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(57) ABSTRACT

Suturing techniques and sutures capable of reducing the
incidence of incisional herniae, including but not limited to
subcutaneous surgical sutures performed after laparotomy.
Such a suture includes a circular suture having at least first
portions that are within a first region of tissue of a suture area
that further contains rows of puncture sites aligned approxi-
mately parallel to an incision on opposite sides of the
incision. The first region of tissue is located between the
rows of puncture sites and surrounds the incision, and the
first portions of the circular suture extend along the rows of
puncture sites. The suture further includes a continuous
suture in the suture area that penetrates the puncture sites
and traverses the incision. The circular suture disperses
stresses induced by tension in the continuous suture to
inhibit tearing of tissue at the puncture sites.

11 Claims, 3 Drawing Sheets
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1
SUTURES AND SUTURING TECHNIQUES

BACKGROUND OF THE INVENTION

The present invention generally relates to suturing open-
ings or wounds of a living body. The invention particularly
relates to suturing techniques that can be performed after
laparotomy to reduce the incidence of incisional herniae
(hernias).

Laparotomy (also known as celiotomy) is a surgical
procedure that involves making a relatively large incision
through the abdominal wall, typically a midline incision
through the fascia along the linea alba, to gain access into the
abdominal cavity. A subcutaneous surgical suture is often
employed to close the incision. An incidence of approxi-
mately 2 to 20% of incisional hernia post laparotomy has
been reported. In the U.S.A., approximately four to five
million laparotomies are performed each year and as such
approximately 500,000 cases of incisional hernia may occur
each year, of which 200,000 will likely need to be surgically
repaired (Burger et al., 2004). In Germany, one can expect
40,000 to 70,000 cases of incisional hernia per year. The
approximate costs associated with surgical repair per patient
is approximately 5,000 to 10,000 € which accounts for total
annual costs of up to 700 million € (Schumpelick et al.,
1997).

Two techniques are commonly used to suture the abdomi-
nal wall: continuous sutures and simple interrupted sutures.
The surgeon may choose resorbing or non-resorbing suture
materials. For the resorbing materials there are different time
scales for the resorption (the common differentiating factor
is half-life).

Despite progress in the development of novel suture
materials and efforts to advance existing suturing tech-
niques, there has been no major improvement of the inci-
dence of incisional hernia after primary wound closure over
the last decades (Fink et al., 2013). Numerous clinical trials
have disproved the desired effects of developing and using
novel suture materials.

In view of the above, it can be appreciated that there are
certain disadvantages associated with prior art suturing
techniques performed post laparotomy, and that it would be
desirable if suturing techniques were available that were
capable of overcoming or avoiding certain disadvantages
noted above.

BRIEF DESCRIPTION OF THE INVENTION

The present invention provides suturing techniques and
sutures capable of reducing the incidence of incisional
herniae, including but not limited to subcutaneous surgical
sutures performed after laparotomy.

According to one aspect of the invention, a suturing
technique is provided that involves closing an opening
defined by opposing edges of an incision in tissue of a living
body. The technique includes designating a suture area of the
tissue that comprises rows of puncture sites aligned approxi-
mately parallel to the incision on opposite sides of the
incision and a first region of tissue located between the rows
of puncture sites and surrounding the incision, using at least
a first suture thread to create a circular suture having at least
first portions that extend along the rows of puncture sites and
are within the first region of tissue, and using at least a
second suture thread to create a continuous suture in the
suture area that penetrates the puncture sites and traverses
the incision.
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According to another aspect of the invention, a suture is
provided that closes an opening defined by opposing edges
of an incision in tissue of a living body. The suture includes
a circular suture having at least first portions that are within
a first region of tissue of a suture area that further comprises
rows of puncture sites aligned approximately parallel to the
incision on opposite sides of the incision. The first region of
tissue is located between the rows of puncture sites and
surrounds the incision, and the first portions of the circular
suture extend along the rows of puncture sites. The suture
further includes a continuous suture in the suture area that
penetrates the puncture sites and traverses the incision.

A technical aspect of techniques and sutures as described
above includes the ability of the circular suture to disperse
stresses induced by tension in the continuous suture. The
circular suture disperses the stresses along the rows of
puncture sites to an extent that tearing of the first region of
tissue at each of the puncture sites is inhibited.

Other aspects and advantages of this invention will be
further appreciated from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an image showing an experimental setup in
which two sheets are arranged to have edges thereof abutting
each other to simulate edges of an incision.

FIG. 2 is an image showing sutures traversing the incision
in accordance with a state of the art suturing technique.

FIG. 3 is an image showing a circular suture performed as
part of a basic spider suture in accordance with a nonlimiting
embodiment of the invention.

FIG. 4 is an image showing the basic spider suture of FIG.
3 as further comprising a continuous suture with puncture
sites outside the circular suture of FIG. 3.

FIG. 5 is an image showing an extended spider suture in
accordance with another nonlimiting embodiment of the
invention, wherein additional circular sutures and crosslink
sutures are present.

FIG. 6 contains a graph representing tensile results of a
test conducted during an experiment leading to the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

The invention relates to suturing techniques that use
needles and suture threads to close openings and wounds
defined by opposing edges of tissue of a living body.
Preferred aspects of suturing techniques described herein
include, but are not limited to, the ability to reduce the
incidence of incisional hernia after laparotomy, in which
case a subcutaneous surgical suture is often used to close a
relatively large incision that was made in the fascia of the
abdominal wall to gain access to the abdominal cavity.

The suturing techniques described below were developed
as a result of thorough investigative analysis of cases of post
laparotomy incisional herniae, from which it was concluded
that, though suture threads are capable of retaining the
fascia, herniae were caused by the adjacent tissue of the
fascia slowly tearing at the point of maximum stress in the
abdominal wall. As such, it was concluded that to avoid
incisional herniae, there is a need for a suturing technique
that prevents or at least inhibits the fascia from tearing at the
puncture sites. Investigations leading to the present inven-
tion evidenced that tearing of the fascia at puncture sites can
be inhibited by dispersing stresses across the entire length of
the suture line, and in particular by introducing a stress
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component parallel to the suture line in order to disperse
stress across axes that are parallel and perpendicular to the
suture line. Suturing techniques developed as a result can be
applied in cases of primary fascial closure after laparotomy,
as well as a variety of other cases including but not limited
to umbilical herniae and incisional herniae if a fascial
closure without a major increase of intra-abdominal pressure
is possible.

Suturing techniques described below may be referred to
as a “spider suturing technique” to create a “spider suture,”
referred to as such due to some resemblance to a spider web.
Aspects and steps relating to spider suturing techniques will
be described in reference to FIGS. 1 through 5. For demon-
strative purposes, FIG. 1 is an image showing an experi-
mental setup in which two sheets (paper) 10 and 12 are
arranged so that edges of the sheets 10 and 12 abut each
other to simulate edges of an incision 14 in tissue, for
example, the fascia of an abdominal wall. A pair of roughly
parallel lines, one on each sheet 10 and 12, identifies rows
of puncture sites 16 in the tissue where one or more suture
threads will penetrate the tissue during the suturing proce-
dure. The rows of puncture sites 16 are on opposite sides of
the incision 14 and oriented in a direction referred to herein
as a parallel direction to the incision 14 and, at the conclu-
sion of the procedure, the suture line. An area over which the
suturing technique will be performed, referred to herein as
the suture area 18, is defined herein as including the rows of
puncture sites 16 and a region of tissue between the rows of
puncture sites 16.

In FIG. 2, a state of the art suturing technique is repre-
sented in which a suture thread has been placed in the suture
area 18 of FIG. 2 to create a continuous suture 20. A needle
(not shown) has been used to puncture the sheets 10 and 12
at their respective puncture sites 16, and the suture thread
traverses the suture area 18 and incision 14 in directions
generally oblique to the parallel direction. One end of the
continuous suture 20 (in FIG. 2 the upper end) is fixed with
the suture 20 itself, while its other end (in FIG. 2 the lower
end) is fixed with a single-button suture, which has been
applied for just this purpose. Alternatively, also the lower
end of the suture 20 in FIG. 2 could be fixed with itself; or
its upper end in FIG. 2 could be fixed with a single-button
suture. The suture thread has not been tensioned in FIG. 2 for
illustrative purposes. Once tensioned, the suture thread
induces stresses in the tissue adjacent each puncture site 16,
which if sufficient may slowly tear the tissue and allow an
incisional hernia to develop.

FIG. 3 is an image showing a step in a spider suture
technique in accordance with a nonlimiting embodiment of
the invention. FIG. 3 represents a continuous circular suture
22 in which a suture thread (which may be referred to herein
as a first suture thread or first thread) intermittently pen-
etrates and exits the tissue along each row of puncture sites
16 (i.e., in the parallel direction), while generally avoiding
penetration at any of the puncture sites 16. The portions of
the circular suture 22 along each row of puncture sites 16 are
represented as being interior of the puncture sites 16, in
other words, on the side of the row of puncture sites 16
proximal to the incision 14, and therefore entirely within the
suture area 18. Other portions of the suture thread bridge the
incision 14 at opposite ends of the suture area 18, generally
in directions referred to herein as a perpendicular direction
to the incision 14 and the resulting suture line at the
conclusion of the procedure. The portions of the suture
thread bridging the incision 14 are represented as being
outside what has been defined herein as the suture area 18.
The circular suture 22 is represented in FIG. 3 as a single
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continuous thread applied to both sides of the incision 14 so
as to surround the incision 14 and closed with a single knot.
However, it is foreseeable that the circular suture 22 could
be created with multiple suture threads.

FIG. 4 is an image showing the spider suture of FIG. 3 as
further comprising a continuous suture 24 in the suture area
18 that utilizes the puncture sites 16 located outside of the
circular suture 22 of FIG. 3. As with standard continuous
sutures such as represented in FIG. 2, the continuous suture
24 is formed with a suture thread (which may be referred to
herein as a second suture thread or second thread) that
successively traverses the incision 14 above the tissue
(visible in FIG. 4) and below the tissue (represented by
phantom lines in FIG. 4) in transverse directions to the
incision 14. The continuous suture 24 is represented in FIG.
4 as a single continuous thread closed with a single knot,
though it is foreseeable that the continuous suture 24 could
be created with multiple suture threads. Also, one or both
ends of the thread of the continuous suture 24 may be fixed
to the continuous suture 24 itself or to a single-button suture
(for example, similar to that shown in FIG. 2), respectively,
wherein the respective single-button suture has been applied
for this very purpose. The suture thread shown in FIG. 4 has
not been tensioned for illustrative purposes. Once tensioned,
the continuous suture 24 induces stresses in the tissue
adjacent each puncture site 16.

According to a preferred aspect of the invention, the
circular suture 22 introduces a stress component that is
parallel to and along the entire length of the suture line so
that stresses induced by tension in the continuous suture 24
are dispersed by the circular suture 22 across axes that are
parallel to the suture line (e.g., along each row of puncture
sites 16 of the continuous suture 24) and approximately
perpendicular to the suture line (e.g., along each suture
thread of the continuous suture 24 that traverses the incision
14), preferably to the extent that stresses induced by the
sutures 22 and 24 are inhibited from tearing the tissue at
each puncture site 16.

Depending on the consistency of the incision 14, the basic
spider suture represented in FIG. 4 may be modified by
adding one or more additional circular sutures 28 and 30 in
expanding circles outside the suture arca 18 designated in
FIGS. 3 and 4, thereby defining an extended suture area 26
that surrounds the original suture area 18 and its sutures 22
and 24. Additionally, FIG. 5 represents the addition of linear
crosslink sutures 32 that may be applied to transversely
extend across the incision 14 from two rows of additional
puncture sites 34 located at the boundary of the extended
suture area 26. Once tensioned, the suture threads of the
crosslink sutures 32 induce stresses in the tissue adjacent
each puncture site 34, which are inhibited from tearing the
tissue as a result of the circular sutures 28 and 30 dispersing
stresses along each row of puncture sites 34.

An experiment was conducted for the purpose of com-
paring the carrying capacities of a basic spider suture
generally configured as represented in FIG. 4 and a state of
the art continuous suture generally configured as represented
in FIG. 2. In the experiment, two sheets of paper were
sutured at their abutting edges along a length of approxi-
mately 5 cm (about 2 inches) with the known technique of
FIG. 2 and the spider suture technique of FIGS. 3 and 4. In
both cases, monofilament thread (“Resolon 2-0, Resorba™)
was used. Tension in the perpendicular direction across the
incision was applied with a bucket to which sand was added
until the sutures tore. The carrying capacities of the two
suturing techniques were determined by the final weight of
the bucket when the sutures tore. The number of repetitions
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was five for each suture. FIG. 6 evidences that the spider
suture exhibited a significant increase (Fisher’s test,
p=0.017) of mean carrying capacity over the state of the art
continuous suture, specifically, 5101.75 g as compared to
1776.5 g, as tabulated in the table below. These results were
concluded to have confirmed that the circular suture utilized
by the spider suture technique successfully dispersed
stresses along each row of puncture sites of the continuous
sutures to the extent that tearing of the suture line was
inhibited.

Continuous suture Basic spider suture

1776.5
169.9

5101.75
975.7

Carrying capacity in g
Standard deviation

While the invention has been described in terms of
specific or particular embodiments, it should be apparent
that alternatives could be adopted by one skilled in the art.
For example, any number of suture threads could be used in
the procedure and materials and components employed by
the procedure could differ in composition, appearance, and
construction from the embodiments described herein and
shown in the drawings. As such, it should be understood that
the above detailed description is intended to describe the
particular embodiments represented in the drawings and
certain but not necessarily all features and aspects thereof,
and to identify certain but not necessarily all alternatives to
the represented embodiments and described features and
aspects. Accordingly, it should be understood that the inven-
tion is not necessarily limited to any embodiment described
herein or illustrated in the drawings. It should also be
understood that the phraseology and terminology employed
above, including the terms “circular” and “continuous”
when describing the sutures 22, 24, 28, and 30, are for the
purpose of describing the illustrated embodiments and
investigation, and do not necessarily serve as limitations to
the scope of the invention. Therefore, the scope of the
invention is to be limited only by the following claims.

The invention claimed is:

1. A suturing technique for closing an opening defined by
opposing edges of an incision in tissue of a living body, the
suturing technique comprising:

designating a suture area of the tissue that comprises rows

of puncture sites in the tissue within the suture area, the
rows of puncture sites being aligned approximately
parallel to the incision on opposite sides of the incision
and a first region of tissue located between the rows of
puncture sites and surrounding the incision;

using at least a first suture thread to create a circular suture

that is in the tissue of the suture area, continuous
around the incision, and closed with a knot to form a
closed loop surrounding the incision, the circular suture
having at least first portions that extend along the rows
of puncture sites and are within the first region of
tissue; and

using at least a second suture thread to create a continuous

suture in the suture area that penetrates the puncture
sites and traverses the incision;
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wherein the first and second suture threads form a suture
and stresses induced by tension in the continuous suture
are dispersed by the circular suture along the rows of
puncture sites to an extent that tearing of the first region
of tissue at each of the puncture sites is inhibited.

2. The suturing technique according to claim 1, wherein
the suture is a subcutaneous suture.

3. The suturing technique according to claim 2, wherein
the incision is a laparotomy and the tissue is fascia of the
abdominal wall.

4. The suturing technique according to claim 1, wherein
the first portions of the first suture thread intermittently
penetrate and exit the first region of tissue along each of the
rows of puncture sites while generally avoiding penetration
at any of the puncture sites.

5. The suturing technique according to claim 4, wherein
the first portions of the first suture thread are on sides of the
rows of puncture sites proximal to the incision.

6. The suturing technique according to claim 1, wherein
the continuous suture is in the tissue of the suture area and
closed with a knot, and the second suture thread successively
traverses the incision above and below the first region of
tissue in transverse directions to the incision.

7. The suturing technique according to claim 1, wherein
the first suture thread comprises second portions that are
outside the first region of tissue.

8. The suturing technique according to claim 1, wherein
the suture area is a first suture area, the suturing technique
further comprising:

designating an extended suture area that surrounds the

first suture area, the extended suture area comprising
rows of additional puncture sites that are aligned
approximately parallel to the incision on opposite sides
of the incision and a second region of tissue located in
the extended suture area between the rows of additional
puncture sites;

using at least a third suture thread to create a second

circular suture in the second region of tissue located in
the extended suture area; and
using at least a fourth suture thread to create crosslink
sutures in the extended suture area that penetrate the
additional puncture sites and traverse the incision;

wherein stresses induced by tension in the crosslink
sutures are dispersed by the second circular suture
along the rows of additional puncture sites to an extent
that tearing of the second region of tissue at each of the
additional puncture sites is inhibited.

9. The suturing technique according to claim 8, the
suturing technique further comprising using at least a fifth
suture thread to create a third circular suture in the second
region of tissue located in the extended suture area.

10. The suturing technique according to claim 1, wherein
the first suture thread that creates the circular suture is a
single continuous thread.

11. The suturing technique according to claim 1, wherein
the second suture thread that creates the continuous suture is
a single continuous thread.
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