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Abstract Morphea is a rare fibrosing skin disorder that occurs as a result of abnormal homogenized collagen synthesis.
Fractional ablative laser resurfacing has been used effectively
in scar treatment via abnormal collagen degradation and induction of healthy collagen synthesis. Therefore, fractional
ablative laser can provide an effective modality in treatment
of morphea. The study aimed at evaluating the efficacy of
fractional carbon dioxide laser as a new modality for the treatment of localized scleroderma and to compare its results with
the well-established method of UVA-1 phototherapy.
Seventeen patients with plaque and linear morphea were included in this parallel intra-individual comparative randomized controlled clinical trial. Each with two comparable
morphea lesions that were randomly assigned to either 30
sessions of low-dose (30 J/cm2) UVA-1 phototherapy (340–
400 nm) or 3 sessions of fractional CO2 laser (10,600 nmpower 25 W). The response to therapy was then evaluated
clinically and histopathologically via validated scoring systems. Immunohistochemical analysis of TGF-ß1 and MMP1
was done. Patient satisfaction was also assessed. Wilcoxon
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signed rank test for paired (matched) samples and Spearman
rank correlation equation were used as indicated. Comparing
the two groups, there was an obvious improvement with fractional CO2 laser that was superior to that of low-dose UVA-1
phototherapy. Statistically, there was a significant difference
in the clinical scores (p = 0.001), collagen homogenization
scores (p = 0.012), and patient satisfaction scores (p = 0.001).
In conclusion, fractional carbon dioxide laser is a promising
treatment modality for cases of localized morphea, with
proved efficacy of this treatment on clinical and histopathological levels.
Keywords Fractional carbon dioxide laser . UVA-1
phototherapy . Localized scleroderma . Treatment . TGF-β1 .
MMP1 . Randomized controlled trial

Background
Morphea or localized scleroderma is a rare inflammatory
fibrosing disorder of the skin and underlying tissues which
can cause significant morbidity and cosmetic disfigurement
that may affect the patients’ quality of life [1].
The treatment of morphea continued to be a strong challenge where several modalities of therapy are available with
no clear consensus guidelines [2]. UVA-1 phototherapy (340–
400 nm) is an effective well-established mode of treatment
with a good safety profile. However, this treatment may not
be feasible due to the need of multiple sessions, in addition to
the unacceptable cosmetic risk of UVA-1-induced hyperpigmentation [3].
Fractional ablative lasers (FALs) were proven effective in
the treatment of hypertrophic scars and keloids [4]. Since the
hallmark of both scars and morphea is fibrosis, attention was
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raised for the possible use of FALs as a treatment modality for
morphea.
The rationale of the current study was to evaluate the efficacy of the fractional carbon dioxide laser as a new modality
for treatment of morphea and to compare its results with the
well-established method of UVA-1 phototherapy. We hypothesize that FAL therapy for localized morphea would have
comparable results to UVA sessions using less number of
visits to the dermatology outpatient clinic.

Patients and methods
The current study is a parallel intra-individual comparative
randomized controlled clinical trial with allocation ratio 1:1.

Fig. 1 Flow diagram of the intraindividual randomized controlled
study

Recruitment and enrollment
Twenty-five patients with localized morphea who consecutively presented over 1 year to outpatient clinics of
Dermatology Department, Kasr Al-Aini Hospitals, Faculty
of Medicine, Cairo University, were assessed for eligibility
to be enrolled in the study. This sample size was based on
the rarity of the disease, where the mean incidence of cases
of morphea in the dermatology outpatient clinic, Cairo
University along the past 5 years was 13 cases per year ± 2
patients. Inclusion criteria were patients with plaque and linear
morphea (limb variant and en coup de sabre), either newly
diagnosed or discontinuing any treatments for at least
3 months before the study. Patients with deep and systemic
types of morphea, contraindications to phototherapy and/or
laser therapy were excluded (Fig. 1). The study was approved
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by the Dermatology Research Ethical Committee (Derma
REC) at Kasr Al-Aini Hospital. Informed consents for participation and photography were signed by all patients. The
study was registered on clinical trial.gov with an ID:
NCT02002897.
Our primary outcome measure was to evaluate the efficacy
of fractional ablative laser in treatment of morphea.
Assessment was done as regards clinical improvement, histopathological and immunohistochemical analysis, and patient
satisfaction scores. Results were compared to those of the
standard treatment with low-dose UVA-1 phototherapy. Our
secondary outcome measures were assessing the complications and the mechanism of action of fractional CO2 laser on
collagen remodeling.

Baseline assessment
Prior to the study, each patient was subjected to thorough
history taking and clinical examination. The two most affected
lesions with rather similar clinical scores were evaluated regarding: thickness, dermal atrophy, dyschromia, and erythema
based on the scores adopted and modified from Localized
Scleroderma Cutaneous Assessment Tool (LoSCAT) [5]
(Table 1).

Evaluation
Clinical evaluation
Clinical evaluation was done before, on monthly basis, and at
the end of study (EoS), following the same scoring system that
Table 1 Adopted localized scleroderma clinical scoring system
(LoSCAT) [5]
Score (Unit) 0

1

2

3

Skin
Normal skin Thickened Moderate
Marked
/ mobile
thickening
Thickness
thickness/
thickening
/ decreased
freely
/ unable to
ability to
mobile
pinch the
move the
skin
skin
Shiny
Visible
Obvious
Dermal
None /
vessels
dermal
Atrophy
normal
atrophy
skin
(cliff drop)
Mild
Moderate
Marked
Erythema
None /
normal
skin
Dyschromia None /
Mild
Moderate
Marked
normal
skin
Arkachaisri et al. [5]

was used in baseline assessment. Improvement was graded as
follows: poor: no improvement, fair: <40 %, good: 40–59 %,
very good: ≥60 % improvement. End of study (EoS) was at
the last session in UVA-1-treated areas and 1 month after the
last session in FAL-treated areas.
Patient satisfaction scores
Patient satisfaction scores were evaluated at the end point of
the study regarding overall improvement, the feasibility of
therapy, and side effects according to a standardized patient
satisfaction score [6].
Histopathological evaluation
Three-millimeter deep punch biopsies were obtained before
and after the treatment period for each lesion. The posttreatment biopsies were obtained at the study end point (after
the last session in UVA-1-treated areas and 1 month after the
last session in FAL-treated areas). Biopsies were fixed and
stained with hematoxylin and eosin (H&E) for routine histopathological evaluation and anti-TGF-ß1 antibodies and antiMMP1 antibodies immunohistochemically.
The H&E stained sections were examined under light microscopy by a certified dermatopathologist who was blinded
to the modes of therapy. The extent of collagen homogenization in papillary, superficial reticular, and deep reticular dermis was assessed semi-quantitatively according to the scoring
system suggested by Verrecchia et al. [7].
The perivascular infiltrate was assessed as follows: 0 indicates no infiltrate, 1 indicates mild infiltrate, and 2 indicates
tight cuffing of the blood vessels.
Immunohistochemical evaluation
Sections (5-μm thick) were immunostained for detection of
TGF-β1 (US Biological, Massachusetts, USA) (Cat.#
029905) and MMP-1 (Lab Vision, Co, Fremont, USA)
(Cat.#RB-1536-P0). Staining of formalin-fixed tissues required boiling of tissue sections in 10 mM/L citrate buffer,
pH 6.0 (Labvision/NeoMarkers, Fremont, CA, USA) for 10–
20 min followed by cooling at room temperature for 20 min.
Antigen visualization was performed using Super
SensitiveTM Link-Label Detection Systems Concentrated
Format (BioGenex, Fremont, CA, USA), avidin–biotin complex technique, and 3,30-diaminobenzidine tetrahydrochloride (DAB chromogen) (BioGenex, Fremont, CA, USA).
Mayer’s hematoxylin was used for counter staining [8].
Quantitative morphometric studies of TGF-ß1 and MMP1
immunohistochemistry of all skin sections were performed
using the image analyzer (Leica Qwin 500 LTD image analysis computer system, UK). The pattern of expression and the
degree of positivity were recorded. The quantitative
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morphometric measurements were recorded for both TGF-ß1
and MMP1 in 5 randomly selected, non-overlapping high
power fields (HPF) using ×40 objective lens. The mean area
percent of positive immunoreaction was recorded using binary
mode. Positive immune reaction appeared as brown deposits,
in a cytoplasmic pattern of staining [9, 10].

Correlation between various variables was done using
Spearman rank correlation equation. p values less than 0.05
were considered statistically significant, and p values less than
0.001 were considered statistically highly significant. All statistical calculations were done using computer program SPSS
(Statistical Package for the Social Science; SPSS Inc.,
Chicago, IL, USA) release 15 for Microsoft Windows (2006).

Evaluation by ultrasound biomicroscopy
Dermal thickness in millimeters was measured by ultrasound
biomicroscopy (UBM) for a sample of nine patients only (due
to difficult access to the skin lesion of the rest of patients as the
examination arm is designed for ophthalmologic examination
with limited mobility). The used machine was paradigm ultrasound biomicroscopy plus Model P45 using very high frequency ultrasound (50 MHz).
Treatment interventions
The two most affected lesions with relative similar clinical
scores were randomized to the treatment methods.
Randomization was carried out using the sealed envelope
method where the patients drew lots between sealed envelopes, contact cards with treatment codes either UVA-1 phototherapy for lesion A and fractional CO2 laser therapy for
lesion B. The first author generated the random allocation
and enrolled the participants, whereas clinical assessment
was done by the fourth author who was blinded to the used
intervention.
UVA-1 treatment
Lesion A received a total of 30 sessions of low-dose UVA-1
phototherapy, at a rate of 3 sessions per week over 10 weeks.
A UVA-1 phototherapy hand lamp unit (Waldmann, UV 109
A, Germany) was used with a radiation spectrum ranging from
350 to 400 nm with a maximum peak at 370 nm. The dose per
session was 30 J/cm2.
Fractional CO2 laser treatment
Lesion B received three laser sessions, separated by 1-month
intervals, using fractional CO2 laser (DEKA, SmartXide DOT,
Italy). Treatment parameters were as follows: Power 25 W
stack 2, dwelling time 500 msec, spacing 500 μm.
Statistical methods
Data were statistically described in terms of mean ± standard
deviation (± SD), median and range, or frequencies (number
of cases) and percentages when appropriate. Comparison of
numerical variables between the study groups was done using
Wilcoxon signed rank test for paired (matched) samples.

Results
Demographic and clinical data of the 17 patients are summarized in Table 2. A flow diagram for the study is shown in
Fig. 1. The study lasted for about 1 year.
Clinical evaluation
Both studied groups of lesions showed clinical improvement.
The UVA-1 group showed poor response in 1 patient (6 %),
fair response in 10 patients (59 %), and good response in 6
patients (29 %). The fractional CO2 laser-treated group
showed fair response in 1 case (6 %), good response in 9 cases
(53 %), and very good response in 7 cases (41 %).
In comparing the 2 groups, the fractional CO2 laser showed
better results, evident by the improved clinical scores after
treatment in a highly significant manner (p = 0.001)
(Table 3, Fig. 2). Patient satisfaction scores were significantly
higher in the fractional CO2 laser group compared to the UVA1 group (p = 0.001) (Table 3). The main side effects encountered with both treatment modalities are summarized in
Table 4.
Histopathological assessment
Both study groups showed an improvement of collagen
homogenization and inflammatory infiltrate. However,
the fractional CO2 laser group exhibited better improvement of collagen homogenization scores which was statistically significant (p = 0.012) (Table 3, Fig. 3). On the
other hand, the inflammatory infiltrate scores decrease
was higher in the UVA-1-treated group (scores decreased
from 23 to 14), compared to less decrease in the fractional
CO2 laser group (scores decreased from 23 to 19).
Immunohistochemical results
The levels of TGF–ß1 in the epidermis were undetectable
in all sections of the study. In the dermis, positive brown
staining was detected in endothelial cells of blood vessels
and inflammatory cells (mainly fibroblasts). Both UVA-1
and fractional CO2 laser-treated lesions showed a statistically significant decrease in the mean TGF-ß1 staining
after treatment (p = 0.001), indicating the improvement
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Table 2 Summary of
demographic and clinical data of
patients completing the study
(n = 17)

Item

Value

Mean ± SD or percentage %

7
47
2

25.6 ± 11.06

Sex

Min
Max
Males

Skin type

Females
III

15
10

88 %
59 %

Age in years

Type of morphea

Stage of disease

Duration of diseases in months
Previous therapy

12 %

IV

7

41 %

Plaque
Linear

12
3

70 %
18 %

En coup de sabre
Active

2
7

12 %
41 %

Indurated

9

53 %

Atrophic
Min
Max

1
6
96

6%
23.6 ± 29.3

Tried
Not

12
5

71 %
29 %

SD standard deviation

of the fibrotic state (Fig. 4). However, the difference between both groups was not statistically significant (p =
0.795) (Table 3).
As for MMP1, positive brown staining was detected mainly in extracellular matrix, keratinocytes, inflammatory cells
(mainly fibroblasts), endothelial cells of blood vessels, and
adnexa. Both UVA-1 and fractional CO2-treated lesions
showed increase in the mean MMP1 staining after treatment
compared to before treatment, which was statistically highly
significant (p = 0.000) indicating collagen degradation after

Table 3 Summary of clinical,
histopathological,
immunohistochemical (n = 17),
and UBM (n = 9) results

Evaluation method

Clinical score (unit) (LoSCAT)
Patient satisfaction score after
treatment (unit)
Collagen homogenization scores (unit)
TGF-ß1 (Mean area %)
MMP1 (Mean area %)
UBM dermal thickness (mm)

treatment (Fig. 5). In comparing the two groups, the difference
of the mean increase of MMP1 staining was not statistically
significant (p = 0.868) (Table 3).
Ultrasound assessment of dermal thickness
A statistically significant decrease in dermal thickness after treatment was noted in both modalities compared to before treatment
(p = 0.015 and p = 0.008 for UVA-1 and fractional CO2 laser,
respectively). Comparing the two groups, the fractional CO2

Time of
Evaluation

Before
EoS
EoS
Before
EoS
Before
EoS
Before
EoS
Before
EoS

UVA-1
phototherapy

Fractional CO2
laser

Mean ± SD

Mean ± SD

6.24 ± 2.412
4.24 ± 1.921
1.12 ± 0.06
7.53 ± 1.94
5.41 ± 2.45
2.52 ± 0.93
1.40 ± 0.82
15.41 ± 4.07
32.88 ± 8.53
1.44 ± 0.29
1.06 ± 0.18

6.53 ± 2.322
2.65 ± 1.73
2.24 ± 0.664
7.53 ± 1.94
3.71 ± 2.59
2.97 ± 0.83
1.70 ± 0.96
15.41 ± 4.48
33.17 ± 9.05
1.42 ± 0.29
0.91 ± 0.2

p
value

0.001*
0.001*
0.012*
0.795
0.868
0.017*

*P ≤ 0.05 (significant)
S.D standard deviation, LoSCAT localized scleroderma cutaneous assessment tool, EoS end of study, TGF-ß1
transforming growth factor ß1, MMP1 matrix metalloproteinase 1, UBM ultrasound biomicroscopy
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Fig. 2 Patient number 10:10 years old female with a plaque morphea
lesion on the left thigh before laser treatment. b After fractional CO2 laser
treatment, showing excellent response with almost normalization of the
skin, improvement as regards softening and dyschromia (score
pretreatment: 9, score post-treatment: 1). c Linear morphea lesion on
the right thigh before treatment. d After UVA-1 phototherapy (score pretreatment: 9, score post-treatment: 4). Note the post-UVA-1 hyperpigmentation, giving impression of worsening of the condition in spite of
evident softening by clinical evaluation

laser group showed better decreased dermal thickness than the
UVA-1 group, which was statistically significant (p = 0.017)
(Table 3, Fig. 6).

Discussion
The results of the current study proved that fractional ablative
carbon dioxide laser is a promising treatment modality for
cases of morphea, evident by the highly significant improvement in both the clinical scores and histopathological scores.
Table 4

Side effects encountered in both groups (n = 17)

Side effect

UVA-1
N (%)

FAL
N (%)

Hyperpigmentation
Non-compliance
Mild to moderate pain
Marked pain
Persistent erythema
Itching in 1st 24 h

4 (24 %)
1 (%)
0 (0 %)
0 (0 %)
0 (0 %)
0 (0 %)

1 (6 %)
0 (0 %)
17 (100 %)
10 (59 %)
1 (6 %)
8 (47 %)

FAL fractional ablative laser

Fig. 3 Photomicrographs of skin sections obtained from patient number
8 who achieved marked clinical improvement. a Pretreatment biopsy
(×40) square-shaped biopsy with marked homogenization of collagen. b
Post-fractional CO2 laser treatment biopsy (×40), showing thinning of the
collagen fibers. c Pretreatment biopsy (×40) showing thickened homogenized collagen. d Post-UVA-1 phototherapy biopsy (×40), showing thinning of the collagen fibers

The improved clinical scores of FAL-treated lesions are in
agreement with the results of the two previous case reports
[11, 12].
In the light of those case reports, as well as studies
using FALs in other fibrotic conditions such as burn scars
[4], a high fluence and multiple stacking were used in the
current study. In addition, the Smart Pulse technology that
was used in the current study has a unique advantage in
targeting the deeper tissues, where the first part of the
pulse (10 % of the entire pulse) consists of high peak
power pulse allowing for rapid ablation of the epidermis
and superficial dermis, while the second part of the pulse
with low peak power allowing for targeted heating of the
deeper tissues and subsequent collagen remodeling [13].
The mode of action of FALs in the treatment of morphea
is suggested to be through an immediate mechanical effect
through the induced microscopic treatment zones (MTZs)
which remove some of the homogenized or fibrotic tissue
releasing the skin tightness, and a rather more delayed
sustained effect of dynamic wound healing with induction
of collagen remodeling [4, 11] as proven by in vivo imaging technique [14].
In the present study, a significant decrease in the profibrotic marker TGF-ß1 level was detected after FAL treatment. It is reported that after an initial rise of TGF-ß1 in the
first 3 days after FAL treatment, gradual drop of TGF-ß1 follows for 30 days (time of assessment in the current study),
suggesting a physiological controlled wound healing process
[15, 16]. The significant rise of the MMP1 levels after laser
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Fig. 4 Photomicrographs of skin sections obtained from patient number
10 who obtained very good clinical response. a Before treatment showing
positive TGF-ß1 staining localized in the spindle-shaped fibroblasts,
perivascular infiltrate (star) and endothelial lining of blood vessels. b
After fractional CO2 laser treatment with decrease in the area of positive
staining limited to few fibroblasts (arrow) (TGF-ß1 immunohistochemistry, ×200). c Before treatment showing positive TGF-ß1 staining localized in the spindle-shaped fibroblasts (arrows) perivascular infiltrate and
endothelial lining of blood vessels. d After UVA-1 treatment with decrease in the area of positive staining limited to endothelial lining of blood
vessel (v) (TGF-ß1 immunohistochemistry, ×400)

treatment was also reported previously [15–17] to lead to degradation of the abnormal homogenized collagen bundles and
allowing its replacement with new normal collagen.
In the current study, FAL showed more significant improvement clinically, histopathologically, and by ultrasound which reflects decreased collagen density and homogenization [18].
The superior response of FALs compared to the low-dose
UVA-1 phototherapy may be attributed to several factors.
First, FALs exert more diverse actions on collagen remodeling. The main pathway of collagen degradation in UVA-1treated lesions was only increased collagenase (MMP1) as
reported beforehand [19, 20]. Molecular studies [16, 17] demonstrated that the efficacy of FALs was attributed to rise of
multiple MMPs including MMP 1,3,9 and 13.
Second, heat shock proteins (HSPs) are up-regulated in
response to damage, resulting from laser-induced coagulation
[21]. HSP72 was significantly elevated around the MTZs in
the early phase post-FALs treatment, which resulted in activation of epidermal stem cells and cells within the dermis

Fig. 5 Photomicrographs of sections obtained from patient number 10
who showed good clinical response. a Before treatment showing mild
positive MMP1 staining localized in some epidermal keratinocytes,
fibroblasts (arrow), extracellular matrix and endothelial lining of blood
vessels (star). b After fractional CO2 laser treatment with marked increase
in the area of positive staining localizing to the epidermis (E),
extracellular matrix (D), fibroblasts, and endothelial lining of blood
vessels. c Before treatment showing mild positive MMP1 staining
localized in extracellular matrix mainly (D). d After UVA-1 phototherapy
with marked increase in the area of positive staining localizing to the
epidermis (E), extracellular matrix, fibroblasts (arrows), and endothelial
lining of blood vessels (v) (MMP1 immunohistochemistry, ×200)

inducing rapid healing and initiating collagen remodeling.
Later on, HSP47 showed sustained up-regulation in the dermis in a diffuse pattern for 3 months post-FALs treatment
emphasizing the activation of fibroblasts in and around the
MTZs allowing long-term collagen dermal remodeling [22].
This action was the main rationale suggested for improvement
of burn scars treated with FALs [23].
Third, the ablation of MTZs itself removes some of the
homogenized tissue allowing early improvement of the skin
texture with release of the morphea-induced contracture before the actual start of the wound healing process and collagen
remodeling [11].
Lastly, an important benefit of FALs over UVA-1 is the
much lower incidence of post-inflammatory hyperpigmentation which worsens the cosmetic appearance of lesions, and it
may act as a hindering factor to anti-inflammatory and antifibrotic effect of further UVA-1 sessions, especially in darker
skin types [24]. In agreement with our results, the effectiveness of low-dose UVA-1 phototherapy in treatment of
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Fig. 6 Ultrasound
biomicroscopy of morphea
lesions of patient number 10 who
showed clinical improvement. a
Before treatment showing
thickened dermis. b After
fractional CO2 laser showing
marked decrease in dermal
thickness indicative of the
decrease collagen
homogenization. c Before
treatment showing thickened
dermis. d After UVA-1
phototherapy showing marked
decrease in dermal thickness
indicative of the decrease
collagen homogenization

morphea was proven in several studies [25–27]. In collating to
medium-dose UVA-1, clinical improvement was comparable
[28]. On the other hand, a recent study states that medium- and
high-dose regimens outperform low-dose UVA-1 in dermatoses beyond localized sclerosis, namely in 16 systemic sclerosis patients [29].
The current study was superior to previous studies, in being
the first (to the best of our knowledge) to assess the efficacy of
low-dose UVA-1 phototherapy in plaque and linear morphea
treatment in darker skin types (Fitzpatrick III and IV).
The main privilege that can be attributed to the UVA-1
phototherapy over FAL is its unique apoptotic effect on the
inflammatory T cells [30], mediating a strong antiinflammatory response in cases of active morphea. This was
evident histopathologically by a decrease in the inflammatory
cell scores in the UVA-1 group more than the fractional carbon
dioxide laser group.
Patients showed significantly higher patient satisfaction
scores in the fractional carbon dioxide laser group. The
dyschromia noted after UVA-1 treatment was the main concern as well as the feasibility of the treatment modality. This
was in accordance with Gambichler et al. [3] who described
hyperpigmentation as a side effect.
The main reported side effect of fractional CO2 laser was
pain during the sessions especially in children, as formerly
reported [31]. Proper use of topical anesthetic and cooling
during sessions helps minimize the pain.
In conclusion, the current study proved that fractional carbon dioxide laser is a promising treatment modality for cases
of plaque and linear morphea. It showed superiority to lowdose UVA-1 phototherapy.

Limitations of the study
FAL therapy was compared to low-dose UVA1 and not to
medium-dose UVA1 therapy.
Compliance with ethical standards
Conflict of interest None declared.
Funding sources Cairo University (in partial).
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