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Abstract

Background. Minimally invasive endodontics is recommended for young, immature teeth to preserve
healthy pulp and dentin tissue.

Objectives. The aim of the study was to examine the cold sensitivity of immature teeth that received
photobiomodulation (PBM) after vital pulp therapy (VPT).

Materials and methods. The study followed the STROBE quidelines and included 123 healthy patients
aged 8—13. The immature teeth (incisors, premolars and molars) that qualified for VPT received the bioc-
eramic material — Biodentine. In this experiment, teeth were treated immediately and at 24 h post-VPT with
a635-nm diode laser using a power of 100 mW, a power density of 200 mW/cm? and a total energy of 4 J
(PBM group, n = 43), while those not treated were the control group (n = 43). The tooth sensitivity to cold
was measured using a visual analogue scale (VAS) before and at 6 h, 1 day, 7, 30, and 90 days after treatment.
The predictor variable was PBM skills regarding the ability to decrease cold sensitivity after VPT. The primary
endpoint was the time to reverse hypersensitivity to cold, and the secondary endpoint was the occurrence
of possible side effects. The Mann—Whitney U test, Friedman test along with Dunn's post hoc test, and the 2
test were used to investigate tooth sensitivity.

Results. Eighty-siximmature permanent teeth of 86 children were included in the study. It was shown that
the difference was significant for sensitivity to a cold stimulus between the groups at 6 h, 24 h, 7 days, and
30 days, but no difference was found preoperatively and at 90 days (6 h, 24 h, 7 days, and 30 days, p < 0.001,
and 90 days, p=0.079). However, patients in both groups reported a decrease in discomfort provoked by cold
stimuli throughout the follow-up period.

Conclusions. Photobiomodulation decreased postoperative sensitivity and was more acceptable for patients.
Further randomized clinical studies with placebo-controlled groups are needed.
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Background

Young permanent teeth are teeth that have erupted and
are present in the oral cavity but have not fully matured
in morphology and structure, and have not established
an occlusal relationship with their antagonists. The ana-
tomical characteristics of these immature teeth include
short clinical crowns, wide pulp cavities, thin hard tissues,
short roots, and trumpet-shaped apical foramina. During
the first 3—5 years after the eruption, the root formation
process continues, and factors such as caries, developmen-
tal deformities and trauma can cause pulp lesions or even
necrosis.! The bacteria and toxins from necrotic pulp tissue
can spread to the surrounding tissues, resulting in shorten-
ing of the root or even tooth loss.2 Since the apical orifice
in immature teeth is wide and open, conventional root
canal treatment (RCT) may not effectively control bacte-
rial infections. In addition, due to the thin root canal wall
and poor resistance, these teeth are prone to fracture even
under physiological forces.?

Vital pulp therapy (VPT) is expanding its indications
with the advancement of biomimetic oral materials and
modern equipment, coupled with the deepening of basic
oral research.* The current trend in dentistry is minimally
invasive treatment, especially in endodontics for young,
immature teeth, with an emphasis on preserving healthy
dentin and pulp tissue at every stage of clinical interven-
tion, from diagnosis to preparation. While there is local in-
flammation and bacterial infections in cases of irreversible
pulpitis, histological and micro-biological studies reveal
that the entire pulp need not be removed as the inflam-
mation and bacteria are generally confined to the local
pulp tissue near the lesions.® Pulp tissue a few millimeters
away from the infected tissue and necrotic pulp is typi-
cally free of inflammation and bacteria.® Furthermore,
current research has shed light on the ability of dental
pulp tissue to prevent bacterial penetration into the dentin
by producing reactive or reparative dentin.” The traditional
approach to the complete removal of the pulp (RCT) once
it is infected is being challenged by these new findings.
Pulp tissue has the opportunity to self-repair by isolat-
ing itself from bacteria and toxins, and it is recommended
to preserve it, especially in young permanent teeth where
the healing potential is relatively high.®

The primary objective of VPT is to prevent pulpitis
by stimulating the production of reparative dentin or a cal-
cium bridge, which ensures the continued functioning
of the affected teeth. The ultimate aim is to preserve
pulp vitality and retain the affected teeth in the long run.
The commonly used methods for VPT are pulpotomy and
pulp capping. According to a recent study by Wu et al.,’
pulpitis-derived stem cells exhibit comparable prolifera-
tive capacity and multidirectional differentiation potential
as dental pulp-derived stem cells, suggesting that it is pos-
sible to adequately preserve pulp in irreversible pulpitis
without completely removing it. Vital pulp therapy for
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young permanent teeth includes indirect pulp capping
(IPC), direct pulp capping (DPC), partial pulpotomy,
and total pulpotomy. Among these techniques, IPC and
DPC are more effective at preserving the entire pulp and
enhancing tooth development, while partial pulpotomy
and total pulpotomy are partial pulp preservation meth-
ods. The application of VPT methods varies, depending
on the age group.!?

After VPT, patients most often complain of hypersen-
sitivity to cold.!® As pain is very subjective, it is difficult
to calibrate the sensations registered by patients, especially
in the case of young patients, who usually exaggerate pain.
Nowadays, there is no recommended effective method
to overcome this complication and to help patients deal
with postoperative discomfort.!%!! Several studies have
proposed photobiomodulation (PBM) as an effective new
attempt of pain control in medicine and dentistry that
is well accepted by patients due to its high success rate.!12

Photobiomodulation was formerly known and described
in the literature as low-level laser therapy (LLLT). After
ithad been reported that the use of not only coherent mono-
chrome light sources, such as lasers, but also non-coherent
light sources such as light emitting diodes (LEDs) was effec-
tive and led to similar biomodulation processes, the ther-
apy received a new name in practice.!> Numerous effects
of PBM have been identified in the literature, including
improved cell regeneration and tissue formation by promot-
ing the proliferation of stem cells, enhanced microcircula-
tion and capillary development, as well as the production
of analgesic and anti-inflammatory effects.!>*

Thus, PBM has been used in dentistry following VPT
due to its well-documented anti-inflammatory, regenera-
tive and analgesic properties.!! Additionally, it has been
reported that laser irradiation has a stimulatory effect
on the dental pulp cells, odontoblasts. In fact, they release
tertiary dentin, which is an important process in dentin
bridge formation at the pulp exposure site.!®

Objectives

The objective of this study was to clinically evaluate
the effectiveness of PBM using a 635-nm diode laser
in reducing postoperative sensitivity and pain following
VPT in the immature teeth of young patients. Addition-
ally, in both groups, the clinical success rates of VPT were
analyzed.

Materials and methods
Study design
The study was conducted as a retrospective analysis and

was granted the approval by the Local Ethics Commit-
tee of Wroclaw Medical University’s Faculty of Dentistry
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(approval No. KB235/2021). All the participants and their
parents provided informed consent in compliance with
the Declaration of Helsinki.

Setting

The analysis included the results of PBM following VPT
in children aged 8—13 years who received the treatment
at the Department of Pediatric Dentistry of Poznan Uni-
versity of Medical Sciences, from October 2021 to Octo-
ber 2022, who had relevant clinical data from available pa-
tients’ records and met the inclusion criteria of the study.
Data were collected from January 2023 to February 2023.

Participants

A total of 123 patients were selected for this study from
the pool of children referred for routine treatment. Then,
we identified a group of 86 children who fulfilled all the in-
clusion criteria for the study.

Variables

The data available for this study included the patient’s
age and gender, treated tooth, and discomfort level mea-
sured with the visual analogue scale (VAS). The treatment
was performed by a single operator and aimed to standard-
ize the groups based on the number of clinical cases (i.e.,
age, gender and tooth).

The inclusion criteria for the study included patients
aged 8-13 years with immature mandibular and maxil-
lary permanent incisors, premolars, and molars that did
not have any periodontal problems (i.e., probing depth
was no more than 3 mm). All patients receiving 980-nm
diode laser-assisted VPT with or without PBM were in-
cluded. Pulpal exposure of 0.5-1.0 mm, occurring only
on the occlusal side of premolars and molars, was also
a requirement. In addition, patients had to be generally
healthy, not requiring analgesics or antibiotics in the past
2 weeks, and not taking immunosuppressive drugs or re-
quiring antibiotic prophylaxis. To participate in the study,
all parents of the participants were required to sign a dec-
laration of informed consent, based on the age of the pa-
tients. The patients’ data had to be accurately recorded and
complete. Patients were excluded from the study if they re-
quired a second anesthetic, had undergone previous treat-
ment and restoration, had severe tooth pain or pain that
could not be localized, had taken pain medication prior
to their visit, had problems with cooperation, or lacked
data during follow-up.

Vital pulp therapy included cases with clinically vital
(in cold test) and asymptomatic pulp, where mechanical
exposure occurred during the preparation of caries in teeth
isolated with a rubber dam. Indications for VPT were pulp
exposure with controlled bleeding and the possibility

m

of direct contact of vital pulp tissue with capping mate-
rial, Biodentine, with adequate coronal seal due to the final
restoration at the same visit.

In total, out of 123 teeth, only 86 teeth from 86 indi-
viduals were further examined and included in the study
(43 children who received PBM after pulp therapy (PBM
group) and 43 patients who did not receive PBM after
the procedure (control group)).

Data sources

All data included in the study were collected from the pa-
tient’s dental records, examinations and radiographs.

Study size

The patients were chosen as participants of the study
according to the inclusion criteria. No other criteria were
used for the selection of the participants. The study size
of 123 teeth included all VPT cases treated from Octo-
ber 2021 to October 2022 at the Department of Pediatric
Dentistry.

Clinical procedures

Before the clinical examination, medical and dental
anamnesis were obtained from both the parents and par-
ticipants. The baseline preoperative pain level (VAS) and
preoperative radiographs were recorded after stimulation
with a cold thermal test. Cold spray (Coltene/Whaledent
Inc., Mahwah, USA) was applied to a regular microbrush
applicator (@ 2.00 mm) and held on the healthy enamel for
5 s. Assuming pain produced by cold stimulation, a short-
lived, sharp pain that subsides when the test is over (5 s)
is considered normal for the pulp and reversible pulpitis,
and was an inclusion criterion for the study.

If the pain was pronounced or exaggerated and lingered
for more than 10 s after the removal of the microbrush
tip, it was considered irreversible pulpitis and the patient
was excluded from the study. Local anesthesia (4% ar-
ticaine and epinephrine 1:200,000; Citocartin; Molteni
Dental, Milan, Italy) and rubber dam isolation were used.
The procedure was performed using x6.4 magnification
loupes (Exam Vision, Samsg, Denmark) and included
the laser protocol. The cavity was prepared, and any
carious tissue was removed using a sterile bur (Meis-
inger, Neuss, Germany). In cases where pulpal exposure
occurred due to the removal of caries, a sterile saline-
soaked cotton pellet was placed in the cavity for 2 min
to control the bleeding. If the bleeding from the exposed
pulp continued for more than 5 min, the patient was
deemed to have irreversible inflammation of the pulp
tissue and a pulpotomy or RCT was considered, result-
ing in the patient being excluded from the study based
on the results.
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Laser procedures

After 2 min, if bleeding control was successful, a 980-nm
diode laser (SmartM PRO; Lasotronix, Piaseczno, Poland)
was used for coagulation and cavity decontamination,
as shown in Table 1.

The decontamination of the cavity was performed with
anon-activated 400-pum fiber, in the defocused mode, with
a l-millimeter tip-to-target distance and a circular move-
ment of 2 mm/s.

The coagulation protocol included the irradiation time
of 2 s and a tip-to-target distance of 1 mm. The procedure
was repeated until the denaturation effect was achieved
on the exposed pulp. When the hemorrhage was con-
trolled, Biodentine (Septodont, Saint-Maur-des-Fossés,
France), mixed according to the manufacturer’s instruc-
tions, was placed on the area of pulp exposure. After
20 min, a Single Bond Universal (3M, Maplewood, USA)
and dual-cure composite PREDICTA BULK Bioactive
(Parkell, Edgewood, USA) were placed as a final restora-
tion. Control radiographs were taken at the end of the visit.

Table 1. 980-nm diode laser parameters for pulp coagulation and
decontamination of the cavity

Laser protocol

Parameters coagulation cavity
decontamination
400 pm 400 um
Fiber
activated non-activated
Power 04-0.5W W
Mode defocused defocused
Tip-to-target distance 1 mm 1 mm
- ) B gate pulsed emission
Emission continuous (t=25) (10 ms £, 20 Ms o)
PBM procedure

A 635-nm diode laser (SmartM PRO; Lasotronix) was
used for PBM irradiation under the parameters described
in Table 2. After VPT, the first session of laser irradiation
was performed at the apex area from the buccal and lingual
side using a contact technique. The second session of PBM
was conducted 24 h after treatment (Table 2).

To prevent any harm during laser application, safety
glasses were provided to both the clinicians and patients.
A control group was also established by selecting non-
irradiated patients.

Follow-up

The effectiveness of PBM was assessed at various follow-
up points after VPT, including 6 h, 24 h, 7 days, 30 days, and
90 days. Postoperative sensitivity was evaluated using a ther-
mal test (cold spray) and recorded using VAS, which features

A. Olszewska et al. PBM following vital pulp therapy

Table 2. The 635-nm diode laser protocol (photobiomodulation (PBM))

Parameters | PBM protocol
Power 100 mW
Applicator diameter 8 mm
Beam spot size at target 0.5 cm?
Irradiance at target 200 mW/cm?
Exposure duration 20s
Radiant exposure 4 J/cm? first session:
Radiant energy 2) 5 fitr:rn;i()jciiﬁie;
Number of points (buccal and 2(05cm?per | second session:
lingual gingivae over the apex) point) 24 h after
Irradiated area 1 cm? procedure
Application technique contact
Number and frequency 5
of treatment sessions
Total radiant energy 4]
Operating mode continuous

a 10-cm scale with no pain representing the value of 0 and
unbearable pain representing the value of 10. Patients and
parents were instructed to record pain intensity at home for
6 h, specifically for tooth sensitivity caused by cold bever-
ages. At the 24-hour and 7-day follow-ups, pain levels were
evaluated using VAS. Additionally, the PBM group under-
went a second session after 24 h. Clinical and radiographic
examinations were conducted at 1 and 3 months post-VPT.
The treatment success was defined as the absence of clini-
cal symptoms and complete radiographic development
of the apical area, while failure was indicated by inflam-
matory signs, periapical lesions, pulp necrosis, and uncon-
trollable pain, necessitating a referral for RCT.

Statistical analyses

The analysis of the statistical data was conducted using
2 software programs: Statistica® v. 13.5.0 (TIBCO Soft-
ware Inc., Palo Alto, USA) and PQStat 1.8.0.414 (PQStat
software, Poznan, Poland). The results were compared
before and after PBM with regard to the evaluation time
and grouping. The Mann-Whitney U test was used for
comparing 2 independent groups, while Friedman test
with Dunn’s post hoc test was employed for comparing
more than 2 paired groups. Categorical data were analyzed
using the x? test. Statistical significance was considered
for p < 0.05.

Quantitative variables

Quantitative variables were analyzed and compared
in terms of mean + standard deviation (M +SD), median,
minimum and maximum values, interquartile range (IQR),
absolute numbers, and/or percentages as per suitability.
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Results

The study was performed at the Department of Pediatric
Dentistry of Poznan Medical University, Poland, between
October 2021 and October 2022. From a pool of 123 cases,
as documented in VPT records, only 86 directly capped
immature permanent teeth met all the inclusion criteria.
The PBM group and the control group included 43 teeth
each, according to the study protocol. The baseline char-
acteristics of the subjects revealed no differences in age,
gender and tooth location between the PBM and control
groups. The patient distribution is presented in Table 3.

Table 3. The baseline characteristics of the study participants included
in both the photobiomodulation (PBM) and control groups

Characteristics of the study

PBM (n =43) Control (n =43)
groups

Age [years] (mean) 10 10

female 22(51.2) 27 (62.8)
Gender, n (%)

male 21 (48.8) 16 (37.2)

Teaiti et maxilla 27 (62.8) 23 (5348)
n (%) mandible 16 (37.2) 20 (24.6)

incisors 20 (46.5) 21(48.8)
;O(S/S‘ vpe, premolars 10 (23.25) 8(186)

molars 13(30.2) 14 (32.5)

Thermal sensitivity assessment (VAS)

In this study, the Friedman test with Dunn’s post hoc
test and the x? tests were used to investigate the discom-
fort duration (sensitivity to cold) in the PBM and control
groups. After conducting thermal tests at the 3 postop-
erative follow-up periods, lower pain scores were ob-
served in the PBM group compared to the control group
(Fig. 1A,B).

The difference in sensitivity to a cold stimulus was
significant between the groups at 6 h, 24 h, 7 days, and

A
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30 days, but no difference was found preoperatively and
at 90 days (Peh,24h,7 days,30 days < 0.001 and pogaays = 0.079).
A significantly greater decrease in VAS scores was ob-
served in the PBM group than in the control group, while
both groups showed a reduction in discomfort throughout
the follow-up period, as shown in Fig. 1A,B.

VPT success rate

The success rate analysis showed a success rate of 93.02%
in the PBM group (40/43) and of 81.4% (35/43) in the con-
trol group. The overall success rate of VPT in our study
was 87.2% (75/86). This showed a recorded failure of VPT
in 11 cases in total. Three cases failed in the PBM group
and 8 in the control group. No statistically significant dif-
ference was observed in success rates between the groups
(p = 0.10646, Table 4). The radiological treatment success
is presented in Fig. 2.

Table 4. Clinical and radiological assessment of vital pulp therapy (VPT)
success rate

Success (%) Failure (%)
PBM 40 (93.02) 3(7)
Control 35(81.40) 8(18.6)

p-value (Pearson's x%) 0.10646

PBM - photobiomodulation.

Discussion

Based on our study, it has been found that PBM following
the VPT procedure could be an effective approach to in-
crease not only the comfort of patients with postopera-
tive pain but also the success rate of the treatment itself.
Prolonged sensitivity to cold might be a false indication
for RCT, especially when misdiagnosed in young patients,
who often exaggerate sensations or have a problem with
their evaluation. The findings revealed a decrease in pain

Fig. 1. The evaluation of tooth sensitivity (visual analogue scale (VAS)) within the photobiomodulation (PBM) group (A) and control group (B) was
conducted intragroup, before treatment (preoperative) and at 4 different examination periods after treatment (p < 0.001)
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Fig. 2. A. Radiological assessment of vital pulp therapy (VPT) success; B. First appointment; C. Healing after 30 days; D. Healing after 30 days

levels on the VAS during the 3 postoperative follow-up
periods among the PBM group, compared to the control
group. Specifically, a notable reduction in pain scores was
observed in the PBM group on day 7. Additionally, when
comparing the discomfort relief between the preoperative
period and each follow-up period, the PBM group dem-
onstrated a considerably higher level of pain relief than
the control group (primary endpoint), with no reported
complications.

Several studies have demonstrated that sensitivity to cold
is a frequent complication following the VPT procedure.'®'
The varied levels of pain and discomfort experienced
by patients, particularly young ones, are unpleasant. Pro-
longed pain and difficulties in objectively evaluating such
sensations have been deemed treatment failures. Despite
the significance of the issue,'>"!® a definitive strategy for
addressing postoperative pain and sensitivity has yet to be
identified. Currently, PBM is being utilized as an additional
technique in VPT to address postoperative sensitivity and
improve the success rate of treatment. It has been proven
that PBM, a non-invasive approach to the biomodulation
of the dental pulp, utilizes low-level energy lasers. Though
it does not provide total anesthesia (complete insensitivity
to sensation), similar to infiltrative local anesthesia, it al-
ters the behavior of neuronal cell membranes, temporarily
impeding the Na-K pump, thereby interrupting impulse
transmission and leading to a painkilling effect.?®

Broadly, there are 2 recommended techniques for using
lasers in VPT. The first one involves the direct application
of the laser on the exposed pulp to promote coagulation
and decontamination. The 2"! method involves using low-
power lasers to arouse systemic responses from tissues.!?
Several studies have used various laser wavelengths with
different parameters for irradiating exposed pulp tis-
sue using the first technique, and have reported higher
success rates than for the other method. For instance,
a carbon dioxide laser (10,600 nm) was employed as a sup-
plement to DPC in a study conducted by Moritz et al.?°
The use of 635-nm and 980-nm diode lasers in VPT offers
several benefits that contribute to better results in the la-
ser-treated group. These benefits include efficient decon-
tamination due to the laser’s ability to penetrate deeply

into the dentin and scatter significantly. The hemostatic
effect is achieved through the laser’s absorption by he-
moglobin and melanin. Additionally, the biostimulation
effect of the laser results in reduced inflammation and
pain, increased cell proliferation and migration, dentino-
genesis and cytodifferentiation of odontoblast-like cells,
as well as the synthesis of the dentin extracellular matrix
leading to the formation of reparative dentin.??* The suc-
cess rates of laser treatment were reportedly higher than
those of calcium hydroxide alone, as noted in the San-
tucci’s study.?! In a study by Olivi et al., different power
parameters and durations of Er:YAG lasers as an adjunct
to DPC did not show any significant difference in suc-
cess rates compared to other studies.??> Moosavi et al.
conducted a study to evaluate the effectiveness of PBM
in reducing postoperative sensitivity in patients with
class V cavities.!? Their findings showed that patients
who received PBM had significantly lower pain scores
on days 1, 14 and 30, compared to those in the placebo
group. Our study showed an overall success rate of 87.2%
for VPT, with a success rate of 93.2% in the PBM group
and 86.1% in the control group. However, there were no
significant differences in the treatment success between
the 2 groups. There are limited studies on postoperative
pain following VPT stimulated by cold, with variations
in factors such as pulp capping material, irradiation pa-
rameters and tooth type, making it difficult to compare
the results.

Despite using a different laser application technique,
our study showed a significant decrease in pain lev-
els in the PBM group on day 7, similar to the findings
of the previous study.?® While pain levels in the PBM group
significantly decreased at all 3 follow-up points, there was
no significant difference in the control group. However,
treatment outcomes may vary based on factors such as la-
ser wavelength and power settings, with some studies rec-
ommending lasers with a wavelength of 700-1070 nm and
250-500 mW power, and emphasizing the importance
of the proper application technique.?*=2° In our study,
we applied the laser at the buccal and lingual gingiva over
the apex, using an 8-millimeter probe to prevent potential
tissue damage. Unlike other studies, we applied the laser
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to the periapical area for pulp tissue biostimulation, with-
out intervening in the filling. The aim was to determine
PBM’s ability to decrease postoperative sensitivity to cold
after VPT in immature teeth, where tissue formation re-
quires the presence of vital pulp and irradiation influences
microcirculation in the periapical area by eliminating tox-
ins and improving blood supply to the pulp.

Research has shown that the type of pulp capping ma-
terial can affect the outcome of VPT.227 While calcium
hydroxide (CH) was previously the standard for DPC,
it has become less popular due to its lack of sealing abil-
ity, degradation over time and inefficient biocompatibil-
ity. Recent studies have demonstrated better clinical out-
comes with the use of mineral trioxide aggregates (MTA)
or Biodentine in VPT.?628 For this reason, Biodentine
was chosen as the pulp capping material for this study.
While CH had a 13% success rate in the several stud-
ies published in recent 10 years, DPC with MTA showed
an 80% success rate after 2 years of follow-up.?® How-
ever, some researchers have reported similar outcomes
for CH and MTA.?3% Nowadays, MTA is the preferred
standard capping material for DPC due to its favorable
properties, such as increased transcription factor levels
and better biocompatibility.3!3? TheraCal and Biodentine
may also be used as alternative materials for indirect pulp
therapy (IPT) in young permanent teeth, with a success
rate of approx. 95.83% based on radiographic and clini-
cal results.3® A recent study by Sharma et al. showed that
combining laser treatment with the use of Biodentine has
an additional effect on the formation of tertiary dentin.3*
By penetrating dentinal tubules, the antibacterial laser can
accelerate the formation of dentin bridges in deep caries
lesions and improve the success rate of the procedure.
In our study, Biodentine was used as the standard mate-
rial for all VPT procedures due to its superior proper-
ties and higher success rate compared to CH in the long
term.3>3% Additionally, the PBM group showed a signifi-
cantly greater decrease in hypersensitivity than the con-
trol group on the first 3 evaluation time points, with no
reported side effects after VPT.

Limitations

This research presents a new alternative to alleviate
postoperative hypersensitivity after VPT. Photobiomod-
ulation is a secure, non-invasive and uncomplicated ap-
proach to decrease pain and discomfort following VPT.
To establish PBM as an adjuvant therapy and minimize
discomfort during pulp capping procedures, extended
follow-up periods and laser applications with diverse pa-
rameters must be examined. Patient age is also a critical
factor to consider. Researchers have suggested that DPC
is more efficient in patients under 40 years of age.3%37
Thus, we focused on individuals aged 8—13 years with
immature young permanent teeth indicating unfinished
root development. Notably, there are no existing data
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on this topic in the literature, making a direct compari-
son of our findings challenging. Due to the retrospec-
tive nature of this study, no sample size calculations were
performed, and all appropriate patients who underwent
laser application, VPT, or VPT alone during the specified
study period were included. A significant limitation of our
study is the non-randomized distribution of samples and
the lack of evaluation of various wavelengths and cap-
ping materials. Moreover, our retrospective study had no
placebo-controlled group, and the subjects, irradiation
operators and examiners who performed the assessment
and analyses were not blinded. The irradiated parameters
were not calibrated or validated before each application,
which could also affect the results.

Conclusions

The study revealed significantly lower tooth sensitiv-
ity to cold stimulus for PBM application measured af-
ter 6 h and 1, 7, and 30 days. The results obtained after
3 months were insignificant. The present study introduced
PBM as a reliable, secure and non-invasive technique to im-
prove patient comfort by minimizing pain and discomfort
after VPT procedures, especially in the initial postopera-
tive period, the most important for diagnostic concerns.
However, as this was a preliminary study, further random-
ized clinical studies with placebo-controlled groups are
essential to explore PBM with various wavelengths and
different capping materials.

ORCID iDs
Aneta Olszewska @ https://orcid.org/0000-0003-1286-6779
Jacek Matys @ https://orcid.org/0000-0002-3801-0218

Tomasz Gedrange
Elzbieta Paszynska
Magdalena Maria Roszak

Agata Czajka-Jakubowska

https://orcid.org/0000-0002-3551-6467
https://orcid.org/0000-0001-7135-6264

https://orcid.org/0000-0001-6495-6771
https://orcid.org/0000-0002-1692-2910

References

1. GuanX, ZhouY, Yang Q, et al. Vital pulp therapy in permanent teeth
with irreversible pulpitis caused by caries: A prospective cohort study.
J Pers Med. 2021;11(11):1125. d0i:10.3390/jpm11111125

2. Cerqueira-Neto ACCL, Prado MC, Pereira AC, et al. Clinical and radio-
graphic outcomes of regenerative endodontic procedures in trau-
matized immature permanent teeth: Interappointment dressing
or single-visit? J Endod. 2021;47(10):1598-1608. doi:10.1016/j.joen.
2021.07.013

3. OkE, Altunsoy M, Tanriver M, Capar ID, Kalkan A, Gok T. Fracture resis-
tance of simulated immature teeth after apexification with calcium
silicate-based materials. EurJ Dent. 2016;10(02):188-192. d0i:10.4103
/1305-7456.178301

4. Gutmann J. Minimally invasive dentistry (endodontics).J Conserv Dent.
2013;16(4):282. doi:10.4103/0972-0707.114342

5. RicucciD, Loghin S, Siqueira JF. Correlation between clinical and his-
tologic pulp diagnoses. J Endod. 2014;40(12):1932-1939. doi:10.1016/j.
joen.2014.08.010

6. Hahn C, Liewehr F. Update on the adaptive immune responses
of the dental pulp. J Endod. 2007;33(7):773-781. doi:10.1016/j.joen.
2007.01.002

7. FargesJC, Alliot-Licht B, Renard E, et al. Dental pulp defence and repair
mechanisms in dental caries. Mediators Inflamm. 2015;2015:230251.
doi:10.1155/2015/230251


https://www.doi.org/10.3390/jpm11111125
https://www.doi.org/10.1016/j.joen.2021.07.013
https://www.doi.org/10.1016/j.joen.2021.07.013
https://www.doi.org/10.4103/1305-7456.178301
https://www.doi.org/10.4103/1305-7456.178301
https://www.doi.org/10.4103/0972-0707.114342
https://www.doi.org/10.1016/j.joen.2014.08.010
https://www.doi.org/10.1016/j.joen.2014.08.010
https://www.doi.org/10.1016/j.joen.2007.01.002
https://www.doi.org/10.1016/j.joen.2007.01.002
https://www.doi.org/10.1155/2015/230251

716

20.

21.

22.

23.

Asgary S, Ahmadyar M. Vital pulp therapy using calcium-enriched
mixture: An evidence-based review. J Conserv Dent. 2013;16(2):92.
doi:10.4103/0972-0707.108173

Wu'Y, Zhou C, Tong X, Li S, Liu J. Histochemical localization of puta-
tive stem cells in irreversible pulpitis. Oral Dis. 2022;28(4):1207-1214.
doi:10.1111/0di.13850

. Krastl G, Weiger R, Ebeleseder K, Galler K. Present status and future

directions: Endodontic management of traumatic injuries to perma-
nent teeth. Int Endodontic J. 2022;55(Suppl 4):1003-1019. doi:10.1111/
iej.13672

. Seraj B, Ghadimi S, Hakimiha N, Kharazifard MJ, Hosseini Z. Assess-

ment of photobiomodulation therapy by an 8/0-nm diode laser
on the reversal of soft tissue local anesthesia in pediatric dentistry:
A preliminary randomized clinical trial. Lasers Med Sci. 2020;35(2):
465-471.doi:10.1007/510103-019-02850-0

. MoosaviH, Maleknejad F, Sharifi M, Ahrari F. A randomized clinical trial

of the effect of low-level laser therapy before composite placement
on postoperative sensitivity in class V restorations. Lasers Med Sci.
2015;30(4):1245-1249. d0i:10.1007/s10103-014-1565-9

. Hamblin MR. Photobiomodulation or low-level laser therapy.

J Biophotonics. 2016;9(11-12):1122-1124. d0i:10.1002/jbio.201670113

. ChenY, Chen XL, Zou XL, Chen SZ, Zou J, Wang Y. Efficacy of low-level

laser therapy in pain management after root canal treatment or retreat-
ment: A systematic review. Lasers Med Sci. 2019;34(7):1305-1316.
doi:10.1007/510103-019-02793-6

. Islam A, Ozverel CS, Yilmaz HG. Comparative evaluation of low-lev-

el laser therapy on proliferation of long-term cryopreserved human
dental pulp cells isolated from deciduous and permanent teeth.
Lasers Med Sci. 2021;36(2):421-427. doi:10.1007/s10103-020-03090-3

. Yilmaz, Keles S, Mete A. Temperature changes in the pulpal cham-

ber and the sealing performance of various methods of direct pulp
capping of primary teeth. Eur J Paediatr Dent. 2013;14(2):95-100.
PMID:23758456.

Yazdanfar |, Gutknecht N, Franzen R. Effects of diode laser on direct
pulp capping treatment: A pilot study. Lasers Med Sci. 2015;30(4):
1237-1243. doi:10.1007/s10103-014-1574-8

. Zhang B, Yang BB, Gao ZY, Li L, An H. Efficiency of diode laser-assist-

ed methods in direct pulp capping of carious teeth [in Chinese].
Shanghai Kou Qiang Yi Xue. 2020;29(5):554-556. PMID:33543227.

. Javed F, Kellesarian SV, Abduljabbar T, et al. Role of laser irradiation

in direct pulp capping procedures: A systematic review and meta-
analysis. Lasers Med Sci. 2017;32(2):439-448. doi:10.1007/5s10103-016-
2077-6

Moritz A, Schoop U, Goharkhay K, Sperr W. Advantages of a pulsed
CO2 laser in direct pulp capping: A long-term in vivo study. Lasers
Surg Med. 1998;22(5):288-293. doi:10.1002/(sici)1096-9101(1998)22:
5<288::aid-Ism5>3.0.co;2-I.

Santucci PJ. Dycal versus Nd:YAG laser and Vitrebond for direct pulp
capping in permanent teeth. J Clin Laser Med Surg. 1999;17(2):69-75.
doi:10.1089/cIm.1999.17.69

Olivi G, Genovese MD, Maturo P, Docimo R. Pulp capping: Advan-
tages of using laser technology. Eur J Paediatr Dent. 2007;8(2):89-95.
PMID:17571933.

Yazdanfar |, Barekatain M, Zare Jahromi M. Combination effects
of diode laser and resin-modified tricalcium silicate on direct pulp
capping treatment of caries exposures in permanent teeth: Arandom-
ized clinical trial. Lasers Med Sci. 2020;35(8):1849-1855. doi:10.1007
/s10103-020-03052-9

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

A. Olszewska et al. PBM following vital pulp therapy

Migliorati C, Hewson |, Lalla RV, et al; for the Mucositis Study Group
of the Multinational Association of Supportive Care in Cancer/Inter-
national Society of Oral Oncology (MASCC/ISOO). Systematic review
of laser and other light therapy for the management of oral muco-
sitis in cancer patients. Support Care Cancer. 2013;21(1):333-341.
doi:10.1007/s00520-012-1605-6

Heidari M, Fekrazad R, Sobouti F, et al. Evaluating the effect of pho-
tobiomodulation with a 940-nm diode laser on post-operative pain
in periodontal flap surgery. Lasers Med Sci. 2018;33(8):1639-1645.
doi:10.1007/510103-018-2492-y

Barthel C, Rosenkranz B, Leuenberg A, Roulet J. Pulp capping of car-
ious exposures: Treatment outcome after 5 and 10 years. A retro-
spective study.J Endod. 2000;26(9):525-528. d0i:10.1097/00004770-
200009000-00010

Nammour S, El Mobadder M, Namour M, et al. Success rate of direct
pulp capping with conventional procedures using Ca (OH)2 and bio-
active tricalcium silicate paste vs. laser-assisted procedures (diode
980 nm, CO2, and Er: YAG). Photonics. 2023;10(7):834. doi:10.3390/
photonics10070834

Hilton TJ, Ferracane JL, Mancl L, et al. Comparison of CaOH with MTA
for direct pulp capping: A PBRN randomized clinical trial. J Dent Res.
2013;92(7 Suppl):516-522. d0i:10.1177/0022034513484336

Iwamoto CE, Adachi E, Pameijer CH, Barnes D, Romberg EE, Jefferies S.
Clinical and histological evaluation of white ProRoot MTA in direct
pulp capping. Am J Dent. 2006;19(2):85-90. PMID:16764130.

Tuna D, OlmezA. Clinical long-term evaluation of MTA as a direct pulp
capping material in primary teeth. Int Endod J. 2008;41(4):273-278.
doi:10.1111/j.1365-2591.2007.01339.x

Youssef AR, Emara R, Taher MM, et al. Effects of mineral trioxide
aggregate, calcium hydroxide, biodentine and Emdogain on osteo-
genesis, odontogenesis, angiogenesis and cell viability of dental pulp
stem cells. BMC Oral Health. 2019;19(1):133. doi:10.1186/5s12903-019-
0827-0

Tabari M, Seyed Mjidi M, Hamzeh M, Ghoreishi S. Biocompatibili-
ty of mineral trioxide aggregate mixed with different accelerators:
An animal study. J Dent (Shiraz). 2019;21(1):48-55. doi:10.30476/dent-
jods.2019.77826.0

Rahman B, Goswami M. Comparative evaluation of indirect pulp
therapy in young permanent teeth using biodentine and theracal:
A randomized clinical trial. J Clin Pediatr Dent. 2021;45(3):158-164.
doi:10.17796/1053-4625-45.3.3

Sharma N, Malik N, Garg Y, Singh H, Garg K, Bagaria A. Compara-
tive evaluation of effect of lasers and biodentine in dentine regen-
eration: A clinical study. J Contemp Dent Pract. 2019;20(4):434-443.
PMID:31308273.

Eskandarinezhad M, Ghodrati M, Pournaghi Azar F, et al. Effect of incor-
porating hydroxyapatite and zinc oxide nanoparticles on the com-
pressive strength of white mineral trioxide aggregate. J Dent (Shiraz).
2020;21(4):300-306. doi:10.30476/dentjods.2020.82963.1034
Dammaschke T, Leidinger J, Schéfer E. Long-term evaluation of direct
pulp capping: Treatment outcomes over an average period of 6.1 years.
Clin Oral Invest. 2010;14(5):559-567. doi:10.1007/s00784-009-0326-9
Lipski M, Nowicka A, Kot K, et al. Factors affecting the outcomes
of direct pulp capping using Biodentine. Clin Oral Invest. 2018;22(5):
2021-2029. doi:10.1007/s00784-017-2296-7


https://www.doi.org/10.4103/0972-0707.108173
https://www.doi.org/10.1111/odi.13850
https://www.doi.org/10.1111/iej.13672
https://www.doi.org/10.1111/iej.13672
https://www.doi.org/10.1007/s10103-019-02850-0
https://www.doi.org/10.1007/s10103-014-1565-9
https://www.doi.org/10.1002/jbio.201670113
https://www.doi.org/10.1007/s10103-019-02793-6
https://www.doi.org/10.1007/s10103-020-03090-3
https://pubmed.ncbi.nlm.nih.gov/23758456
https://www.doi.org/10.1007/s10103-014-1574-8
https://pubmed.ncbi.nlm.nih.gov/33543227
https://www.doi.org/10.1007/s10103-016-2077-6
https://www.doi.org/10.1007/s10103-016-2077-6
https://www.doi.org/10.1002/(sici)1096-9101(1998)22:5<288::aid-lsm5>3.0.co;2-l
https://www.doi.org/10.1002/(sici)1096-9101(1998)22:5<288::aid-lsm5>3.0.co;2-l
https://www.doi.org/10.1089/clm.1999.17.69
https://pubmed.ncbi.nlm.nih.gov/17571933
https://www.doi.org/10.1007/s10103-020-03052-9
https://www.doi.org/10.1007/s10103-020-03052-9
https://www.doi.org/10.1007/s00520-012-1605-6
https://www.doi.org/10.1007/s10103-018-2492-y
https://www.doi.org/10.1097/00004770-200009000-00010
https://www.doi.org/10.1097/00004770-200009000-00010
https://www.doi.org/10.3390/photonics10070834
https://www.doi.org/10.3390/photonics10070834
https://www.doi.org/10.1177/0022034513484336
https://pubmed.ncbi.nlm.nih.gov/16764130
https://www.doi.org/10.1111/j.1365-2591.2007.01339.x
https://www.doi.org/10.1186/s12903-019-0827-0
https://www.doi.org/10.1186/s12903-019-0827-0
https://www.doi.org/10.30476/dentjods.2019.77826.0
https://www.doi.org/10.30476/dentjods.2019.77826.0
https://www.doi.org/10.17796/1053-4625-45.3.3
https://pubmed.ncbi.nlm.nih.gov/31308273
https://www.doi.org/10.30476/dentjods.2020.82963.1034
https://www.doi.org/10.1007/s00784-009-0326-9
https://www.doi.org/10.1007/s00784-017-2296-7

	Evaluation of photobiomodulation for postoperative discomfort following laser-assisted vital pulp th

