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Introduction

Diabetic foot is any infection, ulceration or destruction
of deep tissues of the foot associated with neuropathy
and/or peripheral arterial disease in the lower extremity
of people with diabetes (1). The major adverse outco-
mes of diabetic foot problems are foot ulcers and am-
putations. Signs of peripheral arterial disease (PAD) (2)
can be found in approximately half of patients with a foot
ulcer. Given the uncertainties of medical history and cli-
nical examination, more objective measurements of skin
perfusion are frequently needed. Commonly used te-

chniques include ankle pressure, toe pressure and tran-
scutaneous oxygen pressure (TcPO2) measurements (1).
The technique of transcutaneous oxymetry (TcPO2) al-
lows the estimation of the partial pressure of oxygen on
the skin surface. This technique (3) utilizes a sensor con-
taining a Clark polarographic electrode that is placed on
the skin at the area of interest, avoiding callous areas, ede-
ma, and bony prominences. The sensor warms the sur-
rounding skin, causing localized hyperemia and facili-
tating oxygen diffusion. The measured PO2 in the der-
mis is displayed in millimeters of mercury, with a nor-
mal healthy value in the foot being > 50 mmHg (4). A
value of < 40 mmHg is thought to represent sufficient
hypoxia to impair wound healing, while patients with
critical limb ischemia typically have a TcPO2 value of
< 30 mmHg. All patients with CLI, in accordance with
Inter-Society Consensus for the Management of Pe-
ripheral Arterial Disease (TASC II) criteria (2), are re-
ferred for angiographic study. If an obstruction greater
than 50% of vessel diameter is present, peripheral
transluminal angioplasty (PTA) is the first choice reva-
scularization procedure during the same session, if pos-
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sible. When PTA was not feasible, a bypass graft (BPG)
is considered. Only after the revascularization the re-
construction is possible. Reconstruction of large foot
wounds in patients with diabetes was uncommon un-
til the mid-1980s (5). Recently, a number of studies have
reported managing large-tissue defects of the diabetic foot
with local random or pedicle flaps and microsurgical
grafts. However, these surgical approaches are technically
demanding and involve the creation of another major
wound in the patients with diabetes, who typically has
compromised healing abilities. The use of local flaps is
limited by the availability of healthy, well vascularized
tissue and the size of the defect. Bioengineered tissues,
such as Apligraf® and Dermagraft® (6) have been used
primarily for full-thickness wounds. A permanent skin
substitute that contains a dermal regenerate template (In-
tegra® Dermal Regeneration Template; Integra Life-
Sciences, Plainsboro, NJ) provides an option for treating
soft-tissue defects in diabetic feet as described by Cle-
rici et al. (7). This product can be placed over exposed
tendon and fascia in the operative setting. Since it was
first described, Integra® has now became part of the ar-
mamentarium of plastic surgeon. However, there are di-
sadvantages to its use; it is relatively expensive, difficult
to use, and prone to infection. One of the major ad-
vantages of Integra® is considered to be the improved scar
elasticity when compared to STSG alone (7-9). Despi-
te Integra® being the most commonly used dermal skin
substitute worldwide, a review of the current literature
demonstrates that there are very few clinical trials that
are based on an objective evaluation of outcome (10).
Purpose of this retrospective comparative study is to eva-
luate the results of reconstruction of diabetic feet by split
thickness skin graft (STSG) and by dermal substitute In-
tegraV covered by STSG in terms of vascularity of the re-
constructed wound-bed by measurements of tissue
oxygenation (TcPO2).

Patients 

Subject 
All patients with diabetic foot ulcers treated from Ja-

nuary 2009 to March 2013 using STSG ± Integra® at
the Department of Plastic and Reconstructive Surgery,
Hospital of Cattinara, “A.O.U. Ospedali Riuniti”, Trie-
ste, Italy were considered eligible for the study. 

Materials and apparatus 

Dermal substitute
The dermal substitute Integra® is a bilayer membrane

made by using a porous co-precipitate of type I bovine
collagen and glycosaminoglycan (chondroitin-6-

sulfate) and covered using a temporary epidermal sub-
stitute made of a silicone membrane. It is available in a
hydrated sterile package and can be used after being rin-
sed in a saline solution. Our protocol (10) calls for the
application of the dermal substitute to a well vasculari-
zed wound bed that is free from infection, fastening it
to the substrate using staples. On day 21, the silicone foil
is removed, and the neodermis is covered using a thin
graft (0.2-0.4 mm) (11).

Transcutaneous oxygen tension assessment
Greenhalgh (12, 13) and Meier described the TcPO2

method to evaluate skin graft take and skin graft maturity.
Each skin graft was evaluated after a 20-min acclimati-
zation period in a warm environment (room tempera-
ture 23-24°C). Transcutaneous oxygen tension was de-
termined using Clark-type oxygen-sensing electrode (Mul-
ti-channel TcPO2/PCO2 Periflux System). The electrode
was attached to the skin graft of the foot and the con-
trolled heating element around the electrode was war-
med to 44°C. Measurements were performed with the
patient resting in supine position, covered by a light
blanket, and at a room temperature of 21-23°C. The in-
strument was calibrated against a known standard
before each use and the probe was left in place for 20 mins
before a final reading was obtained. The study protocol
was approved by the Institutional Review Board (IRB)
and a written consent form was obtained from all par-
ticipating volunteers.

Methods 

23 patients with diabetic foot ulcers were included
into the study. In all patients the reconstruction starts
when local and systemic infections were under control
as indicated by subsidence of fever, normalization of
leukocyte count and disappearance of clinical signs of in-
flammation in the foot. In each patient TcPO2 measu-
rements were performed at the same spot of the recon-
structed area at 14 days, one month, 3 months, 6 months,
12 months and 24 months after reconstruction.

Statistical methods
For continuous variable (TcPO2), mean were cal-

culated; the difference between the values of the two group
was evaluated by the T Student test.

Results

From January 2009 to March 2013 we treated with
skin graft 23 patients. Of this 23 patients 12 were re-
constructed by STSG only and 11 with Integra® and
STSG.
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The clinical characteristics of two subgroups of pa-
tients are summarized in Table 1. 

Median TcPO2 skin graft at 1 month was 39
mmHg; it increased after 2 months to 42 mmHg, and
did not change 24 months after transplantation.

Median TcPO2 dermal substitute Integra® plus
skin graft at 1 month was 42 mmHg; it increased after
2 months to 50 mmHg, and to 56 mm Hg 24 months
after transplantation.

The wound beds reconstructed by Integra® showed
on average 10 mmHg higher TcPO2 (p<0.03).

The results are summarized in Figures 1 and 2. 
Figure 3 shows diabetic foot reconstructed by the der-

mal substitute Integra® plus STSG.

Discussion and conclusions

The usage of skin substitutes has had a major diffu-
sion over the last few years and they so far represent some
of the most used materials by many specialists: their spread
has gone hand in hand with the publication of many re-
ports in the specialized literature. Yet only few authors
have objectively evaluated the actual result of the re-

construction achieved with the skin substitute (13, 14).
Given the shortcomings over the objective assessments
of the substitute in the literature we have decided to eva-
luate the peripheral pressure of tissue oxygen in the dia-
betic foot reconstruction: in such pathology the oxygen
level is particularly important for the healing process. The
results we have achieved (even though with a low
number of monitored patients) show that the recon-
struction with the skin substitute allows reaching an oxy-
genation value which is on average higher by around 10
mm Hg. Our study estimated in an objective way, by
TcPO2 value measurements, the oxygenation of the
wound bed in diabetic feet after reconstruction by STSG
only and after adding dermal substitute Integra® to the
wound bed before final STSG coverage. During the fir-
st month after reconstruction no statistically significant
differences were found. After 3 months TcPO2 studies
revealed statistically significant higher oxygen tissue pres-
sure in diabetic feet covered by Integra® plus STSG. The-
se findings endorse in an objective way the clinical fin-
dings already reported while using the dermal substitu-
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TABLE 1 - DEMOGRAPHIC AND CLINICAL CHARACTERI-
STICS OF FOLLOWED PATIENTS (N = 23). 

Variables Patients (N = 23)
Age (years) 62.2±12.2
Female (n) 5
%HbA1c 8.5±2.1
Critical limb ischaemia (n) 16
IDSA Class. 3 11
IDSA Class. 4 12
Antibiotics use ev 23

Fig. 2 - Curve of values.

Fig. 1 - TcPO2 average value: skin graft vs dermal substitute 
Integra® plus skin graft.
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te in terms of better vascularization. From the curve’s in-
clination we can observe that the TcPO2 in the graft in-
creases up to a value of around 40 mm Hg: on the other
hand, the TcPO2 in Integra® keeps on gradually aug-
menting until it reaches on average a value of 55 mm Hg
in one-year period. This behaviour probably reflects a pro-
cess of maturation and remoulding which seems to be
slower in these wounds. The increase of TcPO2 over time
can be explained by various factors: the regeneration of
the capillary layer, the reduction of the interstitial ede-
ma and the decreased inflammatory response. These pro-
cesses occur within a tridimensional and thicker struc-
ture: as a result they are slower, they require more time
but could lead to the formation of a higher number of
capillaries. In one patient with a postraumatic loss of tis-
sue localized on the anterior surface of the right thigh
and knee, Martini (15) et al. used the videocapillaroscopy
to assess the microcirculatory pattern of the autologous
skin grafted on Integra® in comparison with autologous
skin grafted on granulation tissue. The results were com-
pared with an area of undamaged skin of the contrala-
teral knee. The results showed that the capillary density
was similar between the regions of the lesion treated with
dermal substitute, autologous skin graft and the unda-
maged contralateral knee skin. The fact that the usage
of the skin substitute brings an increase of 10 mm Hg

on average constitutes for us a pivotal feature. As already
mentioned a higher level of TcPO2 is associated to a bet-
ter healing process and this is important in the diabetic
foot and in the reconstruction of the inferior limbs, espe-
cially in a patient with peripheral vascular disease affecting
the inferior limbs. We deem that the reconstruction using
the skin substitute Integra® leads to a better mechani-
cal resistance thanks to the presence of a derma which
can be placed on another derma of healthy dermis: as
showed by Papa (10) et al. through the histology this per-
sists after five years since the transplant. On the other
hand, as we proved through this study the reconstruc-
tion via the skin substitute leads to an increased peripheral
tissue oxygenation if compared to the reconstruction
performer with the sole skin graft and thus this could al-
low reconstructions and attachment of skin transplants
even at values which are lower by 40 mm Hg (and up
to 20 mm Hg).
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