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ABSTRACT

Objectives: The study examined the feasibility of a
suturing technique involving the use of horizontal
mattress sutures with gauze support, which is based on
the distribution of tensile forces over a wider area and
the use of mechanical creep and stress relaxation of skin,
for primary or staged closure of skin defects.

Material and Methods: A total of 15 wounds of eight
patients were included. Direct wound closure was not
possible in any of these wounds and all wounds were
closed using horizontal sutures supported by gauzes
where a gauze was placed between suture material and
skin to spread the pressure over a wider area. Defects
were closed either primarily or gradually.

Results: Size of the wounds ranged between 1.5 x 1.5 cm
and 17 x 11cm. Successful skin edge apposition could be
accomplished in all fifteen wounds using the technique
described herein. In one patient, skin apposition failed
subsequently, and the patient was managed with skin
grafting; thus, conventional methods including skin
grafts/flaps or secondary healing could be avoided in the
remaining patients. No scar-related complications
occurred during follow-up (mean duration, 8 months)
after wound healing.

Conclusion: Preliminary results of this simple technique
suggest that the technique has the potential to be used
for the closure of primary non-closable wounds with low
complication rate.

Key Words: Large skin defect, horizontal mattress
suture, suture support, wound dechiscence, primary
closure, suture failure

OZET

Amag: Bu calismada, primer kapatilamayan cilt defektlerinin
primer ya da kademeli kapatilmasinda, germe kuvvetlerinin
daha genis bir alana yayilmasini ve mekanik siriinme ile
ciltteki gerilimden faydalanilmasini esas alan yatay matris siitiir
tekniginin gazli bez destegi ile uygulanmasinin fizibilitesinin
incelenmesi amaclanmistir.

Geregler ve Yontem: Toplamda sekiz hastada bulunan 15
primer kapatilamayan yara calismaya alindi  Yaralarin
hicbirinin direkt kapatilmast mimkin degildi; bu yizden gazl
bez destegiyle yatay sutir teknigine bagvuruldu. Gazli bez
stitir materyali ile cilt arasina yerlestirilerek basmncin daha
genis bir alana yaylmast amaglandi. Defektler primer veya
kademeli olarak kapatildi.

Bulgular: Yaralarin boyutu 1.5 x 1.5 cm ile 17 x 11 cm
arasinda degismekteydi. S6z konusu teknik ile olgularin
tamaminda yara dudaklarinin karsiikli getirilmesi miimkiin
oldu. Miiteakip dénemde bir hastada apozisyonun yetersiz
kalmasi nedeniyle greft uygulandi. Boylelikle, diger hastalarda
cilt greft/flepleri veya sckonder iyilesme gibi geleneksel
yontemlerden kacgindmis oldu. Yaralarin iyilesmesi sonrasinda,
ortalama sekiz aylik takip stiresi boyunca hi¢bir hastada yarayla
iligkili bir komplikasyon gérilmedi.

Sonug: Bu basit teknigin elde edilen ilk bulgulari, teknigin
primer kapatilamayan yaralarin kapatilmasinda
uygulanabilecegini ve takip eden siirecte bir komplikasyon
gelismeyecegini géstermektedir.

Anahtar Kelimeler: Biyiik cilt defekti, primer kapatma, sttiir
destegi, sttlr yetersizligi, yara agilmasi, yatay matris stitiir
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Introduction

Reconstruction of large soft tissue defects caused
by surgery or trauma remains a major technical
challenge. Immediate closure of the wound is
generally preferred on the basis of practicability
and better outcomes. However, factors such as
inappropriate suture techniques, failure to apply
the correct technique of skin closure, as well as
inability to gauge the tension following closure
may pave the way for wound dehiscence.

A number of different surgical techniques, skin
stretching devices, and tissue expanders have been
used to facilitate the reconstruction of large
defects. Surgical techniques such as skin grafts,
local flaps, and free flaps are generally complex,
may result in significant morbidity, and may lead
to less satisfactory cosmetic results as compared
to primary repair.

Although sutures are used in a variety of patterns
for the primary closure of large defects, very little
evidence exists to support one configuration over
another. Furthermore, various techniques have
been described for staged wound closure by skin
stretching [1-4]. Some of the suture techniques
used for closing skin under excessive tension
include the wound coverage by skin stretching
with K wire [5], Donati-Allgéwer suture pattern
[6], staged linear closure and the shoelace
technique [7]. An ideal suture technique should be
able to approximate the wound edges without
compromising skin perfusion, since
revascularization of the wound is an essential
component of the wound healing process.
Simultaneous presence of soft tissue injury,
edema, and wound tension after trauma poses a
particular risk for problems associated with
cutaneous blood circulation [6]. Tensile forces to
which a wound is subjected not only lead to a
predisposition for circulatory problems but also
tissue tearing and wound dehiscence as well.
Mechanical stress is a risk factor for dehiscence;
therefore, incisional support is necessary when a
wound is at risk for breakdown or tear [8]. In
addition, extra-cutaneous loops of the suture
material on the surface of the skin may compress
the epidermis. These loops may
strangulation, necrosis, tearing and scarring of the
skin when the suture is too tight [9]. The use of
bolsters or compressible cushions beneath the
suture loops have been proposed to address this
problem [9-11]. Another approach commonly
used for pulling the wound edges to cover a
distance consists of horizontal mattress sutures.

cause

The aim of our study was to determine the
efficacy of a suturing technique involving the use
of horizontal mattress sutures with gauze support
for primary or staged closure of large skin defects.
This technique is based on the distribution of
tensile forces over a wider area and the use of
mechanical creep and stress relaxation of skin.

Subjects and Methods: This study included eight
patients with a total of 15 wounds between 2013
and 2016. The exclusion criteria included patients
with burns and primary closable wounds. Direct
wound closure was not possible in any of these
wounds and all wounds were closed using
horizontal sutures supported by gauzes.

Surgical technique: The wound planned for
closure is adequately debrided, while particular
attention is paid to the skin edges. Materials used
for horizontal matrix suture technique, shown in
Figures 1a through 1d, include 2.0 prolene sutures
and gauze. The suture is sewn through the skin
and subcutaneous tissue approximately 1.5- 2 cm
from the wound (Fig. 1a). The main technical trick
is the placement of a gauze between suture and
skin. Gauze spreads the pressure over a wider area
preventing suture failure through skin (Fig.1b).
The amount of tension applied is subjectively
determined and is mainly based on the clinical
mobility of the skin adjoining the wound. Skin
pallor and tightness represent the main factors to
consider when judging how much stretching force
can be applied safely to wound margins (Figs. 1c).
Gradual closure might be necessary in larger
defects. In our experience, it was possible to
provide closure up to half of the skin gap in most
of the patients on the first attempt (Fig. 1d). Re-
application of the technique with tightening of the
suture is performed after 2 weeks in line with our
clinical experience, to close the rest of the skin
gap in cases where staged closure is to be done.
No additional treatment was performed at the
second stage except for the suture technique.
Sutures are removed two weeks after opposition
of the skin edges. Prolonged strain can cause
superficial necrosis of the skin underlying the
gauze. Superficial skin necrosis may be ignored;
however, suture cut should not occur.

Results

The characteristics of patients are depicted in
Table 1. Thete were four male and four female
patients, with a mean age of 58.7 years (range, 38-
80). Size of the wounds ranged between 1.5 x 1.5
cm and 17 x 11lcm. Recommended conventional
approaches for these defects would include the
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Fig. 1. Illustration of the technique without any
additional accordion incision. (a) the suture is sewn
through the skin and subcutaneous tissue, (b) gauze is
placed between suture and skin, (c) tension applied to
approximate the edges, (d) closure (direct or staged as

appropriate).

following: six rotational flaps, six skin grafts, one
free flap and two secondary healing. Four of the
wounds were infected at the time of the
procedure, for which appropriate antibiotics were
given after debridement. In one patient, skin
apposition failed subsequently, and the patient was
managed with skin grafting. This patient (pt. 6)
had multiple previous revisions for an infected
total knee prosthesis with poor skin mobility,
which might provide an explanation for the failure
of the technique. Two illustrative cases are shown
in Figures 2 and 3. The mean duration of follow-
up of our patients was 8 months (range, 6-13
months). There  were  no scar-related
complications after wound healing.

Discussion

Here we describe the outcomes of a surgical
technique that can be utilized for the closure of
any kind of skin defects. It appears from our
results that it is possible to achieve quite
satisfactory surgical outcomes with this simple and
cost-effective technique in such lesions.

Collagen and elastin fibers are embedded and float
in a gel-like base in the epidermis and dermis and
comprise the majority of these layers (i.e. about
75% and 4% of the dry weight, respectively) [3].
The skin’s ability to stretch and expand is largely
imparted by the reorientation of this interwoven
network of elastin and mainly collagen fibers [12].
Also, biomechanical properties of the skin, and
particularly mechanical creep and stress relaxation,
allow skin to stretch beyond its inherent

Fig. 2. A 44 -year-old patient (pt. 1) with multiple
wounds from bomb blast injury. Figures show the
staged closure of the wound at the right thorax sized
17x11 cm. Reapplication and tightening of the suture
was performed after 2 weeks to close the rest of the
skin gap. Sutures were removed on the twelfth day.
The patient had perfect functional results at the end of
6 weeks. (a) before surgery, (b) partial closure using the
technique, (c) complete closure at the second session,
(d) six weeks after wound closure.

extensibility within a relatively short period of
time. According to the mechanical creep
phenomenon, skin will stretch and elongate with
time as long as the 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. Wound closing
tension decreases as a result of skin stretching,
allowing primary closure of large defects [13].

Although stress-relaxation is a well-established
mechanism of skin stretching in laboratory
settings, its clinical utility in conventional suturing
techniques remains limited due to the inherent
and simultaneous induction of ischemia, necrosis
and subsequent suture failure. Thus, skin defects
that cannot be primarily closed represent a
common technical challenge in reconstructive
procedures [14].

Simple interrupted or vertical mattress sutures
focus tension across the wound edge and often
result in tissue tearing [15]. Factors commonly
associated with an increased risk of failure in skin
closure include advanced age, connective tissue
disorders, location of the incision, prior surgery or
history of radiation, diabetes, obesity, infection,
malnutrition, and use of immunosuppressive drugs
[16, 17]. A number of different skin stretching
devices have been introduced to assist closure
through  skin  stretching, with  reported
complications of partial wound dehiscence,
necrosis of skin edges, local infection [2, 4, 18]. In
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Fig. 3. A 068-ycar-old patient with uncontrolled type II diabetes (pt. 8) with an open wound occurring after
disarticulation at metatarsophalangeal joint. Primary suture cut out occurred due to the patient being discordant
with the treatment. The patient then underwent wound coverage by skin stretching with our technique and had
perfect outcome at the end of 6 weeks with full weight bearing. Left, before surgery; right, six weeks after wound
closure.

Table 1. Characteristics of the patients and the wounds

Patient Age Area Mechanism Recommended Size Wound Co-morbidity
no. conventional (cm) culture
treatment
1 44 Thorax Gunshot Free flap 17x11 Malnutrition
Upper Gunshot Skin graft 12x10 Malnutrition
arm
Leg Fasciotomy Skin graft 20x3 Malnutrition
Leg Gunshot Rotational flap 3.5x2.5 MRSA Malnutrition
Leg Gunshot Rotational flap 1.5x1.5 MRSA Malnutrition
2 40 Heel Pressure sore Rotational flap 3.5x3.5 MSSA
3 38 Thigh Postop Rotational flap 4x3 Morbid
necrosis obesity
Thigh Postop Rotational flap 4x2 Morbid
necrosis obesity
4 70 Ankle Postop Rotational flap 1x3
necrosis
5 80 Leg Fasciotomy Skin graft 12x4 Diabetes
Leg Fasciotomy Skin graft 14x4 Diabetes
6 64 Knee Postop Skin graft 6x2
necrosis
7 68 Foot Diabetic foot  Secondary healing ~ 3.5x2 Diabetes
Foot Diabetic foot Secondary healing  3.5x3 Diabetes
8 66 Knee Postop Skin graft 2x2 Klebsiella ~ Rheumatoid
necrosis arthritis

MRSA, methicillin resistant staphylococcus aureus; MSSA, methicillin sensitive staphylococcus aureus

the study of 15 patients conducted by Eui-Tai Lee
[19] about wound closure with Serial Tightening
of Loop Suture, wound dehiscence occurred in 3
cases and 2 cases had skin laceration
complications. In their study they conducted on 8
patients and 10 primary non-closeable wounds,
Ravichand Ismavel et al. [5] applied a skin tension-
assisted wound closure technique using Kirschner
wires. Kirschner wires cut out in three patients
and two patients had partial wound dehiscence. In
contrast, in our group of patients where a simple
and inexpensive skin closure method was used,
wound dehiscence or wound necrosis did not

occur, the use of an auxiliary tool or device for
skin tensioning was not needed and the method
could even be successfully used in four infected
wounds, with no recurrent infections.
Furthermore, despite the presence of risk factors
for wound dehiscence in a substantial proportion
of our patients (5 patients, malnutrition; 2
patients, obesity; 4 patients, diabetes; and 1
patient on immunosuppressive treatment), skin
closure could be successfully undertaken in most
wounds. The only case of failure had a prior
history of multiple surgeries for infected knee
prosthesis. In that patient, although wound
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dehiscence or necrosis did not occur, skin
stretching could not be achieved, most probably
due to presence of excessive fibrotic tissue.

The advantages of our procedure, on the other
hand include the fact that it can be performed
under local anesthesia with the use of readily
available gauze and conventional sutures,
significantly reducing the costs as compared to
prefabricated skin stretching devices. Also,
experience in reconstructive soft tissue procedures
is not a prerequisite for the surgeon. Our
technique is not associated with any donor site
morbidity and can even be used for infected
wounds. Therefore, this approach can be used in
settings where commercial wound closure devices
are ecither unavailable or considered too costly.
However, it should also be borne in mind that this
technique can and should only be implemented in
mobile skin. Certain parameters such as the skin
pallor and tightness can be exploited to gauge the
amount of force required for stretching. Although
undermining of the wound margins results in only
a small additional decrease in skin tension, but
also may lead to complications including skin edge
necrosis and seromas [20].

The main limitations of this study include its small
sample size and the differences across the patients
in terms of co-morbid conditions, age as well as
the mechanism, site, and size of the wounds.

In conclusion, our experience with this simple
technique suggests that it has the potential to
replace most reconstructive techniques used for
the closure of primary non-closable wounds, with
low complication rate.
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