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Effectiveness of low-level laser therapy with or without hyaluronic acid gel in tissue healing and pain control after gingival surgery: a systematic review
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ABSTRACT

	Aims: The aim of this systematic review was to assess the effectiveness of low-level laser therapy (LLLT), alone or combined with hyaluronic acid (HA), in enhancing tissue healing and reducing postoperative pain after gingival surgery.
Study design: Systematic review of randomized controlled trials (RCTs), conducted according to PRISMA 2020 guidelines, and following the SWiM approach for narrative synthesis.
Place and Duration of Study: This review was carried out between August and November 2025.
Methodology: Randomized controlled trials evaluating adult patients (≥18 years) undergoing gingival surgical procedures and receiving postoperative LLLT, HA gel, or their combined application were eligible for inclusion. Searches were carried out in EMBASE, LILACS, PubMed, SCOPUS, Web of Science, The Cochrane Library, and additional gray literature sources. Risk of bias was assessed using the Cochrane RoB 2.0 tool. Due to clinical and methodological heterogeneity related to laser parameters, HA formulations, application protocols, and outcome assessment methods, the synthesis followed a narrative approach without meta-analysis. Three studies met the eligibility criteria, comprising a total of 116 participants.
Results: Two of the three trials reported no significant differences in postoperative soft tissue healing; however, modest early improvements were observed with LLLT, particularly when combined with HA, though these effects were not sustained over time. Postoperative pain showed an average reduction of about 30% within the first 48–72 hours, with the greatest reductions associated with the combined approach. Overall, the certainty of the evidence remains low due to small samples, risk of bias, and heterogeneity among studies.
Conclusion: The combined application of LLLT and HA demonstrates potential to enhance early soft tissue healing and reduce postoperative pain following gingival surgery. However, due to the limited number of RCTs and the methodological weaknesses identified, the certainty of the evidence remains low. Further well-designed RCTs are necessary to substantiate these findings.
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1. INTRODUCTION

Gingival surgical procedures constitute a fundamental component of periodontal therapy. Their indications include the management of functional outcomes, such as the correction of periodontal defects and root coverage, as well as esthetic purposes, including the correction of excessive gingival display and clinical crown lengthening, and pre-prosthetic demands aimed at adequately exposing cavity margins for restorative rehabilitation (Sousa et al. 2010). However, these procedures are frequently associated with considerable postoperative morbidity, especially pain and delayed tissue healing. Such factors significantly compromise patient comfort and masticatory function, prolonging the recovery period (Azevedo et al. 2023; Malpartida-Carrillo et al. 2021). 

Successful clinical outcomes are intrinsically linked to the optimization of soft tissue healing, a biological process that unfolds in three distinct phases. The first is the inflammatory phase, which occurs immediately after surgical trauma and is characterized by hemostasis, infiltration of immune cells, and the release of inflammatory mediators such as prostaglandins and bradykinin (Balbino et al. 2005; Eming et al. 2014). This is followed by the proliferative phase, marked by granulation of tissue formation, neoangiogenesis, and epithelialization, culminating in the remodeling phase, during which collagen matures and tissue strength increases (Gurtner et al. 2008). In this context, adjuvant therapies are strategically employed to modulate the acute inflammatory response, optimize cellular proliferation, and alleviate pain. Among these approaches, low-level laser therapy (LLLT) and the application of hyaluronic acid (HA) have emerged as promising interventions due to their biomodulatory effects on tissue repair (Bhati et al. 2022; Rocha et al. 2007). 

LLLT is widely used as a supportive therapeutic modality in various medical and dental procedures (Abesi and Derikvand 2023). This therapy employs non-ionizing electromagnetic radiation characterized by monochromaticity, coherence, and collimation of the light beam(Rathod et al. 2022; Santos et al. 2018). Its mechanism of action is based on photobiomodulation (PBMT), through which exposure to a specific wavelength induces cellular changes, stimulating metabolism, and proliferation. Consequently, LLLT exerts anti-inflammatory, analgesic, and biostimulatory effects that contribute to enhanced tissue repair and accelerated wound healing (Abesi and Derikvand 2023; Kohale et al. 2018a; Yakout et al. 2023; Zhao et al. 2021).

In parallel with LLLT, hyaluronic acid, a glycosaminoglycan that is a fundamental component of the extracellular matrix, has been explored as a potent adjunct in tissue repair (Antoszewska et al. 2024). When applied in gel form, HA functions as a temporary scaffold that stabilizes the blood clot and maintains hydration of the surgical wound, while also exerting intrinsic anti-inflammatory and anti-edematous effects (Wang et al. 2025; Yakout et al. 2023). Its benefits extend across all phases of healing: in the inflammatory phase, it supports cellular migration; in the proliferative phase, it attracts fibroblasts and stimulates keratinocytes; and during remodeling, it promotes tissue integrity and mechanical strength (Frenkel 2014; Yakout et al. 2023). These properties make HA a relevant agent following gingival surgical procedures (Pilloni et al. 2025; Yakout et al. 2023). 

The combined therapeutic use of LLLT and HA is based on the potential synergy of their complementary mechanisms (Adel et al. 2025). LLLT provides photobiomodulation, bioenergetic stimulation, and analgesia, whereas HA offers structural support and modulates the wound microenvironment. Although individual benefits of LLLT (Amorim et al. 2006; Kohale et al. 2018b; Ozcelik et al. 2008) and HA (Fawzy El-Sayed et al. 2012; Ibraheem et al. 2022; Pilloni et al. 2023) in tissue repair and postoperative pain control have been demonstrated, their combined use has shown superior outcomes at the surgical site. However, the existing literature exhibits substantial methodological heterogeneity, small sample sizes, and wide variations in laser parameters and HA formulations. Therefore, a comprehensive and systematic evaluation is essential to rigorously synthesize the available evidence on this topic. 

Accordingly, this systematic review aims to assess the effectiveness of LLLT (used alone or combined with HA) in enhancing tissue repair and reducing postoperative pain following gingival surgery. This study was conducted following the PRISMA guidelines and adopted the SWiM (Synthesis Without Meta-analysis) approach for qualitative synthesis, ensuring methodological rigor, transparency, and consistency in presenting scientific evidence.

2. methodology

This systematic review was conducted and reported in accordance with the PRISMA 2020 Statement guidelines (Page et al. 2021). The research protocol was prospectively registered in the PROSPERO database (International Prospective Register of Systematic Reviews) under the number CRD420251161003.

2.1 Research question (PICO)

The research question was formulated using the PICO framework, as presented in Table 1: “To evaluate the effectiveness of low-level laser therapy, used alone or in combination with hyaluronic acid gel, on tissue healing and postoperative pain control in patients undergoing gingival surgical procedures.”

Table 1. PICO criteria for the research question

	PICO component
	Description

	Population (P)
	Adult patients undergoing gingival surgery

	Intervention (I)
	Hyaluronic acid gel

	Comparator (C)
	Low-level laser therapy

	Outcome (O)
	Improved tissue healing and reduced pain sensitivity



2.2 Elegibility criteria 

Randomized controlled trials (RCTs) of any duration and publication year, written in Portuguese, English, or Spanish, were eligible for inclusion. Studies had to involve adult patients (≥18 years) who underwent gingival surgical procedures and received postoperative low-level laser therapy and/or hyaluronic acid gel, either alone or in combination.

2.3 Search strategy 

Search strategies were customized for each of the following electronic databases: EMBASE, Latin American and Caribbean Health Sciences (LILACS), PubMed, SCOPUS, Web of Science, and The Cochrane Library. Additionally, complementary searches were conducted in Google Scholar, OpenGrey, and MedNar. All searches were performed up to October 2025. EndNote Web® was used as a reference management tool. The search terms used across databases are listed in Table 2.

Table 2. Search terms used in the electronic databases, maintained exactly as a table of terms, as in the original, preserving mesh terminology and related descriptors
	Free terms
	MeSH terms

	Gingivectomies [TiAb] 
"Gingivectomy Procedure"[TiAb] 
"Surgical Gingivectomy"[TiAb] 
"Laser Gingivectomy"[TiAb] 
"Gingivoplasty"[TiAb] 
"Gingivoplasty Procedure"[TiAb]  
"Crown Lengthening"[TiAb] 
"Esthetic Crown Lengthening"[TiAb] 
"Gingival Recontouring"[TiAb] 
 Hyaluronan [TiAb] 
''HA Application'' [TiAb] 
''Hyaluronic Acid Gel'' [TiAb] 
''Topical Hyaluronic Acid'' [TiAb] 
''Hyaluronic Acid Therapy" [TiAb] 
“Low-Level Laser Therapy” [TiAb] 
“Laser Therapy” [TiAb] 
“Low Intensity Laser Therapy” [TiAb] 
“Low-Level Light Therapy” [TiAb]
	Humans [MeSh] 
Adult [MeSh] 
Female [MeSh] 
Male [MeSh] 
''Middle Aged'' [MeSh] 
''Gingival Hyperplasia'' [MeSh] 
Hyperplasia [MeSh] 
''Gingival Diseases'' [MeSh] 
Hyperpigmentation [MeSh] 
Gingivectomy [MeSh] 
Gingiva [MeSh] 
''Hyaluronic acid'' [MeSh] 
Gels [MeSh] 
''Low-Level Light Therapy'' [MeSh] 
Photobiomodulation [MeSh] 
''Wound Healing'' [MeSh] 
''Treatment Outcome'' [MeSh]



2.3 Study selection and data extraction 

Study selection was carried out independently by three reviewers (VBJ, MCD, CWS) in two phases using the Rayyan platform. In the first phase, titles and abstracts of all retrieved records were screened to identify potentially relevant studies. In the second phase, the full texts of the pre-selected articles were examined to determine their eligibility according to the predefined criteria. Any disagreements between reviewers were resolved through discussion and consensus, or, when necessary, by consulting a third reviewer (VBJ). The entire selection process was documented using a PRISMA flow diagram to ensure transparency and reproducibility.

Data extraction was also performed independently by the same reviewers using standardized data extraction forms. The extracted information included the authors and year of publication, study design and registration status, study objectives, sample characteristics (such as age and number of participants), methods of randomization and blinding, details of the surgical procedure performed, and comprehensive descriptions of the intervention and comparator—including concentrations, application protocols, and duration. Additional data collected encompassed follow-up times, outcomes assessed (specifically wound healing and pain), the methods used for outcome assessment, the results obtained for each outcome, patient satisfaction when reported, study limitations, and declared conflicts of interest. This systematic extraction process ensured consistency and minimized the risk of bias in data handling.

2.5 Risk of bias assessment

The methodological quality of the included randomized controlled trials was evaluated independently by three reviewers using the revised Cochrane Risk of Bias Tool for randomized trials (RoB 2.0) (Sterne et al. 2019). The assessment considered five domains of potential bias: the integrity of the randomization process, the possibility of deviations from the intended interventions, the completeness of outcome data, the accuracy and consistency of outcome measurement, and the risk of selective reporting of results. For each included study, reviewers assigned an overall judgment for each outcome, categorized as “low risk,” “some concerns,” or “high risk” of bias. This structured evaluation ensured a systematic appraisal of the internal validity of the evidence and allowed the interpretation of findings to be weighed according to the robustness of each study.

2.5 Data synthesis (qualitative analysis – withouth meta-analysis)

A qualitative narrative synthesis of the results was conducted following the SWiM (Synthesis Without Meta-analysis) reporting guideline (Campbell et al. 2020), given the considerable clinical and methodological heterogeneity anticipated among the included randomized controlled trials. The synthesis process involved organizing and reporting the findings for each predefined primary and secondary outcome, describing the direction and magnitude of the observed effects, and evaluating the consistency of results across studies. The interpretation of these findings was informed by the risk-of-bias assessment (RoB 2.0), such that greater weight was given to evidence derived from studies assessed as having a low risk of bias. Additionally, potential sources of heterogeneity were examined, including variations in the concentrations and application protocols of the interventions, the timing and frequency of treatment administration, follow-up duration, and differences in the characteristics of the study populations. These considerations ultimately justified the decision not to perform a formal meta-analysis, as reported in the Results section.

3. results and discussion

3.1 Study selection and PRISMA flow

The initial electronic and gray literature search yielded 1,088 records. After removing 121 duplicates, 967 studies proceeded to title and abstract screening, during which 962 were excluded. Five full-text articles were then assessed for eligibility, resulting in the inclusion of three studies in the qualitative synthesis.

The main reasons for full-text exclusion were inappropriate study design (in vitro or animal studies) and incompatibility with the PICO population or outcomes. The complete identification and selection process is detailed in the PRISMA Flow Diagram (Figure 1).
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Fig 1. PRISMA 2020 flow diagram for study identification, screening, eligibility and inclusion

3.2 Characteristics of included studies

A total of three studies were included in the final synthesis, encompassing 116 participants. All studies adopted a parallel-group design, with no use of split-mouth models. Postoperative soft tissue healing was evaluated in all included trials. Notable variations were observed in the hyaluronic acid application protocols, including differences in concentration, frequency, and duration of use. These factors were considered when planning the SWiM narrative synthesis to better address heterogeneity among the studies.

3.3 Risk of bias assessment (RoB 2.0)

The summary of the Risk of Bias (RoB) evaluation is illustrated in the Risk of Bias Summary Chart (Figure 2). Overall, one study was classified as low risk of bias, one presented some concerns, and one was rated as high risk. The main source of high risk was identified in Domain 2, which refers to deviations from the intended interventions. Selective reporting of outcomes (Domain 5) was generally judged as “some concerns,” primarily due to the lack of preregistered protocols.
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Fig 2. Risk of bias assessment by domain for each included study according to the RoB 2 tool

3.4 Narrative synthesis of results (SWiM)

The narrative synthesis was conducted on an outcome-by-outcome basis to assess the effectiveness and safety of the interventions, and the findings were interpreted in conjunction with the RoB 2.0 assessment.  Two out of three studies did not detect significant differences in postoperative soft tissue healing between the intervention and comparator groups. Regarding effect magnitude, a modest clinical improvement was observed during the early phases of healing in groups receiving laser therapy, particularly when combined with hyaluronic acid. However, these differences were not sustained during later follow-up assessments, resulting in limited clinical relevance. Moderate heterogeneity was identified, likely attributable to variations in intervention protocols, differences in laser application parameters, and the presence or absence of HA use across the studies.  

The studies included in this review indicated that low-level laser therapy (LLLT) accelerated soft tissue healing during the early postoperative phases following gingivectomy. This finding aligns with previous evidence demonstrating that LLLT enhances mitochondrial activity and ATP synthesis, stimulates fibroblast proliferation, promotes angiogenesis, and facilitates collagen deposition—all fundamental processes for tissue regeneration. These mechanisms support the clinical improvements observed in healing indices across the included studies(Kermanshah et al. 2022; Nowak-Terpiłowska et al. 2023).

The use of hyaluronic acid (HA) also produced favorable results in accelerating gingival wound healing and promoting tissue regeneration, consistent with recent scientific evidence. According to Malcangi et al. (2025), HA exhibits anti-inflammatory, angiogenic, and cell-proliferation–stimulating properties that contribute to re-epithelialization and reorganization of the connective tissue. Additionally, its strong hygroscopic capacity helps maintain a moist wound environment, creating optimal conditions for tissue repair. These biological attributes justify the positive outcomes observed in this review and reinforce HA’s potential role as an adjunctive agent in periodontal soft-tissue regeneration (Malcangi et al. 2025). However, confidence in these findings is mitigated by the high risk of bias identified in several of the included studies.

The study that most robustly demonstrated the benefits of HA was classified as having a low overall risk of bias. In the randomized clinical trial by Yakout et al. (2023), the topical application of HA gel in combination with a photobiomodulation therapy (PBMT) protocol after gingivectomy resulted in statistically significant improvements in the Landry Healing Index on days 7, 14, and 21 compared with PBMT alone. These results suggest that LLLT and HA act through complementary and potentially synergistic mechanisms: PBMT provides metabolic stimulation and accelerates cellular activity, whereas HA enhances the biophysical wound environment, supports cellular migration and proliferation, modulates the extracellular matrix, reduces collagen degradation, and maintains tissue hydration.

Regarding pain perception, the same study reported significant reductions during the first 2–3 postoperative days among patients treated with LLLT, which is consistent with literature describing the therapy’s analgesic and anti-inflammatory effects (Abesi and Derikvand 2023; Kohale et al. 2018b; Yakout et al. 2023; Zhao et al. 2021). LLLT modulates peripheral nociceptors, reduces the release of inflammatory mediators, and increases the release of β-endorphins, resulting in early symptomatic relief, improved postoperative comfort, and potentially greater adherence to treatment recommendations (Kermanshah et al. 2022).

Although the trial by Yakout et al. (2023) was the only study classified as low risk of bias, its inability to blind participants and operators introduces potential performance bias, especially regarding subjective outcomes such as pain and perceived healing. In the remaining included studies, moderate to high risk of bias was observed, primarily due to inadequate randomization processes and lack of blinding of outcome assessors, which may have influenced the consistency and reliability of reported effects for both HA and photobiomodulation. These methodological limitations reduce confidence in the effect estimates and warrant cautious interpretation of the findings.

In addition to the identified risk-of-bias concerns, this review found substantial clinical and methodological heterogeneity across studies. This heterogeneity manifested in variations in LLLT parameters, HA concentrations and formulations, application frequency, and follow-up duration. Several methodological limitations were also noted, including restricted study designs such as that of Reddy et al. (2019), which lacked an appropriate control group, and studies with non-surgical PICO frameworks, such as Shalaby (2019). This broad variability compromises comparability across studies and precludes the performance of a meta-analysis, thereby justifying the adoption of the SWiM method for narrative synthesis.

Despite these limitations, the present systematic review features a robust and transparent methodological approach, supported by a comprehensive and sensitive search strategy that encompasses multiple databases and gray literature sources. This rigorous approach ensured the identification of the greatest possible number of relevant studies, minimizing publication bias and strengthening the representativeness of the evidence on HA and photobiomodulation in gingival surgery. Furthermore, the use of the Cochrane RoB 2.0 tool allowed a systematic and thorough appraisal of internal validity, providing greater reliability in the interpretation of findings.

Nevertheless, some limitations must be acknowledged. The most significant relates to the small number of randomized controlled trials that fully met the proposed PICO criteria. Additionally, part of the available evidence originated from studies with less rigorous designs or important methodological weaknesses, such as lack of blinding and incomplete reporting of randomization procedures. Consequently, most studies were classified as having “some concerns” or “high risk” of bias, which lowers the certainty of the evidence according to the GRADE framework and limits the clinical generalizability of the findings.

Although the available evidence suggests that hyaluronic acid is a promising and biologically plausible adjunctive intervention for enhancing wound healing and reducing postoperative pain in gingival surgery, the low certainty of the evidence, driven by methodological limitations and heterogeneity among studies, warrants cautious interpretation. High-quality, well-designed randomized clinical trials with larger samples, standardized protocols, and appropriate blinded placebo controls (e.g., sham laser) are needed to confirm the effectiveness and safety of this therapeutic approach.

4. Conclusion

The use of hyaluronic acid (HA) as an adjunct in gingival surgical procedures demonstrates promising clinical outcomes, particularly in promoting soft tissue healing and reducing postoperative discomfort. However, its effectiveness has not yet been confirmed by high-quality evidence, as the available studies are limited by methodological weaknesses and varying degrees of risk of bias. Although HA appears to be a safe and biologically plausible adjunctive option, its clinical recommendation should be made cautiously. Additional well-designed randomized controlled trials with standardized protocols and low risk of bias are required to consistently validate its clinical benefits. 
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