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Abstract
Introduction: One of the unexpected side effects of the Haas type palatal expander is ulcers 
progressing to necrotic lesions in the palatal area due to poor hygiene. The use of antibiotic therapy 
is mandatory. However, long periods of healing/pain and the need for a systemic host response with 
the aid of metabolization, especially in children, are issues that should be taken into account in 
the management of this type of injury. Since phototherapy modalities (antimicrobial photodynamic 
therapy [aPDT] and photobiomodulation therapy [PBMT]) are able to enhance and accelerate the 
healing process and reduce the bacterial load, this case report aimed to describe the use of the 
above-mentioned therapies to treat palatal ulcers occurring during orthodontic expansion. 
Case Report: The patient, a 10-year-old boy, with a chief complaint of bleeding and continuous 
pain in the region of his expander was verified on a follow-up visit. After a dental examination, the 
expander was removed and two necrotic lesions which were in contact with the acrylic part of the 
tooth-tissue expander were found in the palatal region. The proposal was to use one aPDT session 
with methylene blue followed by 4 sessions of PBMT with a red laser diode. On the 5th day, 
reorganized tissue was verified, with the absence of bleeding, swelling, and pain. On the 20th day 
of follow-up, the area showed no signs of inflammation, healthy tissue without any pathological 
clinical symptoms, and complete wound healing. 
Conclusion: The concomitant use of PBMT and aPDT therapies may be considered feasible as an 
adjunct treatment to manage palatal ulcers resulting from the incorrect use of tooth-tissue types 
of expanders.
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Introduction
Some occlusal discrepancies are based on the use of fixed 
tooth-borne (Hyrax-type expander) and tooth-tissue-
borne devices (such as the Haas-type expander) for the 
correction of posterior crossbite malocclusion.1 The 
difference between the tooth-borne and the tooth-tissue-
borne types of appliances is that the latter appliance has 
acrylic plates that cover the palatal mucosa bilaterally and 
is screw-retained with an 11-mm screw.2

When the tooth-tissue-borne type of expander is used, 
the ulceration of the palatal mucosa may occur due to the 
acrylic part. In the presence of ulcers, symptoms such 

as swelling and pain can be present.3 When this occurs, 
the most common approach is to remove the device 
and prescribe anti-inflammatory/analgesic medication. 
In addition, when an infection is present (e.g. excessive 
bleeding, fever, and pain), the concomitant use of 
antibiotics is mandatory. Since the use of this therapy is 
capable of causing some side effects, adjunct methods, 
including photobiomodulation therapy, (PBMT) become 
a feasible “local biological” option because of reducing 
the painful symptomatology and modulating the 
inflammatory process, and when associated with some 
specific dyes (known as antimicrobial photodynamic 
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therapy – aPDT), it is capable of microbial eradication/
control, facilitating wound healing and the recovery of the 
patient’s well-being.4,5

Therefore, the present study reports a clinical case of an 
approach to palatal ulcers in a young child during the fixed 
tooth-tissue borne palatal disjunction in combination 
with different photobiomodulation modalities based on 
the use of lasers. 

Case Report
During the visit of the patient, a 10-year-old boy, for 
following up his Haas expander-type appliance at a private 
Dental School in São Luís – MA, Brazil, he presented the 
main complaints of bleeding, fetid odor, and a sensation 
of fever associated with painful symptomatology 
showing a very unwell condition. After the meticulous 
verification of the dental and medical history, which 
revealed no systemic disease, the device was removed 
revealing the presence of two ulcers in the palatal region, 
covered by a pseudomembrane that consisted of white 
fibrinoleukocyter tissue (Figure 1A). 

After removing the appliance, the area was disinfected 
with 0.9% sterile saline solution and chlorhexidine 2% 
followed by one aPDT-session with methylene blue 0.005% 
(0.0075% w/v) solution (Chimiolux, 5%, DMC, São 
Carlos - SP, Brazil), supported by sterile cotton dressings 
on both lesions. The aim was to reduce the bacterial load 
locally and to facilitate/accelerate the healing process. 
The dye remained in place for 5 minutes (pre-irradiation 
time - PIT) and was irradiated with a GaAlAs diode low-
level laser (Thera Lase EC, DMC, São Carlos - SP, Brazil) 
onto only one point delivering 1 J of energy and 35 J/
cm2 of fluence. Other laser specifications and irradiation 

protocols are described in Table 1.6-8 Concomitantly, as a 
gold standard approach following specific guidelines,9,10 
an antibiotic was prescribed to be taken every 8 hours 
(Amoxicillin, 500 mg, Merck, São Paulo – SP, Brazil) 
for 7 days due to the high level of infection, bleeding, 
discomfort, signs of systemic dissemination of infection 
(prostration and a sensation of fever), and avoiding the 
onset of opportunistic infections. 

After this, the patient was re-called within 48 hours to 
verify his clinical condition and we proceeded with the 
application of PBMT with the same parameters as those 
shown above to 4 distinct points (around the lesions at 
points equally far from each other) according to the details 
described in Table 1, as used in some previous studies 
(Figure 1B).11-14 The irradiation was repeated 4 times 
with an interval of 48 hours; therefore, 4 PBMT sessions 
were performed with the aim of relieving pain (analgesic 
effect), controlling inflammation, and accelerating the 
healing process with the main focus being on patient 
comfort. 

The clinical condition was evaluated after 5 days 
(Figure 1C), showing a reduction in the lesion, the control 
of the inflammatory process with more organized tissue, 
hemostasis, very good coagulation and the absence of 
pain reported by the patient. On the 20th day of follow-up, 
a total remission of the lesions with a high level of healthy 
tissue accompanied by the lack of pain constituted the 
most favorable aspects (Figure 1D).

After complete healing, the patient was recalled and 
the orthodontic therapy continued, as requested by the 
patient’s family and the professionals responsible for the 
case. Both the guardians and the patient were provided 
with recommendations regarding oral care (and hygiene 

Table 1. Technical Parameters for the Reported Case

Technical Parameters

aPDT PBMT

Light source Low-level diode laser

Active medium GaAlAs

Wavelength 660 nm ± 10 nm

Power output 0.1 W (± 20%), CW

Irradiation mode and frequency of treatment
Contact, punctual in 1 day (unique 
application)

Contact, punctual in 4 days (unique 
applications on noncoconsecutive days)

Model / Manufacturer  Thera Lase EC/DMC, São Carlos - SP, Brazil

Spot area 0.94 cm2

Exposure time per point/session/time treatment per week 10 s 10 s/40 s/120 s

Number of points 1 4

Energy per point 1 J

Energy per daily session 1 J 4J

Dye/PIT Methylene blue 0.05%/5 min Not applicable

Fluence per point 35 J/cm2

Total fluence in each session 35 J/cm2 140 J/cm2

Irradiance per point 0.094 W/cm2 0.376 W/cm2

Cumulative dose given 595 J/cm2

Total irradiation time 170 s

Abbreviations: aPDT, antimicrobial photodynamic therapy; PBMT, photobiomodulation therapy; CW, continuous wave; PIT, pre-irradiation time.
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as well) during the use of the appliance. However, instead 
of using the Haas-type expander, this second palatal 
expansion was performed with a fixed tooth-borne device 
(Hyrax-type expander).

Discussion
The present case report demonstrated an innovative and 
adjunct approach, in which both phototherapy (aPDT and 
PBMT) modalities were chosen to enhance the healing 
process and reduce the bacterial load in necrotic lesions, 
with the aim of providing patient comfort and reducing 
the time for the recovery of the ulcerative palatal region.

In the case reported here, the Haas-type expander was 
selected due to its maximum anchorage that provided 
stable expansion.15,16 In addition, apart from the type of 
expander, the biochemical reaction to expansion includes 
the cardinal signs and symptoms of inflammation, such 
as swelling and pain,17 as verified in the present study. 
However, the presence of the acrylic part may lead to 
ischemia with the formation of necrotic lesions followed 

by pain, the ulceration of palatal mucosa and excessive 
bleeding.3 

In a recent study,18 the authors revealed that pain was 
reported by Haas users, whereas no symptomatic effects 
were verified by individuals using Hyrax appliances. 
However, both types of expanders have been responsible 
for infection with the main complaint of difficulty during 
brushing and flossing, especially in the posterior region 
of the fornix, a site where food is compacted due to the 
natural movement of the tongue during mastication. 
Furthermore, other complications have been related, 
including persistent pain, tooth darkening, and asymmetric 
expansion for Haas users. Nevertheless, relative to which 
device would be less harmful to periodontal tissues, a 
current systematic review concluded that there were no 
significant differences between the two expanders and 
considered the devices equally safe for oral health.19

The proposed approach was firstly based on the gold 
standard protocol9,10 by means of antibiotic therapy 
(amoxicillin) since the open ulcers served as a microbial 
reservoir, with the possibility of blood contamination. 
Moreover, the symptomatology presented by the 
patient (fever state, painful, prostration and very unwell 
condition) showed the clear signs of disseminated 
infection, making prescription mandatory in such cases. 
Therefore, a broad-spectrum antibiotic was needed to 
avoid other infections, facilitate wound healing and 
promote the suitable well-being of the child. Furthermore, 
to support the decontamination of the oral condition 
locally, accelerate the healing process, and reduce the pain 
sensation, the laser device (in an infrared wavelength) was 
first used, associated with methylene blue (Chimiolux, 
5%, DMC, São Carlos - SP, Brazil) to constitute the aPDT 
modality. The parameters used, such as PIT (5 minutes), 
the use of a phenotiazine dye (methylene blue), the time 
of irradiation and dose, were in accordance with those of 
other investigations11-14 and are described in Table 1. 

The use of aPDT is well documented for many diseases 
and conditions such as infected leg ulcers,20 diabetic 
foot,21 and chronic skin ulcers.22 With specific regard to 
the oral environment, its action includes the treatment 
of leukoplakia,17 lichen planus,23 periodontal pockets,24 
peri-implantitis,25 and oral decontamination as well.26,27 
In the specific case of palatal ulcers during orthodontic 
therapy, this is the first case report to use this approach 
to solve this type of injury. Other studies have reported 
that the use of aPDT accelerated wound healing in oral 
mucosa right after the second day in comparison with the 
control group and the group with the laser applied alone.7 
In agreement with this finding, Silva et al28 verified that 
the rat groups submitted to aPDT (with phthalocyanine-
derived photosensitizer) applied in a gel base had a higher 
collagen content and enhanced re-epithelization when 
compared with the control group. Moreover, connective 
tissue remodeling was more evident in those specific 
groups. 

Figure 1. A. Initial aspect of necrotic lesions. In the upper right side, a 
close view of lesion. B. Upper left and right side: detailed view of necrotic 
lesions. 1. White necrotic pseudomembrane; 2. Necrotic areas surrounded 
by bleeding channels. Lower left side: 1st application of PBMT session after 
48 hours. Lower right side: Application points of PBMT around necrotic 
pseudomembrane.  C. Aspect of necrotic lesions after 5 days of follow-up. 
D. Aspect of necrotic lesions after 20 days of follow-up.
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Recently, Nesi-Reis et al,29 in a systematic review, 
researched articles that used aPDT for treating skin wounds 
in humans. They concluded that aPDT contributed to 
wound healing in several ways, such as leading to cellular 
death, reducing or increasing inflammation, fibroblast 
proliferation, collagen and elastin, and raising growth 
factor beta and metalloproteinases. 

The aim of applying photodynamic therapy (aPDT) 
previously to PBMT, after dye application (methylene 
blue) in combination with an appropriate wavelength 
of visible light (preferred ~660 nm/red light) was to 
form free radicals or superoxide ions (formed by type 
I - electron transference or type II – oxygen singlet 
reactive species) that oxidize the biological structures of 
bacteria/fungi/viruses (e.g., mitochondria, DNA, lipid 
membranes) causing a lethal photochemical reaction 
leading to irreversible damage with the consequent death 
of microorganisms. With this “microorganism biological 
cleaning” the contaminated area is capable of healing in 
a faster way in a short period of time, as shown by the 
clinical parameters obtained in the case reported here.30,31

PBMT sessions focused on biostimulating many types 
of cells and acts, especially in the palatal wound healing 
process, angiogenesis and remodeling by increasing 
collagen production after the bacterial disinfection 
provided by photodynamic therapy, preferably with a 
visible wavelength at ~660 nm/red light (Figure 1C). 
Moreover, PBMT is a non-invasive method, providing 
pain relief by analgesic and anti-inflammatory effects.4,32 
PBMT can be performed with various wavelengths and 
units with different outputs. Furthermore, the analgesic 
effect has been suggested to occur by the production of 
neuropharmacological substances, including endogenous 
endorphins (β-endorphin), a decrease in the activity 
of C-fibers and bradykinin, and altering the pain 
threshold.4 In addition, PBMT is able to improve the 
microcirculation/oxygenation of the tissue and stimulate 
epithelial, endothelial and mesenchymal cell growth.33 In 
the present case, a red wavelength GaAlAs laser (n = 660 
nm ± 10 nm) was applied with 1J of energy, dosimetry 
of 35 J/cm2, contact in a continuous mode, 10 seconds 
of irradiation and a output power of 0.1 W divided into 
4 application points around the wound equally far from 
each other (Figure 1). For this purpose, the spot size used 
was 0.94 cm2, delivering 0.094 W/cm2 of irradiance per 
point; therefore, in total (4 points per session), it delivered 
0.376 W/cm2 of irradiance with a total dose of 595 J/
cm2 given after the 4 sessions. All other parameters are 
described in Table 1. Comparing this specific parameter 
with those of other studies was difficult due to different 
laser types, the ways of application (contact, noncontact, 
continuous, pulsed), and the number of sessions, specific 
to each case. 

Relative to protocols, the number of wound healing 
sessions varied among studies. Ahad et al34 used 5 sessions 
(10 days) to reach a substantial effect on a self-inflicted 

thermal injury in the palate by using a 1 W output laser, 
whereas da Silva Neves et al35 used a higher dosage (60 J/
cm2) with 0.3 W applied in 7 sessions to promote faster 
wound healing after the removal of a connective tissue 
graft in the palatal region. Comparing these protocols 
with those used in the present case was difficult. However, 
after 4 applications of PBMT with the support of 1 aPDT 
session, the first signs of tissue reorganization were 
verified on the 5th day and total remission on the 20th 
day. In general, injuries of this nature cause moderate to 
intense pain and heal within 7-10 days. However, since the 
lesions verified here were considered a larger type (greater 
than 5 mm in diameter), the wound generally heals in 
a period of up to 6 weeks.36 Therefore, comparing the 
present results with those in the literature, it was possible 
to verify the faster rate of recovery in the present case, 
in which both phototherapy modalities were applied. The 
differences observed were due to the area affected, lesion 
diameter and high level of infection, delaying the total 
healing process. 

Furthermore, drawing meaningful comparisons with 
the parameters used and those found in the literature was 
a difficult task since the clinical outcomes depend on the 
adjustment of many variables (e.g. fluence, wavelength, 
output power, the time and mode of application, and the 
distance of the source from irradiated tissue resulting in 
different host responses). 

When compared with antibiotic therapy used alone,10 
the present clinical results demonstrated a substantial 
relief from the painful sensation in a short period of 
time, achieving healthy tissue marked by the absence of 
bleeding in few days and more organized wound healing, 
which resulted from the combination with/activation by 
light and protocols proposed here.26,27,34,35 In the present 
report, no pain scale measurement was applied (e.g. visual 
analogic scale). However, immediately after removing the 
device, cleaning, and aPDT application, we found that the 
painful sensation had decreased on the second day (first 
PBMT session) by means of the patient’s report. In a study 
by Akerzoul et al,36 a patient reporting recurrent aphthous 
ulcers showed pain relief right after the PBMT application, 
which is in agreement with a current systematic review 
that demonstrated significant pain relief immediately in 
five out of six studies.37

The limitation of this study was that it was performed 
in a single-patient case observation. The effects of the 
two treatment modalities could perhaps have overlapped, 
promoting a very good healing process and producing 
effects on the patient. Furthermore, it would not have been 
reasonable to try and infer or speculate distinct/separate 
effects of the two approaches (systemic – antibiotics and 
PBMT and local – aPDT) since they act together with the 
aim of providing comfort and a fast recovery, as verified 
here (less than a month) with no need for other drugs 
(e.g. analgesic and anti-inflammatory agents). Hence, 
further prospective studies are necessary to confirm these 
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observations and optimize the clinical treatment of this 
injury. 

Conclusion
In summary, the reported case demonstrated the benefits 
of the association of photobiomodulation modalities 
for the treatment of palatal ulcers during maxillary 
expansion. In addition, it provided an adjunct treatment 
that must be further investigated to attest to its efficacy 
and safety for use in young children.
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