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Abstract

The principle of stretching wound margins for primary wound closure is commonly practiced and used for excessive tension and
complicated during wound closure. They were invasive by nature and associated with relatively high localized tissue pressure,
frequently leading to necrosis, damage and tearing of skin at the wound margins. To assess the clinical effectiveness and
performance and, to determine the safety of Tension wound closure device for gradual, controlled, temporary, noninvasive and
invasive applications for skin stretching and secure wound closing, the Tension wound closure devicedevice was applied to 10
patients for secure closure of a variety of wound sizes. Tension wound closure device was reinforced with adhesives, staples
and/or surgical sutures, depending on the circumstances of the wound and the surgeon’s judgment. Following surgery, it was used
to secure closure of wounds under tension, thus improving wound aesthetics.
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1. Introduction

Many techniques have been applied for closure of large skin
defects: skin grafts, local flaps, tissue stretching and
expansion, free flaps and closure by secondary intention.
Some of these modalities carry considerable morbidity,
complexity and risks associated with lengthy healing time.
Mechanical forces play a significant role in the formation and
structuring of tissues, mainly the skin, during human
development, through life and during repair processes,
determining their three-dimensional shape, as well as
structural and remodeling properties affecting tissue on
cellular and subcellular levels -3l Shear stress, tension,
compression and hydrostatic pressure are conducted through
the extracellular matrix or extracellular fluid to individual
cells. It has been proposed that cells convert these mechanical
stimuli into electrical signals through biochemical
mechanoreceptors (mechanosensors) such as
mechanosensitive ion channels, cell adhesion molecules
including integrins and actin filaments in the cytoskeleton ©-
61, 1t was also proven that there is a vast intracellular effect
created by mechanical stretching—for example, mechanical
stretching modulates growth direction and MMP-9 release in
human keratinocyte monolayer [/l The mechanical properties
of soft tissues have been widely investigated [, Tension is a
principal force experienced by the skin, and with optimal
amplitude and waveform, it may aid in facilitating its growth
and expansion for early wound closure. Extensible connective
tissues (e.g. skin, blood vessels, fascia) contain networks of
fibrous collagen and elastin within the extracellular matrix
and in an amorphous matrix, and are affected during
mechanical loading 1. Skin exhibits load history-dependent
behavior. The epidermal and dermal layers of skin consist
largely of collagen (about 75% of dry weight) and elastin (4%
of dry weight) fibers embedded and floating in a gel-like base
[10]

The reorientation of this interwoven network of elastin and
mainly collagen fibers provides the skin with the ability to

stretch and expand 4, hence displaying a viscoelastic nature
with their nonlinear stress—strain curves 2. Biomechanical
properties of the skin, specifically mechanical creep and
stress relaxation, allow skin to stretch beyond its inherent
extensibility within a relatively short period of time.
Mechanical creep is the phenomenon where skin will stretch
and elongate with time as long as force is applied. If the skin
is stretched to a constant distance in a state of stress
relaxation, it will expand, leading to a gradually reduced
tension on the skin. As a result of skin stretching and
elongation, wound closing tension decreases, allowing
primary closure of relatively large defects 41, In 1993, a new
technique was introduced by Hirshowitz et al. 4 based on
the use of the Sure-Closure® skin-stretching system. This
skin stretching device was designed to harness the
viscoelastic properties of skin by invasively applying
controlled and evenly distributed tension along the wound
margins, using incremental traction over a period of time,
thereby allowing primary closure of relatively small-to
medium-size skin defects. However, some of the main
drawbacks of this device and similar ones > ¢ are the sole
invasive nature of their use and the application of relatively
high stress close to the wound edges, leading at times to
pressure ischemia, necrosis and tearing of tissue. The Tension
wound closure device, an innovative, simple, skin stretching
and wound closure-secure system designed to harness both
mechanical creep and stress relaxation principles. This new
concept uses distribution of the force necessary to stretch the
skin over a relatively wide area of adherence, away from the
traumatized wound edges, using selective vector-oriented
forces, continuously or cyclically, in both noninvasive and
invasive manners. [71 In this study, we compare the
effectiveness of tension wound closure over conventional
method for closure of different tension wound like burst
abdomen wound, trauma wound over knee and foot, surgical
wound over spine, amputation stump, trochanteric wound etc.
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2. Materials and Methods

Device structure and mechanical characteristics The Tension
wound closure device comprises two attachment plates (AP)
that are interconnected by a long, flexible approximation strap
(AS). The AS links the opposing APs, enabling
approximation and advancing the APs by incremental pull on
the AS. The AS is completely inserted through the
lock/release ratchet mechanism (L/RM) on the proximal AP
until being secured by the AS’s wings. Next, it is inserted into
the L/RM on the opposing AP to allow gradual controlled
stretching of the underlying skin. The AS is locked or
released by lightly pressing or lifting the L/RM’s lever.

Invasive Application

In most circumstances, Tension wound closure device may
have to be secured to the skin by invasive means. Once the
APs are firmly adhered to the skin, the attachment can be
further secured by staples or sutures using the designated
pairs of oval openings on each plate. The AS is then inserted
into the L/RMs of the plates and tightened gradually to enable
skin stretching. Additional staples or sutures may be applied
when indicated. The AS is then inserted into the L/RMs of the
plates and tightened gradually to allow skin stretching.
Measurement of stress implication by sutures and Tension
wound closure device 117,

3. Results & Discussion

The Tension wound closure devices were tolerated well by all
patients and remained comfortable and mobile with the device
in situ. There was progressive reduction in the size of the
wound and possible for the primary closure of skin tissue was
evident in all cases. Precise measurement of wound closure
was not possible as the skin laxity depend on the surrounding
skin, type of skin, tension pressure. Removal of the tension
closure device system was done after a median of 14(range 9-
28) days. 2 patients were discharged home with a Tension
wound closure device in situ and managed on an outpatient
basis, where the treatment lasted for a median of 7.5 (range 5-
9) days. The median hospital stay after initiation of Tension
wound closure device therapy was significantly shorter (15,
range 10 - 30 days) than on conventional treatment prior to
Tension wound closure devices(23, range 17-45 days) . There
were no Tension wound closure device related complications
and complete healing was achieved in all 10 patients.

Mechanism of action

The Tension wound closure device has been designed and
applied to harness the viscoelastic properties of the skin by
both mechanical creep and stress-relaxation principles in both
noninvasive and invasive manners. Tension wound closure
device was also useful in acute skin stretching by stress
relaxation through intraoperative, invasive, cyclical skin
elongation and for postoperative invasive tension release to
secure wound closure

Application of mechanical creep for skin stretching

Qualitative microscopic analysis of the skin covering the
tissue expander revealed a rapid thinning of the dermis and
the panniculuscarnosus muscle, mainly in the first 2 weeks,
with no significant change in the epidermis. More compact
and larger bundles of collagen fibers were observed in the
thinned expanded dermis ¥, The Tension wound closure

device can, in many instances, replace tissue expanders by
using gradual and slow skin stretching paced over a few days
to several weeks. This is achieved by utilizing the mechanical
creep properties of tissues but with much more flexible
distance, close to and/or distant from the lesion’s edges.
Tension wound closure device can be applied to stretch skin
in various body sites and in multidirectional, multi force
vectors, more specifically applied to affect the needed stretch
direction, for skin relaxation, elongation and expansion.

Application of stress relaxation for skin stretching

Stress relaxation is another biomechanical property of soft
tissue behavior which describes the time-dependent decay of
stress as the applied strain is held constant. The quasi-linear
viscoelastic constitutive model is one of the methods of
characterizing stress relaxation behavior of skin. Stress
relaxation allows skin to stretch intraoperative beyond its
inherent extensibility in a short period of time. As a result of
skin stretching, wound closing tension decreases over time,
allowing primary closure of relatively large defects [, It has
been shown that cyclical stretching of the skin can result in
biochemical changes within a short period of time.

Ryan’s [ research manifests an immunohistochemical
analysis for epidermal proliferation, which showed a strong
response to cyclical stretch as soon as one hour following
stimulation, and significantly greater EGF elevation occurred
in the cyclical stretch group. These results support previous
suggestions that cyclical force is preferable for stimulating
growth than static force.

We learn that cyclically stretched skin led to increased tissue
oxygenation and improved skin viability. Due to the structural
composition of the skin, the resultant viscoelastic capability
produces a unique mechanical behavior when subject to
repeated mechanical loading. Preconditioning of skin,
therefore, should be considered a necessary step toward
optimal tissue stretching and elongation 24, Such a procedure
orients the molecular structure of the skin to its optimal in
vivo alignment, allowing tissues to gradually adapt to loading,
resulting in low-tension wound closure.

Tension wound Closure device was applied during surgery to
acutely, tangentially stretched skin over a period of 20-30
min, in intermittent, repetitive cycles of 3-min stretching,
applying a constant strain with an apparent period of tissue
blanching (ischemia), followed by 1-min relaxation with
capillary refilling (reperfusion). By using intermittent
application of tension to the skin, this preconditioning
multivector cyclic loading led to an incremental skin
elongation through the stress relaxation mechanism,
facilitating primary skin closure.

In trauma settings, Tension wound Closure device enabled a
selective distribution of a minimal load on the injured skin
edges to meet its specific clinical condition. It is
recommended that the least possible tension be applied to the
injured skin, to position the APs away from wound edges or
at various distances, and to adhere the APs to the underlying
skin with staples or sutures to allow for thorough cleansing of
the wound during and following surgery. Tension wound
Closure device is of special merit in surgery in those cases
where a second look is indicated for exploration and
treatment of wounds after primary surgery. AS can be
detached by releasing the lever of the L/RM and can be
reapplied if indicated. Local skin irritation and blistering can

70



International Journal of Medical and Health Research

be avoided by slow, gradual skin stretching in the noninvasive
mode of preoperative skin stretching and by the application of
minimal pull on the skin for postoperative wound securing.
Topical skin irritation from the adherent glue could be easily
detected under the semitransparent AP and could be treated
early by releasing tension, topical cream and/or relocation of
AP with the use of staples if indicated.

The Tension wound closure device System is an innovative
device, having been designed to closure of critical wound by
both mechanical creep and  stress  relaxation
principles.Application of Tension wound closure device can
be utilized to modify and improve the current practice of
wound closure by enabling skin to gradually adapt to
loading,applying minimal stress to the skin away from
thedamaged wound edges, using flexible, multidirectional

5. Tables and Figures

force vectors and versatile methods of attachment to the skin,
using method of skin stretching, elongation, securing wound
edges, and improved scar aesthetics.(figure 1,2,3,4)

4. Conclusion

Tension wound closure device may provide a more consistent
and efficacious way to manage critical wound like burst
abdomen wound, amputation stump, fasciotomy wound, over
joint area and surgical tension wound because it starts
approximating the edges at earlier time. We notice that
tension wound closure device is easy to use and close the
critical tension wound. In our institution, when such type of
wound not amenable to primary closure, the Tension wound
closure device system is the preferred alternative method in
our institution

Fig 1&2:Pre and Post photos of trochantric wound.

Fig 4 & 5:Pre and Post photos of dehiscence post laparotomy wound
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