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Direct pulp capping (DPC) preserves pulp vitality after caries exposure by applying 
biocompatible materials, such as mineral trioxide aggregate (MTA), biodentine, or calcium 
hydroxide to stimulate reparative dentin formation. Low-level laser therapy (LLLT) has 
emerged as a promising adjunct that reduces inflammation and accelerates dentinogenesis. 
Laser technology continues to evolve, with newer devices offering improved energy delivery 
and enhanced biological responses. Recognizing these advancements, our narrative review of 
randomized controlled trials aimed to integrate the most recent evidence to provide an updated 
understanding of LLLT’s efficiency in DPC by synthesizing available clinical data, clarifying 
key influencing factors, and identifying priorities for future research. Six randomized 
controlled trials comprising 268 permanent teeth were included based on comprehensive 
database searches up to November 2025. These studies compared LLLT-assisted DPC against 
standard methods in caries-exposed teeth, emphasizing clinical, radiographic, and histological 
outcomes and excluding non-RCTs or animal studies. LLLT demonstrated high clinical 
success in most studies and was associated with thicker, more complete dentin bridges, reduced 
inflammation, enhanced apical maturation in immature teeth, and better pain relief—especially 
when combined with MTA, Biodentine, or MTA+ platelet-rich fibrin (PRF). Although the 
benefits are clear, variability in laser parameters, small sample sizes, and short follow-up 
periods limit broader conclusions. Standardized, large-scale, long-term RCTs are essential to 
refine protocols and enable LLLT’s routine use in vital pulp therapy.
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1. Introduction

ulp capping is a dental procedure aimed 
at preserving the vitality of the tooth’s 
pulp after it has been exposed or nearly 
exposed due to injury or deep cavity 

preparation. This technique involves placing a dental 
biomaterial directly over the exposed or nearly ex-
posed pulp tissue to promote healing. This process also 
stimulates the formation of a mineralized tissue bar-
rier, which protects the pulp from infection and further 
damage (1-3). P
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The concept of pulp capping dates back to 1756, with 
early materials used empirically and often based on mis-
conceptions about pulp healing. As the role of microor-
ganisms became understood, disinfecting but frequently 
cytotoxic agents were adopted. Scientific evaluation be-
gan in the early 20th century, culminating in Hermann’s 
introduction of calcium hydroxide, which became the 
gold standard due to its biocompatibility (4, 5).

In recent decades, advances in material science have 
produced newer pulp-capping agents with superior bio-
compatibility and improved clinical outcomes compared 
to calcium hydroxide (6-8). Currently, pulp capping is 
recognized as a vital procedure for preserving tooth vi-
tality, with ongoing research focused on optimizing ma-
terials and techniques to enhance healing and long-term 
success (2, 9).

There are two main types of pulp capping procedures: 
Direct and indirect pulp capping (10, 11). Direct pulp 
capping (DPC) is performed when the dental pulp is ex-
posed, and a biocompatible material is placed directly 
over the exposure to preserve pulp vitality and stimulate 
dentin formation (7, 11). Indirect pulp capping is used 
when the pulp is nearly exposed but not visible; a thin 
layer of softened dentin is left to avoid exposure, and a 
protective material is placed over it to encourage healing 
(11, 12). 

The most commonly used materials for DPC include 
calcium hydroxide, mineral trioxide aggregate (MTA), 
and newer calcium silicate-based materials, such as bio-
dentine and tricalcium silicate cements (13-16). Recent 
studies have also explored the use of nano-hydroxyap-
atite and adhesive resin systems, though adhesive sys-
tems generally show lower success rates than traditional 
materials (16-18). The choice of technique and material 
is influenced by factors, such as the nature of the pulp 
exposure, the degree of inflammation, and the clinician’s 
preference (19).

Research indicates that the use of laser therapy as an 
adjunct to direct dental pulp capping can enhance heal-
ing outcomes and improve the procedure’s prognosis. 
Systematic reviews and meta-analyses show that teeth 
treated with laser therapy during DPC have significant-
ly higher success rates and lower clinical or radiologic 
failure rates than with conventional methods, with odds 
ratios and risk ratios favoring laser-assisted treatments 
(20-22).

Low-level laser therapy (LLLT) appears to reduce in-
flammation, promote reparative dentin formation, and 
improve odontoblast organization, as demonstrated in 
animal studies using bioceramic materials, such as en-
dosequence root repair material (23, 24). In vitro studies 
further suggest that combining LLLT with dental cap-
ping agents increases the viability and proliferation of 
apical papilla stem cells, which are important for dental 
tissue regeneration.

The biological effects of photobiomodulation depend 
on laser parameters, such as wavelength and energy, be-
cause different cellular chromophores absorb specific 
wavelengths, initiating mitochondrial photochemical 
reactions that enhance ATP synthesis and activate cell 
signaling pathways regulating proliferation and differen-
tiation (25).

With continuous improvements in laser technology 
leading to enhanced energy delivery and biological per-
formance, an updated evaluation of LLLT is required. 
This narrative review focuses exclusively on recent 
randomized controlled trials of LLLT-assisted DPC to 
clarify how laser parameters and capping materials influ-
ence clinical, radiographic, and histological outcomes. 
However, this area remains underdefined in the current 
literature.

2. Materials and Methods

This narrative review was undertaken to explore and syn-
thesize emerging evidence on the adjunctive use of LLLT 
in DPC procedures, with a particular focus on randomized 
clinical trials (RCTs). The review followed a flexible, in-
terpretive approach typical of narrative reviews, empha-
sizing qualitative integration of findings while maintain-
ing transparency and methodological clarity.

A comprehensive literature search was performed in 
PubMed, Scopus, Web of Science, and Google Scholar 
from database inception to November 2025. The search 
strategy combined controlled vocabulary and free-text 
terms, including: (“low-level laser therapy” OR “LLLT” 
OR “photobiomodulation” OR “diode laser”) AND (“di-
rect pulp capping” OR “DPC” OR “vital pulp therapy” 
OR “pulp exposure” OR “dentin bridge”) AND (“ran-
domized controlled trial” OR “RCT”). The search was 
limited to English-language human studies. The refer-
ence lists of relevant articles were also manually ex-
amined to identify additional publications of interest. 
Manual checking of database results ensured that studies 
potentially overlooked by automated searches were cap-
tured for consideration.
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Studies were considered for inclusion if they involved 
human subjects undergoing DPC due to carious pulp ex-
posure, where LLLT was applied as an adjunct to cap-
ping materials and compared with conventional DPC 
performed without laser use. Eligible studies were ex-
pected to report at least one relevant clinical, radiograph-
ic, or histological outcome—such as treatment success, 
postoperative pain, dentin bridge formation, or pulp tis-
sue characteristics—and to be designed as RCTs.

Studies were excluded if they focused on pulpotomy or 
indirect pulp capping procedures, employed high-power 
lasers for cutting or coagulation, or used non-RCT for-
mats, such as animal experiments, literature reviews, or 
case reports. Articles were also excluded if they lacked 
sufficient methodological details or LLLT parameters, 
presented no measurable outcomes, were not published 
in English, or were unavailable in full text.

Relevant information from each included article was 
extracted descriptively, emphasizing publication details 
(author, year), study design (parallel-group or split-
mouth, randomization, blinding), sample characteristics 
(number and type of teeth), laser parameters (wave-
length, power, duration, mode, energy density, and appli-
cation technique), type of capping material, and reported 
outcomes. These details were organized into a summary 
table (Table 1) to facilitate comparison and synthesis.

The findings were synthesized narratively, with stud-
ies grouped by outcome domains, such as clinical suc-
cess, dentin bridge formation, postoperative pain, and 
histological quality. Emphasis was placed on identify-
ing conceptual patterns and methodological nuances 
across different laser parameters and capping materials. 
No statistical pooling or meta-analytic procedures were 
performed, as the aim was to provide a qualitative, in-
terpretive understanding of the literature rather than a 
quantitative summary.

Artificial intelligence tools (specifically Grok 4, xAI) 
were used exclusively for linguistic refinement—en-
hancing grammar, sentence structure, and stylistic con-
sistency—without influencing data interpretation or 
analysis.

3. Results

A literature search yielded a range of publications ad-
dressing the use of LLLT in DPC. Following a detailed 
examination of the retrieved literature, only a limited 
number of studies have directly investigated the adjunc-
tive use of LLLT within clinical DPC contexts. After 

evaluating the relevance and the content of these studies, 
six publications were identified as conceptually aligned 
with the focus of this review and were therefore included 
in the narrative synthesis (26-31). 

Yazdanfar et al. (2020) applied an 808 nm diode laser 
at 1.5 W (381.97 J/cm²) prior to TheraCal LC capping 
in 20 teeth, finding clinically superior outcomes in the 
laser group (P<0.001) with no radiographic difference 
(P=0.56) and maximum dentin bridge thickness of 0.40 
mm at one month in both groups (26). Similarly, Ahmed 
et al. (2024) used a 940 nm diode laser at 0.1 W (sweep-
ing 5 s/mm²) before MTA in 28 molars, reporting 100% 
clinical success in both groups and significantly thicker 
dentin bridge in the laser group (0.443 mm vs 0.411 mm 
at 12 months, P=0.046), with equivalent short-term re-
sults (27).

Expanding on laser-assisted biostimulation, Agrawal 
et al. (2024) tested low-level diode laser combined with 
visible light-cured (VLC) calcium hydroxide (Ca[OH]), 
MTA, and platelet-rich fibrin (PRF) in 120 teeth, observ-
ing that the MTA+PRF+laser group produced the thick-
est dentin bridge with statistically significant differences 
in thickness across groups (29). In a related application, 
Shbat et al. (2025) delivered a 640 nm diode laser (2 
J, 20 s) before Biodentine in 30 immature first molars, 
demonstrating faster apical development, improved apex 
maturation, and significantly better pain relief in the la-
ser group compared to Biodentine alone (28).

MTA remains the reference standard for DPC due to its 
superior biocompatibility and bioactivity, though its long 
setting time and potential for discoloration may limit its 
clinical practicality. Biodentine, with its faster setting 
and improved handling, achieves comparable dentin 
bridge formation, making it suitable for cases requiring 
immediate restoration. TheraCal LC, a light-cured resin-
modified calcium silicate, offers convenient application 
and immediate setting but exhibits reduced calcium ion 
release and bioactivity compared with pure hydraulic 
materials. When combined with LLLT, these materials 
may demonstrate enhanced odontogenic differentiation 
and dentin bridge formation; however, this interaction 
depends on each material’s optical absorption and hy-
dration properties. Hydrophilic materials such as MTA 
and Biodentine show greater compatibility with laser-in-
duced photobiomodulation than resin-based alternatives, 
such as TheraCal LC (26, 32).

Further supporting histological benefits, Priya et al. 
(2025) applied low-level diode laser before MTA in 32 
premolars, revealing complete dentin bridges in 87.5% 

Asadi Aria A, et al. Low-level Laser Therapy in DPC. J Dentomaxillofacial Radiol Pathol Surg. 2025; 14(3):8-14.



11

Summer 2025, Volume 14, Number 3

of the laser group vs 68.8% in control, >0.25 mm thick-
ness in 81.3% vs 68.8%, and reduced inflammation 
(P<0.05) with more uniform, thicker bridges in the laser 
group (30). Similarly, Rashmi et al. (2025) used a 635 
nm diode laser at 0.1 W for 1 minute before Ca(OH)₂ in 
38 molars, achieving 90% clinical success in the laser 
group vs. 80% in the control group (Ca[OH]+sodium 
hypochlorite [NaOCl]). However, the difference was not 
statistically significant (31).

Wavelength may influence how each laser interacts 
with dental tissues, as different wavelengths exhibit dis-
tinct absorption profiles, penetration depths, and thermal 
behaviors (22).

4. Discussion

Most included RCTs reported the efficacy of LLLT as 
an adjunct in DPC of permanent teeth (26-31). Across 
studies involving 268 teeth, LLLT appears to enhance 
clinical outcomes and is associated with thicker and 
more uniform dentin bridge formation, and reduced 
pulpal inflammation. Ahmed et al. (27) and Priya et al. 
(30) provided robust clinical and histological evidence, 
with the laser group achieving greater dentin bridge 
thickness and higher complete bridge rates, respectively. 
These findings align with the primary objective of this 
review—to evaluate LLLT as a biostimulatory modality 
in DPC—and confirm its supportive role in preserving 
pulp vitality and accelerating reparative dentinogenesis.

Substantial heterogeneity in laser parameters exists 
across the studies. The wavelengths ranged from 635 nm 
(31) to 940 nm (27), with power outputs varying from 0.1 

W (27, 31) to 1.5 W (26) and energy deliveries from 2 J 
(28) to 381.97 J/cm² (26). Despite this diversity, LLLT 
proved effective alongside multiple capping agents, in-
cluding MTA (27, 31), TheraCal LC (26), Biodentine 
(28), Ca(OH)₂ (31), and PRF combinations (29). The 
strongest outcomes emerged with MTA and MTA+PRF, 
yet the absence of a standardized LLLT protocol limits 
inter-study comparability and underscores the need for 
future dose-optimization research. In addition, variabil-
ity in laser parameters (energy, duration) likely contrib-
uted to the differences in outcomes across studies.

Radiographic and histological endpoints revealed tar-
geted benefits of LLLT. Ahmed et al. (27) documented 
increased dentin bridge thickness at 12 months, while 
Priya et al. (30) reported superior bridge completeness, 
thickness, and reduced inflammation. In immature teeth, 
Shbat et al. (28) observed accelerated apical develop-
ment and apex maturation along with marked pain re-
duction. Agrawal et al. (29) highlighted synergistic ef-
fects when LLLT was combined with PRF and MTA, 
yielding the thickest reparative dentin. These outcomes 
likely stem from LLLT’s documented anti-inflammatory 
effects and its ability to stimulate the proliferation of 
dental pulp stem cells, mechanisms reported in the lit-
erature (33, 34).

The advantages of LLLT in enhancing dentin bridge 
quality and clinical predictability suggest a viable path-
way for integrating this modality into routine DPC pro-
tocols, particularly with calcium silicate-based materials, 
such as MTA and Biodentine (26-28). The non-invasive 
nature of LLLT, coupled with its ability to mitigate post-
operative pain (28) and improve reparative outcomes 

Table 1. Key features of the selected research

Author(s), Year Study Type Sample Size 
(Teeth) Capping Material Laser Parameters Control Group

Yazdanfar et al. 2020 
(26)

Parallel-group RCT Single-
center, two-arm 20 (10/group) TheraCal LC 808 nm, 1.5 W, 2 s/

mm (381.97 J/cm²) TheraCal alone

Ahmed et al. 2024 
(27)

Parallel-group RCT Single-
center, double-arm 28 (14/group) MTA 940 nm, 0.1 W, 

Sweeping 5 s/mm² MTA alone

Agrawal et al. 2024 
(29) Parallel-group RCT (6 arms) 120 VLC Ca(OH)₂/MTA/

PRF Low-level diode No laser

Shbat et al. (28) Parallel-group RCT Single-
center, two-arm 30 (15/group) Biodentine 640 nm, 2 J, 20 s Biodentine 

alone

Priya et al. 2025 (30) Split-mouth RCT 32 (16 patients) MTA Diode MTA alone

Rashmi et al. 2025 
(31)

Parallel-group RCT Single-
center, two-arm 38 (19/group) Ca(OH)₂ 635 nm, 0.1 W, 1 

min continuous Ca(OH)₂+NaOCl

Abbreviation: RCT: Randomized controlled trial; MTA: Mineral trioxide aggregate; PRF: Platelet-rich fibrin; VLC: Visible light-
cured; Ca(OH): Calcium hydroxide; NaOCl: Sodium hypochlorite.
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even in challenging immature teeth, makes it a valuable 
adjunct for preserving pulp vitality in deep caries man-
agement. Clinicians may consider LLLT especially in 
cases where hemostasis and biostimulation are critical, 
though material-specific synergies—such as the superior 
bridge formation with MTA+PRF combinations (29) 
warrant tailored application. 

Variability in laser parameters across the included stud-
ies likely contributed to differences in clinical outcomes, 
which should be considered when interpreting the evi-
dence. The diode lasers used in the trials demonstrated 
substantial heterogeneity in wavelength, output power, 
exposure time, and energy density—ranging from high-
energy applications, such as 808 nm at 1.5 W for 2 s/mm 
(381.97 J/cm²) (26), to very low-power protocols such as 
940 nm at 0.1 W with sweeping irradiation (27), or 635–
640 nm low-level laser settings delivered over longer 
durations (28, 31). Studies employing diode irradiation 
without detailed standardization or clarity in parameters 
further compound this variability (29, 30). These differ-
ences in irradiation characteristics may influence tissue 
response, biomaterial interactions, and, ultimately, the 
success of vital pulp therapy.

The limited evidence base constrains this review—
only six RCTs were eligible—and small sample sizes 
in most trials (e.g. 20 teeth in Yazdanfar et al. (26); 28 
teeth in Ahmed et al. (27). Follow-up periods were gen-
erally short, with long-term survival data lacking. Proto-
col heterogeneity in laser parameters, capping materials, 
and tooth maturity further complicates synthesis. Future 
high-quality, large-scale RCTs are essential to standard-
ize LLLT dosimetry, establish optimal therapeutic win-
dows, extend follow-up beyond 1–2 years to assess long-
term tooth survival, and directly compare LLLT with 
alternative adjunctive modalities in DPC.

Previous systematic reviews have similarly highlighted 
the potential of lasers to enhance the outcomes of DPC, 
noting improved clinical success but also emphasizing 
the presence of confounding variables that may limit 
the certainty of their conclusions (22). Another meta-
analysis reported that DPC achieved superior clinical 
results when combined with laser therapy compared 
with conventional approaches. In alignment with these 
findings, the present narrative review—drawing on six 
recent RCTs—supports LLLT as a promising biostimu-
latory adjunct in DPC (22). It is important to note that 
the relatively small sample size of the included RCTs 
limits the strength of the current evidence and should be 
considered when interpreting the results. A key strength 
of this review is its exclusive focus on randomized con-

trolled trials, ensuring that the conclusions regarding the 
effects of LLLT on DPC are based on the highest level 
of clinical evidence.

5. Conclusions

In summary, the synthesized evidence from these six 
RCTs suggests that LLLT may be a promising biostimu-
latory tool in DPC, with potential benefits across diverse 
laser parameters and capping agents. While current find-
ings are encouraging, the field remains in an exploratory 
phase due to methodological variability and limited 
long-term data. To advance clinical adoption, future in-
vestigations should prioritize larger multicenter trials, 
and extended follow-up to definitively establish its role 
in vital pulp therapy. A standardized laser protocol would 
make future research more comparable.
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