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Original Article

Correlation of Suture Diameter With Its Ability to Cut
Through an Artificial Skin Model
Michael Y. Xiong, MD,*† and Richard G. Bennett, MD*†‡

BACKGROUND Sutures can tear through tissue, but little data exist on the relative ability of different suture gauges and
suture types to cut into the skin.
OBJECTIVE To quantify the relative ability of various sutures to cut into and tear through the skin.
METHODSANDMATERIALSWe tested 4 suture types (polypropylene, nylon, polyglactin 910, and poliglecaprone 25) at
2 gauges each (3-0 and 5-0) in their ability to cut into and tear through an artificial skin substitute comprised of a 1-mm thick
silicone sheet. The force required to cut into and through the skin substitute wasmeasured using a digital force gauge that
generated a force–time curve. The suture diameters were verified using both a precision caliper micrometer and an
eyepiece micrometer with the microscope. Statistical analysis was performed using the Student t-test and analysis of
variance.
RESULTS All 5-0 suture types required less force to cut into and tear through the skin substitute than their 3-0 counter-
parts. Among each suture gauge, there was no significant difference in tear-through force regardless of the suture type.
CONCLUSION Compared with larger gauge sutures, smaller gauge sutures more easily cut into and tear through skin
substitute.

It is generally believed that the thinner a suture, the
greater its likelihood of cutting through tissue.1 For in-
stance, White and Stephens2 found that 6-0 silk pulled

completely through the eyelid skin with less force than 4-
0 silk. However, in their study, only silk and nylon were
tested and compared at 2 gauges (4-0 and 6-0), and there
was no statistical analysis of their data. Furthermore, the
skin thickness was not controlled for. Thus, we sought to
test the relative ability of several suture gauges and types
(absorbable and nonabsorbable) to cut into and completely
tear through an artificial skin model that simulates the hu-
man skin.

Materials and Methods
We investigated the following suture materials: 3-0 and
5-0 polypropylene (Prolene; Ethicon, NY), 3-0 and 5-0
polyglactin 910 (Vicryl; Ethicon), 3-0 and 5-0 nylon
(Ethilon; Ethicon), and 3-0 and 5-0 poliglecaprone 25
(Monocryl; Ethicon). For each suture type and gauge, the
diameter was measured by 2 methods: a precision caliper
micrometer and an eyepiece micrometer with the
microscope.

Each suture was passed through a 1-mm thick silicone
sheet skin substitute (Hslife Tattoo Practice Skin; Amazon,

Portland, OR) 5 mm from its edge and then knotted with a
square knot to form a loop. The other side of the loop was
attached to a digital force meter (Nextech DFS50; Nextech
Global Co., Bangkok, Thailand) that recorded on a
computer a force–time curve when pulled manually at a
constant rate (Figure 1). This procedure was repeated 10
times for each suture type and gauge. The mean force in
newtons was calculated by averaging all points across the
flat part of the curve, which represents when the suture was
cutting into and then tearing the skin substitute. The point
at which the curve descends precipitously represents when
the suture tore completely through the skin substitute.

We initially used the same experimental setup with
postauricular skin removed as standing cones (dog-ears).
Comparably shaped curves to the skin substitute were
obtained using 3-0 polypropylene. However, there was
great variance in these curves, probably because human skin
varies in thickness even in the same general area between
individuals.2 Therefore, we opted to use a material of
uniform thickness that is used as a practice “skin” for tattoo
artists. Because the thickness of this material (1 mm) is
comparable with that of the human eyelid skin (1.4 mm),3

we believed using skin substitute would give acceptable
relative cut-into and cut-out values.

Results
The measured suture diameters are shown in Table 1. All
3-0 suture types had larger diameters than those of all 5-0
sutures. Also, within each gauge size (3-0 or 5-0), the
diameter of polyglactin 910 was slightly smaller when
measured by the caliper but larger whenmeasured under the
microscope compared with the diameters of the other 3-0
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and 5-0 suture types, as well as compared with the United
States pharmocopeia (USP) standard ranges.4,5 The di-
ameter of poliglecaprone 25 tended to be larger than the
diameters of the other sutures types at the same gauge and
larger than the USP standard ranges.4,5

The mean pull-through values for the tested sutures are
shown in Figure 2. For all 4 suture types tested, each 5-
0 suture material pulled through the skin substitute with
significantly less force than its 3-0 counterpart. Further-
more, among sutures of the same gauge (3-0 or 5-0), there
was no significant difference in the pull-through forces
regardless of the suture type.

Discussion
When the stitching skin wound edges together, the
percutaneous suture is looped through the epidermis and
dermis on each side and then knotted. If the knot is tied too
tightly or if subsequent wound swelling occurs, the suture
can cut into the epidermis. This epidermal cutting can leave
small scars and perhaps suture track marks. These small

skin incisions made by sutures depend on several factors
such as skin thickness,1 density of sebaceous glands, and
tension in the suture loop due to tissue swelling or knot
tightness.

When placing buried sutures, tissue may also tear. This
tearing may be related to the type of tissue being sutured
(dermis, fat, and fascia) and the general direction of fibers in
these tissues. For instance, if suture pull is parallel with
fascia fibers, the fibers have less holding strength than if the
pull is perpendicular to these fibers.6 Furthermore, different
tissues have different holding strengths. Howes6 found that
the holding power of 1-0 catgut was up to 0.6 lb (2.7 N) in
fat, 8.2 lb (36.3 N) in fascia, and 3.0 lb (13.3 N) in muscle.
For the eyelid skin using 4-0 silk, White recorded a pull-
through force of 1.96 N.2 In comparison, we recorded a
pull-through force of 6.40 to 6.58 N for 3-0 sutures using
the skin substitute.

Suture diameter is correlated with its ability to cut
through the skin. The smaller the suture diameter, the more
likely it is that a given suture will cut into tissue. This

Figure 1. Typical force-time curve generated
on the computer by a digital forcemeterwhen
a suture looped through the silicone skin
substitute is pulled by the force meter.

TABLE 1. Measured Suture Diameters (mm) by TwoMethods Compared with the United States Pharmocopeia Standard
Ranges

Suture Type
Diameter Using Precision
Caliper-Type Micrometer, mm

Diameter Using Microscopic
Eyepiece Micrometer, mm

United States Pharmocopeia
Standard Range, mm4

3-0 nylon 0.23 0.23 0.20–0.249

3-0 polypropylene 0.22 0.24 0.20–0.249

3-0 polyglactin 910 0.16 0.29 0.20–0.249

3-0 poliglecaprone 25 0.27 0.29 0.20–0.249

5-0 nylon 0.12 0.14 0.10–0.149

5-0 polypropylene 0.12 0.14 0.10–0.149

5-0 polyglactin 910 0.07 0.18 0.10–0.149

5-0 poliglecaprone 25 0.14 0.17 0.10–0.149
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concept is supported by our findings shown in Figure 2.
Furthermore, we showed that this ability of suture to cut
through the skin substitute varies with suture diameter but
does not tend to vary significantly with the suture type at
each suture gauge (3-0 or 5-0). For instance, all four 3-
0 suture types cut through the skin substitute with about the
same force. White also saw no significant difference in cut
out force between 4-0 silk and 4-0 nylon or between 6-0 silk
and 6-0 nylon using the eyelid skin.2

Our measured suture diameters varied somewhat within
each gauge and the suture type. Polyglactin 910 was the
only braided suture measured. Compared with the other
suture types and gauges tested, the smaller size of
polyglactin 910 as measured by the caliper could be
accounted for by compression, whereas its larger size as
measured under the microscope may be related to difficulty
measuring the irregular diameter of a braided surface.
Poliglecaprone 25 appeared under the microscope to be
larger in diameter than the USP diameter limit and generally
larger than the other suture type diametersmeasured both at
3-0 and 5-0 gauges. This was also true of 3-0 poliglecaprone
25 measured with the caliper. It may be that 3-0 poliglecap-
rone 25 is manufactured slightly larger than the other 3-
0 and 5-0 comparative sutures in this study.

It should be noted that a suture cutting into tissue is
different from a suture completely pulling though tissue.
Both White2 and Howes6 used complete tearing through of
tissue as their endpoint rather than cutting into tissue. This
is because it is difficult to know precisely when a suture
begins to cut into tissue using force–time curves. Examining
the skin substitute during and after the complete pull-
through, we were able to observe 4 processes during the
application of force: (1) the suture causes the skin substitute
to bunch; (2) a small tear occurs; (3) more bunching occurs;

and (4) a complete tear-through occurs. We believe the
initial cut weakens the remaining skin substitute, allowing
further bunching and the subsequent complete tear-
through.

Limitations of our study include inherent pull-rate
variance on the force meter and the use of an artificial skin
substitute rather than the actual skin. The skin substitute,
however, offers the benefit of being uniform in thickness.

When selecting a suture to stitch wound edges together,
the physician may intuitively feel that the thinner the suture,
the better the cosmetic result than that afforded by a thicker
suture. However, one should balance the ability of suture
strength to hold wound edges securely together with the
suture’s ability to cut into tissue, especially the epidermis,
either at the time the suture is tied or later during wound
swelling. In our experience, the cosmetic result is not
improved in most cases by using 6-0 polypropylene rather
than 5-0 polypropylene, and may even worsen the result if
the thinner suture material tends to tear more easily into
tissue.
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Figure 2. Force (newtons) needed for 3-0 and
5-0 sutures to tear through a silicone skin
substitute.
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