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Chapter 7 

SUMMARY 

Background: Localized scleroderma is characterized by circumscribed 
induration of the skin. Underlying subcutaneous tissue can also be involved, 
this can cause significant disabilities. Recent studies showed that both high-
dose and low-dose UVA1 phototherapy are effective in the treatment of 
sclerotic plaques. 
Objective: The purpose of this study was to evaluate the efficacy of medium-
dose UVA1 phototherapy in patients with localized scleroderma. 
Methods: A controlled pilot study with medium-dose UVA1 (48 J/cm2). The 
results were evaluated by means of skin score and two objective methods for 
quantifying sclerosis (cutometer and fast Fourier transform method). Patients 
were treated four times a week for 5 weeks. The follow up period was 12 
weeks. 
Results: All patients responded to therapy. Skin score and cutometer results 
showed improvement of skin elasticity of treated skin compared to control skin. 
Fast Fourier transform measurements showed no change in bundle orientation 
ratio and spacing. 
Conclusion: Medium-dose UVA1 is a beneficial therapy and a well tolerated 
treatment modality for localized scleroderma (morphea). 

INTRODUCTION 

Localized scleroderma or morphea is characterized by circumscribed induration 
of the skin. Typically the skin alterations consist of ivory-white plaques 
surrounded by a lilac ring. Internal organs are not involved and the prognosis of 
this skin disease appears to be favorable because spontaneous remission 
frequently occurs. Sometimes the disease progresses, and not only the skin but 
also underlying subcutaneous tissue (fat and muscle) can be involved. This may 
lead to muscle atrophy and also flexion contractures if localized over the joints, 
which can cause significant disabilities.' 
Many theories exist about the pathogenesis; one hypothesis is that endothelial 
cell damage leads to a cascade of events resulting in fibroblast stimulation and 
collagen production. Recent studies showed that in fibroblasts of lesional skin 
increased collagen expression was found together with decreased collagenase 
expression.23 Ultraviolet Al (UVA1; 340-400 nm) radiation is associated with 
induction of collagenase in fibroblasts of lesional skin.4 
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Several treatments have been tried such as topical and intralesional use of 
corticosteroids, systemic steroids, D-penicillamine, etretinate, interferon 
gamma, calcitriol, salazopyrine and penicillin. Until now no treatment has been 
proven to be beneficial in localized scleroderma. But recent studies showed that 
both high-dose (130 J/cm2) and low dose UVA1 (20 J/cm2) phototherapy is 
effective in the treatment of sclerotic plaques.5'6 

The aim of our study was to evaluate the efficacy of medium-dose UVA1 (48 
J/cm2) phototherapy in patients with localized scleroderma. In this paper we 
describe the results of a controlled pilot study in which eight patients were 
treated with medium-dose UVA1, and were evaluated by means of two recently 
introduced objective methods for quantifying sclerosis (skin elasticity 
measurement and fast Fourier transform method). 

PATIENTS AND METHODS 

Patients 
Eight patients (6 female and 2 male) with localized scleroderma participated in 
this study. All patients gave their informed consent. The diagnosis of localized 
scleroderma was made on clinical and histological evidence in all patients. 
Apart from localized scleroderma, all patients were healthy individuals. There 
was no evidence of systemic sclerosis or pseudoscleroderma. All patients had at 
least two clinically identical scleroderma lesions (mostly contralateral), in six 
patients the sclerotic lesions were located on the trunk, the other two patients 
had sclerotic skin on the legs. None of them had linear scleroderma. The 
surface of the treated and untreated individual scleroderma lesions varied 
between 20-80 cm2. 
Disease duration varied between 1-22 years (see table 1). No other treatment 
had been given for at least 3 months prior to the start with UVA1 radiation 
therapy. Before treatment skin biopsies were taken from lesional skin. 
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Table 1. Patient characteristics 

Sex/Age 

M/19 
F/34 
M/19 
F/56 
F/27 
F/16 
F/56 
F/25 

Disease 
dur 

7 
22 
5 
2 
7 
1 
4 
9 

(y) 
Localization 

Trunk 
Trunk, arms 
Trunk 
Hips, back 
Leg 
Leg 
Trunk 
Trunk 

Treatment before UVA1 

Penicillin, steroids (topical) 
Pentoxifylline, vitamin E 
Penicillin, steroids (topical) 
Steroids (topical) 
None 
Calcitriol 
Steroids (topical) 
Steroids (topical) 

Equipment 
The UVA1 irradiation equipment consisted of a Waldmann 7001 K cabin with 
Waldmann TL10 R low pressure lamps. (Waldmann, GmbH. Schwenningen, 
Germany). These lamps generate UVA1 wavelengths in the 340-400 nm range. 
In addition, infrared irradiation is emitted. However these infrared wavelengths 
are filtered out by an acrylic glass screen. The UVA1 irradiation levels are 
approximately 35 mW/cm2 and are measured by a standard intrinsic UV meter. 
A dose of 20 J/cm2 is achieved in approximately 10 minutes. 

Treatment 
All patients were exposed to total body UVA1 irradiation four times a week for 
5 weeks, resulting in a cumulative dose of 960 J/cm2. Additional therapy was 
not allowed. In all patients one of two selected sclerotic plaques (contralateral) 
was randomly covered by cotton gauzes, to prevent UVA radiation underneath. 
These covered sites served as internal control. In 3 patients without two 
anatomical equally distributed lesions one half of one plaque with a square area 
of at least 12 cm2 was covered with cotton gauze to serve as internal control 
lesion. 

Clinical evaluation 
Clinical examination was done by an independent observer. Skin score 
measurement7 was assessed before, after 2.5 weeks, after 5 weeks, after 7 
weeks and after 12 weeks. Cutaneous sclerosis was assessed on a 0 to 3 scale. 
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The modified Rodnan skin score was used (0 = normal skin, 1 = mild skin 
thickness, 2 = moderate skin thickness, 3 = severe skin thickness with inability 
to pinch the skin into a fold). All patients were interviewed at the same 
intervals and were asked about side effects and their subjective opinion about 
the efficacy of the therapy. 
Cutaneous elasticity was also assessed at the previous mentioned intervals by 
means of the SEM 474 cutometer (Courage + Khazaka Electronic GmbH, 
Cologne, Germany). This equipment exerts a controlled vacuum force to the 
skin and can objectively measure skin elasticity.8 

The fast Fourier transform (FFT) 
Punch biopsies (4mm) from treated lesional skin and non-treated lesional skin 
were taken, before and after treatment. The FFT method can calculate 
orientation and spacing of collagen bundles.9 Cutaneous sclerosis is 
characterized by parallel oriented collagen bundles. The periodicity and the 
orientation of structures, e.g. collagen bundles, can be represented as a so called 
power plot of the FFT of a digital image. Interpretation of the power plot is 
much easier and more accurate than trying to extract the same information from 
the original image, because all the spacings and orientations are effectively 
averaged together in a frequency domain. The FFT allows measurement of 
spacing- and orientation of collagen bundles as well as a histopathological 
evaluation of the same location in a section. 

Statistical analysis 
Statistical analysis of measurements obtained by skin score and cutometer was 
performed with Student t-test (p < 0.05, two-sided). 
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RESULTS 

Skin score and cutometer measurements did not differ in treated and control 
skin before therapy. All patients responded to therapy, according to skin score 
results. Skin score measurements (table 2) showed a softening of the treated 
skin versus the control skin, resulting in a lower skin scorcresult, 1,50 (±0,53) 
before therapy and 0.86 (±0,69) at follow up (2 weeks after cessation of 
therapy) versus 1,50 before and 1.43 after in unirradiated controls. None of the 
patients showed complete regression of the sclerotic plaques. During therapy 
cutaneous sclerosis responded well according to skin score results. No skin 
score evaluation was obtained after 12 weeks. 

Table 2. Skin score 

before 
after 2,5 weeks 
after 5 weeks 
after 7 weeks 

values 

Control 
n 

8 
8 
8 
7 

value 

1,50 
1,50 
1,38 
1,43 

sd 

0,53 
0,53 
0,52 
0,79 

UVA1 
value 

1.50 
1,13 
1,25 
0,86 

sd 

0.53 
0.35 
0.71 
0,69 

t-test 

0,080 
0,598 
0,030 

UVA1 treatment improved skin elasticity as evaluated with the cutometer from 
2 weeks on (table 3). Treated lesional skin showed a significantly increased 
elasticity at week 3, 5 and 7 when compared to control skin. At week 12, there 
was no significant difference in skin elasticity between treated and control skin. 
Fast Fourier transform technique did not reveal a change in bundle orientation 
ratio or bundle spacing during therapy, nor at follow up after 12 weeks (data 
not shown). 
All patients completed therapy. UVA1 phototherapy was well tolerated and 
there were no serious side effects. All patients showed generalized 
hyperpigmentation of the skin due to phototherapy. At the end of therapy all 
patients had completed 20 treatments with doses of 48 J/cnr per session 
resulting in a total UVA1 dose of 960 J/cnr. 
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Table 3. Absolute Cutometer values compared to baseline values 

before (baseline) 
after 3 weeks 
after 5 weeks 
after 7 weeks 
after 12 weeks 

Control 
n 

8 
8 
8 
7 
5 

value 

0,0 
-0,03 
-0,06 
-0,04 
-0,06 

sd 

0,0 
0,20 
0,12 
0,10 
0,42 

UVA1 
value 

0,0 
0,22 
0,14 
0,30 
0,01 

sd 

0,0 
0,15 
0,22 
0,31 
0,29 

t-test 

0,011 
0,015 
0,019 
0,538 

DISCUSSION 

Recent literature56 showed a beneficial effect of treatment with both high-dose 
and low-dose UVA1 in clearing of sclerotic plaques in morphea. We 
investigated whether these results could also be obtained by medium-dose 
UVA1 therapy. In all patients softening of the sclerotic plaques was observed. 
This was not the case in the non-irradiated plaques. The observed beneficial 
effects can therefore not be attributed to spontaneous remission. The 
mechanism of action of UVA 1 on sclerotic skin is still not elucidated, although 
previous reports5 showed a dose-dependent up regulation of collagenase 
activity, which could be responsible for the softening of the skin. 
Medium-dose UVA1 therapy induces indeed clinical improvement of lesional 
skin in patients with localized scleroderma when measured 2 weeks after the 
end of therapy. Longer follow up, revealed that the improvement of in elasticity 
attributed to UVA1 therapy did not last. After 3 months cutometer values did 
not differ from baseline value in the treated group. 
We did not observe a significant change in collagen bundle orientation, as 
measured by fast Fourier transform. This can be attributed to the relatively 
short evaluation time (7 weeks). Apparently, transformation of collagen bundles 
from a parallel arrangement to a basket weave arrangement takes more time. 
This suggests that change in sclerosis of the treated skin, which can be detected 
by skin score and cutometer measurement (softening of the skin and more 
elasticity), but not by fast Fourier transform measurements, is not caused by a 
change in collagen bundle orientation. 
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We showed that medium-dose UVA1 induces softening of sclerotic skin, 
although in none of our patients there was complete clearing of sclerosis. Five 
weeks of therapy seems to be too short to induce complete remission of 
sclerosis. Since the initial beneficial effect of UVA therapy on elasticity was 
undone by 3 months we propose that UVA1 therapy should be given for a 
longer period of time, at least to induce complete clearing of sclerosis. 
According to our results maintenance therapy could be required to prevent 
disease relapse. Further studies should determine the optimal duration and 
frequency of treatment. 
At present no proven beneficial therapy for morphea exists. UVA1 therapy 
seems to be an effective therapy for morphea. We evaluated the efficacy of 
medium-dose UVA1. Softening of the skin was observed in all of our patients 
after 20 treatments. UVA1 medium-dose long-term side effects (skin cancer due 
to DNA damage) are predicted to occur less frequently as compared to high-
dose UVA1 therapy. Medium-dose UVA1 gives favorable results in a shorter 
period of time as compared to low-dose UVA1 therapy, where a minimum of 3 
months exposure is needed to obtain clinical results. We concluded that 
medium-dose UVA1 therapy is a beneficial and well tolerated treatment 
modality for morphea. The use of medium-dose UVA1 is a valuable addition in 
the treatment of morphea, but long term studies are clearly needed. 
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