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Background: Atrophic acne scarring is a widely prevalent condition and one of the most distressing complications of acne vulgaris. 
Numerous options with variable outcomes are available for the treatment of acne scarring. Laser is considered a first-line therapy for 
acne scars, and recently there has been a growing interest in using stem cells and their derivatives for treating acne scars. In addition, 
combined therapeutic modalities often achieve more satisfactory results than a single treatment.
Objective: We tried to evaluate the role of nanofat and fractional CO2 laser as a combined treatment approach for atrophic acne 
scarring.
Methods: Twenty-five patients with atrophic acne scarring were enrolled. They received a single session of intradermal nanofat 
injection, at different points 1 cm apart, for acne scars. Two weeks later, they were treated with three sessions of fractional CO2 laser at 
monthly intervals. Patients were evaluated three months after the last session using the quantitative Goodman and Baron scoring 
system. Pain, side effects, and patients’ satisfaction were also evaluated.
Results: There were two males and 23 females with a mean age of 25.96 years. Their skin type ranged between Fitzpatrick skin type 
III, IV, and V. Boxcar scars were the most common scar type in 13 patients (52%). After treatment, there was a significant reduction (p 
<0.05) in the quantitative Goodman and Baron scores. The improvement was more evident in rolling scars. Seven patients reported 
significant improvement, and 12 reported marked improvement.
Conclusion: This study showed that combining nanofat and fractional CO2 laser is a safe and effective treatment modality for 
atrophic acne scars.
Keywords: acne scars, fractional laser, fat grafting, nanofat

Introduction
Acne vulgaris is a pleomorphic disorder of the pilosebaceous unit. It is the eighth most common disease globally, 
affecting over 0.5 billion people, and has a prevalence of over 90% in the adolescent community.1 Acne pathogenesis is 
attributed to four key factors: excess sebum production, hyperproliferation of Cutibacterium acnes bacteria, hyperker-
atinization of the pilosebaceous follicles, and inflammatory mechanisms.2

Inflammatory acne lesions may result in permanent scars, the severity of which may depend on delays in acne 
treatment.3 Atrophic scarring represents about 75% of acne scars and is subdivided into icepick, rolling, and boxcar 
scars.4

Acne scars has been found to adversely affect the social life, self-esteem, and body image of affected individuals, and 
is often co-morbid with psychological disorders including depression and anxiety.5

Currently, there is no standard treatment for atrophic acne scars. Various treatment approaches have been used to 
improve the appearance of acne scars, with varying degrees of success.6 Traditional treatment methods include skin 
abrasion, chemical peeling, scarring drill excision, tissue filling, microneedling, scarring drill elevation, thread lifting, 
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and photodynamic therapy, while emerging therapies such as mesenchymal stem cells (MSCs) and their derivatives are 
also available.7

Laser is a first-line therapy for acne scars. Fractional CO2 laser improves the appearance of skin by removing portions 
of the epidermis and dermis as well as heating microthermal zones extending from the epidermis to the mid- or deep 
dermis. Parts of the epidermis and dermis are replaced by wound-healing responses after the injury, replacing the 
damaged tissue with healthy, new foci of the epidermis and dermis.8,9 However, the ensuing downtime, the potential for 
protracted erythema, and, occasionally, hyperpigmentation constrain fractional CO2 laser.10 Therefore, through expedit-
ing tissue regeneration and wound healing, an adjuvant use of other modalities, such as nanofat, may provide synergistic 
advantages and reduce side effects.11

In recent years, many studies have also used stem cells and their derivatives for treating acne scars, among which 
MSCs and their derivatives are the most commonly used.7 Nanofat was first described by Tonnard et al in 2013. Its 
capacity for regeneration is primarily attributable to the abundant adipose tissue-derived stem cells (ADSCs) and stromal 
vascular fraction (SVF) cells that promote blood vessel formation and the secretion of growth factors that impede fibrosis 
and inflammation, speed up wound healing, and improve skin texture.12,13

Since most monotherapeutic approaches for acne scars provide insufficient effects, tailored combined therapy 
utilizing multiple treatments is necessary. As a result, the aim of this study was to assess the safety and efficacy of 
nanofat as an adjuvant therapy to fractional CO2 laser for atrophic acne scars.

Materials and Methods
This study included 25 patients with atrophic acne scars. The study was done in accordance with the Declaration of 
Helsinki after approval of the ethical committee (Approval No. Der-Med.22.Research.0000216). All patients signed 
informed consent before the procedures.

All patients in this study were subjected to complete history taking, thorough general and dermatological examina-
tions, and routine laboratory investigations. Acne scars were graded through Goodman and Baron’s quantitative global 
grading system.14

Exclusion criteria included: Age <18 or >40 years, isotretinoin therapy or other treatment procedures for acne scars 
within six months prior to the study, patients with hematological or autoimmune diseases, keloid formation tendency, 
pregnancy, and lactation.

Treatment Protocol
All patients received a single session of nanofat injection for acne scars. Two weeks later, they were treated with three 
sessions of fractional CO2 laser at monthly intervals. The final evaluation was done three months after the last session.

Nanofat Preparation and Injection
Fat was harvested mainly from the abdomen, followed by the thighs. Infiltration of Klein’s15 tumescent anesthesia was 
done followed by fat aspiration using a Sorensen cannula (Tulip Medical Inc., San Diego, CA) mounted on a 10-mL 
Luer-Lock syringe. Centrifugation of the harvested fat at 3000 rpm for three minutes was performed to filter the fat from 
residual blood and tumescent fluid.

Nanofat preparation was done using 2.4, 1.4, and 1.2 mm Luer-to-Luer Tulip connectors via 30 mechanical passes 
between two syringes through each connector, respectively, followed by a single pass through 400 µm filter within Tulip 
NanoTransfer device. Nanofat was then transferred to sterile 28 G syringes for injection.

In a single session, about two mL of nanofat was injected intradermally at different points 1 cm apart till a yellowish 
discoloration of the skin appeared.

Laser Treatment
Local anesthetic cream was applied for one hour. Then, the scars were treated with one pass of fractional CO2 laser 
(SmartXide Punto, Deka, Florence, Italy) using the following parameters: 15 W power, 800 µm spacing, 600 µs dwell 
time, and stack two.
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Postprocedural Care
Following fat harvesting, all patients were prescribed oral antibiotic for one week. After the procedures, the treated sites 
were covered by ice packs. Prolonged sun exposure was avoided, and sunscreen was applied daily till the end of the 
follow-up period.

Outcome Assessment
The therapeutic outcome was assessed three months after the last treatment session based on the quantitative Goodman 
and Baron system scores. To minimize potential bias, the assessment was made by two non-treating dermatologists.

Side Effects
Patients were asked to categorize the laser session-associated pain as mild, moderate, or severe. The subjective downtime 
(caused by redness, swelling, pigmentation, or crust) following each laser treatment was also documented.

In addition, side effects related to fat harvesting (such as bruising, pigmentation, or infection) were assessed one week 
after the session and at the final evaluation. Pain associated with fat harvesting and injection was also evaluated using 
a numerical 0 to 10 scale (0 = no pain, 1–4 = mild pain, 5–7 = moderate pain, and 8–10 = severe pain.16

Patient Satisfaction
Three months after the last treatment session, the authors used a quartile scale (slight improvement <25%, moderate 
improvement 25%-49%, significant improvement 50%-74%, and marked improvement ≥75%) and asked the patients to 
evaluate their improvement.

Statistical Analysis
The Statistical Program for Social Science (SPSS) version 25 was used to examine the data. A proper analysis was done 
for every variable, depending on the collected data type.

Results
The study comprised 25 patients with atrophic acne scars, 23 (92%) females and two (8%) males (14 had Fitzpatrick skin 
type III, nine had type IV, and two had type V). They ranged in age from 19 to 36 years (25.96 ± 4.85 years). The scars’ 
duration ranged from three to 17 years (7.16 ± 3.86 years). Boxcar scars were the most common scar type in 13 patients 
(52%), followed by rolling scars in nine (36%) and icepick scars in three (12%) (Table 1).

All patients reported mild pain during the laser sessions. Erythema, edema, and crust formation were reported by all 
patients, which faded away within 6.68 ± 0.95 days after the session (Table 1). No hyperpigmentation at the treated sites 
was reported in any case.

As regards patient satisfaction, two patients (8%) reported slight improvement, four (16%) reported moderate 
improvement, seven (28%) reported significant improvement, and 12 (48%) reported marked improvement (Table 1).

After treatment, there was a statistically significant reduction (p <0.05) in the quantitative Goodman and Baron scores 
(Table 2 and Figures 1–3). Using Pearson coefficient, there was a positive correlation between the age and duration of 
acne scars and the Goodman scores, indicating that the scars were more severe at older ages and for more extended 
periods.

The quantitative Goodman and Baron scores revealed that rolling scars improved the most, followed by boxcar and 
icepick scars (Table 3).

Regarding complications related to the fat harvesting site, there were complications in ten patients (40%). There was 
bruising in five patients (20%), erythema in three (12%), edema in one (4%), and hyperpigmentation in one (4%).

Regarding pain scores related to fat harvesting and nanofat injection, the mean pain score in all studied patients was 
3.44 ± 1.96, with a minimum score of 0 and a maximum score of eight. There were 17 patients (68%) with mild pain, five 
patients (20%) with moderate pain, and one patient (4%) with severe pain, while there were two patients (8%) with no 
pain.
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Discussion
Given the prevalence of acne scarring and the dearth of effective clinical solutions, treating acne scarring continues to be 
a novel area of research. Developing therapeutic approaches that can be both efficient and safe continues to be a key 
achievement in cosmetic dermatology.17

Acne scarring is caused by altered wound healing responses to pilosebaceous unit inflammation. Prolonged inflam-
mation leads to dermal damage, mainly in the form of collagen loss, and this subsequently causes persistent skin texture 
alterations and atrophic scarring.18,19 Acne scars can have a significant impact not only on patients’ aesthetic appearance 
but also on their emotional well-being as well as their quality of life.20

This study shows that fractional CO2 laser combined with the injection of nanofat enhanced the clinical improvement 
of acne scars. Only one session of nanofat injection was performed to assess the maximum benefits gained through the 
minimum number of sessions. In addition, although liposuction is a relatively simple and safe procedure for harvesting 
adipose tissues, some patients may still consider it an invasive surgical intervention. Nanofat was injected two weeks 

Table 1 Description of Clinical Data, Reported Downtime, and 
Satisfaction Categories in All Studied Patients

Studied Patients (N = 25)

Sex Male 2 8%

Female 23 92%

Age (years) Mean ± SD 25.96 ± 4.85

Min - Max 19–36

Duration (years) Mean ± SD 7.16 ± 3.86

Min - Max 3–17

Scar type Rolling 9 36%

Boxcar 13 52%

Icepick 3 12%

Skin type Type III 14 56%

Type IV 9 36%

Type V 2 8%

Downtime (days) Mean ± SD 6.68 ± 0.95

Satisfaction categories Slight 2 8%

Moderate 4 16%

Significant 7 28%

Marked 12 48%

Satisfaction percentage Mean ± SD 62.6 ± 20.11

Table 2 Comparison between the Scores before and after Treatment on the Quantitative Goodman and Baron Scale

Before Treatment  
(N = 25)

After Treatment  
(N = 25)

Statistical Test p-value

Quantitative Goodman and Baron scores Mean ± SD 8.7 ± 3.4 5.88 ± 2.9 T = 3.1 0.003*

Notes: *p-value <0.05 which is considered statistically significant; T, Independent sample T-test.
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before laser sessions to allow nanofat to settle within the targeted scars, avoid being degraded by the thermal laser 
energy, and subsequently augment tissue regeneration stimulated by laser. After treatment, the quantitative Goodman and 
Baron scores showed a statistically significant improvement.

Utilizing thermal energy delivered by monochromatic light, laser resurfacing enables dermal fibroblasts to replenish 
depleted collagen and elastin.19 The fractional CO2 laser combines CO2 ablation with fractional photothermolysis, and its 
efficacy in treating acne scars has been proven.20,21 However, there is a chance of unfavorable results and associated 
complications in many cases.22

Fang et al23 in their study demonstrated that three treatment sessions over three months with fractional CO2 laser improved 
atrophic acne scars in 82 patients with Fitzpatrick skin types III–IV. However, adverse events secondary to laser resurfacing, 

Figure 1 A 24-year-old female patient with atrophic acne scars. (A) Before treatment. (B) Marked improvement after treatment with fractional CO2 laser and nanofat 
injection.

Figure 2 A 20-year-old male patient with atrophic acne scars. (A) Before treatment. (B) Significant improvement after treatment with fractional CO2 laser and nanofat 
injection.
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including erythema for a period <3 months (in 80.49% of patients), prolonged erythema >3 months (19.51%), hyperpigmen-
tation for <3 months (41.46%), persistent hyperpigmentation >3 months (31.71%), hypopigmentation (1.22%), acne flare-up 
(9.76%), and post-laser scar (2.44%) were recorded. Several other researchers have shown that combination therapies can 
outperform single laser treatments.

Nanofat contains multiple biologically active substances that can improve skin quality and tissue regeneration, such 
as platelet-derived growth factor, transforming growth factor-β, and epithelial growth factor.24,25 Nanofat has also been 
associated with accelerated healing after fractional CO2 laser, attributed to its high concentration of regenerative and 
anti-inflammatory growth factors.11 ADSCs enhance collagen synthesis and promote fibroblast proliferation and 
migration.26,27 Moreover, ADSCs preserve the integrity of the epidermal barrier through increasing ceramide synthesis.28

Gu et al29 conducted a prospective case series to study the efficacy of nanofat in atrophied scars. They recruited 20 
patients with 25 atrophic facial scars, where two were due to acne. A significantly improved overall Patient and Observer 
Scar Assessment Scale was found at the end of their follow-up.

The authors, in a former study, recruited 35 patients and compared the advantages of fractional CO2 laser combined 
with nanofat versus fractional CO2 laser combined with PRP for treating acne scars. The evaluation was done 
subjectively using Goodman score and objectively using Antera camera. A statistically significant improvement was 

Figure 3 Difference between quantitative Goodman and Baron scores before and after treatment (*Denotes p-value <0.05 which is considered statistically significant).

Table 3 Description of the Studied Scores Regarding the Atrophic Scar Type

Scar Type

Rolling (N = 9) Boxcar (N = 13) Icepick (N = 3)

Quantitative Goodman and Baron scores (before treatment) Mean ± SD 7.7 ± 2.8 9.3 ± 3.9 9 ± 3.6

Quantitative Goodman and Baron scores (after treatment) Mean ± SD 4.5 ± 2.4 6.6 ± 3.2 6.6 ± 2.08
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found after using both modalities. However, a single session of nanofat injection showed at least comparable results to 3 
sessions of PRP in terms of improvement of acne scars.30

In a prospective split-face trial by Abou Eitta et al,31 10 patients with acne scars received a single injection of ADSCs 
to one side of the face, while the other side was treated by three sessions of fractional CO2 laser. After three months of 
therapy, there was no significant difference between the two treatment modalities, concluding that one injection of 
ADSCs was shown to be as effective as three sessions of fractional CO2 laser.

Azzam et al32 compared fractional CO2 laser treatment to autologous fat in 20 patients with acne scars. Sixty percent 
of patients significantly improved when treated with autologous fat compared with 20% treated with fractional CO2 laser.

Our results are similar to the split-face study done by Kwon et al11 They treated 25 patients with three fractional CO2 
laser sessions. After laser treatment, one side of the face was treated with the adipose exosomes gel, and the other was 
treated with a control gel. Treatment with adipose exosomes led to much more improvement and less incidence of 
adverse effects than the control sides, concluding that using ADSCs combined with laser skin resurfacing technologies 
might improve the outcome of treating acne scars.

Limitations of this study include the small sample size, the short follow-up period, the unequal ratio of male and 
female study participants, and the lack of comparison with other treatment modalities. Additional studies across a larger 
population with longer durations of follow-up, using objective evaluation methods, and the addition of comparison 
groups with CO2 laser alone and/or nanofat injection alone are needed.

Conclusions
In summary, this study shows that atrophic acne scars significantly improved with the combined nanofat injection and 
fractional CO2 laser therapy. In terms of efficacy and safety, co-treatment with these approaches may synergistically affect 
both aesthetic appearance and psychological health of patients with minimal complications and good patient compliance.
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