
ORIGINAL ARTICLE

Hyaluronic acid
three-dimensional scaffold
for surgical revision of
retracting scars: a human
experimental study
Angela Faga, Giovanni Nicoletti, Federica Brenta, Silvia Scevola, Giovanni
Abatangelo, Paola Brun

Faga A, Nicoletti G, Brenta F, Scevola S, Abatangelo G, Brun P. Hyaluronic acid three-dimensional
scaffold for surgical revision of retracting scars: a human experimental study. Int Wound J 2012;
doi: 10.1111/j.1742-481X.2012.00981.x

ABSTRACT
An observational study was carried out at the Plastic and Reconstructive Surgery Unit of the University of
Pavia – Salvatore Maugeri Research and Care Institute, Pavia, Italy, to assess the clinical and histological long-term
outcomes of autologous skin grafting of fresh surgical wounds following previous repair with a hyaluronic acid
three-dimensional scaffold (Hyalomatrix®). Eleven fresh wounds from surgical release of retracted scars were
enrolled in this study. A stable skin-like tissue cover was observed in all of the treated wounds in an average
1 month’s time; at the end of this study, after an average of 12 months’ time, all of the reconstructed areas
were pliable and stable, although an average retraction rate of 51·62% was showed. Histological observation
and immunohistochemical analysis displayed integration of the graft within the surrounding tissues. A regenerated
dermis with an extracellular matrix rich in type I collagen and elastic fibres and with reduced type III collagen rate
was observed. The epidermis and dermoepidermal junction featured a normal appearance with well-structured
dermal papillae, too. Although the histological features would suggest regeneration of a skin-like tissue, with a
good dermis and no signs of scarring, the clinical problem of secondary contracture is still unsolved.
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INTRODUCTION
Bioengineered dermal substitutes have been
gaining a large and stable consensus in the
treatment of difficult-to-heal skin and soft
tissue wounds over the last two decades.
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Hyalomatrix® PA (HM, Fidia Advanced
Biopolymers, Abano Terme, Padua, Italy) is a
three-dimensional acellular matrix-based com-
pound made of a benzyl ester of hyaluronic
acid (HYAFF 11; Fidia Advanced Biopolymers)
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layer and a transparent silicone membrane.
It has been widely used since 2001 in burn
care for full or deep partial thickness wound
temporary repair. Alternative indications have
been difficult-to-heal wounds, post-traumatic
or complicated surgical wounds as a good
option for temporary coverage (1–3).

Key Points

• the aim of this study was the
assessment of the clinical and
histological long-term outcome
of autologous skin grafting of
fresh surgical wounds following
previous cover with a hyaluronic
acid three-dimensional scaffold
(Hyalomatrix®)

• six consecutive patients, all
females, aged between 10 and
60 years, in fair general clinical
conditions, without any actual
or potential wound healing
disorder, were enrolled in this
study

The aim of this study was the assessment
of the clinical and histological long-term
outcome of autologous skin grafting of fresh
surgical wounds following previous cover with
a hyaluronic acid three-dimensional scaffold
(Hyalomatrix®).

MATERIALS AND METHODS
Patients
Six consecutive patients, all females, aged
between 10 and 60 years (average 42 years),
in fair general clinical conditions, without any
actual or potential wound healing disorder,
were enrolled in this study. All of the patients
were suffering from inveterate disabling scar
retraction, with clinical contraindication for
any conventional surgical revision, as skin
expansion or flap transfer. In four patients
the scars followed severe burn trauma; in
one patient the scar followed harvesting of a
myo-cutaneous flap (platysma); in one patient
scar retraction complicated a thin skin graft
inlay. An overall of 11 individual scars were
enrolled in the trial, as in two patients mul-
tiple anatomical scarred areas were treated.
All of the areas were identified by Arabic
numerals (Table 1). All of the treated scars

Table 1 Synopsis of the areas enrolled in the trial

Patient Area number Anatomical site

AV 1 Left axilla, anterior pillar
RR 2 Right axilla, posterior pillar

3 Upper right lateral cervical area
4 Lower right lateral cervical area
5 Right axilla, anterior pillar

SS 6 Left lateral cervical area
RS 7 Left popliteal fossa

8 Left infragluteal area
9 Right popliteal fossa

OC 10 Left popliteal fossa
AM 11 Right lateral cervical area

were located on the flexor sides of mobile
segments of the body: four cervical, three
axillar, three popliteal and one infragluteal.
Patient recruitment started in April 2007 and
ended in June 2008. Follow-up concluded
in October 2009. An informed consent was
obtained from each patient. The treated areas
were photographed with the same digital
camera, at a standard focal distance and
under the same light exposure conditions,
at four time intervals: preoperatively, intra-
operatively, 1 month post-operatively and
1 year post-operatively. Wound linear mea-
surements were carried out by processing
digital clinical pictures with IMAGE J Pro-
gram (National Institute of Health, Bethesda,
MD) (4).

The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki.

Table 2 General scheme of the trial

Study time Clinical time Activity Description

T0 0 Enrolment Scar clinical photography
T1 7–28 days from T0 Surgery Scar removal

Surrounding tissues release
Scar biopsy
Wound bed clinical photography

Hyalomatrix® inlay
T2 Every 3 days from T1 Post-operative observation Dressing care
T3 13–27 days from T1 Surgery Silicone layer removal

Regenerated derma-like biopsy
Wound bed photography
Split skin graft

T4 Within 2 months from T1 Post-operative and primary
conclusive observation

Dressing care
Clinical post-operative photography

T5 10–13 months from T1 Conclusive follow-up Reconstructed area photography
Grafted skin biopsy (three cases only)

© 2012 The Authors
2 © 2012 Blackwell Publishing Ltd and Medicalhelplines.com Inc



Hyaluronic acid for surgical revision of retracting scars

Surgical procedure
The general scheme of the trial is depicted in
Table 2.

All surgical procedures were carried out
under general anaesthesia. The retracting scars
were surgically removed up to the deep fascia
and the surrounding tissues were meticulously
released (T1). Samples for histology were
harvested from the scars at this time.

The soft tissue defect resulting from scar
removal and surrounding soft tissue release
was measured and photographed. The defect
was immediately covered with Hyalomatrix®
fixed with metallic staples. The silicone sheet
was evenly fenestrated to allow any leak-
age of serum and a petrolatum gauze plus
non-woven fabrics dressing was tied over. Peri-
operative antibiotic prophylaxis was routinely
administrated (Amoxicillin 2 g + Clavulanic
acid 200 mg intravenous intra-operatively and
Amoxicillin 875 mg + Clavulanic acid 125 mg
per os twice a day for 1 week after surgery).

The patients were instructed to keep the
operated areas as still as possible. At day 3,
the tie-over dressings were removed to check
the wounds. A simple inspection of the silicone
layer was carried out at this stage (T2) and, if
appropriate, serum draining from the margins
and from the holes in the silicone sheet was
gently removed with sterile saline solution. The
tie-over dressing was replaced by a tight dress-
ing until day 6 when the staples were removed.

After an average of 19 days (range 13–27
days), according to clinical evidence of regen-
erated tissue growth, a second surgical pro-
cedure provided stable wound repair with an
autologous skin graft (T3). At this stage, the sil-
icone sheet was removed to expose the wound
bed. Any clinically detectable granulation tis-
sue was carefully removed in order to expose
the underlying regenerated pink derma-like
tissue. Samples for histology were harvested
from the regenerated derma-like tissue. The
wound bed was eventually grafted with an
autologous split skin graft. Post-operative clin-
ical follow-up was the same as in any skin graft
procedure (T4).

In the two teen-aged patients, two split skin
grafts in four failed and the procedure had to
be repeated after an average time of 2 weeks.
At the time of those secondary skin grafting,
a greater amount of granulation tissue had to
be removed from the wound bed in order to
expose the regenerated derma-like tissue layer.

About 1 year after healing the treated areas
were inspected, measured and photographed
(T5). In three cases it was possible to harvest
samples for histology at this time.

Wound contraction of the treated areas was
assessed comparing the measures taken at the
different follow-up times and processed by
IMAGE J Program.

Histological evaluations
To asses the morphology of the skin before and
after Hyalomatrix® inlay and split skin graft-
ing, biopsies were conventionally harvested
from the centre of the wounds or the grafted
areas.

Each specimen underwent two different
histological processes: a conventional haema-
toxylin/eosin plus orcein staining and an
immunohistochemical frozen section. In the
conventional staining the tissues were fixed in
formalin, embedded in paraffin and stained
with haematoxylin/eosin and orcein. In the
immunohistochemical process, the specimens
were snap frozen in liquid nitrogen and treated
with anticollagen type I, III and VII antibod-
ies (all from Sigma; Sigma-Aldrich Inc., St.
Louis, MO). The 5 μm thick cryosection was
mounted on poly-L lysine coated slides, fixed
in 10% paraformaldehyde for 10 minutes and
immunostained for type I collagen. Any unspe-
cific binding was blocked by the addition of
serum from the same animal species as the
secondary antibodies. The slides were washed
twice in Tris-buffered saline (TBS), and then
100 μl of the appropriately diluted antibod-
ies were placed on each tissue section and
incubated in a moist chamber for 30 minutes.
After this primary incubation, the slides were
washed three times in TBS and further incu-
bated with 100 μl of secondary antibodies
(Vector, Burlingame, CA). Subsequently, 100 μl
of avidin–biotin complex (Vectastain, ABC-
AP, CA; Vector) were placed on each section
and incubated for 30 minutes. After washing,
fast red (Sigma) was used as developer chro-
magen and nuclear counterstaining was per-
formed with haematoxylin (Sigma). All speci-
mens were mounted with Glycergel mounting
medium (Dako Denmark A/S, Glostrup, Den-
mark). Sections without the primary antibod-
ies (negative controls) and tissue sections of
lymphoid tissue (positive controls) served as
experimental controls.
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Figure 1. Right axillar posterior pillar scar retraction pre-
operative view.

Statistical analysis
The median and the interquartile range
shrinkage rate derived from IMAGE J Program
analysis was calculated for the whole sample
at T3 versus T1. The correlation between the
shrinkage rate at T3 versus T1 and the age
group (10–18 and 30–60) and the anatomical
site (axilla, neck and lower limb), respectively,
was calculated, too.

RESULTS
Clinical assessment
All of the treated areas healed with a stable
skin-like tissue cover in an average 1 month’s
time; at an average of 12 months’ time, all of

Figure 2. Scar release intra-operative view.

Figure 3. One year post-operative view after scar release and
serial grafting with Hyalomatrix® and split skin graft.

the reconstructed areas were still pliable and
stable, but displayed a 51·62% retraction rate
(Figures 1–3). The dimensions of the treated
areas derived from IMAGE J Program analysis
at the different times of the trial are reported in
Table 3. The wound retraction trend showed a
peak between T3 and T4.

Statistical analysis
The statistical analysis failed to show any
significant correlation between the retraction
rate and neither the patient age or the
anatomical site (Table 4).

Histology
All of the scar biopsies presented the typical
histological aspect with a multilayered epider-
mis and little or no evidence of dermal–epider-
mal ridges (Figure 4A) and spare elastin fibres
in the dermis (Figure 4B). Immunostaining

Table 3 Dimensions of the treated areas at different times of
the trial∗

Area T1 T3 T4 T5

1 30·4 15·2 13·7
2 76·7 55·1 32·8
3 13·9 7·4
4 8·7 5·2
5 68 55 24 21·5
6 13·2 11·4 9·7 5·5
7 25·3 24·9 12·7
8 38·1 23 17·6 15·7
9 20·5 20·1 11·9 9·7

10 11·7 11·6 5
11 10·7 8·3 3·2
∗Measures from clinical pictures IMAGE J Program analysis are in
cm2.
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Table 4 Median and IQR shrinkage rate at T4 versus T1

Variable Subgroup Cases Median (IQR)% T4 versus T1

Overall All patients 10 51·62 (43·6–59·34)
Age 10–18 years 3 50 (48·1–54·02)

30–60 years 7 53·24 (39·01–65·8)
Site Axilla 3 50 (42·65–60·92)

Neck 4 56·5 (47·4–63·2)
Lower limb 3 46·19 (44·46–52·12)

IQR, interquartile range.

showed a high content of type III collagen
fibres and elastin (Figure 4C).

Twenty days after scar removal and
Hyalomatrix® application, the regenerated
superficial dermis appeared well organised.
Biomaterial remnants were found deeply in
the dermis (Figure 5A), surrounded by type I
collagen fibres (Figure 5B) and, in some cases,
covered by granulation tissue. At this time an
autologous split skin graft was applied.

At 1 year’s time a biopsy could be harvested
in 3 wounds out of 11. Such specimens
showed a much better skin-like architecture
than cutaneous scars, with a fully stratified and
keratinised epidermis interdigitating with a
dermis whose cellular density was remarkably
reduced (Figure 6A). Immunohistochemical
analysis confirmed full integration of the
graft within the surrounding tissues with
type VII collagen underlying the epidermis
(Figure 6B). The extracellular matrix deposition
and organisation were of high quality, too, with
a higher elastic fibres type I collagen rate and
a lower type III collagen, when compared with
the scar tissue (Figure 6C–E).

DISCUSSION
The definition of the role of Hyaluronic acid is a
milestone in the knowledge of wound healing
process (5).

The semi-synthetic insoluble polymer
derived by the hyaluronic acid esterification
with benzyl alcohol (HYAFF) has been in use
in tissue engineering, regenerative medicine
and clinical practice since 1999 (6,7).

Hyalomatrix®, a three-dimensional acellular
matrix-based compound made by a layer of a
hyaluronic acid benzyl ester (HYAFF 11) and
a transparent silicone membrane, proved to
be a useful skin substitute in different clinical
situations (8–10).

Key Points

• our study on the sequential
combination of Hyalomatrix®
with an autologous thin skin
graft aimed two goals: first, the
long-term histological pattern in
a human experimental wound
model, not affected by any bias
from poor wound healing or
poor general clinical conditions;
second, the eventual contrac-
ture rate

• our histological observations
show that Hyalomatrix® pro-
motes the growth of a connec-
tive tissue histochemically simi-
lar to normal dermis within the
first 3 weeks of application

A

B

C

Figure 4. Scar biopsy. (A) Haematoxylin–eosin staining for
tissue morphology. (B) Orcein staining for elastic fibres.
(C) Immunostaining for type III collagen and haematoxylin
counterstaining.

Our study on the sequential combination
of Hyalomatrix® with an autologous thin skin
graft aimed two goals: first, the long-term histo-
logical pattern in a human experimental wound
model, not affected by any bias from poor
wound healing or poor general clinical condi-
tions; second, the eventual contracture rate.

Our histological observations show that
Hyalomatrix® promotes the growth of a
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A

B

Figure 5. Regenerated dermis 20 days after Hyalomatrix®
application. (A) 200× magnification haematoxylin–eosin stain-
ing. (B) 400× magnification type I collagen immunostaining;
biomaterial remnants are still present in the dermis.

connective tissue histochemically similar to
normal dermis within the first 3 weeks of
application. Actually, at this stage the histo-
logical analysis shows biomaterial remnants
surrounded by well-organised type I colla-
gen fibres. One year after autologous thin
skin grafting, well-defined dermal papillae
can be appreciated and the presence of type
VII collagen shows a good morphological and
functional interaction between the regenerated
dermis and the overlying epidermis. In the
long-term biopsies, the high prevalence of type
I collagen fibres versus type III collagen fibres
and the presence of rare elastic fibres in the
regenerated dermis are both suggestive for a
tissue more similar to normal skin than to scar.

Key Points

• 1 year after autologous split skin
graft cover of Hyalomatrix®-
induced dermis the regenerated
skin looks soft and pliable,
stable and trauma resistant

• nevertheless, the severe con-
tracture rate of the regenerated
skin remains an unsolved issue

• the relative thickness of the der-
mis seems to play a crucial role
in preventing contracture for-
mation, therefore full thickness
skin grafts would represent a
fair alternative to the thin ones,
but their use is limited to small
areas

The clinical data match with the histological
ones, too: 1 year after autologous split skin
graft cover of Hyalomatrix®-induced dermis
the regenerated skin looks soft and pliable,
stable and trauma resistant.

Nevertheless, the severe contracture rate
of the regenerated skin remains an unsolved
issue.

Failure in showing any statistical significant
correlation between the shrinkage rate and the
clinical parameters (age and anatomical site)
is related to the short numbers of our sample
featuring subtle inter-record differences.

Actually, the IMAGE J Program, used
to measure scar retraction, could provide
only an approximation of the actual datum.
Nevertheless, this method added an objective
score to a clinically appreciable evidence and
therefore the margin for error in featuring a
three-dimensional reality into a bi-dimensional
picture could be considered non essential in
such a case.

Scar retraction is the most disabling compli-
cation of any wound healing process. The gold
standard in the treatment of scar retraction is
surgical excision of the scar followed by flap
reconstruction. Unfortunately, flap surgery is
not always possible, particularly when ade-
quate flap donor sites are not available for
replacement of large areas of skin scarring or
in patients in poor general clinical conditions
where major surgery is contraindicated.

The alternative use of split skin grafts is an
easy technique that can provide large amount
of healthy skin after scar removal. Neverthe-
less, the long-term result for a skin graft is
generally poor, due to secondary contraction.
The relative thickness of the dermis seems to
play a crucial role in preventing contracture
formation (11), therefore full thickness skin
grafts would represent a fair alternative to the
thin ones, but their use is limited to small areas.

The quality of the recipient bed is also of
great importance for the eventual outcome
of a split skin graft. Many studies already
showed the ability of a dermal equivalent, such
as collagen membranes and acellular dermal
matrix, in preventing the massive skin scarring
and related poor elasticity in wounds repaired
with skin grafts (12–14).

In our sample the scarred areas to be treated
were too large for any available local or distant
flap reconstruction. Neither a full thickness
skin graft was not an appropriate solution in
all of the cases both for the large requirements
of healthy skin and for the related shortage of
donor sites.

Within the large dermal equivalent family,
the hyaluronic acid-based biomaterials seem

© 2012 The Authors
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A B

C

E

D

Figure 6. One year after autologous skin graft biopsy. (A) 100× magnification haematoxylin–eosin staining for tissue morphology.
(B) 100× magnification orcein staining for elastic fibres and (C) 400× magnification type VII collagen immunostaining show a good
integration within the surrounding tissues. (D) 100× magnification immunostaining for type I collagen. (E) 100× magnification
immunostaining for type III collagen.

to work as scaffolds for fibroblast and
keratinocyte proliferation (15,16).

To date, the role of hyaluronic acid in the
mechanism of collagen contraction is still being
investigated. Recent in vitro experimental data
show that the hyaluronan may have opposite
effects on collagen gel contraction, according
to its molecular weight and to exogenous
versus endogenous origin (17). Another recent

experimental animal study seems to show
that the addition of hyaluronic acid after
transplantation of porcine acellular dermal
matrix may boost the expression of type I
and III collagen, thus reducing the eventual
contraction of skin grafts (18).

Key Points

• in our experience Hyalomatrix®
proved to be a good and reliable
dermal substitute, promoting
the regeneration of a skin-like
tissue, clinically and histologi-
cally better than scarred skin
although still unable to control
the eventual collagen contrac-
tion

In our experience Hyalomatrix® proved to
be a good and reliable dermal substitute, pro-
moting the regeneration of a skin-like tissue,

© 2012 The Authors
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clinically and histologically better than scarred
skin although still unable to control the even-
tual collagen contraction.
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