
Heliyon 9 (2023) e22818

Available online 23 November 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Treatment of hypertrophic scars with ablative fractional carbon 
dioxide laser assisted with different topical triamcinolone 
delivery ways 

Junyi Zhou 1, Fen Hao 1, Ling Huang , Qingqing Fu , Lili Yuan , Gaoxing Luo , 
Jianglin Tan * 

Institute of Burn Research, State Key Laboratory of Trauma, Burns and Combined Injury, Chongqing Key Laboratory for Disease Proteomics, 
Southwest Hospital, Army Medical University, Chongqing, 400038, China   

A R T I C L E  I N F O   

Keywords: 
Burn 
Hypertrophic scar 
Ablative fractional carbon dioxide laser 
Triamcinolone 

A B S T R A C T   

Objectives: Ablative fractional carbon dioxide laser has been used with triamcinolone to treat 
hypertrophic scars, resulting in promising success rates. However, there are different topical 
triamcinolone delivery methods used in scar treatment. To assess the efficacy among the different 
triamcinolone delivery methods, this study was designed to compare the efficacy and safety of 
ablative fractional carbon dioxide laser followed by penetration and injection of topical triam-
cinolone into thicker hypertrophic scars (height score of VSS ≥2). 
Study design/materials and methods: We performed a retrospective study of 155 thicker hyper-
trophic scar patients (height score of VSS ≥2), including 88 patients in the triamcinolone external 
application group and 67 patients in the triamcinolone intralesional injection group. One month 
after the patients had 3 treatment sessions at 4-week intervals, the scars were assessed by 
photography, the Vancouver Scar Scale (VSS), durometry and spectrocolorimetry. Any adverse 
effects were also evaluated. 
Results: The VSS scores and the hardness of the scars in both groups improved significantly 
compared to baseline. Moreover, the patients in the triamcinolone intralesional injection group 
had higher treatment efficacy (19.77 ± 21.25 %) based on their VSS scores than the patients in 
the triamcinolone external application group (5.94 ± 24.07 %), especially in the improvement of 
scar pliability, height and hardness. Meanwhile, in the triamcinolone injection group, more pa-
tients had mild and moderate improvement than in the triamcinolone application group. How-
ever, there were no differences in the distribution of the adverse effects in either group. 
Conclusions: This study demonstrated that using the ablative fractional carbon dioxide laser fol-
lowed by different topical triamcinolone delivery methods is effective and safe for thicker hy-
pertrophic scar improvement. The method of using the ablative fractional carbon dioxide laser 
assisted with triamcinolone injection had a better therapeutic outcome in thicker hypertrophic 
scars, as compared with triamcinolone penetration.   
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1. Introduction 

Hypertrophic scarring is a pathognomonic feature characterized by excessive fibrosis with disordered collagens, leading to post-
burn physical and psychosocial morbidity. The incidence rate of hypertrophic scars ranges from 30 % to 91 % following a burn injury 
[1]. The greatest unmet challenges in burn patients are related to the dysfunction and deformity from postburn scars [2]. The for-
mation of hypertrophic scars is considered a result of an imbalance between extracellular matrix synthesis and degradation during 
wound healing [3]. The reduction of ECM synthesis and the promotion of ECM degradation can inhibit the formation of hypertrophic 
scars [4]. 

Laser treatment based on the theory of photothermolysis has been used to improve the appearance and function of scars [5]. 
Ablative fractional laser provides deep penetration and collagen remodeling, and dermal regeneration can be subsequently achieved. 
The optimized treatment depth should be proportional to the thickness of the scar. The depth of microscopic thermal zones (MTZs) 
induced by ablative fractional carbon dioxide laser is determined by the laser energy setting. To date, the maximal depth induced by an 
ablative fractional carbon dioxide laser is as high as approximately 4.0 mm in the dermis [6]. Therefore, obvious therapeutic effects 
cannot be obtained in thicker hypertrophic scars. Moreover, the incidence of adverse effects, such as bleeding, inflammation and 
infection, increases with increasing laser treatment energy. However, transdermal delivery followed by ablative fractional laser 
treatment could be better at improving scar formation [7]. Therefore, this study was designed to assess the efficacy and safety of 
ablative fractional carbon dioxide lasers assisted with different topical triamcinolone delivery methods for treating thicker hyper-
trophic scars (height score of VSS ≥2). 

2. Results  

1. Demographic characteristics of the patients. 

A total of 155 patients, including 76 males and 79 females, were enrolled in this study. As shown in Table 1, 88 patients were 
enrolled with an average age of 29.7 years old (29.7 ± 11.4) in the triamcinolone external application group and 67 patients with an 
average age of 36.0 years old (36.0 ± 13.4) in the triamcinolone intralesional injection group. The scar height score was 2.86 ± 0.86 in 
the triamcinolone external application group and was 2.99 ± 0.77 in the triamcinolone intralesional injection group. The most 
common cause of injury in both groups was by fire/flame. The majority of the scars were located in the head and neck, followed by the 
upper limbs. A total of 48.4 % of the patients experienced scar pruritus, and 31.0 % suffered from scar pain. There were no significant 
differences in the distribution of sex, scar location, or adverse effects between the triamcinolone external application group and the 
triamcinolone intralesional injection group (Table 1).  

2. Treatment efficacy after treatment 

The overall VSS score of the patients in both the triamcinolone external application group and the triamcinolone intralesional 
injection group was significantly decreased. The VSS score results showed that scar pigmentation, vascularity, pliability and height was 
significantly decreased in the triamcinolone intralesional injection group, while only scar pigmentation was reduced in the triam-
cinolone external application group. The objective assessment results measured by durometry showed that the scar hardness in both 
groups was significantly decreased after the treatment compared to the pretreatment. However, the redness of the scar evaluated by 

Table 1 
Demographic and medical characteristics of the population.  

Groups triamcinolone external application triamcinolone intralesional injection P value Total 

Number of patients 88 67  155 
Sex   0.307a  

Male, n (%) 40 (45.5 %) 36 (53.7 %)  76 (49.0 %) 
Female, n (%) 48 (54.5 %) 31 (46.3 %)  79 (51.0 %) 

Age at injury, (mean ± SD, years) 29.7 ± 11.4 36.0 ± 13.4  32.4 ± 12.6 
Etiology, n (%)   0.000a  

Scald 20 (22.7 %) 7 (10.4 %)  27 (17.4 %) 
Fire/Flame 35 (39.8 %) 40 (59.7 %)  75 (48.4 %) 
Chemical agent 6 (6.8 %) 13 (19.4 %)  19 (12.3 %) 
Electricity 6 (6.8 %) 4 (6.0 %)  10 (6.5 %) 
Other 21 (23.9 %) 3 (4.5 %)  24 (15.5 %) 

Scar location, n (%)   0.704a  

Head and neck 51 (58.0 %) 37 (55.2 %)  88 (56.8 %) 
Trunk 5 (5.7 %) 7 (10.4 %)  12 (7.7 %) 
Upper limbs 24 (27.3 %) 16 (23.9 %)  40 (28.4 %) 
Lower limbs 8 (9.1 %) 7 (10.4 %)  15 (9.7 %) 

Scar height score of VSS 2.86 ± 0.86 2.99 ± 0.77 0.204b 2.94 ± 0.82 
Number of patients with scar pruritus, n (percent) 48 (54.5 %) 27 (40.3 %)  75 (48.4 %) 
Number of patients with scar pain, n (percent) 21 (23.9 %) 27 (40.3 %)  48 (31.0 %) 

Note. a: Chi-Square Test. B: ANOVA. 
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spectrocolorimetry did not significantly change in either group (Table 2).  

3. Treatment efficacy between the triamcinolone external application group and the triamcinolone intralesional injection group 

The patients in the triamcinolone intralesional injection group had a higher treatment efficacy (19.77 ± 21.25 %) based on the VSS 
score than the patients in the triamcinolone external application group (5.94 ± 24.07 %) (p = 0.000), especially in the improvement of 
scar pliability (20.52 ± 30.99 % vs. − 2.56 ± 40.28 %) (p = 0.000) and height (18.78 ± 29.28 % vs. 0.40 ± 38.35 %) (p = 0.001). 
Meanwhile, the reduction percentage of scar hardness was much higher in the triamcinolone intralesional injection group (43.66 ±
34.65 %) than in the triamcinolone external application group (16.26 ± 43.84 %) (p = 0.000) (Table 3). 

In the triamcinolone external application group, 4 (4.5 %) patients had significant improvement (50 % -≤ 75 %), 11 patients (12.5 
%) had moderate improvement (25 % -≤ 50 %), 21 patients (23.9 %) had mild improvement (0 % -≤ 25 %), and 52 patients (59.1 %) 
had no improvement (≤0 %). Interestingly, in the triamcinolone intralesional injection group, more patients had mild (24 patients 
(35.8 %)) and moderate (23 patients (34.3 %)) improvement, and fewer patients had no improvement (16 patients (23.9 %)) (P =
0.000, Table 4).  

4. The adverse effects between the triamcinolone external application group and the triamcinolone intralesional injection group 

A total of 53.4 % of the patients in the triamcinolone external application group had adverse effects, including oozing (25.0 %), 
bleeding (15.9 %), and swelling (12.5 %), after laser treatment. In the triamcinolone intralesional injection group, 55.2 % of the 
patients had adverse effects, including oozing (29.9 %), bleeding (20.9 %), and swelling (4.5 %). However, there were no differences in 
the distribution of the adverse effects in either group. We did not observe atrophy or telangiectasia in either group (P = 0.172, Table 5). 

3. Discussion 

Hypertrophic scarring is the result of abnormal wound healing, presenting as continuous inflammation, fibroblast proliferation, 
vascularization and collagen deposition [8]. Over the past few decades, laser treatments have been demonstrated to play a fantastic 
role in the improvement of multiple scar characteristics, including thickness, color, pruritus, and pain [9]. Ablative fractional carbon 
dioxide lasers have been used widely in the management of different scars, especially hypertrophic scars. The mechanism of ablative 
fractional carbon dioxide laser serves to restore the collagen architecture and inhibit transforming growth factor β1 expression, 
resulting in increases in the dermal pliability, reduction in the thickness and promotion of a mature scar. 

Corticosteroid injection, alone or combined with other therapeutic procedures, is a mainstay in the treatment of hypertrophic scars 
[10]. Recent meta-analyses have shown that intralesional corticosteroids can induce regression in 50 %–100 % of cases and that there 
is a 9 %–50 % recurrence of hypertrophic scars [11–13]. Corticosteroids modulate the wound healing process by decreasing fibroblast 
proliferation, inflammatory cytokine production, and collagen and glycosaminoglycan synthesis, resulting in suppression of the 
synthesis of inflammatory mediators, such as transforming growth factor β1 (TGF-β1). However, the application of corticosteroid 
injections are always used in small and/or single scar areas. The adverse effects of corticosteroid injections are pain, skin atrophy, 
hypopigmentation, hyperpigmentation, and telangiectasia [14]. 

Manuskiatti reported that thermomechanical fractional injury-assisted topical corticosteroid delivery is an effective treatment for 
hypertrophic scars with a lower risk of adverse effects [15]. However, the mean scar thickness in this study was only 1.2 mm, which 
cannot completely represent the therapeutic response of hypertrophic scars, especially scars more than 2 mm in height. In our study, 
we studied thicker scars (≥2 height of VSS) and demonstrated improvement when using laser combined with both topical triam-
cinolone delivery methods. We found that the VSS and hardness score were decreased after treatment in both groups. The ablative 
fractional carbon dioxide laser used in our study was set to the deep mode with an energy range of 30 MJ, which was correlated with a 
treatment depth of 800 μm. This maximum treatment depth was less than the thickness of the scar. However, using the ablative 
fractional carbon dioxide laser followed by triamcinolone delivery could also improve hypertrophic scar formation. After ablative 
fractional laser treatment, the laser channel in the skin showed an ‘empty’ zone, which can enhance drug penetration and absorption 
[16,17]. In addition, Emily et al. found uniform dermal drug distribution in the ~520 μm lateral spaces between laser channels [18]. 

Table 2 
Assessment results before (pre-) and after (post-) treatment.  

Hypertrophic scar triamcinolone external application triamcinolone intralesional injection 

Pre-treatment (M±SD) Post-treatment (M±SD) p-value Pre-treatment (M±SD) Post-treatment (M±SD) p-value 

VSS 8.73 ± 1.81 8.08 ± 2.19 0.034* 9.75 ± 1.54 7.84 ± 1.94 0.000** 
Pigmentation 1.89 ± 0.60 1.67 ± 0.69 0.028* 2.10 ± 0.46 1.82 ± 0.42 0.000** 
Vascularity 1.72 ± 0.66 1.52 ± 0.71 0.063 1.97 ± 0.43 1.57 ± 0.53 0.000** 
Pliability 2.26 ± 0.67 2.18 ± 0.70 0.443 2.69 ± 0.66 2.09 ± 0.67 0.000** 
Height 2.86 ± 0.86 2.70 ± 0.91 0.235 2.99 ± 0.77 2.36 ± 0.79 0.000** 

hardness 25.70 ± 14.65 18.41 ± 9.45 0.000** 26.87 ± 13.09 13.62 ± 9.24 0.000** 
lightness 47.44 ± 5.14 49.30 ± 4.96 0.016* 47.25 ± 4.42 48.69 ± 5.10 0.083 
Redness 10.14 ± 2.66 9.57 ± 2.46 0.141 9.98 ± 2.67 9.63 ± 2.35 0.421 

Note. M = mean; SD = standard deviation. Paired-Sample t-tests. 
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Therefore, ablative fractional laser combined with triamcinolone could increase the clinical efficacy in the improvement of hyper-
trophic scars. 

Moreover, in our study, we compared the two different topical triamcinolone delivery methods, and we found that the VSS 
(especially the pliability and height score) and hardness decline rate in the laser combined with triamcinolone intralesional injection 
group were much greater than those in the laser combined with postprocedure topical triamcinolone suspension application group. 
This result might be due to the deeper penetration and stronger concentration in the injection group. Although ablative fractional laser 
is an established technique to enhance uptake of topical agents in the skin, the channels created by the laser gradually diminish within 
hours and re-epithelialize at approximately 2 days [19,20]. Therefore, the penetration time in the topical triamcinolone external 
application group was shorter than that in the intralesional injection group. Despite the stronger concentration in the injection group, 
there were no differences in the incidence of adverse effects, including oozing, bleeding, and selling, in our study. When it was 
combined with laser treatment, the frequency of intralesional injection was decreased from once every two weeks to once every month 
[21], which can also reduce the incidence of triamcinolone adverse effects. 

There is a limitation of the present study. After three treatment sessions for the thicker scars, we found that in both groups, most of 
the patients had less than 50 % clinical efficacy in the VSS score change. Nevertheless, we found that the scars in some patients were 
more improved after more than 3 sessions of laser treatment (Fig. 1). The 3 treatment sessions might be short for the improvement of 
thicker scars. It is better to explore the long-term effects of thicker hypertrophic scars and to determine the optimal number of 
treatment sessions. 

4. Conclusion 

This study indicated that ablative fractional carbon dioxide laser combined with triamcinolone is an effective and safe treatment for 
thicker hypertrophic scars and had a lower risk of adverse effects. The topical triamcinolone intralesional injection delivery had a 
better treatment outcome than the topical triamcinolone suspension application in thicker hypertrophic scars. 

5. Materials and methods  

1. Patients 

Patients were enrolled from January 2018 to December 2020 from the Institute of Burn Research in the Southwest Hospital of Army 

Table 3 
Treatment efficacy between the two groups.  

Hypertrophic scar triamcinolone external application (M±SD) triamcinolone intralesional injection (M±SD) p-value 

VSS% 5.94 ± 24.07 19.77 ± 21.25 0.000 
Pigmentation% 9.28 ± 34.36 10.70 ± 26.70 0.781 
Vascularity% 11.74 ± 34.29 16.67 ± 39.36 0.407 
Pliability% − 2.56 ± 40.28 20.52 ± 30.99 0.000 
Height% 0.40 ± 38.35 18.78 ± 29.28 0.001 

Hardness% 16.26 ± 43.84 43.66 ± 34.65 0.000 
Lightness% − 4.58 ± 11.22 − 4.77 ± 12.69 0.921 
Redness% − 0.32 ± 36.22 − 1.15 ± 40.24 0.893 

Note. M = mean; SD = standard deviation. ANOVA. 

Table 4 
The distribution of treatment efficacy of Vancouver Scar Scale (VSS) between the two groups.  

Groups ≤0 % 0%–25 % 25%–50 % 50%–75 % >75 % Total 

triamcinolone external application 52 (59.1 %) 21 (23.9 %) 11 (12.5 %) 4 (4.5 %) 0 (0 %) 88 
triamcinolone intralesional injection 16 (23.9 %) 24 (35.8 %) 23 (34.3 %) 4 (6.0 %) 0 (0 %) 67 
Total 68 45 34 8 0 155 

Note. P = 0.000, Chi-Square Test. 

Table 5 
The adverse effects between the two groups.  

Groups triamcinolone external application triamcinolone intralesional injection P value Total 

Adverse effects, n (percent) 47 (53.4 %) 37 (55.2 %) 0.172a 84 (54.2 %) 
oozing 22 (25.0 %) 20 (29.9 %)  42 (27.1 %) 
bleeding 14 (15.9 %) 14 (20.9 %)  28 (18.1 %) 
swelling 11 (12.5 %) 3 (4.5 %)  14 (9.0 %) 

Note. a: Chi-Square Test. 
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Medical University, Chongqing, China. This retrospective study was approved by the Ethics Committee of the First Affiliated Hospital 
of Army Medical University. All patients signed an informed consent approved by the hospital ethics committee. All the patients’ 
information was kept confidential. The clinical data included demographic information (age and sex), burn injury characteristics, the 
Vancouver Scar Scale (VSS) score of each patient, the hardness and color of the scar, and the laser treatment parameters. 

The inclusion criteria were as follows: 1) height score of VSS ≥2; 2) age 14–65 years; 3) the maximal diameter of scar between 0.5 
and 5 cm; 4) ablative fractional CO2 laser treatment and triamcinolone were received after injury; and 5) complete information pre- 
and postlaser treatment. 

The exclusion criteria were as follows: 1) active systemic disease, including infection in the treatment area or tumor; and 2) a lack of 
clinical data. 

According to the triamcinolone application, the patients were divided into a triamcinolone external application group and a 
triamcinolone intralesional injection group.  

2. Laser treatment protocol 

Fig. 1. The photo images of patients before and after ablative fractional CO2 laser treatment assisted with different topical triamcinolone delivery 
way. A: 19 years old woman suffered with flame injury started to receive laser treatment assisted with triamcinolone external application. The 
texture and thickness of scar were improved after 3 times of treatment. B: 37 years old man suffered with scald injury started to receive laser 
treatment assisted with triamcinolone intralesional injection. A significant improvement of scar pigmentation, vascularity, texture and thickness was 
evident after 8 treatment sessions. C: 14 years old teenager suffered with scald injury started to receive laser treatment assisted with triamcinolone 
intralesional injection. The scar size, height, texture and color were significant improved after 10 treatment sessions. (For interpretation of the 
references to color in this figure legend, the reader is referred to the Web version of this article.) 
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The ablative fractional carbon dioxide laser (Acupulse, Lumenis Ltd., Israel) was set to deep mode with an energy range of 30 MJ 
and a density range of 10 %. The superficial mode treatment parameters included an energy range of 150 MJ and a density range of 40 
%. The size and shape of the light spot were set according to the size and shape of the scar. All the patients received both the deep mode 
and superficial mode. 

Topical anesthetic lidocaine cream (1 g cream including 25 mg prilocaine and 25 mg lidocaine) (Beijing Ziguang Pharmaceutical 
CO., Ltd., China) was applied under occlusion for 1 h. Then, the anesthetic cream was cleaned off before the procedure. Alcohol (75 %) 
was applied around the scar treatment area, and the area was properly dried before laser scanning. 

In the triamcinolone external application group, 40 mg/ml triamcinolone acetonide suspension (Kunming Jida Pharmaceutical 
CO., Ltd., China) was applied directly to ablative laser microcolumns within 2 h after the laser treatment. In the triamcinolone 
intralesional injection group, triamcinolone was injected intradermally into the scar before the laser therapy and was injected until the 
scar turned white. The injections were made at different points with a point distance of more than 1 cm. According to the patient’s age, 
physique, and scar size, the injection dosage each time was 10–40 mg. All patients in the two groups received standardized scar care, 
including daily scar cleaning, scar massage and pressure therapy. All patients received three fractional carbon dioxide laser treatment 
sessions at 4-week intervals. The patients did not get further application of triamcinolone during the monthly gap between the therapy 
sessions.  

3. Assessment of treatment efficacy 

Treatment efficacy and safety in the two groups were evaluated one month after three fractional carbon dioxide laser therapy 
sessions. Photographs were obtained using a digital camera (Canon, EOS 6D, Canon, Japan) with consistent settings, lighting, and 
patient positioning at baseline, before each treatment and one month after the final treatment. Two blinded clinicians performed 
objective clinical evaluations separately using the VSS, which included pigmentation, pliability, height, and vascularity. The two 
clinicians measured the hardness of the scar independently using a durometer (Shore, HT-6510OO, Guangzhou Landtek Instrument 
Co., LTD, China). The MiniScan XE Plus spectrocolorimeter (HunterLab, Reston, VA, USA) was employed to evaluate the color of the 
scar in terms of lightness and redness. The primary outcomes were the total VSS score before laser treatment and at a one-month 
follow-up after the last laser treatment. The secondary outcomes were the scar hardness measured by durometry and color evalu-
ated by spectrocolorimetry. 

According to the effectiveness percentage (effectiveness percentage = [initial value-last value]/initial value*100 %), the treatment 
effectiveness was categorized into 5 groups: ineffective (≤0 %), mildly effective (0 % -≤ 25 %), moderately effective (25 % -≤ 50 %), 
significantly effective (50 % -≤ 75 %), and very significantly effective (>75 %). 

SPSS 23.0 software (Chicago, IL, U.S.) was used for statistical analysis in this study. The data are expressed as the mean ± standard 
deviation (SD). For categorical variables, the data are presented as n (%). The baseline characteristics of the patients and the difference 
in adverse events between the two groups were determined using chi-squared tests. Comparisons between the pre- and posttreatment 
values were performed using paired-sample t tests. Comparisons between the two groups were performed using ANOVA. The distri-
bution of treatment efficacy between the two groups was determined using chi-squared tests. P < 0.05 was regarded as statistically 
significant. 
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