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Abstract 

Background: Acne scars may significantly affect a person's self-esteem and quality of life. Fractional CO2 laser 

therapy has emerged as a possible treatment for acne scars. Objectives: This article aims to offer a complete overview 

of fractional CO2 laser therapy for the treatment of acne scars. It discusses the classification of acne scars, the principles 

and types of fractional CO2 laser , its efficacy and safety, the procedure and post-treatment care, combination therapies 

and adjunctive treatments, as well as future directions and emerging technologies in the field. Conclusions: Fractional 

CO2 laser is a promising method for the treatment of acne scars, with consistent effectiveness and a reasonably safe 

profile when administered by trained specialists. It provides benefits such as scar resurfacing, minimum recovery time, 

and personalised treatment alternatives. However, it is essential to consider individual scar features, skin type, and 

patient preferences while picking the most appropriate treatment method. 
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1. Introduction  

Acne scars are a typical consequence of acne outbreaks 

and may have a substantial impact on self-esteem and 

quality of life. Inflammation and damage induced by 

acne lesions affect the texture and appearance of the 

skin, resulting in acne scars. These scars may develop 

as atrophic (depressed), hypertrophic (raised), or keloid 

scars [1]. 

The incidence of acne scars is striking, with a 

significant proportion of people developing scarring 

after acne has resolved. Scars from acne may last for 

months or even years, acting as persistent reminders of 

previous acne outbreaks and creating mental 

discomfort. Visibility of these scars, especially on the 

face, may result in social and psychological difficulties, 

affecting self-esteem and interpersonal relationships 

[2]. 

Fortunately, advances in dermatological treatments 

have created practical solutions for reducing the 

appearance of acne scars. Fractional CO2 laser is one 

the therapeutic option that has garnered substantial 

interest. By using laser energy to resurface the skin and 

induce collagen synthesis, fractional CO2 laser therapy 

addresses the underlying structural abnormalities 

associated with acne scars [3]. 

This study discuss the mechanism and principle of 

fractional CO2 laser and examine the  efficacy, safety, 

and effect of fractional CO2  laser on  acne scars. We 

will examine the many forms, and prevalence of acne 

scars to emphasise the need of treating them. By 

examining the present state of knowledge about 

fractional CO2 laser therapy, we want to give 

significant insights into this potential acne scar 

management  technique [4]. 

Acne Scar Classification: 

There are several forms of acne scars, each with its 

unique features and look. Understanding these distinct 

categories is essential for identifying the best effective 

treatment strategy. The basic categories of acne scars 

are as follows [5]: 

Atrophic Scars: 

The most prevalent form of acne scars, atrophic scars 

are characterised by a depressed or sunken look. Acne 

scars are the consequence of tissue loss during the acne 

healing process [6]. 

Atrophic scars can further be classified into three 

subtypes: 

Ice Pick Scars:  

These scars feature vertical or angular margins that are 

thin, deep, and finely defined, resembling little 

puncture marks on the skin [7]. 

Boxcar Scars:  

Boxcar scars are round or oval depressions with 

distinct borders. They often have a larger base than ice 

pick scars, giving them a box-like look [3]. 

Rolling Scars:  

Rolling scars are large depressions with a wave-like or 

rolling look that are created by fibrous bands that 

attach scar tissue to the underlying skin [8]. 

Hypertrophic Scars: 

At the location of the acne lesion, hypertrophic scars 

are distinguished by elevated and thicker tissue. They 

result from excessive collagen synthesis throughout the 

healing phase. In contrast to keloid scars, hypertrophic 

scars do not expand beyond the original wound's 

borders [9]. 

Keloid Scars: 

Keloid scars are comparable to hypertrophic scars in 

terms of tissue elevation and thickening. However, 

keloids spread beyond the initial wound's borders and 

might enlarge over time. During the healing process, 

they originate from an excessive multiplication of 

collagen fibres [10]. 

Fractional CO2 Laser : 

Acne scars may be improved using fractional CO2 

laser therapy, a common and successful method. It 

targets particular regions of the skin using laser 

technology, promoting the generation of new collagen 

and refining the texture of the skin. Here is a 

comprehensive description of the fractional CO2 laser 

theory, typical laser types, and benefits and 
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disadvantages of this technique compared to alternative 

scar treatment options [11]. 

Principle and Mechanism of Fractional CO2 Laser: 

On the basis of providing laser energy in a fractionated 

pattern, fractional laser therapy targets just a section of 

the skin's surface at a time. This method permits 

precision therapy while preserving the surrounding 

healthy tissue. The therapy is effective because it 

creates tiny therapeutic zones (MTZs) in the skin [12]. 

During the treatment, the laser device releases tiny 

beams of laser light that penetrate the deeper layers of 

the skin to generate microthermal zones under precise 

control. These microthermal zones induce a wound-

healing response by encouraging the creation of new 

collagen and skin remodelling. As the skin heals, it 

becomes more supple, firm, and uniform in texture, 

reducing the appearance of acne scars [13]. 

Types of Fractional  Lasers: 

Ablative and non-ablative fractional lasers are the two 

basic kinds of fractional lasers typically utilised in acne 

scar therapy [14]. 

Ablative Lasers:  

Ablative fractional lasers vaporise the targeted tissue to 

remove tiny layers of skin. They use laser energy of 

high intensity to the skin, creating controlled thermal 

injury. These lasers are very efficient at rejuvenating 

the skin and may significantly reduce acne scarring. 

Carbon dioxide (CO2) lasers is the primary form of 

ablative fractional lasers. 

 Due to the more harsh nature of the therapy, however, 

they often need a lengthier period of recuperation [15]. 

Non-Ablative Lasers:  

Non-ablative fractional lasers function by providing 

laser energy to the deeper skin layers without 

destroying the superficial layer. This form of laser 

encourages collagen creation and skin remodelling 

without significantly harming the skin's surface. 

Compared to ablative fractional lasers, non-ablative 

fractional lasers have faster recovery periods and 

typically have less adverse effects. However, numerous 

therapy sessions may be required for best outcomes 

[16]. 

Advantages and Limitations of Fractional Laser 

Treatment: 

Fractional laser treatment offers several advantages for 

acne scar management compared to other scar 

treatment options: 

Fractional CO2 lasers provide precision targeting of the 

afflicted regions, hence limiting collateral harm to 

healthy tissue. This accuracy decreases the danger of 

problems and expedites the healing process. Fractional 

CO2 lasers provide a regulated thermal burn that 

encourages the generation of new collagen, which is 

crucial for skin renewal and scar healing. The 

fractional CO2 laser therapy may be tailored to meet 

the specific demands of each patient. The strength and 

depth of laser energy may be modified according to the 

severity of the scars, the patient's skin type, and their 

own preferences. Non-ablative fractional lasers often 

have little downtime, enabling patients to quickly 

resume their normal activities. Due to the more 

invasive nature of the process, ablative lasers may need 

a longer recovery period [17]. 

However, there are some limitations to consider: 

Depending on the severity of the acne scars, best 

results may need numerous treatment sessions. These 

sessions are often separated by many weeks. Variables 

such as scar type, skin type, and practitioner expertise 

may influence the success of fractional laser therapy. It 

may not always be feasible to completely remove acne 

scars, despite the fact that many people see a great 

improvement in their acne scars. Side effects of 

fractional laser therapy may include transient redness, 

swelling, itching, and minor pain. Scarring, infection, 

or changes in skin pigmentation may occur in rare 

instances as more severe adverse effects. However, 

these dangers may be mitigated by selecting a skilled 

and certified practitioner [18]. 

Efficacy and Safety: 

When assessing any treatment technique, including 

fractional CO2laser therapy for acne scars, efficacy and 

safety are essential factors to consider. Numerous 

scientific investigations and clinical trials have been 

undertaken in order to examine the efficacy of this 

method [19]. 

   Effectiveness of Fractional CO2 Laser: 

Consistently, scientific investigations and clinical trials 

have proved the efficacy of fractional CO2 laser 

therapy in reducing the appearance of acne scars. 

Various degrees of scar improvement have been shown 

in these investigations, including a decrease in scar 

depth, an improvement in skin texture, and an overall 

enhancement of scar appearance. The majority of 

patients who had fractional laser therapy saw 

considerable improvement [20]. 

A research published in the Journal of the American 

Academy of Dermatology, for instance, assessed the 

effectiveness of fractional CO2lasers in healing acne 

scars. Multiple therapy sessions led to a considerable 

decrease in scar severity and an improvement in skin 

texture. Another research published in Dermatologic 

Surgery found that 70 percent of patients treated with 

fractional CO2 lasers saw considerable scar relief [21]. 

Patient Satisfaction Rates: 

With fractional laser therapy for acne scars, patient 

satisfaction ratings have been usually excellent. After 

getting the surgery, several patients report enhanced 

self-esteem and life quality. With fractional laser 

therapy, patient-reported outcomes and surveys 

regularly reveal high levels of satisfaction and pleasant 

experiences [22]. 

In a study published in the Journal of Cosmetic and 

Laser Therapy, researchers assessed patient satisfaction 

after fractional laser therapy for acne scars. The 

research found a high satisfaction rate of 80%, with 

patients reporting better scar appearance, greater self-

esteem, and overall happiness with the treatment 

results [22]. 

Potential Side Effects and Complications: 
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When conducted by trained experts, fractional CO2 

laser therapy is usually regarded safe. However, it is 

essential to be aware of any adverse effects and 

difficulties. These may include transient redness and 

swelling that normally diminish within a few to seven 

days. Some patients may suffer moderate discomfort or 

pain, which may be addressed with topical anaesthetics 

or painkillers. Changes in skin pigmentation, such as 

the darkening or lightening of treated regions, may also 

arise during fractional laser therapy, particularly in 

persons with darker skin types. There is a tiny danger 

of infection or scarring, which may be minimised by 

adhering to pre- and post-treatment cleanliness 

standards and correct pre- and post-treatment care [23]. 

Factors Influencing Treatment Outcomes: 

Several factors can influence the outcomes of fractional 

CO2 laser treatment for acne scars: 

 The degree of acne scars might affect the 

effectiveness of therapy. In general, fractional 

CO2 laser therapy is more effective on less severe 

scars than on deeper or more extensive scars [24]. 

 The kind of skin has a role in deciding the 

fractional laser therapy response. In general, those 

with lighter skin types had better results and a 

reduced risk of problems than those with darker 

skin types. However, advances in laser technology 

have made it feasible to successfully cure acne 

scars on darker skin tones, although with care and 

the right settings [25]. 

 Individual characteristics and the severity of acne 

scars will determine the appropriate number of 

fractional CO2 laser therapy sessions necessary for 

best outcomes. Often, many therapy sessions 

separated by several weeks are required to achieve 

meaningful improvement [26]. 

Procedure and post-treatment care are crucial 

aspects of fractional laser treatment for acne scars. 

 

Table 1: Procedure and post-treatment care for fractional laser treatment: 
Aspect  

Pre-treatment Preparations - Avoid excessive sun exposure before the treatment. 

 
- Discontinue certain medications and skincare products as advised by the healthcare professional. 

 
- Apply topical numbing creams, if recommended, to enhance patient comfort. 

Treatment Session - Wear protective eyewear during the procedure. 

 

- The healthcare professional administers the fractional laser treatment, targeting specific areas of 

acne scars. 

 
- Patients may experience a warm or prickling sensation during the treatment. 

 

- The duration of the treatment session can vary based on the treatment area and the type of 

fractional laser used. 

Immediate Post-treatment 

Period 
- Redness and swelling in the treated areas are common, typically resolving within a few days. 

 

- The skin may feel sensitive or tender immediately after the treatment. Avoid touching or 

scratching the treated areas. 

Post-treatment Care - Clean and care for the treated areas as instructed by the healthcare professional. 

 

- Protect the treated areas from sun exposure using broad-spectrum sunscreen, clothing, hats, and 

sunglasses. 

 
- Avoid activities that may increase the risk of complications or hinder the healing process. 

 
- Follow the recommended skincare routine with gentle cleansers, moisturizers, and serums. 

 
- Adhere to any specific post-treatment care instructions provided by the healthcare professional. 

Combination Therapies and Adjunctive Treatments: 

Acne scar treatment results may be improved by combining fractional laser therapy with other methods. Chemical 

peels, microneedling, and dermal fillers are often utilised adjunctive therapies. Combination medicines are justified by 

their complementary modes of action. Chemical peels, for instance, might exfoliate the skin's outermost layers, while 

fractional laser therapy targets the deeper layers. This combination may result in a more extensive improvement of 

scars. Microneedling induces regulated micro-injuries that encourage collagen formation, which may work 

synergistically with fractional laser therapy. In combination with laser treatment, dermal fillers may be used to augment 

depressed scars. The combination strategy may result in improved patient outcomes and overall satisfaction [11]. 

Future Directions and Emerging Technologies: 

The fractional laser technology for the treatment of acne scars continues to grow, with continuing research and 

innovations targeted at enhancing patient results and satisfaction [30]. 

Fractional Laser 

Modifications 

Ongoing research aims to optimize fractional laser devices by exploring advancements in 

laser wavelengths, pulse durations, and energy settings. This allows for more precise and 

tailored treatments based on individual scar characteristics and patient needs. 

Combination Therapies 

Researchers are investigating the synergistic effects of combining fractional laser therapy 

with techniques such as platelet-rich plasma (PRP) therapy, stem cell therapy, or other 

energy-based devices. These combinations aim to enhance scar improvement and stimulate 

collagen production for long-lasting results. 

Fractional 

Radiofrequency (RF) 

Technology 

Fractional RF technology utilizes RF energy to heat the deeper layers of the skin, 

promoting collagen remodeling and scar improvement. It offers minimal downtime and 

reduced risk of post-inflammatory hyperpigmentation, making it suitable for a wider range 
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of skin types. 

Laser-assisted Drug 

Delivery 

Fractional laser technology is being explored to enhance the delivery of topical medications 

for acne scar treatment. By creating microchannels in the skin, the laser facilitates the 

penetration of therapeutic agents, such as growth factors, retinoids, or hyaluronic acid, to 

target scarred areas more effectively. 

Non-Ablative Fractional 

Laser Systems 

Non-ablative fractional lasers deliver energy deeper into the skin without removing the 

superficial skin layers, minimizing downtime and reducing the risk of side effects. They 

promote collagen production and scar improvement. 

Artificial Intelligence 

(AI) and Image Analysis 

AI algorithms and image analysis techniques are being developed to improve scar 

assessment and treatment planning. These technologies can analyze scar characteristics, 

predict treatment outcomes, and assist healthcare professionals in selecting the most 

appropriate laser settings and treatment parameters for individual patients. 

Nanotechnology in Laser 

Therapy 

Nanoparticles and nanomaterials are being explored to enhance the efficacy of fractional 

laser therapy. They can improve drug penetration, promote tissue regeneration, and enhance 

scar remodeling when used in combination with fractional laser treatment. 

Conclusion 

Fractional CO2 laser therapy has emerged as a viable 

acne scar treatment option. When conducted by 

seasoned specialists, it delivers constant effectiveness 

and a reasonably secure profile. The procedure offers 

scar reformation advantages, low downtime, and 

adaptable solutions depending on the patient's specific 

requirements. However, it is important to consider scar 

features, skin type, and patient preferences while 

picking the most appropriate treatment technique. 

While fractional CO2 laser therapy shows significant 

promise, further research and technological advances 

are required to maximise results and investigate future 

therapies. Overall, fractional laser therapy represents a 

major improvement in the area of acne scar care, 

offering patients a feasible choice to improve their self-

esteem and quality of life. 
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