
The linear hypertrophic scar has become the most common type of pathologic scarring. Silicone-gel 
sheeting is the first line therapy while intralesional steroid is the second. A light and electron micro-
scopic analysis was carried out to reveal differences in tissue reaction following the two different treat-
ments.

Two groups of 12 patients each were treated for 4 months. For the first group, diluted Triamcinolone 
acetonide was injected until an inactive state was achieved. The other group of patients was treated with 
silicone-gel sheeting. The scars were examined every two weeks and their appearance documented. After 
reaching the expected therapeutic response, inactive scars were removed. The excised scars were evalu-
ated through light microscopic histopathology and electron microscopy.

The light and electron microscopic observations revealed marked differences following treatments. 
The activity of fibroblasts and the numbers of collagen fibers forming bundles decreased and the orienta-
tion of the collagen fibers was more variable in the treated scars. The amount of elastic fibers increased 
after both steroid and silicone-gel sheeting treatment. Vascularization was also slightly changed, with 
more capillaries and fewer pre-capillary arteries detected in the treated scars. Both treatments resulted in 
the same decrease in score but steroid treatment was more rapid in onset. We suggest that the two differ-
ent treatments work through different mechanisms, although the final functional outcome is similar.
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INTRODUCTION

Hypertrophic scars exclusively develop in humans, with the highest frequency 
encountered in the second decade. Hypertrophic scar is a well-described clinical and 
histochemical entity with characteristics that differentiate it from the other common 
form of abnormal wound-healing, the keloid formation [3, 13]. Available information 
about the cause of hypertrophic scar formation is scarce: regional susceptibility or a 
relationship with connective tissue diseases have been suggested [3, 13]. Hyper-
trophic scars represent an aberration of wound healing and cause symptoms like 
itching and pain and may cause serious functional and cosmetic problems. Therefore, 
successful treatment of hypertrophic scars is one of the main purposes of plastic 
surgery [3, 7, 13]. The aim of any medical intervention is to modify the connective 
tissue reaction in the abnormally developing scars. The main characteristic of the 
pathologic hypertrophic scar tissue is the increased fibroblast density and disordered 
collagen fibers that form bundles that mainly orient parallel to the epidermal surface. 
Therefore, one possible therapy is to reduce the production of the overabundant 
wound matrix. 

There are many studies about the usefulness of silicone-gel sheeting and intrale-
sional steroid therapies [1, 2, 6, 16]. The published observations and conclusions are 
frequently based on clinical results [4] and there is only one ultrastructural analysis 
of the scar tissue in the literature [8]. Such complex studies are essential to under-
stand the molecular and histological background to the clinical events [15]. In a 
previous study we have described our clinical experiences with hypertrophic scar 
treatment, and here we provide histological evidence that may explain the effective-
ness of the clinical treatments [7]. We provide the first light and electron micro-
scopic comparison of the connective tissue reaction in the scars following steroid and 
non-steroid treatment.

In this study, the results of clinical treatment and that of the histological evaluation 
of the other form of the excessive scar tissue, the keloids, are not included.

MATERIAL AND METHODS

Twenty-four patients suffering from acute linear hypertrophic scars were allocated 
into two groups. The inclusion criteria for entering the study were the following: 
good compliance, an untreated scar causing serious complaints, congruent and 
smooth surface of anatomical regions. Exclusion criteria were: autoimmune and con-
nective tissue diseases, systematic steroid therapy. All patients signed a standard, 
detailed, informed consent form. These documents are in the departmental archives. 
All scars were photographed before treatment and Vancouver-scores and subjective 
complaints were recorded. One untreated linear hypertrophic scar was also exam-
ined. This scar tissue was removed from an urgent vascular surgical re-operation. We 
compared the morphological observations from our treated patients to this growing, 
native, untreated scar.



Silicone-gel sheeting protocol

Patients were instructed to apply silicone sheet to their scars in the same fashion. 
Each of them received a sheet of the appropriate shape and size, in order to overlap 
the surrounding healthy skin by 2 centimeters. Patients were asked to wear it for at 
least 12 hours a day. All patients wore the same gel material (Epiderm, Biodermis, 
USA) for 4 months.

Intralesional steroid protocol

10% diluted solution of Triamcinolone acetonide (Inj. Kenalog, Astra, EC, 1 ampoule 
contains 40 mg active ingredient) was given intralesionally every two weeks. Two 
percent Lidocaine chlorate (Inj. Lidocain, Egis, Hungary) was used to dilute one 
ampoule of Triamcinolone acetonide in order to reduce the pain. The administered 
dosage was 4 mg/cm2. The needle size varied between 14 > 18 G, depending on scar 
pliability. The therapy was continued until it produced definite inactivity of scars. In 
the case of circumscribed recurrent lesions, only limited therapy was needed. Each 
group was evaluated every two weeks, using Vancouver-scores and photos. There 
were no severe side-effects, so all patients completed the 4 month period.

Light microscopy

Human scar tissue was obtained from 25 patients. The surgically removed tissue was 
immersed in 4% paraformaldehyde buffered with phosphate buffer (PB, 0.1 M, pH 
7.4). The scar tissues were sectioned perpendicularly to the surface and fixed in 5% 
buffered formaldehyde for 5 days, embedded in paraffin and 7 μm thick sections 
were cut. Haematoxylin-eosin staining (HE) was chosen as the standard method for 
demonstrating the light microscopic features of hypertrophic scars. In addition, rou-
tine Van-Gieson (picric acid and fuchsin) and Mallory’s trichromic staining were 
used to visualize collagen fibers and orcein-staining was used for elastic fibers.

Immunocytochemistry

Following paraffin removal and rehydration of the sections, microwave antigen 
retrieval was performed using 10 mM citrate buffer (pH 6.0). Sections were heated 
in a commercial microwave oven operating at a frequency of 2.45 GHz and 800 W 
power setting. After three heating cycles of 5 min each, slides were allowed to cool 
to room temperature and were repeatedly washed in Tris buffer (TB, pH 7.6). After 
washing in TB the sections were pre-incubated in normal horse serum (10% in TB, 
Vector Laboratories, Burlingame, CA) for 1 h, followed by overnight incubation in 
primary mouse monoclonal anti-human vimentin (1 : 500, Cymbus Biotechnology, 
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UK) in humidified chambers at room temperature. After incubation with biotinylated 
secondary antibody and ABC complex (Vectastain Elite Kit, Vector Laboratories), 
the immunoreaction was visualized with 3,3’-diaminobenzidine (DAB). Sections 
were counterstained with haematoxilin, dehydrated, cleared with xylene and covered 
with DePeX (Fluka Chemie, Switzerland). For the actin staining this protocol was 
slightly modified such that, after the microwave treatment, the incubation with actin 
antibody (1 : 200, LabVizion Si Actin Ab1 cat:MS 113 PO) was shortened to 60 min, 
followed by the incubation with the secondary antibody for 40 min (Vector ImmPress 
Universal Ab Kit). The immunoreaction was visualized with carbasol (Vector SK 
4200 AEC). After counterstaining with haematoxilin, the sections were mounted in 
gelatin.

Light microscopic sections were examined and photographed with Olympus 
BX50 (Japan) light microscope equipped with Nikon H-III automatic attachment and 
Nikon FDX-35 camera.

Electron microscopy

Human scar tissue was obtained from 25 patients. The surgically removed tissue was 
immersed in 4% paraformaldehyde buffered with phosphate buffer (PB, 0.1M, 
pH 7.4). After transportation to the laboratory, the tissue was cut in 10 mm-thick 
blocks, immersed in 4% paraformaldehyde and kept for 5–6 days at 4 °C. Following 
the fixation with paraformaldehyde, smaller blocks of approximately 1–2 mm3 were 
cut from scar tissue and placed in 2.5% glutaraldehyde solution for 2 h at room tem-
perature, washed several times with PB, osmicated with 1% osmium tetroxide for 1 h, 
dehydrated and embedded in Durcupan (Sigma, Germany) according to routine elec-
tron microscopic procedures. Blocks were treated with uranyl acetate in the 70% 
alcohol dehydration step for 1 hour. The Durcupan embedded blocks were sectioned 
(60 nm) with Leica ultramicrotome (Leica Ultracut R, Germany) and these ultrathin 
sections were collected on 200 mesh copper grids of 3 mm diameter, and stained with 
1% solution of lead citrate and uranyl acetate. Sections were examined with JEOL 
JEM 1200-EX II. (Japan) electron microscope using 80 kV. Areas of interests were 
photographed at different magnifications using a conventional camera. Black and 
white photomicgraphs were taken using the negatives and the plates were scanned to 
produce digitalized images.

Fig. 1. Light micrographs of Van Gieson stained sections. A. In the untreated hypertrophic scar, the epi-
dermis (e) forms a thick and flat layer on the scar’s surface with few and small epidermal evaginations 
into the dermis. Large amounts of irregular bundles of collagen fibers (f) fill the dermis. B. In the sili-
cone-gel sheeting treated hypertrophic scar, the thickness of the epidermal layer (e) is similar to that of 
the untreated scar. In the extracellular matrix the mature and immature collagen fibers are mixed and form 
irregular bundles (f) that lack clear orientation. C. In the intralesional steroid treated scar, the epidermis 
(e) is thinner. An excessive amount of immature and irregular mass of collagen fibers fills the dermis. 
The mature collagen fibers form loosely connected bundles running parallel with the epidermis.

Bar = 150 μm for A–C
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RESULTS

Morphological observations

Light microscopy

The untreated hypertrophic scar tissue, as in non-hypertrophic scar tissue, contained 
no skin appendages such as hair follicles or glands. In addition, the dermal-epidermal 
junction of hypertrophic scars was less complex than in the normal skin, displaying 
fewer and smaller dermal papillae. The thickness of the epidermal layer varied in the 
hypertrophic scar. The main components in the dermis of the hypertrophic scars were 
collagen-containing dense connective tissue and small blood vessels. The extracel-
lular matrix of untreated hypertrophic scar tissue was filled with immature collagen 
showing irregular structure with fiber bundles running parallel with the epidermal 
surface (Fig. 1A).

Following silicone-gel sheeting treatment, the orientation of collagen fibers was 
less uniform. The collagen fibers were broken into pieces and many of the fiber 
bundles ran obliquely to the surface (Fig. 1B). Interestingly, orientation of collagen 
fibers was better preserved in steroid-treated scars than following silicone-gel sheet-
ing (Fig. 1C). Both in the silicone-gel sheeted and steroid-treated scars, connective 
tissue in the sub-epidermal region was less dense than in the non-treated scar. Below 
the epidermal layers and at the epidermal-dermal junction, fibroblast density, which 
was high in the untreated hypertrophic scars, was reduced in both the silicone-gel 
sheeted and steroid treated scars. In general, the epidermal layer of the steroid 
treated scars was thinner than that of the silicone-gel sheeted scar. 

In addition to collagen fibers that were the common elements of the wound tissue, 
elastic fibers could also be observed in the hypertrophic scars (Fig. 2A, B). More-
over, like in the dermis of normal skin, elastic fibers were found in the papillae of the 
dermis at the epidermal-dermal junction. Although elastic fibers were relatively 
uncommon in the untreated scar (Fig. 2A), they were considerably increased in the 
treated scars (Fig. 2B). 

Many cells displayed vimentin immunoreactivity below the epidermal surface. 
The large round cells are probably fibroblasts, but some of the cells could be den-
dritic cells, for example, Langerhans cells (Fig. 3A). Both under the epidermis (Fig. 
3A) and in the deeper layers (Fig. 3B) many elongated, thin fibrocytes also expressed 
vimentin. In addition, vimentin immunoreactivity in the pericytes marked the blood 
vessels (Fig. 3B). Interestingly, both the silicone-gel sheeting and steroid treatments 
considerably reduced vimentin immunoreactivity in the subepidermal large cells 
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Fig. 2. Light micrographs of orcein-stained sections from untreated (A) and silicone-gel sheeting-treated 
(B) hypertrophic scars. A. In the dermal papillae and below the epidermis (e) of the untreated scar orcein-
stained elastic fibers (f) form bundles that run parallel with the epidermal surface. B. The elastic fibers
(f) are more numerous and form thicker bundles in the treated hypertrophic scar. Bar = 25 μm for A and B
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(Fig. 3C), in fibroblasts or fibrocytes (Fig. 3C) as well as in the pericapillary connec-
tive tissue cells (Fig. 3D).

It is known that many fibroblasts contain actin filaments, forming the so-called 
myofibroblasts that may play a role in the wound-contraction. Growth of microves-
sels appeared to be similar in both the untreated and treated scars. Actin immunore-
activity in the smooth muscle cells surrounding the pre-capillary arteries delineated 
microvessels of the scar tissue (Fig. 4). Actin immunostaining revealed more blood 
vessels in the untreated scar (Fig. 4A, C) than in the treated scars (Fig. 4B) suggest-
ing that microvascularization may change after treatment such that treated scars may 
contain more capillaries and fewer precapillary arteries than the untreated scars. In 
addition, independent from microvessels, a few round cells, probably fibroblasts, 
also displayed actin activity (Fig. 4D). These myofibroblast cells were similarly dis-
tributed in both the treated and untreated hypertrophic scars suggesting that only a 
proportion of the fibroblasts produce actin, at least in an amount detectable with 
immunocytochemistry.

Electron microscopy

The specific features of an untreated hypertrophic scar were as follows: The fibro-
blasts displayed a big round or oval, infolded cell nucleus containing one or multiple 
nucleoli (Fig. 5A). The cytoplasm was abundant and packed with electron dense 
particles (Fig. 5A). The cisterns of rough-endoplasmic reticulum were full of dense 
material. Previous observations demonstrated that such dense material in the endo-
plasmic reticular cisternae of fibroblasts are glucosaminoglycans [8, 9]. The cyto-
plasm of fibroblasts frequently contained bundles of intermediate filaments (Fig. 
5A). The most characteristic extracellular elements of the scar tissue were the longi-
tudinal and cross-sectioned irregular collagen fibers (Fig. 5B). Among the fibers, 
several showed the periodicity displayed by mature fibers, whereas others appeared 
to be immature, lacking this characteristic (Fig. 5B).

Fibroblasts in the intralesional steroid treated tissue were usually smaller than in 
untreated tissue (Fig. 6A). The cell nucleus contained less euchromatin and nuclear 
membrane-associated heterochromatin (Fig. 6A). The cytoplasm was thin and con-
tained very few organelles and intermediate filaments (Fig. 6A). In this type of scar 

Fig. 3. Light micrographs of vimentin-stained sections from untreated (A, B), silicone-gel sheeting 
treated (C) and steroid-treated scars (D). A. In the untreated scar, a large number of immunoreactive cells 
locates under the epidermis (e). Some of these are probably fibroblasts (arrows); others might be den-
dritic cells such as Langerhans cells (arrowheads). The cytoplasm of several very thin, elongated cells is 
also stained for vimentin (curved arrows). B. Deeper in the dermis, a blood vessel (v) is surrounded by 
vimentin-positive cells. In addition, the cytoplasm of several elongated, thin fibroblasts show vimentin 
immunoreaction (arrows). In silicone-gel sheeted (C) and in steroid-treated (D) hypertrophic scars, there 
are fewer vimentin-immunoreactive large cells (arrowheads) and their immunostaining is weaker as is

that of the blood vessels (v) and the fibroblasts (arrows). Bar = 25 μm for A–D
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the collagen fibers were mature, displaying the characteristic periodicity (Fig. 6B). 
In addition, the majority of collagen fibers showed a regular structure, running in 
parallel and forming bundles. 

In the silicone-gel treated scars, both nuclear and cytoplasmic features of fibro-
blasts were similar to the those of the untreated scar’s fibroblasts (Fig. 7A). The 
nucleus contained a large amount of heterochromatin and displayed small infoldings 
(Fig. 7A). The cytoplasm was rich in organelles including mitochondria and cisternae 
of endoplasmic reticulum that were filled with electron dense material (Fig. 7A). 
Cytoplasmic intermediate filaments occurred in many of the fibroblast cells, but 
there were fewer than in the untreated scar tissue (Fig. 7B). The collagen fibers were 
predominantly mature and both longitudinally and cross-sectioned fibers occurred in 
the tissue (Fig. 7C).

Clinical observations

The comparative diagram was based on Vancouver scores, which includes the 
MPHV-score system. The melanin, pliability, height and vascularity of scars were 
examined fortnightly. Over the total trial period (12 weeks) the two treatments pro-
duced similar improvements in score (Fig. 8). Nevertheless, the effects of intralesion-
al steroid injections were more rapid in their onset, and apparently superior to those 
of silicone-gel treatment from the 4th week until about 10 weeks after treatment com-
menced (are there any stats for this data?). During this period, scar activity was 
rapidly reduced and continued to fall into the 12th and 16th weeks. 

Intralesional steroid treatment was terminated on the 9th week in most cases, but 
three cases needed additional treatment for circumscribed lesions. In these three 
cases, therapeutic response could be measured from the 8th week. Onset of the 
regression of scar activity was very slow starting only after the 10th week. In spite 
of using intermittent silicone-gel sheeting therapy, there was no further therapeutic 
response (not included in Fig. 8).

DISCUSSION

The main conclusion of our study is that clinical investigations alone are not suffi-
cient to verify the therapeutic efficacy of different scar treatments. It is necessary to 
examine the cellular processes in the scars. The classic descriptions of hypertrophic 
scars and keloids emphasize that, although these are separate types of pathologic 
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Fig. 4. Light micrographs of actin-immunostained sections from untreated (A, C, D) and steroid-treated 
(B) scars. Actin immunostaining reveals more blood vessels (v) in the untreated (A, C) than in steroid 
treated scar (B). The number of actin-negative microvessels (w), probably capillaries, was higher in the 
treated (B) than in the untreated (A) scar. In the vicinity of a blood vessel (v) the cytoplasm of a fibro-
blast (arrow) also displays actin-immunoreaction (D). Bar = 150 μm for A and B, 25 μm for C and D
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Fig. 5. Electron micrograph of an untreated scar (A) showing a fibroblast which displays a large oval cell 
nucleus (N) with nuclear infoldings (arrowheads). The electron dense material in the cytoplasm includes 
ribosomes and cisternae of the endoplasmic reticulum. The cytoplasm contains a large amount of fine 
microfilaments. Electron micrograph of longitudinal- (l) and cross-sections (c) of collagen fibers from the 
untreated scar (B). The mature longitudinally cut fibers display the characteristic periodicity

(arrows) absent from immature fibers (arrowheads). Bar = 0.5 μm
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Fig. 6. Electron micrograph of an intralesional steroid-treated fibroblast (A) displaying an oval cell 
nucleus (N) with sparse heterochromatin. The cytoplasm is thin, organelles are sparse and it contains very 
few microfilaments (f). Electron micrograph of intralesional steroid-treated linear hypertrophic scar 

tissue displaying parallel mature collagen fibers (f), showing normal periodicity (B). Bar = 0.5 μm
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Fig. 7. Electron micrograph of a silicone gel sheeting-treated fibroblast (A) showing an oval cell nucleus 
(N), which is rich in heterochromatin. The cell nucleus displays a few small infoldings (arrowheads). The 
cytoplasm contains several mitochondria and cisternae of endoplasmic reticulum filled with electron-
dense material. Electron micrograph of the same cell in further serial section (B). The nucleus displays a 
deep cytoplasmic infolding (arrowhead) and the cytoplasm contains fine filaments (arrows). Electron 
micrograph of the silicone gel sheeting treated hypertrophic scar displaying longitudinal sections

of mature collagen fibers (C). Bar = 0.5 μm
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wound-healing processes, both can be characterized by the overproduction of colla-
gen fibers [3, 13]. Under the light microscope, normal collagen fibers are larger, 
thicker, wavier and more randomly oriented than in the hypertrophic scars where the 
collagen fibers orient mainly parallel with the epidermal surface [3, 13]. The large 
collagenous mass distinguishes the pathological scars from the normal scar. Based on 
electron microscopic results Kischer concluded that scars show metabolic hyperfunc-
tion of fibroblasts [8]. The cysternae of the rough endoplasmic reticulum in the 
cytoplasm of fibroblasts contain dense material that has been identified as gly-
cosaminoglycans [8–10]. Both silicone-gel sheeting and intradermal steroid treat-
ment influence the histological composition of the scar, because both reduce the 
activity of fibroblasts. Moreover, microvessel formation, the production of cytoplas-
mic intermediate filaments, the orientation and amount of collagen fibers are all 
changed. In addition, the formation of elastic fibers appears to be increased. 
Altogether these changes result in a more flexible, thinner scar tissue that does not 
cause pain and itching.

The final phase of wound healing is the scar formation. There are several hypoth-
eses about how silicone-gel sheeting or intradermal steroid injections might influ-
ence this process: silicone-gel sheeting probably decreases evaporation from the scar 
by covering and occluding its epidermal surface. The increasing hydration gradually 
inactivates fibroblasts, due to chemoattractive and receptor signalling processes. The 
result of this negative feed-back mechanism is probably to decrease levels of growth 
factors, which then inhibits collagen fiber production. Intralesional steroid injections 
probably act directly on fibroblasts, rapidly decreasing levels of different growth fac-
tors.

It is generally accepted that both silicone-gel sheets and intalesional steroid injec-
tions can play important roles in the treatment of linear hypertrophic scars [11, 16]. 
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Fig. 8. Vancouver scoring of linear hypertrophic scars treated with SGS and ILS
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While the effects of the former take some time to develop and are quite mild, intral-
esional steroid treatment has a more rapid and stronger effect. The results of our 
clinical and electron microscopic examinations confirm and verify that silicone gel 
sheeting should be the first, and intralesional steroid therapy should be the second 
line therapy for linear hypertrophic scars [12, 14, 17, 18]. In the future we plan to test 
whether a combination of both techniques might bring better results.

In conclusion, the recurrent linear hypertrophic scar is a well-defined clinical 
entity which requires its own therapeutic protocol. Silicone-gel sheeting and intra-
lesional steroid therapies both ameliorate active hypertrophic scars, although there is 
a difference between the speed of their actions.
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