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Introduction
Skin grafting is a surgical procedure by which
skin or skin substitute is placed over a burn or non-healing wound to permanently replace damaged or missing
skin or provide a temporary wound covering. A piece of
skin is surgically removed from a donor area to replace
skin in a defective or denuded area (as one that has been
burned). [1]
The term "graft" by itself commonly refers to either an
allograft or an autograft.
An autograft is a type of graft that uses skin from
another area of the patient's own body if there is enough
undamaged skin available, and if the patient is healthy
enough to undergo the additional surgery required. An
allograft uses skin obtained from another human being.
Donor skin from cadavers is frozen, stored, and available
for use as allografts. Skin taken from an animal (usually a
pig) is called a xenograft because it comes from a nonhuman species. Allografts and xenografts provide only temporary covering because they are rejected by the patient's
immune system within seven days. They must then be
replaced with an autograft.[2]
Skin grafts can be:
SPLIT-THICKNESS GRAFTS
A split-thickness skin graft involves the epidermis and a little of the underlying dermis; the donor
site usually heals within several days. The surgeon first
marks the outline of the wound on the skin of the donor
site, enlarging it by 3–5% to allow for tissue shrinkage.
The surgeon uses a dermatome (a special instrument for
cutting thin slices of tissue) to remove a split-thickness
graft from the donor site. The wound must not be too
deep if a split-thickness graft is going to be successful,
since the blood vessels that will nourish the grafted tissue
must come from the dermis of the wound itself. The graft
is usually taken from an area that is ordinarily hidden by
clothes, such as the buttock or inner thigh, and spread on
the bare area to be covered. Gentle pressure from a well
-padded dressing is then applied, or a few small sutures
used to hold the graft in place. A sterile non adherent
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dressing is then applied to the raw donor area for approximately three to five days to protect it from infection.[3]
FULL-THICKNESS GRAFTS
Full-thickness skin grafts may be necessary for
more severe burn injuries. These grafts involve both layers of the skin. Full-thickness autografts are more complicated than partial-thickness grafts, but provide better
contour, more natural color, and less contraction at
the grafted site. A flap of skin with underlying muscle and blood supply is transplanted to the area to be
grafted. The back and the abdomen are common donor
sites for full-thickness grafts. The main disadvantage of
full-thickness skin grafts is that the wound at the donor
site is larger and requires more careful management.
Often, a split-thickness graft must be used to cover the
donor site.[4]
The essential conditions for a good graft are:
– receiving area has to be well vascularized able to give
rise to neoangiogenesis;
– A strong connection between graft and receiving area
to avoid the formation of hematoma or seroma between
the two surfaces;
– Accurate immobilization of the graft to promote
revascularization.
To keep the graft well bonded and fixed to the bottom of
the receiver you need to make, after the skin transfer, a
compressive medication with bandages or sponges throughout the period necessary to engraftment.[5]
Case presentation
We report the case of a male patient who underwent a skin graft after excision of a nevus that had since
birth located on the right foot.
As time went by, nevus has reached the size of 15X14 cm
by undergoing to chromatic, size and margins changes.
Following a dermatological specialist examination, it was
decided to evaluate the histological nature of the nevus.
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The first surgical consultation had suggested
the use of the muscles of the shoulder for the reconstruction of all the layers removed of the foot.
However, given the young age of the subject, so debulking surgery would certainly have presented difficulties
in the construction of vascular anastomoses. For this
reason, it was decided to perform a full-thickness allograft using tissue of the thigh. The tissue of thighs being particularly lapse could allow for better rooting and
physiological healing of the tissue.
The skingraft was performed on September
24th 2003 when the patient was twelve years old. The
surgical team removed skin tissue up to about 1 cm deep
and it have been used several metal clips and sutures
(450) to close the wound .
Medicated bandages (ialuronic acid associated with argentic sulphadiazine) have been used as graft medication to improve healing.
The patient was given antibiotics to prevent the
development of infections. It was prescribed the use of a
gypsum tutor to prevent from direct load.
Within two months wound dressings were carried out
to gradually remove the sutures and prevent from the
formation of pathological scars or keloids.
The patient came to our observation in 2012:
at observation the skin graft appeared slightly elastic,
hyperpigmented and slightly vascularized. The thickening of the tissue suggested the presence of many subcutaneous scar adherences. The portion most affected
was scar edge. Patient had mild tenderness , itching
and discomfort, especially evident when the skin is
stretched during walking and load.

Fig.1 Skin graft area

We proceded to evaluate the patient by physiatric clinical examination, instrumental postural analysis
using digitized baropodometric and stabilometric examination, for the overall morphological plantar biomechanics and postural assessment.
The patient showed a clear external rotation of the lower
limbs and a attitude in pronation of the foot, especially
the right. This attitude was also confirmed by instrumental assessment.
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Furthermore, the patient showed a frontal plane asymmetry that is particularly evident on the level of the
acromial processes and triangles of the size. Physiological curves of the spine were altered on the sagittal plane
with increased dorsal kyphosis and head anteposition.
Rehabilitation treatment
We planned a local and postural rehabilitation
project in order to achieve an improvement in the tissue tropism of the graft tissue and reprogram the global posture.
In the first phase, the patient was treated 3-4 times
a week, for 4 weeks.
Each session consisted of a endodermal massage through
the use of a technological device to vacuum effect. This
technique involves the treatment of the connective tissue
under the skin using vacuum aspiration (vacuum).
Suction creates an uplift of the tissue into small
plicae allowing a deep massage that improves blood circulation. Rollers on the skin create a specific pressure
that determine general tissue relaxation. The pressure
and aspiration have a modeling painless and non-invasive effects, which in the meantime is also associated
with a good draining.
This mechanical action detach the scar’s deep adherences to promote tissue tropism by stimulating fibroblasts.
[6][7][8][9]
In the same session the grafted area was treated
with manual myofascial therapy, treating carefully the
scar edge where the tissue appeared more compromised. [10]
The tissue is initially prepared using touch
technique: with hands rapid movements tissue is warmed on surface and so local vasodilation is increased as
well as blood affluence.
After touch technique, kneading technique is performed in stitched join areas. Kneading technique is carried through with a skin massage using thumb and forefinger and then trough manipulation as if you were just
„knead the dough for the bread.”
After that, through specific movements, adhesions can
be dissected and fibrous tissue mobilized. In the end of
therapeutic session, another stretching exercise is performed.
The scar tissue is always stretched thanks to
facilitations, i.e. to the side in which skin movement is
eased.[11][12][13]
In this way there is also an indirect action on
hypomobile side, working on the adhesions and facilitating the detachment of deep tissues. The position reached in stretching is to be kept for some seconds, in
order to obtain a long lasting tissue modification.
It was used manual myofascial therapy for detaching
adhesions and reduce soft tissue contractures; restore
the correct local blood perfusion of the tissue and reduce pain. [14]
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Fig 2. Manual therapy

It was prescribed customized viscoelastic orthotics to restore and enhance the proper proprioceptive stimuli and to increase total contact area on order
to redistribute biomechanical forces and load. Usage of
foot orthotics lies in their ability to alter foot posture,
leading to kinematic postural changes of the lower limb
and pelvis. Customized viscoelastic orthotics normalize
the foot-ground reaction and control vertical and shear
forces on the foot during the stance phase. It had to be
worn all day while performing common activities of daily living.[15][16][17][18]

Fig.3 Proprioceptive exercises

The session concluded with the manual treatment of muscles considered most dysfunctional: suboccipital, iliopsoas and piriformis muscles (the latter treated bilaterally).[19][20]
The second phase began about a month later.
The patient was treated 3 times a week for 3 weeks. In
this part of treatment the proprioceptive re-education
has played a major role.
During early sessions, the seated patient was
asked to perform exercises with proprioceptive tablets
in order to have stimulation of foot plant receptors and
to mobilize actively and successfully lower limb muscles
and joints, specially ankle one.
As the patient became able to perform this exercise correctly, he was asked to conduct improving balance training.
The patient had to maintain balance standing on the
proprioceptive tablet, at first on both feet then on one
only. [21]

In the end of each session other exercises act to improve sensitivity of particularly damaged skin. To reach the
target, the patient was asked to recognize stimuli of various nature, including thermal stimuli.
Patient was assessed at T0, T1 (4 weeks) and T2 at the
end of the rehabilitation protocol.
We kept on evaluating the patient by physiatric assesment, instrumental postural analysis using digitized
biometric and stabilometric examination, for the overall morphological plantar biomechanics and postural
assessment.

For assessing subjective and objective aspect of
the skin graft we used POSAS scales (Patient and Observer Scar Assessment Scale): This scale allows to obtain both the subjective evaluation of the patient is the
objective of the examiner who administers it.[22][23]
The objective evaluation of the operator is asked to identify, on a numeric scale that ranges from a minimum of
1 to a maximum of 10, the situation of four parameters
which relate to the receiving area graft: vascularization,
pigmentation, thickness and elasticity.
The highest score, 40, corresponds to the „worst scar
ever”.
The subjective component the patient responds to a
questionnaire that identifies, using the same numerical
scale before, parameters such as the presence of pain, itching, chromatic variations, changes in texture, varying
the thickness of the skin and surface irregularities. Also
in this case the maximum score obtainable, 60, corresponds to „worst scar ever.”
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A numerical scales ranging from a minimum of 0 to
a maximum of 10 for the sensitivity of the skin:
• The tactile sensitivity was superficial and epicritica
Evaluated by the touch of the skin with a cotton swab;
• The tactile sensitivity was superficial and protopatica
Evaluated by pricking the skin by means clustering of
a needle.
Results:
In static baropodometry and gait analysis were evaluated in the three times T0, T1 and T2, the total area of
the podalic support on the ground, the load applied on
each foot and the podalic axis.
On the basis of the values obtained, it is possible to note
that although there has been slight worsening between
T0 and T1, at T2 the subject shows a more symmetrical
a bearing surface on both plantar surfaces (dx: T0 221.5
cm2, T1 204 cm2, T2 150.75 cm2; sin: T0 209.5 cm2, T1
181.75 cm2, T2 138.75 cm2) as reported in graph 1. The
subject also, which initially showed a slight foot flat-footedness, shows a reduction of contact with the ground,
with the formation of the podalic isthmus.

Graph 1 shows the values, expressed in cm², of the footprint of each foot examination baropodometric
static in the three times evaluation.

The assessment of percentage of the load can a progressive load redistribution bringing a situation of improved
symmetry (dx: T0 52.48%, T1 56.91%, T2 52.07%; sin:
T0 47.52%, T1 43.09%, T2 47.93%) as shown in graph 2.
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Graph 2 shows the percentage of the load supported by each foot, in statics, assessed at the podobarometrical examination performed in the three times T0, T1 and T2.

Foot Axis: the values of the angle formed by each foot compared the horizontal plane, measured during the examination baropodometric dynamic at T0, T1 and T2. This
values allows the assessment of attitudes in internal and
external feet rotation (dx: T0 0.1°, T1 1.64°, T2 7.59°; sin:
T0 4.51°, T1 8.31°, T2 9.46°) as shown in graph 3.
With regard to this parameter, it is possible to note that,
from a Δ of about 4°, we get, in t2 to a goniometric difference of about 2°, revealing a global situation more symmetric.

Graph 3 shows the value of the angles formed by the axis of each foot on the horizontal plane. Although the baropodometric examination is carried out in the forced position with parallel feet, this
parameter allows us to measure the deviation in podalic internal or external rotation.
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The baropodometric test allowed us to evaluate, in dynamics, the values relative to the average pressure exerted by each foot on ground during gait, the load applied
on each foot and the podalic axis.
The average value the pressure applied by each foot has
increased significantly (dx: T0 558.03, T1 577.46, T2
876.61; sin: T0 531.61, T1 515.2, T2 814.96). This indicates a an improvement of the kinetics of the step and a
better balance during gait (graph 4).

Graph 4 shows the values of the average pressure that each foot exerts on the ground during walking,
assessed through gait analysis in times T0, T1 and T2.

The difference in the percentage of load between left and
right limb shows a significant reduction from the first
evaluation T1. It then remains stable throughout the rest
of the treatment, until to T2 (dx: T0 52.86%, T1 50.48%,
T2 50.92%; sin: T0 47.14, T1 49.52, T2 49.08). The symmetry is highlighted then also during gait (graph 5).
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Graph 5 shows the values expressed as a percentage, of the load supported by each foot during gait
analysis.
During gait, it showed an increase of podalic lateralization interesting both feet (dx: T0 5.57, T1 5.55, T2 7.43; sin: T0 11.64,
T1 14.19, T2 9.78).
Lateralization, however, is symmetric, indicating a homogeneous load distribution and better symmetry propulsive
strength (graph 6).

Graph 6 shows the values of the angle formed by each foot compared to the horizontal plane, measured during gait analysis in each evaluation carried out at T0, T1 and T2.
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There was evidence of a significant improvement in sensitivity
to evidential numerical evaluation rating scale.
During the first sessions, the subject took about 60 minutes
before being able to discriminate sensory stimuli proposed. In
the last session, the patient was able to recognize immediately
the different nature of the stimuli, showing a greater sensory
perception (graph 7).

Graph 7 shows the trend of sensitivity in the two assessments carried out in T0, before starting the
experimental protocol, and T2, after finishing the treatment proprioceptive aimed to improving the
same parameter.

We used the scale POSAS to identify improvements in
vascularization and trophism.
The score has gone from 41 to 20 for the POSAS Patient
scale and 32 to 15 for the Observer POSAS scale.
The patient reports that he no longer had itching on the
site of the graft, as well as that he no longer saw the formation of sores of the same phenomena. Observing the
skin, although much more rosea due to the increased
vascular supply of obtained, achieved uniform of color.
Evaluation tactile skin shows more elastic and, at the
same time are almost absent fibrous adhesions found at
T0.
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Discussion
It is now generally accepted that human standing posture is maintained through a central postural
program assisted by various types of sensory feedback
of mainly labyrinthine, visual, muscular and cutaneous
origin that together contribute to postural stabilisation
as well asbeing the basis of a body posture representation. (Gurfinkel et al. 1988; Horak & Macpherson, 1996;
Mergner & Rosemeir, 1998).[24][25][26]
Motor reactions are well known to occur in response
to experimental manipulation of each of these sensory
modalities.
In particular, postural responses are induced by
electrical stimulation of the labyrinth (Lund & Broberg,
1983; Fitzpatrick et al. 1994; Day et al. 1997) [27][28]
[29], vibration of ankle muscle groups (Eklund, 1972;
Roll & Roll, 1988; Kavounoudias et al. 1999a),[30][31]
[32] vibration of the foot soles (Saggini 2011)[33], or
exposure to moving visual scenes (Dichgans et al. 1975;
Lestienne et al. 1977; Bronstein & Buckwell, 1997).[34]
[35][36]
There are several lines of evidence in the recent literature that suggest a contributing role of cutaneous receptors from the foot sole in controlling standing balance.
The interactions between two particular modalities that are heavily involved in stance control: muscle
proprioception and tactile afferents from the foot soles.
Skin receptors in the foot sole are sensitive to contact
pressures and may be sensitive to potential changes in
the distribution of pressure. [37]
Together, the integration of all these somatosensory
inputs appears to provide important information about
the body’s position with respect to the supporting surface.
For example, mechanical stimulation of the plantar skin
during quiet stance has been shown to evoke postural
sway that is highly correlated with the cutaneous stimuli
(Maurer et al. 2001).[38]
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Reduction of this cutaneous information,
either by cooling or placing a cuff on the leg, is associated with an increase in postural sway (Orma, 1957; Asai
et al.1992).[39][40]
Furthermore, compensatory stepping reactions to sudden postural perturbations are also affected by reduced
plantar support information (Perry et al. 2000).[41]
Skin receptors may therefore be able to detect not only
the movement of the centre of pressure as it moves towards the boundaries of the base of support, but may
also be able to initiate postural reflexes that promote a
more stable standing position (Do et al. 1990).[42]
Cutaneous afferents were classified as slow
adapting when they responded continuously to maintained indentations. If the receptor responded only to the
onset and removal of the stimulus, it was classified as
fast adapting. Receptors were classified by type based on
the following: slow adapting type I receptors had small
receptive fields with multiple hotspots; slow adapting
type II receptors had a single hotspot with large, obscure
receptive fields and a higher skin stretch sensitivity; fast
adapting type I receptors had small receptive fields with
multiple hotspots; and fast adapting type II receptors
had large, obscure receptive fields with a single hotspot
and a higher sensitivity to vibration.[43]
The receptive field areas for units in the foot
sole were also three times greater than the fields of units
found in the hand (Johansson & Vallbo, 1980).[44]
However, unlike the hand, the positions of the receptive
fields were randomly distributed throughout the plantar
surface of the foot.
There did not appear to be an accumulation of
type I receptors in the toes, nor was there any preferred
spatial distribution for receptors in the foot. In contrast,
there is a proximodistal density gradient for receptors
in the hand, including a congregation of type I receptors
in the fingers (Johansson & Vallbo, 1979). [45] The spatial arrangement of receptors in the palmar skin allows
the hand to acquire information about skin deformation
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during object manipulation (Johansson & Vallbo, 1983).
[46]
While cutaneous information from the plantar
skin is also important, the foot is primarily involved in
weight-bearing actions and would not require as high a
level of acuity as that found in the hand.
In comparison with the cutaneous receptors in
the glabrous skin of the foot sole, the tactile afferents
innervating the la the lateral border of the foot and calf
had lower force thresholds and smaller receptive fields
(Trulsson, 2001).[47] Any activity from skin receptors
in the foot sole may be important for signaling that the
foot is in contact with the supporting surface (Kavounoudias et al. 1998).[48]
The wide dispersal of receptors throughout the
foot sole would ensure that skin receptors would be able
to code for contact pressures, and hence the position of
the foot with the ground. Interestingly, there were a limited number of units documented in the longitudinal
arch. If a preferential distribution exists, the accumulation of receptors in the anterior aspect of the foot, the lateral border and the heel would correspond to the critical
regions of the foot that take up the majority of the body’s
weight in loaded conditions (Perry et al. 2000).[49]

and flexors muscle chains start from the foot coordinating the dynamics of the body.
The patient in the case report showed a skin
graft so extensive and fibrotic adhesions that resulted
in an alteration of the sensitivity of the sole of the foot,
which over the years has generated a change in the global postural control. Considerable theoretical and experimental evidence exists to suggest that feedback from
plantar cutaneous afferents may be important for the
maintenance of upright stance and posture we propose a rehabilitation protocol with aimed to determine an
improvement of local tissue tropism in order to achieve
an improvement of sensory stimulation of the foot skin
and global posture.
The association with proprioceptive exercises,
manual therapy, the use of viscoelastic orthotics aimed
to recover the proprioceptive stimulus aimed at improving the postural global view of the significant correlations between the inputs from the foot and posture.
Aware of the necessity to support our data with a more
scientific level and of the necessity to expand the casuistry, we hope to open a discussion on this topic in the
scientific field.

Altered plantar pressure sensation may contribute to the postural and balance deficits seen.
When compared with younger (50–60 years old) controls, elderly subjects (>85 years) exhibit greater sway
velocities that may be related in part to somatosensory
deficits in the lower legs and feet (Pyykko et al. 1990).
[50]
Astronauts returning from prolonged exposure to microgravity exhibit increases in ‘tremor-type’
postural sway frequencies (Cherepakhin et al. 1973;
Kozlovskaya et al.2001) that might be due in part to hypersensitivity of the cutaneous foot soles . [51][52]
It is therefore clear that the function can affect the podalic ascending pathways influencing responses descendants, especially if it is underlined the that extensors
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