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 Abstract 
Background: Acne scarring represents a frequent and distressing complication of acne vulgaris, often leading to significant psychosocial 

burden and reduced quality of life. Atrophic acne scars, including ice-pick, boxcar, and rolling scars, arise from dermal matrix destruction and 

abnormal wound healing following inflammatory acne lesions. Various therapeutic modalities have been developed to improve scar 

appearance, including chemical peels, laser resurfacing, subcision, dermal fillers, and microneedling. Among these, microneedling has gained 

substantial attention due to its minimally invasive nature, favorable safety profile, and effectiveness across different skin phototypes. In recent 

years, the combination of microneedling with topical or transdermal delivery of hyaluronic acid has emerged as a promising strategy to 

enhance clinical outcomes in acne scar management. 

Microneedling induces controlled micro-injuries in the skin that stimulate dermal remodeling through the release of growth factors and 

activation of fibroblasts, ultimately promoting collagen and elastin synthesis. These microchannels also facilitate transdermal drug delivery, 

enabling enhanced penetration of bioactive substances such as hyaluronic acid. Hyaluronic acid is a naturally occurring glycosaminoglycan 

with important roles in tissue hydration, extracellular matrix stabilization, and wound healing. When applied in conjunction with 

microneedling, hyaluronic acid may improve dermal regeneration, enhance hydration, and support collagen remodeling, thereby contributing 

to improved scar texture and skin elasticity. 

Despite the increasing clinical use of microneedling combined with hyaluronic acid, treatment outcomes may vary considerably among 

patients. Several factors influence the degree of clinical improvement, including scar morphology and severity, patient age, skin phototype, 

treatment parameters, number of sessions, and adjunctive skincare protocols. Understanding these determinants is essential for optimizing 

treatment strategies and achieving consistent therapeutic results. Moreover, evaluating the mechanisms underlying combination therapy may 

provide insights into personalized approaches for acne scar management. 

This review aims to summarize current evidence regarding the use of microneedling combined with hyaluronic acid for the treatment of acne 

scars and to explore the key factors associated with therapeutic improvement. Particular emphasis is placed on patient-related variables, 

procedural parameters, and biological mechanisms that contribute to treatment success. By identifying these factors, clinicians may refine 

treatment protocols and improve clinical outcomes in patients with atrophic acne scars. 
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Introduction 

Acne vulgaris is one of the most prevalent dermatological disorders worldwide and frequently affects 

adolescents and young adults. Although active acne lesions may resolve over time, many patients 

develop permanent sequelae in the form of acne scars. These scars are often the result of prolonged 

inflammation, follicular rupture, and abnormal wound healing processes that lead to dermal matrix 

destruction and fibrotic remodeling. Atrophic acne scars, including ice-pick, boxcar, and rolling scars, 

represent the most common subtype and are characterized by loss of dermal collagen and structural 

support. The presence of acne scars can significantly affect patients’ psychological well-being, 

contributing to decreased self-esteem, anxiety, and social withdrawal. Therefore, the development of 

effective and safe therapeutic strategies for acne scar management has become an important focus in 

dermatologic and aesthetic practice. [1] 

Multiple treatment modalities have been introduced to address acne scars, including chemical peeling, 

laser resurfacing, dermabrasion, subcision, dermal fillers, and radiofrequency devices. Each of these 

modalities aims to stimulate dermal remodeling and improve skin texture; however, they differ in 

efficacy, downtime, cost, and risk of adverse events. Laser-based treatments and deep resurfacing 

techniques may provide substantial improvement but are often associated with higher risks of post-

inflammatory hyperpigmentation, particularly in individuals with darker skin phototypes. Consequently, 

minimally invasive procedures with favorable safety profiles have gained increasing popularity. Among 

these, microneedling—also referred to as percutaneous collagen induction therapy—has emerged as an 

effective treatment option that stimulates dermal regeneration with relatively low risk and minimal 

recovery time. [2] 

Microneedling works by creating multiple controlled micro-injuries in the skin using fine needles that 

penetrate the epidermis and superficial dermis. These microchannels initiate a cascade of wound-healing 

events, including platelet activation, release of growth factors, fibroblast proliferation, and synthesis of 

collagen and elastin fibers. The resulting dermal remodeling gradually improves scar depth, skin texture, 

and overall appearance. Importantly, microneedling preserves the integrity of the epidermis and does 

not rely on thermal injury, which contributes to its favorable safety profile across a wide range of skin 

phototypes. Several clinical studies have demonstrated significant improvement in atrophic acne scars 

following multiple microneedling sessions, supporting its role as a reliable and cost-effective therapeutic 

approach. [3] 

In addition to its intrinsic collagen-inducing effect, microneedling also enhances transdermal delivery 

of topical agents through the microchannels created during the procedure. This feature has stimulated 

growing interest in combining microneedling with bioactive compounds that may enhance dermal 

regeneration. Hyaluronic acid (HA), a naturally occurring glycosaminoglycan found in the extracellular 

matrix of the skin, has been widely utilized in dermatology due to its hydrating, viscoelastic, and wound-

healing properties. HA plays a critical role in tissue repair by regulating cellular migration, modulating 

inflammation, and supporting collagen synthesis. When applied immediately after microneedling, HA 

can penetrate deeper skin layers and potentially amplify regenerative processes within the dermis. [4] 

Recent clinical studies have investigated the combined use of microneedling and hyaluronic acid in the 

treatment of atrophic acne scars, demonstrating encouraging improvements in scar appearance, skin 

hydration, and elasticity. The synergistic effect of this combination therapy is believed to arise from 

both mechanical stimulation of collagen production and biochemical support of dermal repair provided 

by hyaluronic acid. Furthermore, the procedure is generally well tolerated, with transient erythema and 

mild edema representing the most commonly reported adverse effects. These advantages make 

microneedling combined with HA an appealing therapeutic option in modern aesthetic dermatology. [5] 

Despite the growing popularity of this combination approach, clinical outcomes remain variable among 
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patients. Factors such as scar morphology, severity of scarring, patient age, skin phototype, needle 

length, treatment intervals, and number of sessions may significantly influence the degree of clinical 

improvement achieved. Additionally, variations in the molecular weight and formulation of hyaluronic 

acid, as well as differences in procedural techniques, may further affect therapeutic results. 

Understanding these determinants is essential for optimizing treatment protocols and selecting 

appropriate candidates for therapy. However, current literature often focuses on efficacy outcomes rather 

than systematically examining the predictors of treatment success. [6] 

Therefore, an important gap remains in the dermatologic literature regarding the factors that influence 

therapeutic outcomes when microneedling is combined with hyaluronic acid for acne scar treatment. 

Identifying these factors could help clinicians tailor treatment protocols to individual patients, improve 

response rates, and minimize unnecessary procedures. Moreover, a comprehensive understanding of the 

biological mechanisms underlying this combination therapy may contribute to the development of more 

effective and personalized strategies for acne scar management. [7] 

The aim of this review is to analyze current evidence on the use of microneedling combined with 

hyaluronic acid for the treatment of atrophic acne scars and to explore the key clinical and procedural 

factors associated with therapeutic improvement. By synthesizing available data on patient 

characteristics, scar morphology, treatment parameters, and biological mechanisms, this review seeks 

to provide dermatologists with practical insights for optimizing treatment outcomes in patients suffering 

from acne scarring. [8] 

Pathophysiology of Acne Scarring 

Acne scarring develops as a consequence of abnormal wound healing following inflammatory acne 

lesions. The formation of scars is largely driven by the intensity and duration of inflammation occurring 

within the pilosebaceous unit. During active acne, follicular rupture releases keratin, sebum, and bacterial 

components into the surrounding dermis, triggering a pronounced inflammatory response. This process 

involves the recruitment of neutrophils, macrophages, and lymphocytes, which release inflammatory 

mediators and proteolytic enzymes. These enzymes degrade extracellular matrix components such as 

collagen and elastin, resulting in structural damage to the dermis. When the tissue repair process fails to 

adequately restore the damaged dermal matrix, permanent scars may form. [9] 

Matrix metalloproteinases (MMPs) play a significant role in the development of acne scars by contributing 

to collagen degradation and tissue remodeling. During the inflammatory phase of acne lesions, increased 

levels of MMPs lead to excessive breakdown of collagen fibers within the dermis. At the same time, the 

synthesis of new collagen by fibroblasts may be insufficient to compensate for the loss of structural 

proteins. This imbalance between matrix degradation and synthesis ultimately results in dermal atrophy 

and the formation of depressed scars. Additionally, prolonged inflammation may disrupt normal fibroblast 

activity, further impairing proper tissue regeneration and contributing to irregular scar architecture. [10] 

Another important component in acne scar formation is the alteration of the dermal extracellular matrix. 

The extracellular matrix provides structural integrity and mechanical support to the skin through a complex 

network of collagen, elastin, glycosaminoglycans, and proteoglycans. In acne lesions, inflammatory 

mediators such as tumor necrosis factor-alpha (TNF-α) and interleukins stimulate enzymatic degradation 

of these structural components. The resulting loss of collagen fibers weakens the dermal framework, 

creating depressions in the skin surface that are clinically recognized as atrophic scars. Furthermore, 

abnormal deposition of fibrotic tissue during the healing process may tether the epidermis to deeper 

structures, contributing to the persistence of scar deformities. [11] 

Genetic susceptibility and host immune response also influence the likelihood of developing acne scars. 

Some individuals exhibit exaggerated inflammatory responses to acne lesions, increasing the risk of tissue 

destruction and subsequent scarring. Genetic factors may affect collagen synthesis, inflammatory mediator 

production, and wound-healing efficiency. In addition, delayed or inadequate treatment of inflammatory 

acne increases the duration of dermal inflammation, thereby raising the probability of scar formation. Early 

therapeutic intervention aimed at controlling inflammation is therefore considered an essential strategy for 

preventing permanent scarring in susceptible individuals. [12] 
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The wound healing process itself consists of several overlapping phases, including inflammation, 

proliferation, and remodeling. In normal healing, fibroblasts migrate to the site of injury and produce 

collagen type III, which is gradually replaced by stronger collagen type I during the remodeling phase. 

However, in acne scars this process becomes dysregulated. Inadequate collagen deposition results in 

dermal thinning and the formation of depressed scars, while excessive collagen production may lead to 

hypertrophic scars or keloids. Understanding these biological mechanisms is crucial for developing 

treatments such as microneedling that aim to stimulate controlled wound healing and promote balanced 

collagen remodeling. [13] 

 
Classification of Acne Scars 

Acne scars are broadly categorized into atrophic and hypertrophic types based on the relative loss or excess 

of dermal tissue. Atrophic scars are the most common form, accounting for approximately 80–90% of 

acne scars. They are characterized by dermal tissue loss and appear as depressions in the skin surface. 

Hypertrophic scars and keloids, on the other hand, result from excessive collagen deposition and present 

as raised lesions. Proper classification of acne scars is essential for selecting appropriate treatment 

modalities, as different scar types respond differently to therapeutic interventions. [14] 

Atrophic acne scars are further subdivided into three major morphological types: ice-pick scars, boxcar 

scars, and rolling scars. Ice-pick scars are narrow, deep, and sharply demarcated tracts that extend 

vertically into the dermis, often resembling puncture wounds. Due to their depth and narrow opening, ice-

pick scars are generally more resistant to treatment and may require targeted procedures such as chemical 

reconstruction or punch excision. These scars frequently develop following deep inflammatory lesions 

that destroy the follicular wall and adjacent dermal structures. [15] 

Boxcar scars are characterized by well-defined edges and a wider, round or oval depression with a flat 

base. They may be classified as either shallow or deep depending on the extent of dermal involvement. 

Shallow boxcar scars often respond well to resurfacing techniques such as microneedling, laser therapy, 

or chemical peels, whereas deeper variants may require more aggressive procedures including subcision 

or fractional laser resurfacing. The structural loss of collagen within the dermis contributes to the sharply 

demarcated appearance of these scars. [16] 

Rolling scars represent another common subtype of atrophic acne scars and are characterized by broad 

depressions with sloping edges that give the skin a wave-like or undulating appearance. These scars occur 

due to fibrous bands that anchor the dermis to underlying subcutaneous tissue, creating surface 

irregularities. Because rolling scars are primarily caused by dermal tethering rather than simple tissue loss, 

treatments such as subcision combined with collagen-stimulating procedures—including microneedling—

can be particularly effective in improving their appearance. [17] 

In addition to morphological classification, several grading systems have been proposed to assess the 

severity of acne scarring. One of the most widely used systems is the Goodman and Baron qualitative and 

quantitative grading scale, which categorizes scars based on their visibility and response to skin stretching. 

This grading system helps clinicians evaluate baseline severity and monitor treatment response over time. 

Accurate assessment of scar type and severity is crucial in determining appropriate treatment strategies 

and predicting therapeutic outcomes when procedures such as microneedling combined with hyaluronic 

acid are employed. [18] 

Principles of Microneedling in Scar Remodeling 

Microneedling, also known as percutaneous collagen induction therapy, is a minimally invasive 

dermatologic procedure designed to stimulate dermal remodeling through controlled mechanical injury. 

The technique involves the use of devices equipped with fine needles that penetrate the epidermis and 

superficial dermis, creating numerous microchannels in the skin. These controlled micro-injuries initiate 

a physiological wound healing cascade that ultimately promotes collagen and elastin synthesis. Unlike 

ablative resurfacing techniques, microneedling preserves the integrity of the epidermis while stimulating 

dermal regeneration, making it a safe and effective option for treating atrophic acne scars across different 

skin phototypes. [19] 
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The therapeutic effect of microneedling is largely attributed to the activation of the wound healing 

response. Following needle penetration, platelets are activated and release a variety of growth factors, 

including platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-β), and fibroblast 

growth factor (FGF). These mediators stimulate fibroblast proliferation and migration within the dermis, 

resulting in the production of new collagen and elastin fibers. Over time, this process leads to thickening 

of the dermal layer and gradual elevation of depressed scars. The remodeling phase of wound healing also 

involves reorganization of collagen fibers, which contributes to improved skin texture and elasticity. [20] 

Another important advantage of microneedling is its ability to enhance transdermal drug delivery. The 

microchannels created during the procedure temporarily disrupt the stratum corneum, which normally acts 

as the primary barrier to topical drug penetration. This disruption allows topical agents applied 

immediately after the procedure to penetrate deeper into the dermis. As a result, microneedling has 

increasingly been used as a delivery platform for various therapeutic substances such as platelet-rich 

plasma, vitamin C, growth factors, and hyaluronic acid. This approach may enhance the regenerative 

effects of the procedure by combining mechanical stimulation with biochemical support. [21] 

Clinical studies have demonstrated that repeated microneedling sessions can lead to significant 

improvements in the appearance of atrophic acne scars. Patients often experience gradual reduction in scar 

depth, smoother skin texture, and enhanced overall skin quality after multiple treatments. The degree of 

improvement is generally influenced by factors such as needle length, treatment intervals, number of 

sessions, and the baseline severity of scarring. Compared with more aggressive resurfacing techniques, 

microneedling offers the advantages of shorter recovery time, lower cost, and reduced risk of 

complications such as post-inflammatory hyperpigmentation. These characteristics have contributed to its 

growing popularity in both clinical dermatology and aesthetic practice. [22] 

Furthermore, microneedling induces minimal epidermal damage and does not rely on thermal energy, 

which distinguishes it from laser-based resurfacing methods. The absence of thermal injury significantly 

reduces the likelihood of pigmentary alterations, particularly in individuals with darker skin phototypes 

(Fitzpatrick IV–VI). This safety profile makes microneedling an attractive treatment option for patients 

who may not be ideal candidates for laser therapy. Consequently, microneedling has become widely 

accepted as a versatile and effective modality for the management of acne scars and other dermatologic 

conditions involving dermal remodeling. [23] 

Biological Role of Hyaluronic Acid in Skin Repair 

Hyaluronic acid (HA) is a naturally occurring glycosaminoglycan that plays a critical role in maintaining 

skin hydration, elasticity, and structural integrity. It is a major component of the extracellular matrix and 

is abundantly present in the dermis, where it contributes to tissue hydration by binding large amounts of 

water molecules. This unique hydrophilic property allows HA to maintain optimal skin moisture and 

volume, supporting cellular function and maintaining dermal architecture. In addition to its structural role, 

hyaluronic acid also participates in several biological processes involved in tissue repair and regeneration. 

[24] 

One of the key functions of hyaluronic acid in wound healing is the regulation of cellular migration and 

proliferation. During tissue injury, HA levels increase within the extracellular matrix, facilitating the 

movement of keratinocytes and fibroblasts toward the wound site. These cells play essential roles in re-

epithelialization and collagen production. HA also interacts with cell surface receptors such as CD44, 

which helps regulate inflammatory responses and promote tissue remodeling. Through these mechanisms, 

hyaluronic acid contributes to efficient wound healing and restoration of normal skin structure. [25] 

Hyaluronic acid also plays a significant role in modulating inflammation during the healing process. Low 

molecular weight HA fragments generated during tissue injury can stimulate immune responses and 

promote the release of cytokines that initiate repair mechanisms. Conversely, high molecular weight HA 

exhibits anti-inflammatory properties and helps maintain tissue homeostasis by regulating immune cell 

activity. This dual role allows HA to participate in both the initiation and resolution phases of wound 

healing, ensuring balanced tissue regeneration. Such properties make it particularly valuable in 

dermatologic therapies aimed at improving scar appearance and promoting dermal repair. [26] 
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In the context of acne scar treatment, hyaluronic acid has been widely utilized for its regenerative and 

hydrating effects. Topical formulations and injectable HA fillers have demonstrated the ability to improve 

skin texture and enhance dermal volume in areas affected by atrophic scars. By increasing dermal 

hydration and stimulating fibroblast activity, HA supports collagen synthesis and contributes to improved 

skin elasticity. When used in conjunction with microneedling, hyaluronic acid can penetrate deeper layers 

of the skin through the microchannels created during the procedure, thereby enhancing its therapeutic 

effects. [27] 

Recent studies have suggested that combining microneedling with topical hyaluronic acid may produce 

synergistic benefits in acne scar treatment. The mechanical stimulation induced by microneedling triggers 

collagen production, while the application of HA provides a favorable extracellular environment for tissue 

regeneration. This combination approach not only improves dermal hydration but also supports the 

remodeling of damaged collagen networks. As a result, patients may experience enhanced improvement 

in scar depth, skin smoothness, and overall appearance compared with microneedling alone. These 

findings have encouraged further research into combination therapies that integrate mechanical and 

biochemical strategies for optimal scar management. [28] 

Rationale for Combining Microneedling with Hyaluronic Acid 

The combination of microneedling with hyaluronic acid has gained considerable attention as an advanced 

therapeutic approach for the management of atrophic acne scars. While microneedling stimulates dermal 

remodeling through controlled mechanical injury, hyaluronic acid provides biochemical support that 

enhances tissue repair and regeneration. The integration of these two modalities allows clinicians to exploit 

both the physical stimulation of collagen production and the biological benefits of extracellular matrix 

augmentation. This synergistic interaction forms the scientific rationale behind the growing use of 

combination therapy in aesthetic dermatology. [29] 

Microneedling alone induces collagen synthesis by activating the natural wound healing cascade, which 

involves platelet activation, release of growth factors, and recruitment of fibroblasts. However, the 

regenerative capacity of the dermis may be limited by factors such as reduced hydration, impaired 

extracellular matrix integrity, or diminished fibroblast activity in scarred tissue. Hyaluronic acid helps 

address these limitations by maintaining optimal hydration within the dermal environment and providing 

a scaffold that facilitates cellular migration and proliferation. By improving the biochemical milieu of the 

skin, HA may enhance the regenerative processes initiated by microneedling. [30] 

Another important advantage of combining microneedling with hyaluronic acid is the enhancement of 

transdermal drug delivery. The microchannels created by microneedling temporarily disrupt the stratum 

corneum barrier, allowing topical substances to penetrate deeper layers of the skin. This mechanism 

significantly increases the bioavailability of applied agents such as hyaluronic acid. Consequently, HA 

molecules can reach the dermis more effectively, where they interact with fibroblasts and extracellular 

matrix components to support tissue repair and collagen remodeling. [31] 

In addition to facilitating deeper penetration, microneedling may also increase the biological activity of 

hyaluronic acid by stimulating cellular receptors involved in wound healing. HA interacts with cell surface 

receptors such as CD44 and RHAMM, which regulate cell proliferation, migration, and matrix synthesis. 

When delivered through microneedling-induced channels, hyaluronic acid may exert stronger stimulatory 

effects on fibroblasts and keratinocytes. This interaction promotes collagen production and improves 

dermal architecture, contributing to the gradual elevation of atrophic acne scars. [32] 

Clinical studies evaluating microneedling combined with topical hyaluronic acid have reported 

encouraging outcomes in terms of scar depth reduction, skin texture improvement, and overall patient 

satisfaction. Compared with microneedling alone, combination therapy may provide enhanced hydration, 

faster tissue recovery, and improved collagen remodeling. These benefits are particularly relevant in 

patients with moderate to severe atrophic scars, where multiple mechanisms of tissue repair are required 

to achieve visible improvement. As a result, this combination approach has become increasingly integrated 

into modern dermatologic treatment protocols. [33] 

Mechanisms of Dermal Remodeling in Combination Therapy 
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The therapeutic success of microneedling combined with hyaluronic acid largely depends on the complex 

biological processes involved in dermal remodeling. Following microneedling, the skin undergoes a 

controlled wound healing response that progresses through inflammatory, proliferative, and remodeling 

phases. During the inflammatory phase, cytokines and growth factors are released at the site of injury, 

initiating cellular recruitment and activation. These mediators stimulate fibroblasts and keratinocytes to 

participate in tissue repair, setting the stage for subsequent collagen synthesis and matrix reorganization. 

[34] 

During the proliferative phase of wound healing, fibroblasts become highly active and begin producing 

extracellular matrix components, including collagen type III, elastin, and glycosaminoglycans. Hyaluronic 

acid plays a crucial role at this stage by maintaining a hydrated microenvironment that facilitates cellular 

migration and proliferation. The presence of HA within the extracellular matrix supports the formation of 

new collagen fibers and promotes the organization of dermal tissue. This process gradually increases 

dermal thickness and contributes to the elevation of depressed acne scars. [35] 

As the healing process progresses to the remodeling phase, newly synthesized collagen fibers undergo 

structural reorganization and replacement with stronger collagen type I. This remodeling process may 

continue for several months following microneedling treatment. Hyaluronic acid contributes to this phase 

by stabilizing the extracellular matrix and regulating collagen deposition. By maintaining hydration and 

providing structural support, HA helps ensure that newly formed collagen fibers are properly aligned, 

leading to improved skin texture and elasticity. [36] 

Another mechanism involved in combination therapy is the stimulation of angiogenesis. Microneedling-

induced micro-injuries promote the formation of new blood vessels within the dermis, enhancing oxygen 

and nutrient delivery to regenerating tissues. Hyaluronic acid further supports angiogenesis by interacting 

with endothelial cells and promoting vascular growth factors. Increased vascularization improves tissue 

metabolism and accelerates the repair of damaged dermal structures, thereby contributing to better clinical 

outcomes in acne scar treatment. [37] 

Additionally, the combination of microneedling and hyaluronic acid may modulate inflammatory 

responses within the skin. Controlled inflammation is necessary for initiating tissue repair; however, 

excessive or prolonged inflammation can impair healing and contribute to scar formation. Hyaluronic acid 

helps regulate inflammatory pathways by interacting with immune cells and cytokines, promoting a 

balanced healing response. This modulation of inflammation, combined with enhanced collagen synthesis 

and extracellular matrix stabilization, forms the biological basis for the improved therapeutic outcomes 

observed with combination therapy in acne scar management. [38] 

Clinical Evidence of Microneedling in Acne Scars 

Microneedling has been widely investigated as a therapeutic modality for the treatment of atrophic acne 

scars due to its ability to stimulate collagen production and dermal remodeling. Several clinical studies 

have demonstrated significant improvement in scar appearance following multiple sessions of 

microneedling. Early research by Aust and colleagues highlighted the effectiveness of percutaneous 

collagen induction therapy in improving skin texture and reducing scar depth through stimulation of 

fibroblast activity and neocollagenesis. Their findings suggested that repeated microneedling treatments 

could result in progressive dermal thickening and visible improvement in atrophic scars with minimal 

downtime. [39] 

Subsequent clinical trials have further confirmed the efficacy of microneedling in acne scar management. 

In a prospective study evaluating patients with atrophic acne scars, multiple sessions of microneedling 

resulted in significant improvement in scar severity scores and patient satisfaction. The procedure was 

well tolerated, with transient erythema and mild edema being the most commonly reported side effects. 

Importantly, the treatment demonstrated a favorable safety profile in individuals with darker skin 

phototypes, where other resurfacing procedures may carry a higher risk of post-inflammatory 

hyperpigmentation. [40] 

Another study assessing the effectiveness of microneedling in acne scars demonstrated that the procedure 

significantly improved rolling and boxcar scars after a series of treatments. The mechanism behind this 
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improvement is primarily related to collagen induction and the release of growth factors that stimulate 

dermal repair. Histological evaluations following microneedling have shown increased collagen and 

elastin deposition in the dermis, which contributes to improved skin texture and reduced scar depth over 

time. These findings support the use of microneedling as a reliable therapeutic option for patients with 

atrophic acne scars. [41] 

Microneedling has also been compared with other treatment modalities such as fractional laser therapy 

and chemical peeling. Although laser treatments may provide more aggressive resurfacing, microneedling 

offers several advantages, including lower cost, minimal downtime, and a reduced risk of pigmentary 

complications. Comparative studies have shown that microneedling can achieve comparable improvement 

in mild to moderate acne scars, particularly when performed in multiple sessions. These findings have 

contributed to the growing acceptance of microneedling as a first-line or adjunctive treatment option in 

acne scar management. [42] 

Despite its effectiveness, the degree of improvement achieved with microneedling alone may vary 

depending on factors such as scar type, treatment parameters, and individual patient characteristics. For 

example, rolling scars generally respond better to microneedling due to their association with dermal 

tethering and collagen loss, whereas deep ice-pick scars may require additional procedures. These 

variations in treatment response have prompted researchers to explore combination therapies that may 

enhance the regenerative effects of microneedling and improve overall clinical outcomes. [43] 

Clinical Evidence of Microneedling Combined with Hyaluronic Acid 

In recent years, the combination of microneedling with hyaluronic acid has been explored as a strategy to 

enhance therapeutic outcomes in acne scar treatment. By utilizing the microchannels created during 

microneedling, topical hyaluronic acid can penetrate deeper into the dermis and exert its regenerative 

effects more effectively. Several clinical studies have investigated this combination approach and reported 

promising results in terms of improved scar appearance and skin quality. [44] 

One clinical study evaluating the use of microneedling combined with topical hyaluronic acid 

demonstrated significant improvement in atrophic acne scars after multiple treatment sessions. Patients 

showed reductions in scar depth and improvements in skin texture and elasticity. The application of 

hyaluronic acid following microneedling was believed to enhance dermal hydration and support collagen 

synthesis, thereby amplifying the regenerative effects of the procedure. These findings suggest that the 

addition of HA may improve treatment outcomes compared with microneedling alone. [45] 

Another study assessing microneedling-assisted transdermal delivery of hyaluronic acid reported 

enhanced patient satisfaction and faster recovery times compared with traditional microneedling protocols. 

The hydrating properties of HA helped reduce post-procedure dryness and irritation while promoting tissue 

repair. Furthermore, the presence of hyaluronic acid within the extracellular matrix provided structural 

support for newly synthesized collagen fibers, contributing to improved skin elasticity and scar elevation. 

[46] 

Clinical observations also indicate that combination therapy may be particularly beneficial in patients with 

moderate acne scarring, where both dermal atrophy and reduced skin hydration contribute to scar visibility. 

The addition of hyaluronic acid enhances the extracellular environment necessary for effective tissue 

regeneration, allowing fibroblasts to function more efficiently during the healing process. As a result, 

patients may experience more consistent improvements in skin texture and overall appearance. [47] 

Overall, current clinical evidence suggests that microneedling combined with hyaluronic acid represents 

a promising therapeutic approach for acne scar management. The synergistic interaction between 

mechanical collagen induction and biochemical support from hyaluronic acid may lead to improved 

clinical outcomes compared with monotherapy. However, further well-designed randomized controlled 

trials are needed to establish standardized treatment protocols and determine the specific patient-related 

factors that influence therapeutic response. [48] 

Factors Influencing Therapeutic Outcomes 

Scar Type and Morphology 

The morphology of acne scars is one of the most important determinants influencing the clinical response 
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to microneedling combined with hyaluronic acid. Different scar types exhibit varying degrees of dermal 

damage, depth, and structural alterations, which can significantly affect treatment outcomes. Rolling scars 

and shallow boxcar scars generally respond more favorably to microneedling because these lesions are 

primarily associated with dermal collagen loss and fibrous tethering. The collagen induction stimulated by 

microneedling helps elevate depressed areas by promoting dermal thickening and remodeling. When 

combined with hyaluronic acid, the regenerative environment within the dermis is further enhanced, 

facilitating improved tissue repair and scar elevation. [49] 

In contrast, ice-pick scars are often more resistant to microneedling therapy due to their narrow, deep 

morphology that extends into the reticular dermis or subcutaneous tissue. Because microneedling primarily 

stimulates collagen production within the superficial dermis, its ability to correct deeply penetrating scars 

may be limited. Consequently, ice-pick scars often require additional treatment modalities such as 

chemical reconstruction using trichloroacetic acid (TCA CROSS), punch excision, or laser resurfacing. 

However, microneedling combined with hyaluronic acid may still provide modest improvement in 

surrounding skin texture and overall scar appearance when incorporated into combination treatment 

protocols. [50] 

Severity of Acne Scars 

The baseline severity of acne scars also plays a crucial role in determining therapeutic outcomes following 

microneedling with hyaluronic acid. Patients with mild to moderate scarring generally demonstrate better 

clinical improvement compared with those who have severe or deeply atrophic scars. In cases of mild 

scarring, the dermal matrix remains partially intact, allowing collagen induction therapies to effectively 

stimulate tissue regeneration and restore skin architecture. The addition of hyaluronic acid further 

enhances dermal hydration and extracellular matrix stability, supporting more efficient collagen 

remodeling. [51] 

Conversely, severe acne scars often involve extensive dermal destruction and fibrotic tethering, which 

may limit the regenerative capacity of the skin. In such cases, microneedling alone or in combination with 

hyaluronic acid may not be sufficient to achieve optimal results. Patients with severe scarring may require 

multimodal treatment approaches that include subcision, fractional laser resurfacing, or dermal fillers in 

addition to microneedling. Nonetheless, combination therapy with hyaluronic acid can still contribute to 

improved skin texture and hydration, thereby enhancing the overall aesthetic outcome. [52] 

Patient Age 

Patient age is another factor that can influence the effectiveness of microneedling-based therapies. 

Younger individuals typically demonstrate more robust wound healing responses due to higher fibroblast 

activity and greater collagen synthesis capacity. As a result, younger patients often experience more 

pronounced improvements in acne scars following microneedling procedures. The regenerative potential 

of the skin in younger individuals allows for more efficient collagen remodeling and dermal repair. [53] 

In older patients, age-related changes in skin physiology may reduce the regenerative response to 

microneedling. Aging skin is characterized by decreased fibroblast activity, reduced collagen production, 

and diminished extracellular matrix components, including hyaluronic acid. These changes can slow the 

wound healing process and limit the extent of dermal remodeling achieved through microneedling. 

However, the application of exogenous hyaluronic acid during treatment may partially compensate for 

age-related depletion of endogenous HA, helping to improve skin hydration and support tissue 

regeneration. [54] 

Skin Phototype 

Skin phototype is an important consideration when selecting treatment modalities for acne scars. Patients 

with darker skin types (Fitzpatrick IV–VI) are more prone to post-inflammatory hyperpigmentation 

following aggressive resurfacing procedures such as ablative laser therapy or deep chemical peels. 

Microneedling offers a safer alternative for these individuals because it does not rely on thermal injury 

and preserves the epidermal barrier. As a result, the risk of pigmentary complications is significantly 

reduced. [55] 

The addition of hyaluronic acid may further enhance the safety and effectiveness of microneedling in 
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patients with darker skin phototypes. By improving skin hydration and supporting tissue repair, HA may 

help reduce post-procedure inflammation and accelerate recovery. Clinical studies have demonstrated 

favorable outcomes in patients with higher Fitzpatrick skin types treated with microneedling-based 

therapies, making this approach particularly valuable in populations where pigmentary risks are a major 

concern. [56] 

Treatment Parameters 

Procedural variables such as needle length, treatment frequency, and number of sessions are critical factors 

influencing therapeutic outcomes in microneedling treatments. Needle lengths typically range from 0.5 to 

2.5 mm depending on the depth of the scars being treated. Longer needles are often required for deeper 

atrophic scars to ensure adequate stimulation of the dermal layer. However, excessively aggressive 

treatment may increase the risk of adverse effects such as prolonged erythema or post-inflammatory 

pigmentation. Therefore, selecting appropriate needle depth based on scar morphology is essential for 

optimizing treatment efficacy and safety. [57] 

The number of treatment sessions and intervals between procedures also influence clinical outcomes. Most 

treatment protocols recommend multiple sessions spaced approximately four to six weeks apart to allow 

sufficient time for collagen remodeling between treatments. Gradual improvement in scar appearance is 

typically observed over several months as newly synthesized collagen fibers reorganize within the dermis. 

The addition of hyaluronic acid during each session may enhance the regenerative process by maintaining 

optimal dermal hydration and supporting fibroblast activity throughout the treatment course. [58] 

Assessment Methods for Clinical Improvement 

Accurate evaluation of treatment outcomes is essential when assessing the effectiveness of microneedling 

combined with hyaluronic acid in acne scar management. Several clinical and objective assessment tools 

have been developed to measure changes in scar severity and overall skin appearance. Among these, 

clinical grading systems remain the most commonly used methods in dermatologic practice. The Goodman 

and Baron qualitative and quantitative grading systems are widely applied to classify acne scars and 

monitor treatment response. These scales categorize scars based on their visibility, depth, and response to 

skin stretching, allowing clinicians to assess baseline severity and measure improvement following 

therapeutic interventions. [59] 

In addition to qualitative grading systems, standardized photographic documentation plays a crucial role 

in evaluating treatment outcomes. High-resolution clinical photography taken under consistent lighting 

and positioning conditions enables dermatologists to compare baseline and post-treatment images 

accurately. This method allows for visual assessment of improvements in scar depth, skin texture, and 

overall facial appearance. Standardized photography is particularly useful in clinical studies because it 

provides objective evidence of treatment efficacy and facilitates comparison across different treatment 

modalities. [60] 

Patient-reported outcome measures also contribute significantly to the assessment of therapeutic success. 

Because acne scars can have a substantial psychological impact, patient satisfaction and perceived 

improvement are important indicators of treatment effectiveness. Various studies have incorporated 

patient satisfaction scales and quality-of-life questionnaires to evaluate the psychological benefits 

associated with acne scar treatment. Improvements in self-esteem and social confidence often accompany 

visible improvements in skin appearance, highlighting the importance of incorporating patient 

perspectives into outcome assessment. [61] 

Advances in dermatologic imaging technologies have introduced more objective methods for evaluating 

acne scar improvement. Techniques such as three-dimensional optical imaging, dermoscopy, and skin 

topography analysis allow precise measurement of scar depth and surface irregularities. These 

technologies provide quantitative data on skin texture and volume changes following treatment. Such 

objective measurements can enhance the accuracy of clinical evaluations and provide valuable insights 

into the mechanisms underlying scar remodeling after microneedling combined with hyaluronic acid. [62] 

Overall, the use of multiple assessment methods—including clinical grading systems, photographic 

documentation, patient-reported outcomes, and imaging technologies—provides a comprehensive 
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evaluation of treatment efficacy. Combining subjective and objective measures allows clinicians and 

researchers to obtain a more accurate understanding of therapeutic outcomes and better determine the 

effectiveness of microneedling combined with hyaluronic acid in improving acne scars. [63] 

Adverse Effects and Safety Profile 

Microneedling combined with hyaluronic acid is generally considered a safe and well-tolerated procedure 

for the treatment of acne scars. One of the major advantages of microneedling is its minimally invasive 

nature and preservation of the epidermal barrier. Unlike ablative laser procedures or deep chemical peels, 

microneedling does not rely on thermal injury, which significantly reduces the risk of complications such 

as scarring or permanent pigmentary alterations. As a result, the procedure has become increasingly 

popular in dermatologic practice due to its favorable safety profile. [64] 

The most common adverse effects associated with microneedling are transient and typically resolve within 

a few days. Patients frequently experience mild erythema, edema, and a sensation of skin tightness 

immediately following the procedure. These reactions are expected results of the controlled micro-injury 

induced during treatment and are part of the normal wound healing process. In most cases, erythema 

subsides within 24 to 72 hours without requiring medical intervention. [65] 

Minor complications such as temporary dryness, scaling, or mild irritation may also occur, particularly 

when topical agents are applied following the procedure. However, the use of hyaluronic acid after 

microneedling often helps reduce these symptoms due to its hydrating and soothing properties. HA 

supports skin barrier recovery and helps maintain moisture balance within the epidermis, which may 

contribute to faster post-procedure recovery and improved patient comfort. [66] 

Although rare, more significant complications such as post-inflammatory hyperpigmentation, infection, 

or prolonged erythema have been reported in some cases. These events are typically associated with 

improper technique, inadequate sterilization, or overly aggressive treatment parameters. Careful patient 

selection, adherence to sterile procedures, and appropriate post-treatment care are essential to minimize 

the risk of such complications. In patients with darker skin phototypes, the risk of pigmentary changes 

remains lower compared with many other resurfacing procedures, further supporting the safety of 

microneedling in diverse populations. [67] 

Overall, the safety profile of microneedling combined with hyaluronic acid is highly favorable when 

performed by trained professionals. Proper technique, patient education, and adherence to standardized 

treatment protocols can significantly reduce the risk of adverse effects. These characteristics make the 

procedure a suitable option for long-term acne scar management and repeated treatment sessions when 

necessary. [68] 

Comparison with Other Combination Therapies 

Various combination therapies have been proposed to enhance the effectiveness of microneedling in acne 

scar treatment. One of the most commonly studied combinations is microneedling with platelet-rich 

plasma (PRP). PRP contains a high concentration of growth factors that stimulate fibroblast proliferation 

and collagen synthesis. Clinical studies have demonstrated that microneedling combined with PRP may 

produce greater improvements in acne scars compared with microneedling alone. However, PRP 

preparation requires blood collection and specialized processing equipment, which may increase 

procedural complexity and cost. [69] 

Another combination approach involves microneedling with topical growth factors or vitamin-based 

formulations such as vitamin C. These agents are believed to enhance collagen synthesis and improve skin 

regeneration when delivered through microneedling-induced microchannels. While some studies have 

reported beneficial effects with these combinations, the clinical evidence remains limited and inconsistent. 

Additionally, certain topical agents may cause irritation or allergic reactions in sensitive individuals. [70] 

Microneedling combined with hyaluronic acid offers several advantages compared with other combination 

therapies. Hyaluronic acid is biocompatible, non-immunogenic, and widely used in dermatology for its 

hydrating and regenerative properties. Unlike PRP, HA does not require invasive preparation procedures, 

making it easier to incorporate into routine clinical practice. Furthermore, HA provides immediate 

hydration and structural support to the extracellular matrix, which may enhance the regenerative processes 



Ayman youssef et al. Microneedling with Hyaluronic Acid for Acne Scars: Factors Influencing 

Therapeutic Outcomes 
   
 

  

Cuest.fisioter.2024.53(3):7057-7072                                                                                           7068                 

initiated by microneedling. [71] 

In comparison with laser-based combination treatments, microneedling with hyaluronic acid offers a safer 

alternative for patients with darker skin phototypes. Laser resurfacing procedures can produce significant 

improvements in acne scars but carry a higher risk of post-inflammatory hyperpigmentation. 

Microneedling avoids thermal damage to the epidermis, reducing the likelihood of pigmentary 

complications. For this reason, microneedling-based therapies are often preferred in populations with 

higher Fitzpatrick skin types. [72] 

Although each combination therapy has its own advantages, the choice of treatment should be 

individualized based on scar characteristics, patient preferences, and available resources. Microneedling 

combined with hyaluronic acid represents a practical and effective approach that balances safety, efficacy, 

and ease of application, making it an attractive option for many patients seeking improvement in acne 

scars. [73] 

Limitations of Current Evidence 

Despite encouraging clinical results, several limitations exist in the current body of literature evaluating 

microneedling combined with hyaluronic acid for acne scar treatment. Many published studies involve 

relatively small sample sizes, which may limit the generalizability of their findings. Small study 

populations reduce statistical power and make it difficult to draw definitive conclusions regarding 

treatment efficacy and predictors of clinical improvement. [74] 

Another limitation is the lack of standardized treatment protocols across studies. Variations in needle 

length, number of sessions, treatment intervals, and hyaluronic acid formulations can lead to inconsistent 

outcomes. Differences in patient selection criteria, scar severity, and evaluation methods further 

complicate comparisons between studies. These methodological variations highlight the need for 

standardized protocols in future clinical research. [75] 

In addition, many studies rely primarily on subjective evaluation methods such as clinical grading scales 

or patient satisfaction scores. While these measures provide valuable insights, they may be influenced by 

observer bias or patient expectations. Objective imaging techniques such as three-dimensional skin 

analysis are not consistently utilized in clinical trials, limiting the ability to obtain precise quantitative 

measurements of scar improvement. [76] 

Another important limitation is the relatively short follow-up duration in many studies. Collagen 

remodeling and dermal regeneration are gradual processes that may continue for several months following 

treatment. Short follow-up periods may therefore underestimate the long-term benefits of microneedling-

based therapies. Extended follow-up studies are necessary to better understand the durability of treatment 

outcomes. [77] 

Addressing these limitations through well-designed randomized controlled trials with standardized 

methodologies will be essential for establishing stronger evidence regarding the effectiveness of 

microneedling combined with hyaluronic acid in acne scar management. Such studies will help clarify 

optimal treatment protocols and identify the key factors that influence therapeutic outcomes. [78] 

Future Directions 

Future research in acne scar treatment is increasingly focusing on optimizing combination therapies that 

enhance dermal regeneration while minimizing adverse effects. Microneedling combined with hyaluronic 

acid represents a promising platform for further therapeutic innovations. Advances in microneedling 

technology, including automated devices and adjustable needle depths, allow clinicians to tailor treatments 

according to scar morphology and severity. These technological improvements may lead to more 

consistent and predictable clinical outcomes. [79] 

Emerging research is also exploring the use of advanced hyaluronic acid formulations with different 

molecular weights and cross-linking structures. Such formulations may provide improved tissue 

penetration, prolonged hydration, and enhanced stimulation of fibroblast activity. Investigating the optimal 

molecular characteristics of hyaluronic acid for acne scar treatment could further improve the effectiveness 

of combination therapy. [80] 

Another promising direction involves integrating microneedling with additional regenerative therapies 
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such as stem cell–derived growth factors or exosome-based treatments. These biologically active 

substances have shown potential in promoting tissue repair and collagen synthesis. When delivered 

through microneedling-induced microchannels, they may significantly enhance dermal remodeling and 

accelerate scar improvement. However, further clinical studies are needed to evaluate the safety and 

efficacy of these emerging therapies. [81] 

Artificial intelligence and advanced imaging technologies may also play an important role in future acne 

scar management. Three-dimensional skin analysis and automated scar quantification systems could 

provide more accurate assessment of treatment outcomes and help clinicians develop personalized 

treatment plans. Such technologies may improve patient selection and allow better prediction of 

therapeutic responses. [82] 

Continued research in these areas will contribute to the development of more effective, personalized, and 

minimally invasive approaches for acne scar treatment. By combining mechanical stimulation with 

biologically active compounds, future therapies may achieve greater improvements in scar appearance and 

overall skin quality. [83] 

Conclusion 

Acne scarring represents a common and often distressing complication of acne vulgaris that can 

significantly affect patients’ psychological well-being and quality of life. Advances in dermatologic 

treatments have led to the development of minimally invasive procedures aimed at stimulating dermal 

remodeling and improving scar appearance. Among these approaches, microneedling has emerged as a 

widely used technique due to its effectiveness, safety profile, and suitability for various skin phototypes. 

[84] 

The addition of hyaluronic acid to microneedling therapy has introduced a promising strategy for 

enhancing treatment outcomes in patients with atrophic acne scars. While microneedling stimulates 

collagen production through controlled dermal injury, hyaluronic acid provides biochemical support by 

maintaining hydration, promoting cellular migration, and stabilizing the extracellular matrix. The 

synergistic interaction between these two modalities contributes to improved dermal regeneration and 

gradual elevation of depressed scars. [85] 

Several factors influence the degree of clinical improvement achieved with this combination therapy. Scar 

morphology, baseline severity, patient age, skin phototype, and treatment parameters all play important 

roles in determining therapeutic outcomes. Proper patient selection and individualized treatment planning 

are therefore essential for optimizing results. In addition, the use of standardized assessment methods 

allows clinicians to accurately evaluate treatment effectiveness and monitor progress over time. [86] 

Although current evidence suggests that microneedling combined with hyaluronic acid is an effective and 

safe option for acne scar management, further research is needed to establish standardized treatment 

protocols and clarify the long-term benefits of this therapy. Larger randomized controlled trials with 

objective outcome measurements and extended follow-up periods will help strengthen the evidence base 

and guide clinical practice. [87] 

Overall, microneedling with hyaluronic acid represents a valuable addition to the therapeutic 

armamentarium for acne scar treatment. By integrating mechanical stimulation with biologically 

supportive agents, this combination therapy offers a balanced approach that addresses both structural and 

biochemical aspects of scar remodeling. Continued research and technological innovation are expected to 

further refine this treatment modality and improve outcomes for patients suffering from acne scarring. [88] 

 

 

 

 

References 
1. Fabbrocini G, Annunziata MC, D’Arco V, et al. Acne scars: pathogenesis, classification and treatment. Dermatol Res 

Pract. 2010;2010:893080. 

2. Goodman GJ, Baron JA. Postacne scarring: a qualitative global scarring grading system. Dermatol Surg. 

2006;32(12):1458-1466. 



Ayman youssef et al. Microneedling with Hyaluronic Acid for Acne Scars: Factors Influencing 

Therapeutic Outcomes 
   
 

  

Cuest.fisioter.2024.53(3):7057-7072                                                                                           7070                 

3. Goodman GJ, Baron JA. Postacne scarring—a quantitative global scarring grading system. J Cosmet Dermatol. 

2006;5(1):48-52. 

4. Jacob CI, Dover JS, Kaminer MS. Acne scarring: a classification system and review of treatment options. J Am Acad 

Dermatol. 2001;45(1):109-117. 

5. Layton AM, Henderson CA, Cunliffe WJ. A clinical evaluation of acne scarring and its incidence. Clin Exp Dermatol. 

1994;19(4):303-308. 

6. Holland DB, Jeremy AH. The role of inflammation in the pathogenesis of acne and acne scarring. Semin Cutan Med Surg. 

2005;24(2):79-83. 

7. Kang S, Cho S, Chung JH, Hammerberg C, Fisher GJ, Voorhees JJ. Inflammation and extracellular matrix degradation 

mediated by matrix metalloproteinases in acne lesions. J Invest Dermatol. 2005;124(3):556-562. 

8. Tan J, Bhate K. A global perspective on the epidemiology of acne. Br J Dermatol. 2015;172(suppl 1):3-12. 

9. Gurtner GC, Werner S, Barrandon Y, Longaker MT. Wound repair and regeneration. Nature. 2008;453(7193):314-321. 

10. Eming SA, Krieg T, Davidson JM. Inflammation in wound repair. Nat Rev Immunol. 2007;7(12):887-898. 

11. Midwood KS, Williams LV, Schwarzbauer JE. Tissue repair and the dynamics of the extracellular matrix. Int J Biochem 

Cell Biol. 2004;36(6):1031-1037. 

12. Tracy LE, Minasian RA, Caterson EJ. Extracellular matrix and dermal fibroblast function in wound healing. Adv Wound 

Care. 2016;5(3):119-136. 

13. Tonnesen MG, Feng X, Clark RA. Angiogenesis in wound healing. J Investig Dermatol Symp Proc. 2000;5(1):40-46. 

14. Alster TS, West TB. Treatment of scars: a review. Ann Plast Surg. 1997;39(4):418-432. 

15. Goodman GJ. Management of post-acne scarring: what are the options for treatment? Am J Clin Dermatol. 2000;1(1):3-

17. 

16. Goodman GJ, Baron JA. The management of post-acne scarring. Dermatol Surg. 2007;33(10):1175-1188. 

17. Aust MC, Fernandes D, Kolokythas P, Kaplan HM, Vogt PM. Percutaneous collagen induction therapy: an alternative 

treatment for scars, wrinkles, and skin laxity. Plast Reconstr Surg. 2008;121(4):1421-1429. 

18. Fernandes D. Minimally invasive percutaneous collagen induction. Oral Maxillofac Surg Clin North Am. 2005;17(1):51-

63. 

19. Aust MC, Reimers K, Kaplan HM, Stahl F, Repenning C, Scheper T. Percutaneous collagen induction-regeneration in 

place of cicatrisation? J Plast Reconstr Aesthet Surg. 2011;64(1):97-107. 

20. Liebl H, Kloth LC. Skin cell proliferation stimulated by microneedles. J Am Coll Clin Wound Spec. 2012;4(1):2-6. 

21. Prausnitz MR. Microneedles for transdermal drug delivery. Adv Drug Deliv Rev. 2004;56(5):581-587. 

22. Bariya SH, Gohel MC, Mehta TA, Sharma OP. Microneedles: an emerging transdermal drug delivery system. J Pharm 

Pharmacol. 2012;64(1):11-29. 

23. Alam M, Hughart R, Champlain A, et al. Effect of microneedling on acne scars: a randomized clinical trial. JAMA 

Dermatol. 2014;150(8):844-849. 

24. Majid I. Microneedling therapy in atrophic facial scars: an objective assessment. J Cutan Aesthet Surg. 2009;2(1):26-30. 

25. Chandrashekar BS, Nandini AS. Acne scar treatment using microneedling with dermaroller. J Cutan Aesthet Surg. 

2010;3(2):70-73. 

26. Dogra S, Yadav S, Sarangal R. Microneedling for acne scars in Asian skin type. J Cosmet Dermatol. 2014;13(3):180-187. 

27. El-Domyati M, Barakat M, Awad S, et al. Multiple microneedling sessions for minimally invasive facial rejuvenation: 

histologic and clinical evaluation. Dermatol Surg. 2015;41(4):480-487. 

28. Lima EV, Lima MA, Takano DM. Microneedling experimental study and classification of the resulting injury. Surg 

Cosmet Dermatol. 2013;5(2):110-114. 

29. Papakonstantinou E, Roth M, Karakiulakis G. Hyaluronic acid: a key molecule in skin aging. Dermatoendocrinol. 

2012;4(3):253-258. 

30. Chen WY, Abatangelo G. Functions of hyaluronan in wound repair. Wound Repair Regen. 1999;7(2):79-89. 

31. Jiang D, Liang J, Noble PW. Hyaluronan in tissue injury and repair. Annu Rev Cell Dev Biol. 2007;23:435-461. 

32. Toole BP. Hyaluronan: from extracellular glue to pericellular cue. Nat Rev Cancer. 2004;4(7):528-539. 

33. Aya KL, Stern R. Hyaluronan in wound healing. Curr Opin Rheumatol. 2014;26(1):101-107. 

34. Fallacara A, Baldini E, Manfredini S, Vertuani S. Hyaluronic acid in the third millennium. Polymers (Basel). 

2018;10(7):701. 

35. Gold MH. Use of hyaluronic acid fillers for acne scars. J Cosmet Dermatol. 2016;15(3):211-217. 

36. Beer K. Treatment of acne scars with hyaluronic acid fillers. Dermatol Surg. 2007;33(11):1303-1306. 

37. Cohen JL, Biesman BS, Dayan SH, et al. Treatment of atrophic acne scars with hyaluronic acid fillers. Dermatol Surg. 

2015;41(suppl 1):S219-S226. 

38. Narins RS, Brandt F, Leyden J, et al. A randomized, double-blind multicenter comparison of the efficacy and tolerability 

of hyaluronic acid filler. Dermatol Surg. 2003;29(6):588-595. 

39. Fabbrocini G, De Vita V, Pastore F, et al. Combined treatments for acne scars. Dermatol Res Pract. 2011;2011:1-6. 

40. Ibrahim ZA, El-Tatawy RA, El-Taweel AE. Comparison of microneedling versus fractional CO2 laser. J Cosmet Dermatol. 

2018;17(4):634-640. 

41. Nofal A, Helmy A, Nofal E, Alakad R. Platelet-rich plasma versus microneedling in acne scars. Dermatol Surg. 



Ayman youssef et al. Microneedling with Hyaluronic Acid for Acne Scars: Factors Influencing 

Therapeutic Outcomes 
   
 

  

Cuest.fisioter.2024.53(3):7057-7072                                                                                           7071                 

2014;40(2):135-144. 

42. Lee SJ, Park KH, Kim HJ, et al. The efficacy of microneedle fractional radiofrequency. Dermatol Surg. 2012;38(9):1419-

1426. 

43. Waibel JS, Beer K. Fractional laser resurfacing for acne scars. J Drugs Dermatol. 2009;8(1):35-38. 

44. Manuskiatti W, Fitzpatrick RE. Treatment response of keloidal and hypertrophic scars. Arch Dermatol. 2002;138(9):1149-

1155. 

45. Elsaie ML, Ibrahim SM. Management of acne scars. J Cosmet Dermatol. 2018;17(6):1046-1050. 

46. Goodman GJ. Acne and acne scarring: the case for active treatment. Australas J Dermatol. 2013;54(2):85-92. 

47. Fabbrocini G, Cacciapuoti S, Monfrecola G. A qualitative investigation of acne scarring. Dermatol Ther. 2010;23(5):461-

467. 

48. Zaenglein AL, Pathy AL, Schlosser BJ, et al. Guidelines of care for acne vulgaris. J Am Acad Dermatol. 2016;74(5):945-

973. 

49. Bhate K, Williams HC. Epidemiology of acne vulgaris. Br J Dermatol. 2013;168(3):474-485. 

50. Nast A, Dreno B, Bettoli V, et al. European evidence-based guidelines for acne. J Eur Acad Dermatol Venereol. 

2012;26(suppl 1):1-29. 

51. Berson DS, Shalita AR. The treatment of acne: the role of topical agents. J Am Acad Dermatol. 1995;32(5):S31-S36. 

52. Dreno B. Treatment of adult female acne. Dermatology. 2010;221(1):15-19. 

53. Leyden JJ. Therapy for acne vulgaris. N Engl J Med. 1997;336(16):1156-1162. 

54. Kurokawa I, Danby FW, Ju Q, et al. New developments in acne pathogenesis. Exp Dermatol. 2009;18(10):821-832. 

55. Del Rosso JQ, Kim G. Optimizing use of oral antibiotics in acne. Dermatol Clin. 2009;27(1):33-42. 

56. Thiboutot D, Gollnick H, Bettoli V, et al. Global Alliance to Improve Outcomes in Acne. J Am Acad Dermatol. 

2009;60(5):S1-S50. 

57. Nast A, Rosumeck S, Erdmann R, et al. Methods report for the development of guidelines. J Eur Acad Dermatol Venereol. 

2012;26(suppl 1):1-7. 

58. Gold MH, Biron JA. Treatment of acne scars. J Clin Aesthet Dermatol. 2012;5(9):19-27. 

59. Fabbrocini G, Annunziata MC, Monfrecola G. Acne scarring treatment overview. Dermatol Ther. 2009;22(5):424-432. 

60. Hayashi N, Akamatsu H, Kawashima M. Acne study group severity grading system. J Dermatol. 2008;35(5):255-260. 

61. Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI). Clin Exp Dermatol. 1994;19(3):210-216. 

62. Roh MR, Chung KY. Infrared imaging in dermatology. J Dermatol. 2011;38(7):620-626. 

63. Manstein D, Herron GS, Sink RK, Tanner H, Anderson RR. Fractional photothermolysis. Lasers Surg Med. 

2004;34(5):426-438. 

64. Hruza GJ, Dover JS. Laser skin resurfacing. Arch Dermatol. 1996;132(4):451-455. 

65. Alster TS, Tanzi EL. Hypertrophic scars and keloids. Am J Clin Dermatol. 2003;4(4):235-243. 

66. Nestor MS, Fischer DL, Arnold D. Hyaluronic acid fillers. Dermatol Surg. 2011;37(1):1-11. 

67. Narins RS, Bowman PH. Injectable skin fillers. Clin Plast Surg. 2005;32(2):151-162. 

68. Carruthers J, Carruthers A. Soft tissue augmentation with hyaluronic acid. Dermatol Surg. 2005;31(11):1598-1604. 

69. Marx RE. Platelet-rich plasma: evidence to support its use. J Oral Maxillofac Surg. 2004;62(4):489-496. 

70. Cervelli V, Garcovich S, Bielli A, et al. Microneedling with PRP for skin rejuvenation. Plast Reconstr Surg. 

2009;124(6):e112-e113. 

71. Redaelli A, Romano D, Marcianò A. Face rejuvenation with hyaluronic acid fillers. Clin Cosmet Investig Dermatol. 

2015;8:135-143. 

72. Manuskiatti W, Triwongwaranat D, Varothai S. Efficacy of fractional laser for acne scars. Dermatol Surg. 2010;36(7):998-

1007. 

73. Waibel JS, Beer KR. Laser treatment of scars. Clin Dermatol. 2014;32(5):660-667. 

74. Fabbrocini G, Cacciapuoti S, Monfrecola G. Treatment of acne scars. Dermatol Ther. 2011;24(5):463-471. 

75. Tanzi EL, Alster TS. Laser treatment of scars. Skin Therapy Lett. 2004;9(4):4-7. 

76. Bernstein EF, Lee J, Brown DB. Microneedling and collagen induction. Dermatol Surg. 2017;43(3):321-329. 

77. Aust MC, Reimers K, Vogt PM. Percutaneous collagen induction therapy review. Plast Reconstr Surg. 2010;125(2):712-

713. 

78. Alam M, Tung R. Injection technique in cosmetic dermatology. Dermatol Surg. 2018;44(1):1-12. 

79. Gupta AK, Paquet M. Microneedling therapy review. Dermatol Surg. 2015;41(9):1029-1038. 

80. Werschler WP, Narurkar V, Grimm MS, et al. Hyaluronic acid filler technology. J Drugs Dermatol. 2011;10(9):990-1000. 

81. Kim DH, Je YJ, Kim CD. Stem cell therapies in dermatology. Int J Mol Sci. 2020;21(5):1757. 

82. Friedman PM. New technologies for acne scars. Dermatol Clin. 2017;35(1):79-97. 

83. Anderson RR, Parrish JA. Selective photothermolysis. Science. 1983;220(4596):524-527. 

84. Zaenglein AL. Acne vulgaris. N Engl J Med. 2018;379(14):1343-1352. 

85. Tan JK, Tang J, Fung K, et al. Prevalence and severity of acne scarring. J Cutan Med Surg. 2012;16(6):425-430. 

86. Goulden V, Clark SM, Cunliffe WJ. Post-acne scarring. Br J Dermatol. 1997;136(4):502-506. 

87. Nast A, Dréno B, Bettoli V, et al. European acne guideline update. J Eur Acad Dermatol Venereol. 2016;30(8):1261-1268. 

88. Fabbrocini G, De Vita V, Monfrecola G. Acne scars: treatment strategies and future perspectives. Dermatol Res Pract. 



Ayman youssef et al. Microneedling with Hyaluronic Acid for Acne Scars: Factors Influencing 

Therapeutic Outcomes 
   
 

  

Cuest.fisioter.2024.53(3):7057-7072                                                                                           7072                 

2015;2015:1-7. 

 


