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ABSTRACT: Six pigs were used to evaluate the infl uence of three separate modalities on 

contaminated wounds. Full-thickness skin wounds on the abdomen were contaminated with  

10⁴ or 10⁵ Staphylococcus aureus and then closed with one of three methods. Th e three closure 

modalities included (1) a new absorbable staple (Insorb™) placed in the subcuticular tissue, 

(2) a braided Vicryl™ suture, and (3) percutaneous metal staples. Any foreign body material 

implanted in tissue increases the risk of infection at that site. Wound closure always involves the 

use of a foreign body. Historically, sutures have been the primary material used to close tissue. 

Th e newer synthetic sutures are signifi cangly more biodegradable and cause less infection than 

sutures composed of protein, such as silk and catgut. Metal staples are also associated with a 

low risk of infection. Recently, Incisive Surgical, Inc. (Plymouth, Minnesota) has developed an 

absorbable polymer staple specifi cally for subcuticular skin closure. Th e purpose of this study was 

to compare the new Insorb™ staple to both an absorbable polymer suture and a metal staple.

Wound infection was assessed 7 days after closure by clinical signs and quantitative bacte-

rial swabs. Th e results demonstrated that wounds closed with Insorb™ staples had the low-

est incidence (33%) of infection, followed by percutaneous metal staples (44%). All wounds 

(100%) closed with Vicryl™ suture became infected. Th e incidence of wound infection directly 

correlated with the level of quantitative bacterial count at analysis. Th e Insorb™ staple was 

associated with signifi cantly reduced closure time, less infl ammation and infection, and better 

aesthetic result compared to Vicryl™. Compared to metal staples, the Insorb™ subcuticular 

staplers demonstrated comparable closure time without the need for later staple removal. In 

conclusion, the closure of contaminated wounds with the Insorb™ staples is a superior choice 

to Vicryl™ suture because they have a signifi cantly (p = 0.009) lower incidence of infection. 

Th e Insorb™ staple is a revolutionary advance in subcuticular skin stapling. 

KEY WORDS: Insorb™ staples, Vicryl™ suture, skin staple, Staphylococcus aureus, subcuticu-

lar, wound infection, wound closure speed, aesthetic result
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I. INTRODUCTION

Th e revolutionary insorb® Subcuticular Skin Sta-

pler is designed to combine the cosmetic result of 

absorbable sutures with the rapid closure times associ-

ated with metal skin staplers, while eliminating the 

need for metal staple removal postoperatively (Fıg. 1). 

Th e patented insorb®20 Subcuticular Skin Stapler 

(Incisive Surgical Inc.,® Plymouth, Minnesota) is a 

sterile, single-patient-use devise that deploys up to 20 

staples, which is suffi  cient to close a 17 cm incision. 

Th e insorb® Absorbable staple is composed of a 

copolymer that is predominantly polylactide, which is 

absorbed over a period of a few months. In 10 weeks, 

the mass of this staple is approximately one-half of 

its original size.  

Th is stapler uses a novel method of dermal closure 

that presents the dermis and then precisely places an 

absorbable staple in a horizontal, subcuticular, and 

interrupted manner to provide a secure, well-ap-

proximated everted dermal closure. Th e staple design 

features a U-shaped curvature with cleats at the two 

distal ends to secure the subcuticular tissue. 

Any foreign body material implanted in tissue in-

creases the risk of infection at that site.¹ Th e degree 

of risk is proportional to the magnitude of chemical 

and physical infl ammation induced by the foreign 

body.² Nonporous, chemically inert implants are the 

most biocompatible materials and are associated with 

a low risk of infection.³

Wound closure always involves the use of a for-

eign body. Historically, sutures have been the pri-

mary material used to close tissue. With advances in 

polymer chemistry, the current synthetic sutures are 

signifi cantly more biocompatible and potentiate less 

infection than earlier sutures composed of protein, 

such as silk and catgut.⁴ In addition to sutures, the use 

of metal staples for wound closure has increased dra-

matically. By being nonporous and inert, these metal 

staples are associated with a low risk of infection.⁵

Th e purpose of this study was to compare the new 

synthetic Insorb™ staple to either a braided synthetic 

suture of a similar polymer or to a metal staple used 

percutaneously in their ability to potentiate wound 

infection.

II. MATERIALS AND METHODS

II.A. Wound Closure Devices

In this study, three types of wound closure devices 

were used:

 1. insorb™ Subcuticular Skin Stapler. Th e stapler 

contains 20 individual, horseshoe-shaped staples. 

Each staple is nominally 5 mm long × 3.5 mm 

wide × 0.7 mm thick. Th e staple is composed of 

an absorbable copolymer of predominantly poly-

lactide and a lesser component of polyglycolide. 

Th e staplers were supplied by the manufacturer 

as sterile, quality-assured product. In this study, 

Lot #050301 was used. Closure with Insorb™ 

staples was accomplished by having an assistant 

approximate and elevate the skin edges within the 

stapler devise using two Adson forceps, while the 

primary surgeon fi red the stapler. FIGURE 1. Insorb™ Staple and Stapler.
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 2. Coated Vicryl™ Suture (Ethicon, Inc., Somer-

ville, New Jersey). Vicryl suture is a braided suture 

composed of fi laments of an absorbable copolymer 

of 90% polyglycolic acid and 10% lactic acid. In 

this study, size 3/0 suture swaged to an X-1 cut-

ting needle (Lot #TJ8467) was used. Th e suture 

was obtained from a commercial source. 

 3. Multifi re Premium™ Skin Stapler (Auto Su-

ture™, Div. U.S. Surgical, Div. Tyco Healthcare, 

Norwalk, Connecticut) forms the stainless steel 

staple one at a time with each depression of the 

stapler handle. Th e staple legs penetrate the skin 

on each side of the closed incision and then are 

formed into a rectangle in the tissue, which holds 

the wound together. Th e staplers were obtained 

from a commercial source. In this study, Lot 

#N4M268 was used.

II.B. Experimental Design

Six pigs were used. On each abdomen, 9 skin incisions 

were created. Th e wounds on three pigs were contami-

nated with 10⁴ Staphylococcus aureus (S. aureus) (ATCC 

12600) from the American Type Culture Collection 

(Rockville, Maryland), and those on the other three 

with 10⁵ S. aureus. Th irty minutes after contamination, 

the wounds were closed with either Insorb™ staples, 

Vicryl™ sutures, or skin staples. Seven days follow-

ing closure, the wounds were assessed for edema, 

erythema, presence of purulent exudate, and number 

of bacteria remaining in the wound.

II.C. Surgical Model

Female, domestic, white pigs (40–60 kg) were 

anesthetized with an intramuscular injection of 

ketamine (6 mg/kg) and xylazine (2 mg/kg), intu-

bated, and maintained on isofl urane/oxygen (~2%). 

Th e abdominal hair was clipped with electric shears 

and the skin depilated with a depilating cream. Th e 

skin was scrubbed with an iodophor scrub and then 

prepped for surgery with three alternating regimens 

of iodophor antiseptic and 70% alcohol. Th e abdomen 

was isolated with sterile drapes.

A sterile surgical marker was used to mark nine 

symmetrically placed longitudinal skin incisions. Th e 

incisions were in three rows of three columns on the 

abdomen (Fıg. 2). Each incision was made with a 

scalpel and was 4 cm in length and full thickness. 

Hemostasis was achieved with sterile gauze and 

pressure.

Each incision was contaminated by adding 0.05 

mL of saline containing either 10⁴ or 10⁵ S. aureus. 

Wounds on three pigs received 10⁴ and those on the 

other three pigs received 10⁵. Th e contaminating fl uid 

was allowed to set for 30 minutes before wound clo-

sure occurred.

Th ree wounds on each pig were closed with each 

closure material. Th e wounds were systematically ran-

     Wound Placement on Abdomen

Row 1 

Row 2 

Right
Column

Midline
Column

Left
Column

Row 3 

FIGURE 2. Location of 4 cm, full-thickness incisions on 

the abdomen of pigs. Each wound was labeled as animal 

#-row #-column-closure type, where: animal # = 1–6, row # 

= 1–3; column # = R (right), M (midline), or L (left); closure 

type = I (Insorb™), V (Vicryl™), or S (metal staple).
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domized to minimize the potential bias of anatomical 

location. Insorb™ staples were placed at 8 mm intervals 

in the subcuticular tissue; four staples were used in 

each wound. Vicryl™ suture was used as a continuous 

running suture in the subcuticular tissue with 5 mm 

bites spaced at 5 mm intervals. Following subcuticular 

closure with Insorb™ and Vicryl™, the surface of these 

wounds was reinforced with ⅛  " wide wound closure 

tapes applied across the incision. Wounds closed with 

percutaneous metal staples received six evenly spaced 

staples and didn’t require the additional tapes. Each 

wound was covered with an individual gauze pad, 

which was taped in place, and then a large pad was 

placed over all the wounds and held in place with cir-

cumferentially wrapped elastic bandage tape.

II.D. Bacterial Contamination

Th e organism used for this study was S. aureus 12600 

from the American Type Culture Collection. Fresh 

isolates were maintained on tryptose blood-agar 

plates. Eighteen hours prior to the experiment, a 

single colony was transferred by wire loop to 25 

mL of trypticase soy broth and shaken at 37 °C in a 

water bath for 18 hours. Th e bacteria were collected 

by centrifugation and the pellet resuspended and 

recentrifuged twice in fresh, isotonic, sterile saline. 

After the second wash the pellet was resuspended in 

2 mL of sterile, isotonic saline.

Th e resuspended bacteria were subjected to serial 

1:10 dilutions in sterile, isotonic saline. From previous 

preparations under the same conditions, it was known 

which dilution tubes contained 10⁴ and 10⁵ colony-

forming units (cfu) of S. aureus/0.05 mL. Th e actual 

number of bacteria in each dilution tube was confi rmed 

by plating aliquots on blood-agar plates and counting 

the cfu after 24 hours of incubation at 37 °C.

II.E. Analysis of Wound Infection at Day 7

Seven days following wound closure, the pigs were 

euthanized and their wounds exposed. Each wound 

was assessed for its magnitude of infl ammation by 

measuring the degree of edema, erythema, exudate 

in gauze and purulent exudate in wound on a scale 

of 0–3, where 0 = none, 1 = mild, 2 = moderate, and 

3 = extreme. Wound temperature was rated as normal 

(–) or elevated (+), and wound dehiscence was rated 

as yes or no regardless of extent involved. Any other 

notes were also recorded.

After the qualitative assessment of wound ap-

pearance, the number of bacteria in each wound 

was quantitated with a standardized technique. An 

alginate-tipped swab was moistened with sterile sa-

line and swabbed up the wound, rotated 180°, and 

swabbed back down the wound. Th e alginate tip 

was broken off  in a sterile tube containing 5.0 mL 

of sterile, isotonic saline. Th e swab tip was vortexed 

for 1 minute to release bacteria, and the number of 

bacteria present was quantitated by standard serial 

dilution and plating techniques.

III RESULTS

Using the Insorb™ stapler required a brief learning 

period. Once the tissue positioning and function-

ing of the stapler became familiar, wounds could 

be closed in much less time than that required to 

properly place a running suture. For these wounds, 

the time required for the Insorb™ stapler was about 

3 minutes, whereas the Vicryl™ suture required about 

7 minutes. Th e Multifi re Premium™ skin stapler was 

quicker than the Insorb™ stapler and only required 

about 2 minutes.

When the Insorb™ staples were properly placed, 

the wound was closed with good skin edge approxima-

tion and a slight eversion. Reinforcement with wound 

closure tapes was not required, but it was used in this 

study as a precaution because it involved animals.

Replacing a malpositioned Insorb™ staple was not 

too much more diffi  cult than replacing a metal staple. 

With the Insorb™ staple, scissors were used to cut the 

staple at the bottom of its U shape, and then forceps 

were used to grab the barbed tips and pull each leg of 

the staple out of the tissue one at a time.
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III.A. Wound Infection 

Closure of contaminated wounds with braided Vic-

ryl™ suture resulted in a signifi cantly (p = 0.009) 

higher wound infection rate than those of wounds 

closed with Insorb™ staples or skin staples (Table 1, 

Fıg. 3). In correlation with wound infection, the mean 

level of bacteria at day 7 in contaminated wounds 

closed with braided Vicryl™ sutures was signifi cantly 

(p ≤ 0.02) higher than that of similarly contaminated 

wounds closed with Insorb™ staples or skin staples 

(Table 1, Fıg. 4).

Th e responses of the wounds were similar whether 

the level of wound contamination was 10⁴ or 10⁵ S. 

aureus.

Th e other parameters of wound infection correlated 

with the presence of purulent exudate (pus) and bacte-

rial levels, which were used in conjunction to defi ne 

which wounds were infected (Table 1).

Th ere was a diff erence among the pigs as to their 

susceptibility to wound infection. In general, pigs 

1 and 5 were more susceptible to infection than 

the other pigs. In all pigs, the wounds closed with 

braided Vicryl™ suture became infected. However, 

for wounds closed with Insorb™ staples, the three 

of nine wounds that were contaminated with 10⁴ S. 

aureus and became infected were all on pig 1, and the 

two of nine wounds that were contaminated with 10⁵ 

S. aureus and became infected were both on pig 5. 

Similar results were obtained with the wounds closed 

with skin staples.

IV. DISCUSSION

All foreign bodies in tissue increase that tissue’s 

risk for infection.¹ In general, braided or porous 

implants potentiate more infection than nonbraided 

or non porous implants. Th e results of this study 

are in agreement with this expectation. Th e use of 

a braided Vicryl™ suture to close contaminated 

wounds resulted in a 100% wound infection rate. 

When similarly contaminated wounds were closed 

with nonporous devices, the incidence of wound 

infection was signifi cantly reduced.

Although both staples produced similar low rates 

TABLE 1. Analysis of Wound Infection at Day 7 

Signs of wound infection
(mean values)¹

Wound closure 
device Inoculum Erythema

(0–3)
Edema
(0–3)

Exudate
(gauze)
(0–3)

Pus
(wound)

(0–3)

Dehisc.
(%)

Temp.
(%)

Bacteria
(log/swab)

Statistical 
signifi cance

Insorb™ Staple 104 0.3 0 0.2 0.3 0 0 2.99 ± 1.29

Vicryl™ Suture 1.2 0.9 0.8 2.0 0 22 5.14 ± 0.74 p ≤ 0.008

Premium™ 
Staple

0.4 0 0.2 0.4 0 11 3.30 ± 1.38

Insorb™ Staple 105 0.3 0.6 0.6 0.7 0 0 3.89 ± 1.10

Vicryl™ Suture 0.7 1.0 0.9 2.1 0 11 5.41 ± 0.34 p ≤ 0.02

Premium™ 
Staple

0.4 0.2 0.4 1.0 0 0 3.90 ± 0.34

¹ For each bacterial inoculum, nine wounds were closed with each device. The results are reported as the mean score or 
percentage for each parameter.

² Once all the parameters were assessed, wound infection was defi ned as a wound containing pus with a bacterial load of ≥ 4.00/
swab and other signs of infl ammation such as erythema, edema, etc.
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of wound infection, their mechanisms of wound 

closure were very diff erent. Th e Insorb™ staple is an 

absorbable staple that is placed in the subcuticular 

tissue to hold the wound together without punctur-

ing the epidermis. In contrast, the skin staple is an 

external, metal staple that penetrates the epidermis 

on both sides of the incision to provide closure. Th ese 

external staples have the disadvantages of causing skin 

irritation and discomfort to the patient and requir-

ing painful removal 7–14 days following closure. Th e 

puncture holes in the epidermis may result in unac-

ceptable scarring at the surgical incision.

Another disadvantage of percutaneous metal sta-

ples is that the integrity of the epidermis is breeched 

by the puncture of the staples. Th us, external con-

tamination can follow the staple leg from the exter-

nal surface into the subcuticular tissue. Much of the 

infl ammation seen around the staple legs is probably 

due to localized infl ammation caused by skin bacteria. 

Th ere is also the possibility that if the wound surface 

is contaminated, the presence of the percutaneous 

staples could enhance the wound’s susceptibility to 

infection.

A study similar in design to this study was con-

ducted by another research group at the University of 

Minnesota (Minneapolis, Minnesota).⁶ In their study, 

they did not contaminate the wounds, although the 

wounds were not dressed and were exposed to debris 

and external contaminants. Th e wounds were assessed 

on postoperative days 1, 4, 7, 11, 14, 17, 21, 28, 35, and 

42 for dehiscence, erythema, swelling, and exudate. 

In accordance with clinical practice, the metal staples 
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were removed on day 11. On days 7, 14, 21, and 42, 

two pigs were euthanized, and the wounds on each 

pig (one Vicryl™, one metal staple, and two Insorb™) 

were excised and processed for histological analysis.

Macroscopic assessment documented that the per-

cutaneous metal staples were associated with a severe 

infl ammatory response prior to their removal, whereas 

the wounds closed with Vicryl™ or Insorb™ showed 

minimal infl ammation. Histopathologic evaluation 

revealed the lowest tissue infl ammation with the 

Insorb™ staples, compared to Vicryl™ suture or 

metal staples.

Th e results obtained in the present study are slightly 

diff erent than those of the University of Minnesota 

study. In both studies, the presence of Insorb™ staples 

in the tissue produced minimal infl ammation (Fıg. 5). 

In contrast, in this study the presence of the percuta-

neous metal staples did not cause much infl ammation 

in pigskin even when wounds were contaminated (Fıg. 

6). Unlike the results of Vicryl™ suture in uncontami-

nated wounds (Minnesota study), when the wounds 

were contaminated, the presence of Vicryl™ sutures 

potentiated a severe infl ammatory response resulting 

in an infected wound (Fıg. 7).

V. CONCLUSION

Th e closure of contaminated wounds with the In-

sorb™ staples was a superior choice to Vicryl™ suture 

because they had a signifi cantly (p = 0.009) lower 

incidence of infection. In this study, the performance 
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FIGURE 5. Contaminated wounds closed with Insorb™ staples after 7 days in general displayed minimal infl ammation. 

Three of nine wounds in this study became infected.

FIGURE 6. Similar to Figure 4, when contaminated wounds were closed with percutaneous metal staples, there was, 

in general, minimum infl ammation at 7 days, and only four of nine wounds became infected.

of Insorb™ staples was similar to that of percutane-

ous metal staples with respect to the development 

of wound infection. Other studies have suggested 

that the Insorb™ staples may be superior to metal 

staples with respect to infl ammation, pain, and cos-

metic outcome.
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FIGURE 7. In contrast to the other closure devices, all wounds closed with subcuticular Vicryl™ sutures showed intense 

infl ammation at 7 days, and all wounds (n = 9) were infected.
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