SPEMD

Revista Portuguesa de Estomatologia,
Medicina Dentaria e Cirurgia Maxilofacial

REV PORT ESTOMATOL MED DENT CIR MAXILOFAC. 2024;65(1):46-51

Clinical Case Report

Laser photobiomodulation for chemical stomatitis

@ CrossMark

in intensive care patient: Case report

Lara Rebelo de Almeidal

, Luciana Ferraz Gominho? (),

Fernando Henrique de Siqueira Cabral®* (©, Ant6nio Carlos Moura de Albuquerque Melo* ©,
Licia de Fatima Cavalcanti dos Santos® (2, Kaline Romeiro®->:5*

I Department of Oral Medicine, Real Hospital Portugués de Beneficéncia em Pernambuco, Recife, PE, Brazil.

2 Department of Restorative Dentistry, Universidade Federal da Paraiba (UFPB), Jodo Pessoa, PB, Brazil.

3 Department of Pediatric Nephrology, Real Hospital Portugués de Beneficéncia em Pernambuco, Recife, PE, Brazil.
4 Department of Pediatrics, Universidade Catdlica de Pernambuco, Recife, PE, Brazil.

> Postgraduate Program in Dentistry, Universidade do Grande Rio (UNIGRANRIO), Rio de Janeiro, RJ, Brazil.

6 Departament of Restorative Dentistry, Centro Universitdrio UNIFACOL, Vitéria de Santo Antdo, PE, Brazil.

ARTICLE INFO

ABSTRACT

Article history:

Received 3 June 2023

Accepted 24 February 2024
Available online 25 March 2024

Keywords:

Chronic renal insufficiency
Intensive care units

Laser phototherapy
Photobiomodulation

Chemical stomatitis is a type of traumatic injury caused by contact of chemical substances
and drugs with oral tissues, resulting in clinically significant damage. This case reports a
14-year-old male patient with chronic kidney disease on renal replacement therapy (peri-
toneal dialysis) and using calcium carbonate via oral capsules for treatment. Due to perito-
neal dialysis complications, the patient developed bacterial peritonitis, requiring intensive
care unit admission and alteration of his dialysis therapy mode to hemodialysis. During the
hospitalization period, significant oral lesions developed due to inadequate calcium car-
bonate administration, interfering with the evolution of the patient’s general health and
requiring the assistance of a dental team for diagnosis and treatment. The patient was di-
agnosed with chemical stomatitis. During the clinical examination, ulcerated, bleeding le-
sions were observed on the lip, jugal mucous membranes, hard palate, and soft palate. Laser
photobiomodulation was used as a treatment associated with a topical corticosteroid. Each
region received ten 1 J/point, and 60 ] of energy were delivered per day/session. In total, 480
J of energy were delivered with a total irradiation time of 4800 s. The patient reported con-
siderable improvement in pain symptoms after the first laser-photobiomodulation session.
After 8 sessions, the patient had improved, and laser photobiomodulation proved effective
for treating oral lesions. (Rev Port Estomatol Med Dent Cir Maxilofac. 2024;65(1):46-51)
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Fotobiomodulag3o laser para estomatite quimica em paciente na unidade
de terapia intensiva: Relato de caso

RESUMO

Palavras-chave:

Insuficiéncia renal crénica
Unidades de terapia intensiva
Fotoperapia a laser
Fotobiomodulacédo

A estomatite quimica é um tipo de lesdo traumatica causada pelo contato de substédncias
quimicas e medicamentos com os tecidos bucais, resultando em danos clinicamente signi-
ficativos. Nesse contexto, é relatado o caso de um paciente do sexo masculino com 14 anos,
portador de doenca renal crénica, em terapia renal substitutiva (didlise peritoneal) e uso de
carbonato de célcio via capsulas orais para tratamento. Devido a complicagoes da didlise
peritoneal, o paciente apresentou um quadro de peritonite bacteriana, necessitando de
internamento em unidade de terapia intensiva e alteracdo do modo de terapia dialitica para
hemodialise. Durante o periodo de internamento, foi observado o desenvolvimento de lesdes
orais significativas devido a administragdo inadequada de carbonato de célcio, interferindo
na evolugdo do estado geral de satide do paciente e exigindo a assisténcia de uma equipa
odontolégica para diagnostico e tratamento. O paciente foi diagnosticado com estomatite
quimica. Durante o exame clinico foi possivel observar a presenca de lesdes ulceradas e
hemorragicas localizadas no labio, mucosas jugais, palato duro e palato mole. A fotobiomo-
dulacéo a laser foi utilizada como tratamento associada ao corticosteréide. Cada regido
recebeu dez pontos de 1], de forma que foram fornecidos 60 ] de energia por dia/sess@o. No
total, foram fornecidos 480 J de energia com um tempo total de irradiagdo de 4800 s. O pa-
ciente relatou melhora consideravel dos sintomas algicos apés a primeira sessao de foto-
biomodulacdo a laser. Apds 8 sessoes, o paciente melhorou e a fotobiomodulagéo a laser
mostrou-se eficaz no tratamento de lesoes orais. (Rev Port Estomatol Med Dent Cir Maxilo-
fac. 2024;65(1):46-51)
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Introduction

The oral cavity favors bacterial community development, pro-
viding a suitable environment for organized and complex
species of several degrees of virulence to grow due to its hu-
midity and temperature,’? among other factors. The oral mi-
crobiota of a healthy person is usually balanced, with the
predominance of Gram-positive streptococci. Biofilm devel-
opment, however, favors association with Gram-negative an-
aerobic bacteria and fungi. An increase in biofilm pathogenic-
ity occurs in the first 48 to 72 hours of intensive care unit (ICU)
hospitalization, leading to a higher systemic complication
risk.>>

Hospital ICUs are responsible for the treatment of critical
patients, mostly affected by acute diseases or chronic disease
complications,®” and generally at imminent risk of death. In
general, ICU patients present lip resection and salivary flow
alterations.® Decreased salivary flow consequent to medica-
tion administered favors the growth of oral pathogenic micro-
organisms, impacting oral health.»?

The dentist’s assistance during hospitalization is import-
ant for oral health promotion. During this period, patients may
present oral alterations locally originated by traumas, infec-
tions, and neoplasms or systemically originated by medica-
tions, basic diseases, and the patient’s immunosuppression
state, which may, in turn, influence the evolution of the pa-
tient’s general health.’

Chemical stomatitis, or chemical damage to the mucosa,
is a type of traumatic injury caused by the contact of oral tis-
sues with chemicals and drugs improperly administered.®
Some patients, especially children or those undergoing psy-
chiatric treatment, may keep the drugs in their mouths instead
of swallowing them, causing clinically significant damage.'°
Clinically, chemical stomatitis appears as a whitish, pleated
plaque, which may detach from the underlying tissue and
show a red, hemorrhagic conjoined tissue associated with
painful symptoms.’*

Oral care and oral lesions monitoring during ICU hospital-
ization aims to control the development and maturation of a
more pathogenic biofilm in various oral cavity sites, as biofilm
volumes increase rapidly and intensely in patients during hos-
pitalization due to their critical health status and hygiene de-
pendence.® Moreover, oral care is often neglected or performed
inappropriately when not part of a pre-established care routine.?

In this context, the present study aims to report the clinical
case of an adolescent patient with chronic renal disease who,
during an ICU hospitalization, suffered significant oral alterations.

Case Report

A 14-year-old male patient with chronic renal disease and par-
ticipant in the Replacement Renal Therapy - Peritoneal Dialysis
program, due to treatment-related complications, evolved to
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bacterial peritonitis. This situation required dialysis treatment
mode alterations, so the patient initiated hemodialysis and was
admitted to a pediatric ICU.

The patient’s medical history indicated many types of
medication, including calcium carbonate 500 mg capsules.
The person in charge reported that the patient exhibited
difficulty in swallowing the calcium carbonate capsules, so
he would open them and release their content directly into
the oral cavity. However, according to the medical team’s
recommendations, this medication should only be ingest-
ed in capsule form. After recurrent administrations in the
oral cavity, the patient developed extensive oral lesions
associated with chemical burns and several bleeding points
with highly painful symptoms. This condition prevented
him from eating, requiring a nasogastric tube-adminis-
tered diet.

Due to the clinical characteristics of the lesions and be-
cause he was a patient with chronic kidney disease, the hy-
pothesis of uremic stomatitis was considered. However, this
diagnosis was discarded after observing that the patient had
serum urea levels of 74 mg/dL.

Figure 1. Intraoral aspect of the patient at the moment
of the first evaluation by the dental team.

Figure 2. A) Evolution of the lesion after the second laser photobiomodulation session. B) Evolution of the lesion after
the fourth laser photobiomodulation session. C) Evolution of the lesion after the sixth laser photobiomodulation
session. D) Evolution of the lesion after the eighth laser photobiomodulation session.
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Figure 3. Final appearance after laser therapy follow-up.

The initial clinical examination revealed many crusts as-
sociated with poor hygiene. Thus, hygiene was carried out with
gauze and 0.12% alcohol-free chlorhexidine, following the es-
tablished hospital protocol. Subsequently, ulcerated, bleeding
lesions were observed on the inner lip, jugal mucous mem-
branes, hard palate, and soft palate (Figure 1).

The diagnostic hypothesis put forth was chemical stoma-
titis. Lesions were treated with a topical corticosteroid —clo-
betasol propionate 0.5 mg/g gel— with 6-hour intervals be-
tween applications. Concomitantly, low-intensity laser
photobiomodulation was initiated as an adjuvant treatment
agent to accelerate the healing process and decrease painful
symptoms employing the following protocol: Laser Hand Duo
(MM Optics LTDA); continuous operation mode; semiconductor
light-laser emitter (GaAlAs and InGaAlIP); 100 mW power; 0.03
cm? spot; 660 nm wavelength; 33.3 J/cm? energy density, 10
seconds/point in the lip, tongue, jugal mucosa, hard palate,
and soft palate regions, along the entire length of the lesion;
1-cm distance between each point of application. The laser tip
was placed perpendicularly and near the tissue, respecting the
patient’s possible discomfort when touching the tissue. Each
region received ten 1 J/point, 60 ] per day/session. In total, 480
J of energy were delivered with a total irradiation time of 4800
s. Eight sessions were performed at 24-hour intervals until
total lesion regression (Figures 2 and 3).

The patient reported considerable improvement in the
painful symptomatology after the first laser photobiomodula-
tion session. The dental team assessed the effectiveness of the
photobiomodulation process through clinical examination.
The oral mucosa exhibited the clinical appearance of a healed
tissue following treatment.

Discussion and conclusions

The patient reported herein had chronic renal disease and un-
derwent peritoneal dialysis as a replacement renal therapy
due to significant renal system involvement. One of the most
frequent complications associated with peritoneal dialysis is
peritonitis, a condition where inflammation of the membrane
covering the abdominal cavity organs and the internal wall of

the abdomen occurs because of intense manipulation during
dialysis, making it more susceptible to infections, resulting in
peritonitis and requiring ICU treatment.'>12

Patients who undergo chronic dialysis require a large drug
arsenal, which may include antihypertensives and calcium
carbonate supplementation. The latter is required for vitamin
D activation and control of the calcium blood level decrease,
consequent to the decreased kidney function and aggravated
by excess phosphorus in the blood, leading to calcium reab-
sorption from the bone. Thus, supplementation may be admin-
istered to correct this deficiency and avoid hypocalcemia.'®*>

The patient evolved to chemical stomatitis due to inade-
quate calcium carbonate administration. Many drugs cannot
be crushed or have their contents extracted from their cap-
sules due to the risk of complications, including therapeutic
failure, drug-nutrient interaction, biological risk due to car-
cinogenic potential, and damage to the gastrointestinal tract,
as noted in this case report.!®

After a complete evaluation, it was concluded that, al-
though the patient’s lesions appeared because of poor drug
administration, they intensified due to poor oral hygiene and,
especially, due to a sharp decrease of the salivary flow, common
in patients with chronic kidney disease and in individuals ad-
mitted to the ICU because of administered medications.'’-

The hypothesis of uremic stomatitis was also considered.
It is a condition of the oral mucosa associated with uremia in
patients with chronic renal failure with serum levels above 200
mg/dL. It presents with various clinical types, with the ulcer-
ative form being the most common.?>-?* In the present case,
the hypothesis was discarded after observing the patient’s 74
mg/dL serum levels.

Laser photobiomodulation, formerly known as low-power
laser therapy, was used for the treatment. It uses irradiation
with wavelengths in the red and infrared ranges and includes
various types of radiation, such as electromagnetic, broadband
lights, LEDs, and lasers.?>?° It is a non-invasive therapy that,
when applied to the mucous membranes, is absorbed by en-
dogenous chromophores such as mitochondria, causing pho-
tophysical and photochemical events through biological path-
ways.??8 Depending on the dose of energy used, it can have
anti-inflammatory, analgesic, and healing properties. It has
been increasingly used in dentistry as an alternative for treat-
ing inflammation and wounds in the oral cavity. Laser photo-
biomodulation increases the universal energy source —ade-
nosine triphosphate— intracellularly and reduces oxidative
stress, which is its accepted primary mechanism of promotion
of healing. Moreover, its analgesic activity is probably induced
by an inhibitory effect on A and C neuronal pain fibers, with
the modulation of neuroperception, slowing of neural conduc-
tion velocity, reduction of action potentials amplitude, and
suppression of neurogenic inflammation.?%3°

Corticosteroids were applied topically to the mucosa for
joint treatment with laser photobiomodulation to potentiate
the anti-inflammatory effects due to the severity of the pres-
ent clinical condition. The literature reports other oral condi-
tions also treated with this association, such as Graft versus
Host Disease. In turn, other studies prove the efficacy of laser
photobiomodulation as a first-line therapy in the treatment of
lesions in the oral cavity.?»3? Besides its easy access, photobio-
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modulation is also promising due to being a non-pharmaco-
logical treatment that can spare patients from adverse effects.

Based on the applied protocol and the patient’s evolution
presented in this clinical case, the association of laser photobio-
modulation with topical corticosteroids was proven an effective
alternative for oral lesion treatment, especially in ICU patients.
This therapy acts by stimulating healing, analgesia, and inflam-
mation modulation effects, contributing to general patient
health and reducing hospitalization lengths of critical patients.

Conflict of interest

The authors have no conflicts of interest to declare.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that the procedures followed were in accordance with
the regulations of the relevant clinical research ethics com-
mittee and with those of the Code of Ethics of the World Med-
ical Association (Declaration of Helsinki).

Confidentiality of data. The authors declare that they have
followed their work center protocols on access to patient data
and for its publication.

Right to privacy and informed consent. The authors have
obtained the written informed consent of the patients or sub-
jects mentioned in the article. The corresponding author is in
possession of this document.

CREDIT AUTHORSHIP CONTRIBUTION STATEMENT

Lara Rebelo de Almeida: Conceptualization, Data curation,
Investigation, Methodology, Writing — original draft. Luciana
Gominho: Investigation, Methodology, Writing - original draft,
Writing - review & editing, Validation, Visualization. Fernando
Henrique de Siqueira Cabral: Conceptualization, Investiga-
tion, Resource, Validation, Writing — review & editing. Antonio
Carlos Moura de Albuquerque Melo: Conceptualization, In-
vestigation, Resource, Validation, Writing - review & editing.
Lucia de Fatima Cavalcanti dos Santos: Conceptualization,
Investigation, Resource, Validation, Writing — review & editing.
Kaline Romeiro: Conceptualization, Project administration,
Resources, Supervision, Validation, Visualization, Writing - re-
view & editing.

ORCID

Lara Rebelo de Almeida 0000-0002-4967-807X

0000-0002-7881-0316

0000-0003-1045-798X
0000-0002-9336-7797

0000-0002-7107-1901

Luciana Gominho
Fernando Henrique de Siqueira Cabral
Antonio Carlos Moura de Albuquerque Melo
Lucia de Fatima Cavalcanti dos Santos

Kaline Romeiro 0000-0002-6482-0628

REFERENCES

1. Arkia M, Rezaei J, Salari N, Vaziri S, Abdi A. Oral status and
affecting factors in Iranian ICU patients: a cross-sectional
study. BMC Oral Health. 2023;23:154.

2. Martins ST, Moreira M, Furtado GHC, Marino CG]J, Machado
FR, Wey SB, et al. Application of control measures for
infections caused by multi-resistant gram-negative bacteria
in intensive care unit patients. Mem Inst Oswaldo Cruz.
2004;99:331-4.

3. Abele-Horn M, Dauber A, Bauernfeind A, Russwurm W,
Seyfarth-Metzger I, Gleich P, et al. Decrease in nosocomial
pneumonia in ventilated patients by selective
oropharyngeal decontamination (SOD). Intensive Care Med.
1997;23:187-95.

4. Silva JL, O El Kadre GD, Kudo GA, Junior JFS, Saraiva PP. Oral
Health of Patients Hospitalized in the Intensive Care Unit. ]
Contemp Dent Pract. 2016;17:125-9.

5. Cruz MK, Morais TMN, Trevisani DM. Clinical assessment of
the oral cavity of patients hospitalized in an intensive care
unit of an emergency hospital. Rev Bras Ter Intensiva.
2014,26:379-83.

6. Kim SH, Chan CW, Olivares M, Escobar G. ICU Admission
Control: An Empirical Study of Capacity Allocation and Its
Implication for Patient Outcomes. Management Science.
2015;61:19-38.

7. Blair E, Langdon K, McIntyre S, Lawrence D, Watson L.
Survival and mortality in cerebral palsy: observations to the
sixth decade from a data linkage study of a total population
register and National Death Index. BMC Neurol. 2019;19:111.

8. Grap MJ, Munro CL, Ashtiani B, Bryant S. Oral care
interventions in critical care: frequency and documentation.
Am ] Crit Care. 2003;12:113-8.

9. Silva AP, Caruso P, Jaguar GC, Carvalho PAG, Alves FA. Oral
evaluation and procedures performed by dentists in patients
admitted to the intensive care unit of a cancer center. Support
Care Cancer. 2014;22:2645-50.

10. Pinto A, Haberland CM, Baker S. Pediatric Soft Tissue Oral
Lesions. Dent Clin North Am. 2014;58:437-53.

11. Aleksijevi¢ LH, Prpi¢ ], Urek MM, Pezelj-Ribari¢ S, Ivanci¢-Jokié¢
N, Bukmir RP, et al. Oral Mucosal Lesions in Childhood. Dent J
(Basel). 2022;10:214.

12. Ferreira JJ, Neto MLR, Macédo CHPF, Cartaxo JDS, Lima NNR,
Galiza LE, et al. Manifestacao clinica de peritonite em
pacientes que vivem com insuficiéncia renal cronica.
Arquivos Brasileiros de Ciéncias da Satide. 2011;36:150-4.

13. Salzer WL. Peritoneal dialysis-related peritonitis: challenges
and solutions. Int ] Nephrol Renovasc Dis. 2018;11:173-86.

14. Agus LS, Effendi I, Abdillah S. Influence of the use of
phosphate binders on serum levels of calcium phosphate in
patients with chronic kidney disease undergoing
hemodialysis: A retrospective and prospective study. Saudi
Pharm J. 2014;22:333-7.

15. Ogata H, Koiwa F, Shishido K, Kinugasa E. Combination
Therapy with Sevelamer Hydrochloride and Calcium
Carbonate in Japanese Patients with Long-Term
Hemodialysis: Alternative Approach for Optimal Mineral
Management. Ther Apher Dialysis. 2005;9:11-5.

16. Wohlt PD, Zheng L, Gunderson S, Balzar SA, Johnson BD, Fish
JT. Recommendations for the use of medications with
continuous enteral nutrition. Am ] Health Syst Pharm.
2009;66:1458-67.

17. Munro CL, Grap M]J. Oral Health and Care in the Intensive
Care Unit: State of the Science. Am ] Crit Care. 2004;13:25-34.

18. Kho HS, Lee SW, Chung SC, Kim YK. Oral manifestations and
salivary flow rate, pH, and buffer capacity in patients with
end-stage renal disease undergoing hemodialysis. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 1999;88:316-9.


https://orcid.org/0000-0002-4967-807X
https://orcid.org/0000-0002-4967-807X
https://orcid.org/0000-0002-7881-0316
https://orcid.org/0000-0002-7881-0316
https://orcid.org/0000-0003-1045-798X
https://orcid.org/0000-0003-1045-798X
https://orcid.org/0000-0002-9336-7797
https://orcid.org/0000-0002-9336-7797
https://orcid.org/0000-0002-7107-1901
https://orcid.org/0000-0002-7107-1901
https://orcid.org/0000-0002-6482-0628
https://orcid.org/0000-0002-6482-0628
https://doi.org/10.1186/s12903-023-02867-6
https://doi.org/10.1186/s12903-023-02867-6
https://doi.org/10.1186/s12903-023-02867-6
https://doi.org/10.1590/S0074-02762004000300017
https://doi.org/10.1590/S0074-02762004000300017
https://doi.org/10.1590/S0074-02762004000300017
https://doi.org/10.1590/S0074-02762004000300017
https://doi.org/10.1590/S0074-02762004000300017
https://doi.org/10.1007/s001340050314
https://doi.org/10.1007/s001340050314
https://doi.org/10.1007/s001340050314
https://doi.org/10.1007/s001340050314
https://doi.org/10.1007/s001340050314
https://doi.org/10.5005/jp-journals-10024-1814
https://doi.org/10.5005/jp-journals-10024-1814
https://doi.org/10.5005/jp-journals-10024-1814
https://doi.org/10.5935/0103-507X.20140058
https://doi.org/10.5935/0103-507X.20140058
https://doi.org/10.5935/0103-507X.20140058
https://doi.org/10.5935/0103-507X.20140058
https://doi.org/10.1287/mnsc.2014.2057
https://doi.org/10.1287/mnsc.2014.2057
https://doi.org/10.1287/mnsc.2014.2057
https://doi.org/10.1287/mnsc.2014.2057
https://doi.org/10.1186/s12883-019-1343-1
https://doi.org/10.1186/s12883-019-1343-1
https://doi.org/10.1186/s12883-019-1343-1
https://doi.org/10.1186/s12883-019-1343-1
https://doi.org/10.1007/s00520-014-2233-0
https://doi.org/10.1007/s00520-014-2233-0
https://doi.org/10.1007/s00520-014-2233-0
https://doi.org/10.1007/s00520-014-2233-0
https://doi.org/10.1016/j.cden.2013.12.003
https://doi.org/10.1016/j.cden.2013.12.003
https://doi.org/10.3390/dj10110214
https://doi.org/10.3390/dj10110214
https://doi.org/10.3390/dj10110214
https://doi.org/10.7322/abcs.v36i3.54
https://doi.org/10.7322/abcs.v36i3.54
https://doi.org/10.7322/abcs.v36i3.54
https://doi.org/10.7322/abcs.v36i3.54
https://doi.org/10.2147/IJNRD.S123618
https://doi.org/10.2147/IJNRD.S123618
https://doi.org/10.1016/j.jsps.2013.08.004
https://doi.org/10.1016/j.jsps.2013.08.004
https://doi.org/10.1016/j.jsps.2013.08.004
https://doi.org/10.1016/j.jsps.2013.08.004
https://doi.org/10.1016/j.jsps.2013.08.004
https://doi.org/10.1111/j.1774-9987.2005.00215.x
https://doi.org/10.1111/j.1774-9987.2005.00215.x
https://doi.org/10.1111/j.1774-9987.2005.00215.x
https://doi.org/10.1111/j.1774-9987.2005.00215.x
https://doi.org/10.1111/j.1774-9987.2005.00215.x
https://doi.org/10.2146/ajhp080632
https://doi.org/10.2146/ajhp080632
https://doi.org/10.2146/ajhp080632
https://doi.org/10.2146/ajhp080632
https://doi.org/10.4037/ajcc2004.13.1.25
https://doi.org/10.4037/ajcc2004.13.1.25
https://doi.org/10.1016/S1079-2104(99)70035-1
https://doi.org/10.1016/S1079-2104(99)70035-1
https://doi.org/10.1016/S1079-2104(99)70035-1
https://doi.org/10.1016/S1079-2104(99)70035-1

REV PORT ESTOMATOL MED DENT CIR MAXILOFAC . 2024;65(1):46-51

51

19.

20.

21.

22.

23.

24.

25.

26.

27.

Davidovich E, Schwarz Z, Davidovitch M, Eidelman E,
Bimstein E. Oral findings and periodontal status in children,
adolescents and young adults suffering from renal failure. J
Clin Periodontol. 2005;32:1076-82.

Yano H, Kinjo M. Uraemic stomatitis. BMJ Case Rep.
2019;12:231948.

Liao CY, Wu CC, Chu PL. Uremic stomatitis. QM.
2017;110:247-8.

Leao JC, Gueiros LAM, Segundo AVL, Carvalho AAT, Barrett W,
Porter SR. Uremic Stomatitis in Chronic Renal Failure. Clinics.
2005;60:259-62.

Souza PRM, Mosena G, Dantas ML, Vettorato G. Uremic
stomatitis. An Bras Dermatol. 2022;97:404-5.

Alshammari SM, Issrani R. Uremic stomatitis: oral
manifestations. Pan Afr Med J. 2022;42:102.

Chung H, Dai T, Sharma SK, Huang YY, Carroll JD, Hamblin
MR. The Nuts and Bolts of Low-level Laser (Light) Therapy.
Ann Biomed Eng. 2012;40:516-33.

Khan I, Arany P. Biophysical Approaches for Oral Wound
Healing: Emphasis on Photobiomodulation. Adv Wound Care
(New Rochelle). 2015;4:724-37.

Dompe C, Moncrieff L, Matys ], Grzech-Le$niak K, Kocherova
I, Bryja A, et al. Photobiomodulation—Underlying Mechanism
and Clinical Applications. ] Clin Med. 2020;9:1724.

28.

29.

30.

31.

32.

Finfter O, Cohen R, Hanut A, Gavish L, Zadik Y. High-power
laser photobiomodulation therapy for immediate pain relief
of refractory oral mucositis. Oral Dis. 2023; online ahead of
print.

Zecha JAEM, Raber-Durlacher JE, Nair RG, Epstein JB, Sonis ST,
Elad S, et al. Low level laser therapy/photobiomodulation in
the management of side effects of chemoradiation therapy
in head and neck cancer: part 1: mechanisms of action,
dosimetric, and safety considerations. Support Care Cancer.
2016;24:2781-92.

Chow R, Armati P, Laakso EL, Bjordal JM, Baxter GD. Inhibitory
Effects of Laser Irradiation on Peripheral Mammalian Nerves
and Relevance to Analgesic Effects: A Systematic Review.
Photomed Laser Surg. 2011;29:365-81.

Marin-Conde F, Castellanos-Cosano L, Pachén-Ibanez J,
Serrera-Figallo MA, Gutiérrez-Pérez JL, Torres-Lagares D.
Photobiomodulation with low-level laser therapy reduces
oral mucositis caused by head and neck radio-chemotherapy:
prospective randomized controlled trial. Int J Oral Maxillofac
Surg. 2019;48:917-23.

Finfter O, Avni B, Grisariu S, Haviv Y, Nadler C, Rimon O, et al.
Photobiomodulation (low-level laser) therapy for immediate
pain relief of persistent oral ulcers in chronic graft-versus-
host disease. Support Care Cancer. 2021;29:4529-34.


https://doi.org/10.1111/j.1600-051X.2005.00812.x
https://doi.org/10.1111/j.1600-051X.2005.00812.x
https://doi.org/10.1111/j.1600-051X.2005.00812.x
https://doi.org/10.1111/j.1600-051X.2005.00812.x
https://doi.org/10.1136/bcr-2019-231948
https://doi.org/10.1136/bcr-2019-231948
https://doi.org/10.1093/qjmed/hcx007
https://doi.org/10.1093/qjmed/hcx007
https://doi.org/10.1590/S1807-59322005000300013
https://doi.org/10.1590/S1807-59322005000300013
https://doi.org/10.1590/S1807-59322005000300013
https://doi.org/10.1016/j.abd.2020.09.019
https://doi.org/10.1016/j.abd.2020.09.019
https://doi.org/10.11604/pamj.2022.42.102.32685
https://doi.org/10.11604/pamj.2022.42.102.32685
https://doi.org/10.1007/s10439-011-0454-7
https://doi.org/10.1007/s10439-011-0454-7
https://doi.org/10.1007/s10439-011-0454-7
https://doi.org/10.1089/wound.2014.0623
https://doi.org/10.1089/wound.2014.0623
https://doi.org/10.1089/wound.2014.0623
https://doi.org/10.3390/jcm9061724
https://doi.org/10.3390/jcm9061724
https://doi.org/10.3390/jcm9061724
https://doi.org/10.1111/odi.14618
https://doi.org/10.1111/odi.14618
https://doi.org/10.1111/odi.14618
https://doi.org/10.1111/odi.14618
https://doi.org/10.1007/s00520-016-3152-z
https://doi.org/10.1007/s00520-016-3152-z
https://doi.org/10.1007/s00520-016-3152-z
https://doi.org/10.1007/s00520-016-3152-z
https://doi.org/10.1007/s00520-016-3152-z
https://doi.org/10.1007/s00520-016-3152-z
https://doi.org/10.1089/pho.2010.2928
https://doi.org/10.1089/pho.2010.2928
https://doi.org/10.1089/pho.2010.2928
https://doi.org/10.1089/pho.2010.2928
https://doi.org/10.1016/j.ijom.2018.12.006
https://doi.org/10.1016/j.ijom.2018.12.006
https://doi.org/10.1016/j.ijom.2018.12.006
https://doi.org/10.1016/j.ijom.2018.12.006
https://doi.org/10.1016/j.ijom.2018.12.006
https://doi.org/10.1016/j.ijom.2018.12.006
https://doi.org/10.1007/s00520-021-05997-1
https://doi.org/10.1007/s00520-021-05997-1
https://doi.org/10.1007/s00520-021-05997-1
https://doi.org/10.1007/s00520-021-05997-1

