with head‑and‑neck tumors treated with 
radiotherapy, 90%–97% presents some degree of mucositis, 
and in general, 50% develop Grade III or Grade IV mucositis.[30]

The clinical manifestations of OM include signs and symptoms 
of inflammation, varying from mild erythema, edema, and 
soreness to extreme pain and ulceration that require analgesic 
medication. Severe OM interferes with daily activities, such 
as speaking, eating, and swallowing, resulting in dehydration, 

malnutrition, and opportunistic infections, with a negative 
impact on the quality of life.[31‑33] When severe OM develops, 
cancer treatment may be modified or even halted which can 
limit the efficacy of treatment, and this is estimated to occur 
in about 10%–25% of all patients, although interruption rates 
as high as 47% have been reported.[3,33]

The development of OM has been described in five stages.[1,34] 
The initiation phase is characterized by two events: injured 
DNA and strand breaks resulting in clonogenic death of basal 
epithelial cells directly by radiation and chemotherapy. Even 
more significant from the aspect of ultimate tissue damage 
is the production of reactive oxygen species  (ROS), which 
decreases the cell turnover, attacking epithelial cells, and 
connective tissue and affecting, in particular, epithelium, 
and blood vessels. The following stage is characterized by 
primary damage response to chemotherapy, radiation, and ROS 
initiating a series of interacting biological events. Transduction 
pathways caused by DNA strand breaks and lipid peroxidation 
induce the activation of transcription factors, such as nuclear 
factor‑kappa B  (NF‑κB), Wnt signaling pathways, and 
p53. NF‑κB can be directly activated by chemotherapy and 
radiation and indirectly by ROS. Genes, whose expression is 
governed by NF‑κB, are those associated with the production 
of molecules, which showed activity in the pathogenesis of 
mucositis comprising cytokines and cytokine modulators, 
stress responders (i.e., COX‑2, inducible nitric oxide synthase, 
and superoxide dismutase), and cell adhesion molecules. An 
important consequent event of effects of NF‑κB in normal 
cells is apoptosis.[1]

Therefore, there is a production of various inflammatory 
mediators such as TNF‑α, IL‑1 β, and IL‑6 that stimulate 
pro‑apoptotic enzymes, block the growth and differentiation 
mechanisms, and initiate the tissue damage.[34] This stage is 
recognized by signal amplification.

Ulceration is the most symptomatic and probably the most 
complex stage. The bacteria on the ulcer surface are active 
contributors to the mucositis process. Cell wall products 
(i.e., lipopolysaccharides, lipoteichoic acid, cell wall antigens, 
and α‑glucans) penetrate into the submucosa, now rich in 
macrophages, and stimulate those cells to further secrete 
pro‑inflammatory cytokines. In granulocytopenic patients, 
there is a risk that intact bacteria may invade submucosal 
vessels to produce bacteremia or sepsis.[2,9,34]

The majority of cases of OM cure spontaneously. The active 
biological process in which signaling from the submucosa’s 
ECM guides the proliferation, migration, and differentiation 
of the epithelium bordering the ulcer is responsible of its ulcer 
heal. This is the healing stage.[1]

The severity of mucositis depends of a number of factors 
including the administered dose, the dose fraction, the volume 
of tissue treated, and the type of radiation given. The patient 
factors include the type of malignancy, patient age, and oral 
health.[35]

Figure 1: The destruction of tissues in periodontitis is the result of a 
large number of cytokines and effector molecules released by resident 
and migrating cells. The microbial virulence factors enter into the blood 
circulation and impacts on systemic health. TNF: Tumor necrosis 
factor‑alpha, IL: Interleukin, PGE: Prostaglandin, LPS: Lipopolysaccharide
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Biological Links between Oral Mucositis and 
Periodontitis

The debilitating effects of mucositis can result in unplanned 
treatment interruptions or even premature cessation of 
treatment. The risk of systemic infections and even death is 
increased in patients with mucositis, since the lesions act as a 
gateway of oral bacteria into bloodstream, which can lead to 
bacteremia and sepsis, with a high morbidity and mortality in 
susceptible individuals.[36‑38]

The role of the PD in some systemic conditions has been 
demonstrated. Some studies have shown that it plays an 
important role in cardiovascular, metabolic, autoimmune 
diseases and neurovascular conditions.[19,22,23,39] PD can be 
related to refractory craniofacial pain and also to worsening 
of Alzheimer’s disease.[23,24] In these studies, the main 
pathophysiological mechanisms involved are related to 
the constant release of cytokines that generate systemic 
inflammation as well as aspects related to bacteremia.[40]

Thus, both OM and PD are immunoinflammatory condition 
characterized with the continuing presence of systemic 
inflammation and bacteremia.[6,19,32] These conditions are 
prevalent in patients receiving cancer therapy and could put 
them at risk of systemic complications.[9,27] Considering these 
data, it is plausible to explore the possibility of link between 
OM and PD. However, clinical and/or laboratory studies 
involving OM and PD interrelationships are scarce in the 
scientific literature available.

Recently, it was suggested a “two‑hit” model to justify the 
association between radiation‑induced OM and periodontitis.[41] 
This model suggests that inflammation at the periodontium 
level which is periodontitis (first “hit”) followed by radiation 
(second “hit”) can lead to an exacerbated response in the form of 
OM. The converse may also hold true in that radiation‑induced 
OM (first “hit”) exacerbates the inflammatory response of 
developing periodontitis (second “hit”).[41]

Really, many factors can directly affect the change of mucosal 
exposure to radiation, the protection of mucosal cells, and the 
local inflammatory response.[42] It was reported that reducing 
dental plaque and gingival inflammation by oral care was 
positively correlated with OM, corroborating the idea that 
oral inflammation is predictive of OM incidence and healing 
time.[32,43] Furthermore, preliminary findings showed that there 
was a trend toward a greater proportion of periodontitis patients 
in the mucositis groups than in the nonmucositis group.[41]

Another relevant feature in this association is that the cytokines 
involved in the pathogenesis of OM are common to those 
involved in the pathogenesis of PD. The progression of both, 
PD and OM, occurs due to a combination of factors, including 
increased levels of pro‑inflammatory cytokines (such as IL‑1, 
IL‑6, and TNF‑α), metalloproteinases, PGE2, low levels of 
anti‑inflammatory cytokines (such as IL‑10), and transforming 
growth factor‑beta.[5,7,34]

As indicated previously, NF‑κB is thought to play an 
important role in the pathobiology of mucositis, particularly 
with respect to the upregulation and subsequent expression 
of the pro‑inflammatory cytokines TNF, IL‑1b, and IL‑6. 
The activation of NF‑κB can be facilitated by various factors 
including radiation and chemotherapy as well as infectious 
agents and inflammatory cytokines,[34] such as PD.

On the order hand, the inflammatory response altered by 
radio/chemotherapy puts patient at risk for progression of PD,[27,38] 
triggering a new cycle of upregulation of cytokines [Figure 2].

Despite these findings, the role of microorganisms in the 
development of mucositis is unclear. Independent of bacterial 
numbers, the increase in Gram‑negative organisms was 
noted during ulceration, and the recovery of normal bacterial 
proportions was a condition for spontaneous ulcer resolution.[1] 
Clinical trial results suggest that antibacterial strategies have 
been ineffective as OM interventions.[44] However, the 
interventions analyzed were systemic antimicrobial therapy, 
and the mechanic removal of dental biofilm (root planing) is 
crucial to disturb periodontal biofilm.

Further, clinical and laboratorial systematic investigations are 
required about PD and OM patients. The clinical success of 
prevention and therapy of OM depends on several biological 
factors. Moreover, it is important to achieve more insight into 
the pathobiology of mucositis as well as into periodontitis, 
both with individual discrepancies and genetic variances that 
support susceptibility.

Conclusion

Investigating the association of PD and OM is particularly 
important. PD is a treatable condition, and if it really 
can interfere with the incidence and severity of OM, the 

Figure  2: Radio/chemotherapy changes the immunoinflammatory 
response and puts the patient at risk for progression of periodontal 
disease (immunosuppression) and has cytotoxic effect on the oral mucosa 
cells. The progression of periodontal disease and oral mucositis includes 
increased levels of pro‑inflammatory cytokines and induces bacteremia 
triggering a new cycle of upregulation
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establishment of specific interventions to reduce efficiently 
PD could better control the OM, a serious adverse effect of 
cancer treatment. Despite advances in medical care to improve 
survival in cancer patients, infectious diseases are responsible 
for significant morbidity and mortality in these patients. Prompt 
diagnosis, appropriate management of oral infections, and 
preventive procedures are crucial to optimal assistance.

Acknowledgment
We are also grateful to Cynthia Savioli who moderated this 
paper and in that line improved the manuscript significantly.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Villa A, Sonis ST. Mucositis: Pathobiology and management. Curr Opin 

Oncol 2015;27:159‑64.
2.	 Chaudhry HM, Bruce AJ, Wolf RC, Litzow MR, Hogan WJ, Patnaik MS, 

et  al. The incidence and severity of oral mucositis among allogeneic 
hematopoietic stem cell transplantation patients: A systematic review. 
Biol Blood Marrow Transplant 2016;22:605‑16.

3.	 Chaveli‑López B, Bagán‑Sebastián JV. Treatment of oral mucositis due 
to chemotherapy. J Clin Exp Dent 2016;8:e201‑9.

4.	 Bartold  PM, Cantley  MD, Haynes  DR. Mechanisms and control of 
pathologic bone loss in periodontitis. Periodontol 2000 2010;53:55‑69.

5.	 Lima HG, Lara VS. Immunological Aspects of Inflammatory 
Periodontal Disease: Involvement of Mast Cells. Cient Cienc Biol 
Saude 2013;15:225‑9.

6.	 Chapple  IL, Genco R; Working Group  2 of the Joint EFP/AAP 
Workshop. Diabetes and periodontal diseases: Consensus report of 
the joint EFP/AAP workshop on periodontitis and systemic diseases. 
J Periodontol 2013;84:S106‑12.

7.	 Mombelli A. Microbial colonization of the periodontal pocket and its 
significance for periodontal therapy. Periodontol 2000 2018;76:85‑96.

8.	 Ohlrich  EJ, Cullinan  MP, Seymour  GJ. The immunopathogenesis of 
periodontal disease. Aust Dent J 2009;54 Suppl 1:S2‑10.

9.	 van der Velden WJ, Herbers AH, Netea MG, Blijlevens NM. Mucosal 
barrier injury, fever and infection in neutropenic patients with 
cancer: Introducing the paradigm febrile mucositis. Br J Haematol 
2014;167:441‑52.

10.	 Lindhe J, Lang NP, Karring T. Clinical periodontology and implant 
dentistry, 5th ed. Oxford: Wiley-Blackwell; 2008.

11.	 Di Benedetto A, Gigante  I, Colucci S, Grano M. Periodontal disease: 
Linking the primary inflammation to bone loss. Clin Dev Immunol 
2013;2013:503754.

12.	 Krauss JL, Potempa J, Lambris JD, Hajishengallis G. Complementary 
tolls in the periodontium: How periodontal bacteria modify complement 
and toll‑like receptor responses to prevail in the host. Periodontol 
2000 2010;52:141‑62.

13.	 Socransky SS, Haffajee AD. Periodontal microbial ecology. Periodontol 
2000 2005;38:135‑87.

14.	 Kinane  DF, Zhang  P, Benakanakere  M, Singleton  J, Biesbrock  A, 
Nonnenmacher  C, et  al. Experimental gingivitis, bacteremia and 
systemic biomarkers: A  randomized clinical trial. J  Periodontal Res 
2015;50:864‑9.

15.	 Graves  DT, Cochran  D. The contribution of interleukin‑1 and tumor 
necrosis factor to periodontal tissue destruction. J  Periodontol 
2003;74:391‑401.

16.	 Benakanakere M, Kinane DF. Innate cellular responses to the periodontal 
biofilm. Front Oral Biol 2012;15:41‑55.

17.	 Kornman KS. Mapping the pathogenesis of periodontitis: A new look. 
J Periodontol 2008;79:1560‑8.

18.	 Kinane  DF, Peterson  M, Stathopoulou  PG. Environmental and 
other modifying factors of the periodontal diseases. Periodontol 
2000 2006;40:107‑19.

19.	 Enwonwu  CO, Salako  N. The periodontal disease‑systemic 
health‑infectious disease axis in developing countries. Periodontol 
2000 2012;60:64‑77.

20.	 Fernandes EG, Savioli C, Siqueira  JT, Silva CA. Oral health and the 
masticatory system in juvenile systemic lupus erythematosus. Lupus 
2007;16:713‑9.

21.	 Savioli  C, Silva  CA, Fabri  GM, Kozu  K, Campos  LM, Bonfá E, 
et al. Gingival capillary changes and oral motor weakness in juvenile 
dermatomyositis. Rheumatology (Oxford) 2010;49:1962‑70.

22.	 Savioli  C, Ribeiro AC, Fabri  GM, Calich AL, Carvalho  J, Silva  CA, 
et  al. Persistent periodontal disease hampers anti‑tumor necrosis 
factor treatment response in rheumatoid arthritis. J  Clin Rheumatol 
2012;18:180‑4.

23.	 Fabri GM, Siqueira SR, Simione C, Nasri C, Teixeira MJ, Siqueira JT, 
et al. Refractory craniofacial pain: Is there a role of periodontal disease 
as a comorbidity? Arq Neuropsiquiatr 2009;67:474‑9.

24.	 de Souza Rolim  T, Fabri  GM, Nitrini  R, Anghinah  R, Teixeira  MJ, 
de Siqueira JT, et al. Oral infections and orofacial pain in Alzheimer’s 
disease: A case‑control study. J Alzheimers Dis 2014;38:823‑9.

25.	 Fabri  GM, Savioli  C, Siqueira  JT, Campos  LM, Bonfá E, Silva  CA. 
Periodontal disease in pediatric rheumatic diseases. Rev Bras Reumatol 
2014;54:311‑7.

26.	 Takakubo  Y, Konttinen  YT. Immune‑regulatory mechanisms in 
systemic autoimmune and rheumatic diseases. Clin Dev Immunol 
2012;2012:941346.

27.	 Turner  L, Mupparapu  M, Akintoye  SO. Review of the complications 
associated with treatment of oropharyngeal cancer: A  guide for the 
dental practitioner. Quintessence Int 2013;44:267‑79.

28.	 Fadda  G, Campus  G, Lugliè P. Risk factors for oral mucositis in 
paediatric oncology patients receiving alkylant chemotherapy. BMC 
Oral Health 2006;6:13.

29.	 Pinto  MTF, Soares  LG, da Silva  DG, Tinoco  EMB, Falabella  MEV. 
Prevalence of oral manifestations in children and young patients 
submitted to chemotherapy. Prevalence of oral manifestations in 
children and young patients submitted to chemotherapy. Rev Pesqui 
Saúde 2013;14:45‑8.

30.	 Carvalho PA, Jaguar GC, Pellizzon AC, Prado JD, Lopes RN, Alves FA, 
et  al. Evaluation of low‑level laser therapy in the prevention and 
treatment of radiation‑induced mucositis: A  double‑blind randomized 
study in head and neck cancer patients. Oral Oncol 2011;47:1176‑81.

31.	 Hespanhol  FL, Tinoco  EM, Teixeira  HG, Falabella  ME, Assis  NM. 
Buccal manifestations in patients submitted to chemotherapy. Ciênc 
Saúde Colet 2010;15:1085‑94.

32.	 Coracin  FL, Santos  PS, Gallottini  MH, Saboya  R, Musqueira  PT, 
Barban A, et al. Oral health as a predictive factor for oral mucositis. 
Clinics (Sao Paulo) 2013;68:792‑6.

33.	 Gussgard AM, Hope AJ, Jokstad A, Tenenbaum H, Wood R. Assessment 
of cancer therapy‑induced oral mucositis using a patient‑reported oral 
mucositis experience questionnaire. PLoS One 2014;9:e91733.

34.	 Sonis  ST, Elting  LS, Keefe  D, Peterson  DE, Schubert  M, 
Hauer‑Jensen M, et al. Perspectives on cancer therapy‑induced mucosal 
injury: Pathogenesis, measurement, epidemiology, and consequences 
for patients. Cancer 2004;100:1995‑2025.

35.	 Parulekar  W, Mackenzie  R, Bjarnason  G, Jordan  RC. Scoring oral 
mucositis. Oral Oncol 1998;34:63‑71.

36.	 Raber‑Durlacher  JE, Epstein  JB, Raber  J, van Dissel  JT, 
van Winkelhoff AJ, Guiot  HF, et  al. Periodontal infection in cancer 
patients treated with high‑dose chemotherapy. Support Care Cancer 
2002;10:466‑73.

37.	 Tunkel AR, Sepkowitz KA. Infections caused by viridans streptococci 
in patients with neutropenia. Clin Infect Dis 2002;34:1524‑9.

38.	 Logan RM, Stringer AM, Bowen JM, Yeoh AS, Gibson RJ, Sonis ST, 
et al. The role of pro‑inflammatory cytokines in cancer treatment‑induced 
alimentary tract mucositis: Pathobiology, animal models and cytotoxic 
drugs. Cancer Treat Rev 2007;33:448‑60.

39.	 Janket SJ, Baird AE, Chuang SK, Jones JA. Meta‑analysis of periodontal 
disease and risk of coronary heart disease and stroke. Oral Surg Oral 



Novaes, et al.: Oral mucositis and periodontitis

European Journal of General Dentistry  ¦  Volume 8  ¦  Issue 1  ¦  January-April 20196

Med Oral Pathol Oral Radiol Endod 2003;95:559‑69.
40.	 Cullinan MP, Ford PJ, Seymour GJ. Periodontal disease and systemic 

health: Current status. Aust Dent J 2009;54 Suppl 1:S62‑9.
41.	 Khaw  A, Logan  R, Keefe  D, Bartold  M. Radiation‑induced oral 

mucositis and periodontitis‑proposal for an inter‑relationship. Oral Dis 
2014;20:e7‑18.

42.	 Albuquerque  ILS, Camargo  TC. Prevention and treatment of 
radiotherapy-induced oral mucositis: A literature review. Rev Bras 

Cancerol 2007;53:195‑209.
43.	 Santos  PS, Coracin  FL, Barros  JC, Dulley  FL, Nunes  FD, 

Magalhães MG, et al. Impact of oral care prior to HSCT on the severity 
and clinical outcomes of oral mucositis. Clin Transplant 2011;25:325‑8.

44.	 Donnelly  JP, Bellm  LA, Epstein  JB, Sonis  ST, Symonds  RP. 
Antimicrobial therapy to prevent or treat oral mucositis. Lancet Infect 
Dis 2003;3:405‑12.

“Quick Response Code” link for full text articles

The journal issue has a unique new feature for reaching to the journal’s website without typing a single letter. Each article on its first page has 
a “Quick Response Code”. Using any mobile or other hand-held device with camera and GPRS/other internet source, one can reach to the full 
text of that particular article on the journal’s website. Start a QR-code reading software (see list of free applications from http://tinyurl.com/
yzlh2tc) and point the camera to the QR-code printed in the journal. It will automatically take you to the HTML full text of that article. One can 
also use a desktop or laptop with web camera for similar functionality. See http://tinyurl.com/2bw7fn3 or http://tinyurl.com/3ysr3me for the free 
applications.


