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RANDOMIZED CONTROL TRIAL

Clinical and Radiographic Success of Low-Level Laser Therapy Compared with

Formocresol Pulpotomy Treatment in Primary Molars
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Abstract: Purpose: The purpose of this study was to assess and compare the clinical and radiographic success rates of low-level laser therapy
(LLLT) and formocresol (FC) for pulpotomy in primary teeth. Methods: Utilizing a split-mouth technique, 106 primary molars of 36 five- to eight-
year-olds were included. The teeth were selected according to specific clinical and radiographic inclusion criteria and randomly assigned to the
LLLT group and FC group. A pulpotomy was performed on each molar; 53 teeth were treated with LLLT, and 53 teeth were treated using FC.
Children were followed at six and 12 months for clinical and radiographic evaluation. Results: At six months, the clinical success rate was 98
percent for each group. Radiographic success was 100 percent for the LLLT group and 98 percent for the FC group. At 12 months, both groups
showed a clinical success of 96.1 percent. Radiographic success at 12 months was 100 percent and 98 percent for LLLT and FC, respectively.
Conclusions: Both low-level laser therapy and formocresol pulpotomy techniques showed favorable clinical and radiographic outcomes in human
primary molar teeth over 12 months. Further longitudinal studies with longer follow-up periods and larger sample sizes are encouraged.
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Dental caries is an infectious disease that is considered a major
public health issue.! It is the most common chronic disease
among children worldwide.> Untreated dental caries in primary
teeth may lead to premature tooth loss, which markedly de-
creases the quality of life by affecting esthetics, phonetics, and
occlusal functions in children.?

A pulpotomy is a vital pulp therapy performed in cases of
carious or mechanical exposure of the coronal pulp of primary
teeth, while the radicular pulp is still healthy. Devitalization
is an attempt to preserve the vital noninfected radicular pulp.
In 1904, Buckley’ published his method of using formocresol
(FC) on necrotic pulps. His formula consisted of 19 percent
formaldehyde, 35 percent tricresol, 15 percent glycerin, and 31
percent water base.® In 1962, the number of visits was reduced
from five to two, for financial and behavioral management con-
siderations.” Then, Spedding et al.® and Redig’ used a one-visit
technique during which FC was used for five minutes only. In
the early 1970s, it was reported that the use of one-to-five
diluted FC and full-strength FC produced similar results.'
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Formocresol has been considered the gold standard pulp
dressing material for the past 60 years. This material is widely
accepted by dentists, owing to its ease of application, fixative
ability, and bactericidal action.'” However, its adverse effects are
well-known, including potential carcinogenicity, mutagenicity,
and cytotoxicity."?

Low-level laser therapy (LLLT) is a technique that has
many advantageous characteristics. It exerts an antiinflammatory
action through its ability to boost collagen synthesis, reduces
inflammatory exudation, and enhances revascularization and
epithelization.'* The application of this type of laser also relieves
pain and changes its threshold by increasing the release of
endorphins and decreasing bradykinin.”” Moreover, LLLT en-
hances the immune system.!¢ Few studies have investigated the
effects of LLLT on primary teeth pulps and have mostly focused
on clinical and radiographic success rates of this pulpotomy
technique.'”?' To date, only one study'® has evaluated the histo-
logical effects of LLLT on primary molar pulps. However, these
previous studies involved a small number of teeth and did not
use sample size calculations. Also, the available literature on the
success rate of low-level laser pulpotomy has reported conflicting
results. Therefore, more clinical trials are needed to establish
whether this technique is an alternative to FC and to elucidate
its mechanism of action.

The purpose of this study was to compare the clinical and
radiographic success rates of low-level laser therapy and formo-
cresol in human primary molar pulpotomies. This study hypo-
thesized that there would be no difference between both groups
in the pulpotomy of primary teeth.

Methods

Study design. This split-mouth, randomized, controlled clinical
trial was conducted in the Pediatric Dentistry Clinics, Faculty
of Dentistry, King Abdulaziz University, Jeddah, Saudi Arabia,
between August 1, 2016, and August 31, 2017.

LOW-LEVEL LASER THERAPY FOR PULPOTOMIES 359



PEDIATRIC DENTISTRY V 42/ NO5 SEP/OCT 20

Ethical approval. The study was approved by the relevant
Research Ethics Committee (approval no. 099-07-16).

Sample size and power calculation. The required sample
size for this randomized controlled trial was measured using
Open Source Epidemiologic Statistics for Public Health online
software (www.openepi.com). It was calculated using estimates
provided in previous reports and indicating approximately a
20 percent difference in success rate between the two groups
favoring LLLT over FC (78.8 percent versus 57.8 percent; and
71.42 percent versus 90.47 percent).”»” The sample size cal-
culated based on averages of these estimates indicated that a
sample size of 51 teeth in the test group and 51 teeth in the
control group was necessary for 80 percent power, which is
considered an adequate power level.

Subjects’ inclusion criteria. One experienced pediatric
dentist recruited the sample of this study by examining pediatric
patients attending the pediatric dental clinics at King Abdulaziz
University, Jeddah over one year. It included five- to cight-year-
olds with at least two bilateral deep carious primary molars
indicated for pulpotomy. The included children were physically
and mentally healthy without any known medical history of
systemic conditions contraindicating pulp therapy. The selected
children had “positive” or “definitely positive” behavioral ratings
according to the Frankl behavior classification scale.* Each
parent signed informed consent for the child’s participation in
the study. No children were excluded based on gender, race,
social status, or economic status.

Tooth inclusion criteria. Teeth were included if they had:
restorable crowns with vital carious pulp exposure; no clinical
signs and symptoms of pulp degeneration, such as swelling,
fistula, abnormal mobility, spontaneous pain or sensitivity to
percussion; no radiographic evidence of internal or external
resorption and periapical or interradicular radiolucency; and if
no more than one-third of the root had been resorbed naturally.
Teeth were excluded if any of the aforementioned inclusion
criteria were not met. Preoperative periapical radiographs of the
molars considered for treatment were obtained using the XCP-
extension cone-paralleling technique.

Of the 50 screened children, 36 met the aforementioned
inclusion criteria. Exclusion was based on the refusal of the
parent/guardian to participate in the study (one child), non-
restorability of the tooth (five children), sensitivity to percussion
(two children), and evidence of radiographic pathology (six
children). Among the 36 included children, 106 teeth were
eligible for the pulpotomy procedure (Figure 1). Utilizing a
split-mouth approach, the included teeth were randomly and
evenly assigned to either the LLLT group or FC group (53
teeth per group). It was specified to start with the right side,
despite the technique being chosen by randomization. Therefore,
randomization was carried out for the technique only. Before
recruitment started, 53 sealed envelopes containing the random-
ization results were prepared, sealed, and blindly mixed in a
box. Each envelope represented a pair of matched contralateral
teeth. Next, these envelopes were numbered from one to 53.
The number of each envelope also determined the pair order in
the sequence of treatment (envelope number one indicated the
first treated pair and so on). Each envelope was unsealed after
the parent signed the informed consent and immediately before
the pulpotomy procedure was performed.

Pulpotomy procedure. The same pediatric dentist who
recruited the children performed all pulpotomies. After apply-
ing topical anesthesia, teeth were anesthetized using 27-gauge
short needles and syringes loaded with carpules containing
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1.8 ml of lidocaine HCI 2 percent with an epinephrine concen-
tration of one in 100,000 (Octocaine 100, Novocol Healthcare
Inc., Cambridge, Ontario, Canada). Each tooth was isolated
using a rubber dam and an appropriate clamp. The pulpotomy
procedure included caries removal and deroofing of the pulp
chamber by using a no. 330 high-speed bur with water spray.
Coronal pulp amputation was performed using a sharp spoon
excavator or slow-speed round carbide bur (number six or eight).
Then, the pulp chamber was irrigated with distilled water and
bleeding was controlled by placing a cotton roll moistened with
normal saline in the pulp chamber for five minutes. However,
if hemostasis was not achieved within five minutes after a wet
cotton pellet was directly applied to the pulp stumps or the
radicular pulp tissue was not vital due to the presence of sup-
puration or purulent necrosis (pus discharge), teeth were plan-
ned to be excluded. In this study, hemostasis was successfully
achieved in all of the cases and none were excluded because of
excessive bleeding from the radicular pulp.

For the LLLT group, safety goggles were used by the
operator, patient, and parent during LLLT. Laser radiation with
a wavelength of 810 nm (Photon Dental Diode Laser, Zolar
Technology and Manufacturing Co. Inc., Mississauga, Ontario)
was delivered through a 200-um-diameter optical fiber, without
contact with the pulp tissue (two mm away from the pulp).
The laser parameters were set on low-level settings using the

Table 1.  LASER IRRADIATION AND TREATMENT PARAMETERS

ACCORDING TO THE MANUFACTURER’S
INSTRUCTIONS™*

Value, measurement method,
or information source

Irradiation parameter [unit]

810

Center wavelength (nm)

Operating mode Continuous or pulsed wave
Frequency (Hz) 0.1-50 KHz

Pulse on duration (seconds) 0.0l mst0 9.9 s
Pulse off duration (seconds) Variable

or duty cycle (%)

Energy per pulse (J) 4

Average radiant power (mW/) 2

Beam profile Gaussian

Beam spot size at target (cm?) 105 um
Exposure duration (seconds) 40
Radiant exposure (J/cm?) 6.7
Radiant energy (J) 4
Number of points irradiated 1

Application technique Noncontact mode

Number and frequency of 1 session
treatment sessions
Total radiant energy (J) 4

Abbreviations used in this table: Laser device model: Photon Dental Diode
Laser, Zolar Technology and Manufacturing Co. Inc., Mississauga, Ontario,
Canada; nm=nanometer; Hz=hertz; KHz=kilohertz; s=seconds; ms=milli-
seconds; J=joule; mW=milliwatt; cm2=square centimetre; pm=micrometer;
J/em?2=joules per square centimeter.



bio-stimulation program, at three W power output, five W/cm?
power density, four Joules energy, 6.7 J/cm? energy density, one
to 50 kHz frequency, 105-pum focus beam diameter, and an
irradiation time of 40 seconds (per tooth) in continuous mode.
The tip was rotated over all pulp stumps during the applica-
tion. The laser irradiation and treatment parameters were used
according to the manufacturer’s instructions (Table 1).

For the FC group, a cotton pellet moistened with 1:5 dilu-
tion of FC (Viarden Dental, Marcelino Dévalo, Algarin, Mexico)
was placed in contact with the surface of the pulp stumps for
five minutes.

In both groups, the pulp chamber was filled with reinforced
zinc oxide-eugenol (IRM, Dentsply, Mount Waverley, Australia)
to ensure proper sealing. Then, each tooth was finally restored
with a stainless steel crown (SSC) (3M/ESPE, St. Paul, Minn.,
USA). After the pulpotomy procedure, each molar was prepared
and the crown was fitted in the same visit and cemented onto
the tooth using glass ionomer cement (Rely-X, 3M/ESPE).
Finally, a postoperative periapical radiograph was taken for each
tooth to confirm proper dressing of the remaining pulp tissues.

Parents and children were provided with the needed general
oral hygiene instructions and specific instructions about the
treated teeth. Moreover, all possible outcomes were explained to
them in detail, and they were asked to report any pain, discom-
fort, swelling, or pus discharge immediately. No radiographic
evaluation was planned before six months unless the parents
reported complaints. If the patient complained of pain related
to the crown and clinical and radiographic examinations re-
vealed improper positioning or long margins, the crown was
decided to be replaced under rubber dam isolation and considered
a successful case. However, if the patient complained of pain
related to the crown with normal findings radiographically, it
was decided to reinforce oral hygiene instructions and monitor

Children assessed for
[ twotment ] | gy v=s0
Excluded (N = 14)

- Not meeting inclusion criteria (N = 13)
- Declined to participate (N = 1)

Recruited children
(N =36)

! !

e N s N
Teeth allocated to LLLT Allocation Teeth allocated to FC
group (n=53) N=36;n=106 group (n=53)

r .

N\ s N
Lost to follow-up (n = 2) 6-month follow-up Lost to follow-up (n =2)
Total (n =51) N=34;n=102 Total (n=51)

—t —

Lost to follow-up (n=0) 12-month follow-up Lost to follow-up (n = 0)

Total (n=51) N=34n=102 Total (n=51)
(. J (. J
Analysed (n = 51) LB Analysed (n=51)
N=34;n=102

N: Number of children; n: Number of teeth.

Figure 1. CONSORT diagram showing the flow of patients and teeth treated
by pulpotomy up to 12 months follow-up.
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the patient until the next scheduled appointment; at that point,
the case was considered a successful one.

Follow-up. All included patients were recalled after six and
12 months for clinical and radiographic assessment. The same
operator who performed all pulpotomy procedures evaluated
the teeth clinically and radiographically. To assess intraexaminer
reliability, the examiner reevaluated the radiographs of 10 cases
at one week after the initial evaluation; there was no difference
between evaluations. During the clinical and radiographic eval-
uation, the examiner was blinded to the group allocation.

Outcome assessment criteria. Clinical success was considered
as the absence of any adverse clinical signs or symptoms, such as
sensitivity, mobility, pain, or swelling. Radiographic success was
confirmed in teeth presenting the absence of periapical radiolu-
cency, furcation involvement, widening of periodontal ligament
space, and pathologic internal/external root resorption. Internal
root resorption may be self-limiting and stable. The clinician
should monitor the internal resorption, removing the affected
tooth if perforation causes loss of supportive bone and/or clinical
signs of infection and inflammation. There should be no harm
to the succedaneous tooth.*

Statistical analysis. Data were analyzed using SPSS 16.0
software (SPSS Inc., Chicago, Ill., USA). Descriptive statistics
are presented with frequency and percentages. The success for
each tooth was compared between the six and the 12 months
using McNemar’s test. The level of significance was set at <0.05.
For significant P-values, relative risk and 95 percent confidence
intervals were calculated.

Results

A CONSORT diagram® showing the flow of patients and teeth
treated with pulpotomy up to the 12-month follow-up was
presented in Figure 1. One hundred six molars in 36 patients
(52.8 percent boys and 45.3 percent girls; mean age equals
6.18+0.99 [standard deviation] years old) were equally and
randomly assigned to either the LLLT or the FC groups, using a
split-mouth approach. Regarding the number of pairs, 23 chil-
dren (63.9 percent) had a single pair of teeth, 10 children (27.8
percent) had two pairs of teeth, two children (5.6 percent) had
three pairs of teeth, and one child (2.7 percent) had four pairs
of teeth (Table 2). In general, mandibular molars (54 out of 106;
50.9 percent) were slightly more frequently recruited than maxil-
lary molars (52 out of 106; 49.1 percent). The most frequently
treated in this study were mandibular second molar teeth (33
out of 106; 31.1 percent), followed by the maxillary second
molar (30 out of 106; 28.3 percent), maxillary first molar (22
out of 106; 20.8 percent), and mandibular first molar (21 out
of 106; 19.8 percent). Two patients only failed to attend the
six-month follow-up after moving to distant cities. These teeth
were excluded from the analysis. At 12 months, all of the treated
children returned for follow-up. Hence, 102 primary molars
were clinically and radiographically evaluated at the end of the
six and 12 months.

Table 3 shows the clinical and radiographic outcomes at
six- and 12-month follow-up examinations. At the six-month
follow-up visit, 51 teeth in each of the LLLT and FC groups
were available for clinical and radiographic examination. Both
groups showed a 98 percent clinical success rate. One primary
molar from the LLLT group had nonspontancous pain as well
as grade one mobility while one tooth in the FC group experi-
enced nonspontaneous pain only. The radiographic success rates
for the LLLT and FC groups were 100 percent and 98 percent,
respectively. Furcation involvement was diagnosed in one
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primary molar from the FC group. No statistically significant
differences were found between the two groups. The molar in
the LLLT group showed normal findings radiographically. It
was decided to monitor the child for any other signs. The tooth
in the FC group showed signs of furcation involvement. Later,
the parent reported the presence of an abscess related to that
tooth, and it was extracted.

At the 12-month follow-up visit, 51 teeth in each of the
LLLT and FC groups were available for clinical and radiographic
examination. No statistically significant differences in clinical
and radiographic success were found between the two groups
at the 12-month follow-ups. There was a drop in the clinical
success rates of LLLT and FC groups reaching 96.1 percent. Two
teeth in each group showed clinical signs of treatment failure. In

Table 2. CHARACTERISTICS OF THE INCLUDED CHILDREN
Item Category Total number of
children
N %

Single pair of teeth 23 63.9
Number of pairs Two pairs of teeth 10 27.8
of teeth® Three pairs of teeth 2 5.6

Four pairs of teeth 1 2.7

Male 19 52.8
Sex

Female 17 47.2

5 11 30.6

6 12 33.3
Age (years)

7 8 22.2

8 5 13.9

* Twenty-three children had a single pair of teeth=23x2=46 teeth; 10
children had two pairs of teeth=10x (2x2)=40 teeth; two children had
three pairs of teeth=2x (3x2)=12 teeth; and one child had four pairs
of teeth=1x (4x2)=cight teeth.

the LLLT group, the same molar that had pain and grade one
mobility at the six-month follow-up visit presented with pain
and grade three mobility and the tooth was extracted. Figure 2
shows the molar with grade 3 mobility and its associated radio-
graphic findings. Another molar had grade one mobility and it
was decided to be monitored. In the FC group, two primary
molars presented with grade two mobility, and it was determ-
ined that they warranted further follow-up. No radiographic
abnormalities were indicated at that stage; therefore, the radio-
graphic success rates for the LLLT and FC groups remained
100 percent and 98 percent, respectively. Figures 3 and 4 show
radiographs of two successfully treated teeth for each of the
two groups.

Discussion

The American Academy of Pediatric Dentistry (AAPD) recom-
mends ongoing research on new modalities and techniques in
addition to biologically compatible pulpotomy materials,* since
the majority of research has not involved randomized clinical
trials.? LLLT has demonstrated many successes in multiple
applications and is considered to be a relatively recent technique
in pulpotomy as well as a minimally invasive and less time-
consuming method.?” Although its mechanism is not well
known, this technology has been suggested to facilitate a
devitalization reaction through biomodulation on dental pulp
cell development, reactional dentine biostimulation, and a
less-intense inflammatory process.”® When added to the dentin
pulp interface after tooth preparation, LLLT appears to promote
the regeneration of the dental structure,® reduce hypersensitiv-
ity to dentin,” and eliminate pain caused by dental procedures.*
The reasoning behind this assumption is that LLLT causes a
calcification boost on the wound surface and promotes calcified
tissue formation.>' Until now, there is a paucity of studies that
investigated the effects of LLLT on primary teeth pulps, and
these have yielded conflicting results. These findings along with
AAPD recommendations encouraged the authors to conduct
the present study to investigate the effectiveness of LLLT as
a pulpotomy technique.

Table 3. CLINICAL AND RADIOGRAPHIC SUCCESS AND FAILURE RATES FOR THE LOW-LEVEL LASER THERAPY (LLLT) GROUP
AND FORMOCRESOL (FC) GROUP AT SIX- AND 12-MONTH FOLLOW-UPS
Clinical success and failure rates Radiographic success and failure rates
LLLT* FC* P-valuet LLLT FC P-valuet

£y RR* RR
3 (95% CI*) (95% CI)
:o N*  Success  Failure N Success  Failure N Success  Failure N Success  Failure

N % N % N % N % N % N % N % N %
N 51 50 98 1 2 51 50 98 1 2 1 51 51 100 O 0 51 50 98 1 2 0.498
g 1.000 0.33
) (0.020-49.4) (0.014-7.996)
3 51 49 96.1 2 4 51 49 96.1 2 4 1 51 51 100 O 0 51 50 98 1 2 0.498
g 1.000 0.33
S (0.020-49.4) (0.014-7.996)

* LLLT=Low-level laser therapy; FC=Formocresol; RR=relative risk; CI=confidence interval; mos=months; N=total number of treated teeth in each group/number

of successful and failed teeth in each group.

T Significance level is set at <0.05 using McNemar'’s test.
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Formocresol as a pulp-capping material promotes a similar
devitalization cycle with an unfavorable histological response
in the remaining radicular pulp, showing areas of necrosis and
connective tissue with chronic inflammation ranging from low
to high.? It was selected as the control pulpotomy treatment
in this study due to its ease in use and long-term clinical suc-
cess, even though its adverse effects remain a concern. Though
a lot of debate exists regarding its adverse effects and concerns
remain regarding its safety,” UK National Clinical Guidelines
in Pediatric Dentistry have proposed FC at a one-in-five
dilution rate as one of the choices of materials to be used for
primary tooth pulpotomy.*

Figure 2. A primary mandibular second molar treated by pulpotomy
using low-level laser therapy presented with grade three mobility after
12 months.
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Previous trials had assessed the effectiveness of LLLT as a
pulpotomy technique.'”?' However, the laser parameters were
set differently in each of these studies. Golpayegani et al."” used
a wavelength of 632 nm, whereas, Marques et al.'® and
Fernandes et al.'” each used 660 nm. The variation in any of the
laser application parameters, including power, frequency, ex-
posure time, and wavelength could have different effects on
pulp tissue.'® The wavelength used in the present study (810 nm)
was similar to that used by Uloopi et al.*® and Durmus and
Tanboga.?! Studies have shown that the use of the 810 nm
wavelength increased DNA synthesis,? stimulated proliferation
of human gingival fibroblasts,’® and enhanced completion of
immature root formation in rat teeth following pulpotomy.?

The success rate of pulpotomies has been measured tradi-
tionally as the percentage of teeth showing no clinical or radio-
graphic evidence of disease at different assessment intervals.?
Similarly, in this study, the success rate of the pulpotomy
treatments was defined as the absence of any clinical or
radiographic pathology at the follow-up appointments. The
results of this clinical trial revealed no statistically significant
differences in the clinical and radiographic success rates of
LLLT and FC pulpotomy.

At the 12-month recall visit, high clinical success rates
were observed for LLLT and FC, with no statistically significant
differences noted between the two groups. This might be due to
the satisfactory study sample size in addition to the relatively low
dropout rate. These findings agree with those by Durmus and
Tanboga,?! who reported 100 percent and 97 percent clinical
success rates for LLLT and FC groups, respectively, and with
Fernandes et al.'"” who reported success with all study groups
after a clinical evaluation during the follow-up period. By
contrast, Uloopi et al.?* reported a lower success rate for LLLT
(80 percent). The reason behind the difference in the success
rates for LLLT measured by that study and the present study

m
b-.’-—“..

Figure 3. Preoperative peri-
apical radiographs showing
carious primary mandibular
first and second molars re-
quiring vital pulp therapy.

Figure 4. Twelve-month post-
operative periapical radiographs
of the same teeth shown in
Figure 3. Teeth S and T were
treated with pulpotomy using
low-level laser therapy, and
teeth L and K were treated by
pulpotomy using FC. The teeth
were randomly assigned to one
of the treatment groups. They
are showing no signs of radio-
graphic failure.
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can be attributed to differences in the outcome analysis between
both studies. Uloopi et al.? combined the clinical and radio-
graphic outcomes to determine the overall success of each tech-
nique in every follow-up recall-visit. Any radiographic failure,
with or without signs of clinical failure, was documented as a
failure. By contrast, the present study evaluated clinical success
rates independently from radiographic success for each material.

The most reported clinical failure criterion in the current
study was postoperative pain, observed in five cases. Similarly,
Gupta et al.”” and Niranjani et al.?® reported some cases demon-
strating pain during the study recall visits. These findings,
however, were different from Kuo et al.* in that none of the
teeth in the laser group reported any clinical signs or symptoms
of failure; however, their study design was retrospective. The
failure in the pulpotomy could be attributed to several factors,
such as improperly adapted crowns, voids in the cement ma-
terial, and areas of residual caries or remaining coronal pulp
tissue in addition to the fact that the laser pulpotomy is a more
operator-sensitive technique according to Niranjani et al.*

In the current study, postoperative pain was accompanied
by normal radiographic findings during the first follow-up
visit. When the causes of pain were addressed, the patients were
monitored and no pain or other signs of failure were reported.
After six months, one tooth was extracted due to pain and fur-
cation involvement, dropping FC’s clinical success rate to 98
percent. At 12 months, another tooth in the LLLT group was
extracted due to pain and grade three mobility, leading to a clini-
cal success rate of 96.1 percent. Abnormal mobility of teeth was
reported in three cases for nine-year-old patients. In the LLLT
group, the same molar that had pain showed grade one mobil-
ity at six months and grade three mobility at 12 months, and
the tooth was extracted. In the FC group, two primary molars
presented with grade two mobility and further follow-up was
made. These findings agree with Ansari et al.,** who reported
two cases with degrees of mobility: one at the six-month follow-
up and another at the 12-month follow-up. Both cases were
judged as failures.

The current study findings coincide with other studies
finding that FC pulpotomy was associated with early exfoliation
of primary teeth and early eruption of permanent successors.??
Additional studies are needed to confirm if LLLT is associated
with premature shedding of primary teeth. Despite these re-
ported clinical findings in both LLLT and FC groups, radio-
graphic pathology was not established. This agrees with Farsi et
al.,*! who reported clinical failures without evidence of radio-
graphic pathology. This discrepancy may have been the result
of an early, histologically observable pulp pathology, but it had
not yet materialized into a pathological radiographic finding.

In the present study, the LLLT group showed 100 percent
radiographic success rates after 12 months of treatment report-
ing no statistically significant differences compared to the FC
group. These findings are similar to Saltzman et al.,* who found
that diode laser pulpotomy can be an alternative to FC pulp-
otomy when no statistically significant difference was found
between both groups regarding radiographic success criteria.
These findings were different from Golapayegani et al."” and
Fernandes et al.”” The difference between their findings and
those of the present study can be attributed to differences in
laser parameters used as treatment outcomes; LLLT is affected
by various factors, including wavelength, power output, dose,
and pulse frequency, according to Laksoo et al.*’ In the present
study, LLLT was used at an 810 nm wavelength, four ] energy,
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and 40-second application time under continuous mode.
Golpayegani et al."” reported a radiographic success rate of 67
percent with LLLT, which was performed using a 632 nm
wavelength under a continuous mode with an energy of
4.0 J/cm? for approximately 30 seconds, with the tip of the fiber
two mm away from root stumps.”® Also, this study’s results do
not coincide with the 80 percent radiographic success rates of
LLLT recorded by Fernandes et al."” at both intervals. This might
be due to the differences in the sealing approach following the
pulpotomy procedure. In this study, all teeth treated by pulp-
otomy were restored with SSCs to ensure proper seal against
any microleakage for the entire restoration interface. Fernandes
et al." restored all teeth treated by pulpotomy with a resin-
modified glass ionomer sealant.

This study had a low dropout rate, and most of the pa-
tients were obliged to attend their follow-up visits. The main
limitation of this study is that the same operator who performed
all pulpotomies evaluated the teeth clinically and radiograph-
ically. Also, this study did not use a pain scale to differentiate
between the pain that was related to failed pulpotomy and pain
due to food impaction and poor oral hygiene, which might be
a reason for the presence of clinical failures with normal radio-
graphic findings. Another limitation is that the estimates upon
which sample size was based differed from the success rates the
authors eventually obtained after analysis. The estimates the
authors used for sample size calculation assumed larger differ-
ences between groups due to a more modest performance
observed for FC than that observed in the present study. This
study’s findings support the null hypothesis, although the pre-
sent study has a risk of being underpowered. The authors
conducted a posthoc power analysis to assess whether there was
adequate power to support a claim that LLLT is not inferior to
FC (using a non-inferiority margin of 10 percent); the results
showed a power greater than 98 percent (hrtp://powerand
samplesize.com/Calculators/ Compare-2-Proportions/2-Sample
-Non-Inferiority-or-Superiority and https:/fwww2.ccrb.cubk.edu.
hk/statlproportion/tspp_sup.htm#2). Thus, this study’s find-
ings do not support that LLLT is better than FC, although the
claim that its success rate is not inferior to FC within 10 percent
margin can be supported. Further studies are needed based
on estimates obtained in the current research with a longer
duration so that conditions similar to actual clinical scenarios
can inform decision-making and selection of pulpotomy agents.

Conclusions
Based on this study’s results, the following conclusions can
be made:

1. Both low-level laser therapy and formocresol pulpo-
tomy techniques showed favorable clinical and radio-
graphic outcomes in human primary molar teeth over
12 months.

2. Further longitudinal studies with longer follow-up
periods and larger sample sizes are encouraged.

Acknowledgment

This project was funded by the Deanship of Scientific Research
(DSR) at King Abdulaziz University, Jeddah, Saudi Arabia,
under grant no. G-52-165/1438. The authors wish to thank
DSR for its technical and financial support.



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Mitha MM, Nijjesh JE, Chaly PE, Priyadharshini I, Junaid
M, Vaishnavi S. Caries risk assessment among 12-13-year-
old school-going children of government and private
schools of Tirupur district, Tamil Nadu. ] Indian Soc
Pedod Prev Dent 2016;34(3):244-8.

Edelstein B. The dental caries pandemic and disparities
problem. BMC Oral Health 2006;6(suppl 1):S2.

Mishra A, Pandey R, Pandey N, Jain E. A pedoprosthetic
rehabilitation in patients with severe early childhood caries
(S-ECC). BM]J Case Rep 2013;2013:bcr2013010269.
American Academy of Pediatric Dentistry. Pulp therapy for
primary and immature permanent teeth. The Reference
Manual of Pediatric Dentistry. Chicago, Ill., USA:
American Academy of Pediatric Dentistry; 2019:352-61.
Available at: “https://www.aapd.org/research/oral-health-
policies--recommendations/pulp-therapy-for-primary-and-
immature-permanent-teeth/”. Accessed September 1, 2020.
Buckley JP. The chemistry of pulp decomposition with
a rational treatment for this condition and sequelac. Am
Dent J 1904;3:764-71.

Chandrashekhar S, Shashidhar J. Formocresol, still a
controversial material for pulpotomy: A critical literature
review. ] Res Dent 2014;2(3):114-24.

Doyle WA. Formocresol versus calcium hydroxide in
pulpotomy. ] Dent Child 1962;29:86-97.

Spedding RH, Mitchell DF, McDonald RE. Formocresol
and calcium hydroxide therapy. ] Dent Res 1965;44(5):
1023-34.

Redig DFE. A comparison and evaluation of two formocresol
pulpotomy technics utilizing “Buckley’s” formocresol. ]
Dent Child 1968;35(1):22-30.

Loos PJ, Han SS. An enzyme histochemical study of the
effect of various concentrations of formocresol on connec-
tive tissues. Oral Surg Oral Med Oral Pathol 1971;31(4):
571-85.

Coll JA, Seale NS, Vargas K, Marghalani AA, Al Shamali S,
Graham L. Primary tooth vital pulp therapy: A systematic
review and meta-analysis. Pediatr Dent 2017;15;39(1):
16-123.

Sushynski JM, Zealand CM, Botero TM, et al. Comparison
of gray mineral trioxide aggregate and diluted formocresol
in pulpotomized primary molars: A 6- to 24-month
observation. Pediatr Dent 2012;34(5):120-8.

Hugar SM, Kukreja P, Hugar SS, Gokhale N, Assudani H.
Comparative evaluation of clinical and radiographic suc-
cess of formocresol, propolis, turmeric gel, and calcium
hydroxide on pulpotomized primary molars: A preliminary
study. Int J Clin Pediatr Dent 2017;10(1):18-23.

De Coster P, Rajasekharan S, Martens L. Laser-assisted
pulpotomy in primary teeth: A systematic review. Int ]
Paediatr Dent 2013;23(6):389-99.

Eslamian L, Borzabadi-Farahani A, Hassanzadeh-Azhiri A,
Badiee MR, Fekrazad R. The effect of 810-nm low-level
laser therapy on pain caused by orthodontic elastomeric
separators. Lasers Med Sci 2014;29(2):559-64.

Sun G, Tunér J. Low-level laser therapy in dentistry. Dent
Clin North Am 2004;48(4):1061-76, viii.

Fernandes AP, Lourenco Neto N, Teixeira Marques NC,
et al. Clinical and radiographic outcomes of the use of
low-level laser therapy in vital pulp of primary teeth. Int ]
Paediatr Dent 2015;25(2):144-50.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

PEDIATRIC DENTISTRY ~ V 42/ NO5 SEP/OCT 20

Marques NC, Neto NL, Rodini Cde O, et al. Low-level
laser therapy as an alternative for pulpotomy in human
primary teeth. Lasers Med Sci 2015;30(7):1815-22.
Golpayegani MV, Ansari G, Tadayon N. Clinical and
radiographic success of low-level laser therapy (LLLT) on
primary molars pulpotomy. ] Biol Sci 2010;5(1):51-5.
Uloopi KS, Vinay C, Ratnaditya A, Gopal AS, Mrudula
KJ, Rao RC. Clinical evaluation of low-level diode laser
application for primary teeth pulpotomy. J Clin Diagn Res
2016;10(1):ZC67-ZC70.

Durmus B, Tanboga I. In vivo evaluation of the treatment
outcome of pulpotomy in primary molars using diode
laser, formocresol, and ferric sulfate. Photomed Laser Surg
2014;32(5):289-95.

Joshi B, Baliga S, Rathi N, Thosar N, Dharmadhikari P,
Chandak P Comparative evaluation between formocresol
and diode laser-assisted pulpotomy in primary molars:
An in vivo study. EJPMR 2017;4(5):569-75.

Odabas ME, Bodur H, Baris E, Demir C. Clinical, radio-
graphic, and histopathologic evaluation of ND:YAG laser
pulpotomy on human primary teeth. ] Endod 2007;33(4):
415-21.

Frankl SN, Shiere FR, Fogels H. Should the parent remain
with the child in the dental operatory? ] Dent Child 1962;
29:150-63.

Schulz KF, Altman DG, Moher D, CONSORT Group.
CONSORT 2010 statement: Updated guidelines for re-
porting parallel group randomized trials. Int J Surg 2011;
9(8):672-7.

Nadin GB, Goel BR, Yeung CA, Glenny AM. Pulp treat-
ment for extensive decay in primary teeth. Cochrane
Database Syst Rev 2003;1:CD003220.

Avci B, Gupta A, Sadasivam M, et al. Low-level laser (light)
therapy (LLLT) in skin: Stimulating, healing, restoring.
Semin Cutan Med Surg 2013;32(1):41-52.

Ferreira ANS, Silveira L, Genovese W], et al. Effect of
GaAlAs laser on reactional dentinogenesis induction in
human teeth. Photomed Laser Surg 2006;24(3):358-65.
Moosavi H, Maleknejad E 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):1245-9.
Eslamian L, Borzabadi-Farahani A, Hassanzadeh-Azhiri A,
Badiee MR, Fekrazad R. The effect of 810-nm low-level
laser therapy on pain caused by orthodontic elastomeric
separators. Lasers Med Sci 2014;29(2):559-64.

Godoy BM, Arana-Chavez VE, Nufez SC, Ribeiro MS.
Effects of low-power red laser on dentine-pulp interface
after cavity preparation: An ultrastructural study. Arch
Oral Biol 2007;52(9):899-903.

Haghgoo R, Abbasi E A histopathological comparison of
pulpotomy with sodium hypochlorite and formocresol.
Iran Endod ] 2012;7(2):60-2.

Lin PY, Chen HS, Wang YH, Tu YK. Primary molar pulp-
otomy: A systematic review and network meta-analysis.
J Dent 2014:42(9):1060-77.

Rodd HD, Waterhouse PJ, Fuks AB, Fayle SA, Moffat MA,
British Society of Paediatric Dentistry. Pulp therapy for
primary molars. Int ] Ped Dent 2006;16(suppl 1):15-23.
AlGhamdi KM, Kumar A, Moussa NA. Low-level laser
therapy: A useful technique for enhancing the prolifer-
ation of various cultured cells. Lasers Med Sci 2012;27
(1):237-49.

LOW-LEVEL LASER THERAPY FOR PULPOTOMIES 365



PEDIATRIC DENTISTRY V 42/ NO 5

36.

37.

38.

39.

366

SEP 1 OCT 20

Gupta G, Rana V, Srivastava N, Chandna P. Laser
pulpotomy—An effective alternative to conventional tech-
niques: A 12-month clinicoradiographic study. Int J Clin
Pediatr Dent 2015;8(1):18-21.

Kreisler M, Christoffers AB, Willershausen B, d’Hoedt B.
Effect of low-level GaAlAs laser irradiation on the pro-
liferation rate of human periodontal ligament fibroblasts:
An in vitro study. ] Clin Periodontol 2003;30(4):353-8.
Niranjani K, Prasad MG, Vasa AA, Divya G, Thakur
MS, Saujanya K. Clinical evaluation of success of primary
teeth pulpotomy using mineral trioxide aggregate(®), laser
and Biodentine(™): An in vivo study. J Clin Diagn Res
2015;9(4):ZC35-ZC37.

Kuo HY, Lin JR, Huang WH, Chiang ML. Clinical
outcomes for primary molars treated by different types of
pulpotomy: A retrospective cohort study. ] Formos Med
Assoc 2018;117(1):24-33.

LOW-LEVEL LASER THERAPY FOR PULPOTOMIES

40.

41.

42.

43.

Ansari G, Morovati SP, Asgary S. Evaluation of four
pulpotomy techniques in primary molars: A randomized
controlled trial. Iran Endod ] 2018;13(1):7-12.

Farsi D], El-Khodary HM, Farsi NM, El Ashiry EA,
Yagmoor MA, Alzain SM. Sodium hypochlorite versus
formocresol and ferric sulfate pulpotomies in primary
molars: 18-month follow-up. Pediatr Dent 2015;37(7):
535-40.

Saltzman B, Sigal M, Clokie C, Rukavina J, Titley K,
Kulkarni GV. Assessment of a novel alternative to conven-
tional formocresol-zinc oxide eugenol pulpotomy for the
treatment of pulpally involved human primary teeth:
Diode laser-mineral trioxide aggregate pulpotomy. Int ]
Paediatr Dent 2005;15(6):437-47.

Laakso L, Richardson C, Cramond T. Factors affecting
low level laser therapy. Aust ] Physiother 1993;39(2):95-9.



