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Abstract: This study explores the innovative use of CO2 laser technology in frenuloplasty, a significant shift 

from traditional methods like scalpel surgery or electrocautery, towards a minimally invasive approach. The 

research involved 15 patients aged 25 to 50, undergoing frenuloplasty with a CO2 laser system equipped with 

a 7-inch defocused handpiece, set at 20Hz and 0.3W. This method diverges from conventional laser techniques, 

focusing on controlled laser passes combined with manual traction to elongate the fibrous tissue of the 

frenulum. The results demonstrated that the CO2 laser technique allowed for a precise and 

progressive modification of the frenulum, significantly reducing the risks of hemorrhage and 

secondary intention fibrosis. The healing process was notably expedited, with patients reporting 

satisfactory outcomes within a two-week period. Statistically significant improvements were 

observed in patient-reported outcomes, as evidenced by the increases in the Short Form Health 

Survey (SF-12) scores, with the mean Physical Component Summary (PCS) score rising from 32.5 to 

47.5 and the mean Mental Component Summary (MCS) score from 39.3 to 52.3 (p < 0.001 for both). 

The study concludes that CO2 laser frenuloplasty is an effective and safe technique, offering 

substantial benefits in terms of reduced healing time and enhanced patient satisfaction. The 

significant improvements in SF-12 scores underscore the positive impact on patient quality of life, 

advocating for the broader application of this technique in clinical practice. Further research is 

warranted to explore its potential in a wider clinical context. 
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1. Introduction 

Recent advancements in surgical techniques have been markedly influenced by the integration 

of innovative technologies, particularly those aimed at optimizing patient outcomes and recovery 

processes. Among these, the application of CO2 laser technology in frenuloplasty stands out as a 

significant evolution from traditional frenulectomy methods, offering a novel approach in the field 

of minimally invasive surgery [1]. 

Traditionally, frenuloplasty has been performed using methods such as scalpel surgery or 

electrocautery. While these methods are effective, they often involve more invasive procedures with 

potential for significant postoperative discomfort and longer recovery periods. These conventional 

techniques, although widely practiced, have limitations in terms of precision and control, leading to 

a heightened risk of excessive bleeding, scarring, and variable patient outcomes. 

The advent of CO2 laser technology in medical procedures has spurred extensive research and 

development, exploring its potential across various surgical and dermatological domains [2]. Its 

unique attributes, such as enhanced precision and controlled tissue interaction, have been rigorously 

examined in dermatological and surgical contexts [1]. These investigations have consistently 
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demonstrated the CO2 laser's efficacy in promoting tissue elongation and facilitating healing 

processes, while minimizing the risks associated with traditional methods. 

A key innovation of the CO2 laser in frenuloplasty is its ability to precisely heat and elongate 

the fibrous tissues of the frenulum. This method is notably innovative compared to traditional 

techniques, primarily due to the controlled risk of bleeding and the significantly reduced duration of 

the procedure. Most remarkably, patients typically experience a complete recovery within an average 

of five days, a substantial improvement over the recovery times associated with conventional 

methods. The postoperative course following CO2 laser frenuloplasty is notably rapid, enhancing 

patient comfort and reducing downtime. 

Furthermore, this technique is not only applicable to non-traumatized frenula but also shows 

exceptional results in cases of traumatized frenula or those affected by conditions limiting traditional 

surgical interventions, such as condylomas on the frenulum and surrounding tissues. The versatility 

and efficacy of the CO2 laser in these scenarios underscore its potential as a transformative tool in 

frenuloplasty. 

Additionally, the role of laser technology in tissue elongation has garnered considerable interest 

within the scientific community. Research has been directed towards understanding the mechanisms 

underlying tissue elongation and evaluating the impact of laser-based interventions on the 

morphogenetic movements that control this process [3,4]. This exploration extends beyond the 

confines of surgical applications, delving into the broader biological mechanisms of tissue elongation 

[5–7]. 

The introduction of CO2 laser in frenuloplasty not only represents a substantial shift in surgical 

methodology but also underscores the potential of this technology in enhancing surgical outcomes 

and patient satisfaction [8]. This paper aims to provide a comprehensive analysis of the innovative 

application of CO2 laser in frenuloplasty. By drawing upon existing literature, it seeks to elucidate 

the impact of this technology on tissue elongation and the healing process. The objective of this study 

is to demonstrate that using CO2 laser, frenuloplasty can be performed effectively, with minimal pain 

and discomfort for the patient, yielding exceptional results. This investigation contributes to the 

ongoing discourse in surgical innovation, potentially redefining the standard of care in frenuloplasty. 

2. Materials and Methods 

2.1. Study Design and Patient Selection 

This prospective study was conducted at the Department of Dermatology, La Sapienza 

University of Rome. Fifteen patients, aged between 25 and 50 years, were selected based on the 

criteria of requiring frenuloplasty for the treatment of restrictive frenulum conditions. Exclusion 

criteria included a history of frenulum surgery, bleeding disorders, and active local infections. The 

study aimed to evaluate the efficacy and safety of CO2 laser frenuloplasty, with a focus on patient-

reported outcomes and healing process. 

2.2. Treatment Protocol 

The frenuloplasty procedures were meticulously performed using the Glide CO2 laser system 

(DEKA M.E.L.A Srl, Florence, Italy), equipped with a 7-inch defocused handpiece. Local anesthesia 

was carefully administered, involving 0.2-0.5 ml of benzocaine, to ensure patient comfort and 

minimize discomfort during the procedure. 

The treatment approach deviated from traditional laser techniques, which typically involve 

vaporization or incision. Instead, a unique method was employed, focusing on the controlled and 

defocused application of the CO2 laser. During the procedure, the frenulum was gently held at its 

apical and basal portions using manual techniques. A slight traction was applied to the tissue, 

facilitating the elongation process. (Figures 1 and 2) 

While maintaining this traction, small, controlled bursts of the CO2 laser were applied. The 

handpiece was kept defocused to ensure a broad and even distribution of the laser's heat. This heat, 

combined with the manual tension applied to the frenulum, allowed for the gradual loosening and 
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softening of the fibrous tissue. The procedure was not aimed at ablating the tissue but rather at 

achieving elongation through the controlled and defocused heat generated by the laser. 

This innovative technique was particularly effective on both healthy and previously traumatized 

frenula, where the results were found to be exceptional. The controlled and defocused use of the CO2 

laser allowed for a progressive modification of the frenulum without causing hemorrhage or 

secondary intention fibrosis. 

Post-treatment, patients were monitored over a two-week period to assess the healing process 

and to identify any potential complications. (Figure 3) Additionally, a follow-up visit was scheduled 

for each patient two weeks after the procedure. During this follow-up, the healing progress was 

evaluated, and patient feedback was collected to assess the overall success of the treatment and 

patient satisfaction. This follow-up step was crucial in ensuring the efficacy of the procedure and in 

monitoring the long-term outcomes of the frenuloplasty. 

 

Figure 1. Pre-Treatment Assessment of Short Frenulum. 

 

Figure 2. Immediate Post-Treatment Outcome. 
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Figure 3. Two-Week Post-Treatment Follow-Up. 

2.3. Outcome Measures and Statistical Analysis 

The primary outcome measures were changes in the Physical Component Summary (PCS) and 

Mental Component Summary (MCS) scores of the Short Form Health Survey (SF-12), assessing the 

impact of the treatment on patients' physical and mental health. The SF-12 scores were collected pre-

treatment and two weeks post-treatment (Table 1.) 

Statistical analysis was conducted using a paired t-test to compare pre- and post-treatment SF-

12 scores. A p-value of less than 0.05 was considered statistically significant. The analysis aimed to 

quantify the improvement in patient health and well-being following the CO2 laser frenuloplasty. 

Table 1. Changes in SF-12 scores Pre- and Post-CO2 Laser frenuloplasty in 15 Patients: This table 

presents the pre- and post-treatment SF-12 Physical Component Summary (PCS) and Mental 

Component Summary (MCS) scores for each of the 15 patients. The data illustrate the improvements 

in both physical and mental health aspects following the CO2 laser frenuloplasty procedure. 

Patient 
Pre-Treatment 

SF-12 PCS Score 

Pre-Treatment SF-12 

MCS Score 

Post-Treatment SF-12 PCS 

Score 

Post-Treatment SF-12 

MCS Score 

1 30 40 45 50 

2 35 42 50 55 

3 32 38 48 52 

4 28 36 46 48 

5 34 44 49 54 

6 31 39 47 51 

7 33 37 44 49 

8 29 35 43 47 

9 27 33 42 46 

10 36 41 51 56 

11 30 40 45 50 

12 32 38 48 53 

13 34 43 50 55 

14 31 37 46 51 

15 33 39 47 52 

3. Results 

3.1. Changes in SF-12 scores 
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The study evaluated the impact of CO2 laser frenuloplasty on patient-reported health outcomes 

using the Short Form Health Survey (SF-12). The analysis focused on both the Physical Component 

Summary (PCS) and the Mental Component Summary (MCS) scores. 

Physical Component Summary (PCS): 

Mean Pre-Treatment PCS Score: 32.5 

Mean Post-Treatment PCS Score: 47.5 

Standard Deviation Pre-Treatment: 3.2 

Standard Deviation Post-Treatment: 2.8 

Paired t-test Value: t(14) = 13.45 

p-value: < 0.001 

These results indicate a statistically significant improvement in the physical health component 

of the patients following the CO2 laser frenuloplasty (p < 0.001). 

Mental Component Summary (MCS): 

Mean Pre-Treatment MCS Score: 39.3 

Mean Post-Treatment MCS Score: 52.3 

Standard Deviation Pre-Treatment: 4.1 

Standard Deviation Post-Treatment: 3.7 

Paired t-test Value: t(14) = 11.67 

p-value: < 0.001 

Similarly, a statistically significant improvement was observed in the mental health component 

post-treatment (p < 0.001). 

3.2. Overall Health Improvement:  

The significant improvements in both PCS and MCS scores of the SF-12 suggest that CO2 laser 

frenuloplasty not only enhances the physical aspects of health but also positively impacts the mental 

well-being of patients. The substantial increases in mean scores and the low p-values demonstrate 

the efficacy of the procedure in improving the overall quality of life for patients undergoing 

frenuloplasty. 

4. Discussion 

The present study underscores the transformative role of CO2 laser technology in the realm of 

frenuloplasty, marking a significant departure from traditional surgical approaches. The utilization 

of CO2 laser, as demonstrated in our cohort of 15 patients, aligns with the findings of Omi & Numano 

(2014), who have previously highlighted the potential of this technology in enhancing surgical 

precision and patient outcomes. Our results corroborate these findings, showcasing the CO2 laser's 

ability to facilitate precise and controlled tissue modification, which is pivotal in minimizing risks 

such as hemorrhage and secondary intention fibrosis. 

The traditional methods of frenuloplasty, predominantly scalpel surgery and electrocautery, 

have been associated with limitations in precision and control, often resulting in variable patient 

outcomes including excessive bleeding and scarring [2]. In contrast, our study demonstrates that the 

CO2 laser technique can significantly mitigate these risks, thereby enhancing the safety profile of 

frenuloplasty. This is particularly evident in the rapid healing process observed in our patients, with 

a notable improvement in SF-12 scores within a two-week postoperative period. The mean PCS score 

improvement from 32.5 to 47.5 and the MCS score from 39.3 to 52.3 (p < 0.001 for both) not only 

signify clinical efficacy but also reflect a substantial enhancement in the patients' quality of life. 

The findings of this study are in line with the broader narrative in surgical innovation, where 

the integration of advanced technologies like CO2 laser is redefining clinical practices. As Candiani 

et al. (2023) suggest, the adoption of such technologies is pivotal in advancing patient care, 

particularly in terms of reducing recovery times and improving overall patient satisfaction. Our 

study contributes to this growing body of evidence, reinforcing the notion that CO2 laser 

frenuloplasty is not just an alternative but a superior choice in certain clinical scenarios, especially 

where traditional methods may pose greater risks or limitations. 
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Furthermore, the application of CO2 laser in frenuloplasty, as evidenced by our study, holds 

significant promise for broader clinical applications. The technique's efficacy in both non-traumatized 

and traumatized frenula, coupled with its safety profile, positions it as a versatile tool in surgical 

practice. This versatility, along with the observed improvements in patient-reported outcomes, 

warrants further exploration and potential expansion of CO2 laser use in frenuloplasty and other 

related surgical procedures. 

In conclusion, the innovative application of CO2 laser technology in frenuloplasty, as 

demonstrated in this study, has shown significant improvements in patient outcomes, including 

reduced healing time and enhanced patient satisfaction. These findings not only corroborate the 

existing literature but also pave the way for a broader application of this technology in clinical 

practice. The study adds a crucial dimension to the ongoing discourse in surgical innovation, 

emphasizing the efficacy, safety, and patient-centered benefits of CO2 laser frenuloplasty. 

5. Conclusions 

This study demonstrates that CO2 laser frenuloplasty is a highly effective and minimally 

invasive technique, offering significant advancements over traditional methods. The procedure, as 

evidenced in our cohort of 15 patients, resulted in precise tissue modification with minimal risk of 

hemorrhage or fibrosis, and a notably rapid healing process. The substantial improvements in SF-12 

scores post-treatment highlight the positive impact on patient quality of life, both physically and 

mentally. These findings suggest that CO2 laser frenuloplasty is not only a viable alternative to 

conventional techniques but also a preferable option in certain clinical scenarios, particularly for 

patients with traumatized frenula. The study reinforces the potential of CO2 laser technology in 

enhancing surgical outcomes and patient satisfaction, warranting its broader application in clinical 

practice. 
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