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ABSTRACT 

Background: Staplers make it possible to create a gastrointestinal anastomosis quickly, easily, 
and securely. Staplers have undergone several improvements. We herein evaluate the effect of a 
new stapler with unique surface gripping technology that provides a superior tissue grip without 
trauma during firing. 
Methods: Porcine small bowel was used. The stapling devices compared were the ECHELON 
FLEXTM with White (E) and GST System White (G). The number of total malformed staples, 
severely malformed staples, staples malformed to the cutting side, and the absolute value of the 
degree of malformation were evaluated. 
Results: The number of malformed staples and the absolute value of the degree of malformation 
were significantly lower in group G. The number of occurrences of total malformations <0 was 
greater in group G. Comparing the inner, middle, and outer staple rows, the number of occurrences 

Original Research Article

CAN-082985-171025



of malformations were lower on the outer row in group E. Comparing the front, middle, and back
parts malformation was lower in the front.
Conclusions: We found that a new stapler is superior to a standard stapler with regard to a
reliable “B” shape formation of sta
staple malformation and the strength of the suture line.

Keywords: Staple; malformation; tissue slippage

1. INTRODUCTION

Stapling devices are gaining popularity and have
undergone many technical improvements
Staplers make it possible to create a
gastrointestinal anastomosis quickly, easily, and
securely. Mechanical stapling devices are being
used more frequently in gastrointestinal and
thoracic surgery. One of the issues to be
improved upon is the movement of and trauma to
the tissue at the time of firing. This movement is 
likely to affect the formation of the staples.
Recently, a new stapler has been introduced as 
an alternative to the standard stapler. This new
stapler is designed to have less tissue slippage
during firing. However, there are no data on the
outcomes of this new stapler in the literature.
Hence, we conducted this experiment to evaluate
the efficacy of this new stapler. 

2. MATERIALS AND METHODS

Fresh porcine small bowel was used for all
experiments. The specimens were obtained from
animals that had been sacrificed for use in
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ations were lower on the outer row in group E. Comparing the front, middle, and back
parts malformation was lower in the front.  

We found that a new stapler is superior to a standard stapler with regard to a
reliable “B” shape formation of staples. Future directions include studying the correlation between
staple malformation and the strength of the suture line. 

tissue slippage; gripping surface technology. 

Stapling devices are gaining popularity and have 
undergone many technical improvements [1]. 
Staplers make it possible to create a 
gastrointestinal anastomosis quickly, easily, and 
securely. Mechanical stapling devices are being 

rointestinal and 
thoracic surgery. One of the issues to be 
improved upon is the movement of and trauma to 
the tissue at the time of firing. This movement is 
likely to affect the formation of the staples. 
Recently, a new stapler has been introduced as 

ternative to the standard stapler. This new 
stapler is designed to have less tissue slippage 
during firing. However, there are no data on the 
outcomes of this new stapler in the literature. 
Hence, we conducted this experiment to evaluate 

MATERIALS AND METHODS

Fresh porcine small bowel was used for all 
experiments. The specimens were obtained from 
animals that had been sacrificed for use in 

approved non-gastrointestinal research studies.
The specimens were used within 
sacrifice. Each segment of the intestinal tract
was 20 cm in length. The front and rear walls of
the small intestine segments were stapled in the
longitudinal direction using a linear surgical
stapler. To match the thickness of the human
small intestine, the two pieces of intestine were
overlapped in the experiments. The stapling
devices used were the ECHELON FLEX
Ethicon Echelon Stapler Reloads White
(ECR60W, Ethicon, Japan) and the GST System
White (GST60W) (Fig. 1). To observe the s
in the original sequence, we performed the
stapling procedure shown in previous
experiments, we wrapped a plastic bag on the
cartridge side of the stapler, and then we stapled
the intestine. Each device was clamped on the
tissue for 1 minute. Firings were performed
automatically (Powered ECHELON FLEX
Five staplings were completed in each stapler.
After stapling, the intestine with a plastic bag was
put in the sodium hydroxide to dissolve the
intestine [2].  

  (a) 

(c) 
Fig. 1. Shape of stapler 
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ations were lower on the outer row in group E. Comparing the front, middle, and back 

We found that a new stapler is superior to a standard stapler with regard to a 
ples. Future directions include studying the correlation between 

gastrointestinal research studies. 
The specimens were used within 24 hours after 
sacrifice. Each segment of the intestinal tract 
was 20 cm in length. The front and rear walls of 
the small intestine segments were stapled in the 
longitudinal direction using a linear surgical 
stapler. To match the thickness of the human 

ll intestine, the two pieces of intestine were 
overlapped in the experiments. The stapling 
devices used were the ECHELON FLEXTM with 
Ethicon Echelon Stapler Reloads White 
(ECR60W, Ethicon, Japan) and the GST System 

1). To observe the staples 
in the original sequence, we performed the 
stapling procedure shown in previous 
experiments, we wrapped a plastic bag on the 
cartridge side of the stapler, and then we stapled 
the intestine. Each device was clamped on the 

s were performed 
automatically (Powered ECHELON FLEXTM). 
Five staplings were completed in each stapler. 
After stapling, the intestine with a plastic bag was 
put in the sodium hydroxide to dissolve the 

Step of anvil side 
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Observation was carried out in a state in which 
all of the staples were attached to a plastic bag. 
We divided the specimens into +/- by the 
malformation direction of the hook portion. We 
gave a negative score when the hook portion 
was malformed to the knife side and a positive 
score when the hook portion was malformed to 
the outside. The degree of malformation was 
categorized into four scores (Fig. 2): 

0: Well-formed staples. 
1: The degree of malformation is so small 
that the hook portion is in contact with the 
linear portion. 
2: The distance of the hook portion from the 
linear portion is less than twice the diameter 
of the staple. 
3: The degree of malformation is larger than 
score 2. 

The degree of malformation was evaluated by 
the total of the two hooks. The number of 
malformed staples, strongly malformed staples, 
staples malformed to the knife side, and the 
absolute value of the malformation degree were 
compared for each group. Furthermore, the 88 
staples were divided by columns (inner, middle, 
outer) and location (front, middle, back), and they 
were compared with each other. 

Fig. 2. Example of the score 

The number of malformed staples, strongly 
malformed staples, and staples malformed to the 
cutting side were expressed as percentages. The 
absolute value of the degree to which the staples 
were malformed was expressed as the average 
per staple. Engineer unrelated to the authors 
measured and scored using the optical 
microscope. 

2.1 Statistical Analysis 

Discrete variables were analyzed by the Mann-
Whitney test and significance was indicated at 
p<0.05. 

3. RESULTS

In all experiments, 88 staples could be observed 
while attached to the plastic bag. The number of 
malformed staples and the absolute value of the 
degree of malformation were significantly lower 
in group G compared with group E (Table 1). On 
the contrary, the number of occurrences of <0 
staple malformations was significantly greater in 
group G. Comparing the inner, middle, and outer 
staple rows, the number of occurrences of 2≦ 
staple malformations and the absolute 
value of the malformation degree were both 
significantly lower in the outer row of staples in 
group E (Table 2). Unlike in group E, 
there was no difference in any of the measured 
parameters in group G (Table 3). Comparing the 
front, middle, and back parts of the stapler, with 
the exception of staples with a malformation 
degree <0, malformation was significantly lower 
in the front part of the stapler in both groups 
(Tables 4, 5).  

4. DISCUSSION

Development of and improvements in the 
automatic stapler have changed surgery 
dramatically. Staples built into staplers are 
designed to be a “B” shape when firing has been 
completed, which is believed to be the optimal 
shape [3-6]. However, there are no studies 
comparing the shape of staples as they relate to 
postoperative complications including leaks 
and bleeding. Rodeheaver compared staple 
formation and the resistance to leak with various 
staplers. He found that the leak pressure of the 
stapler with a smaller degree of malformation is 
lower than that with a large degree of 
malformation. This is the only experiment to our 
knowledge that mentions the "B" staple 
formation and its clinical relevance. This data has 
not been published scientifically, but rather is 
included in the information booklet as published 
by Covidien. To this end, various improvements 
have been made in order to form “B” shape 
staples.  

There are various factors involved in the 
formation of staples including: 

・Tissue thickness 

・Movement of tissue at the time of firing 

・Tissue firmness  

・Method of firing 
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Table 1. Malformed staples in each group 

ECR GST P value 
Number of malformed staples 74.2±3.1 68.7±4.4 p<0.05 
Malformation degree 2≦ 51.4±7.4 50.2±4.3 ns 

Malformation degree ＜0 0.7±0.7 4±2.5 p<0.05 
Absolute value of malformation degree 1.56±0.18 1.22±0.04 p<0.05 

Table 2. Comparison in each column with ECR stapler 

Inner Middle Outer P value 
Number of malformed staples 74.6 76.2 71.4 ns 
Malformation degree 2≦ 59.2 64 31.4 Inner, Middle vs Outer 

p<0.05  
Malformation degree ＜0 0.6 0 1.7 ns 

Absolute value of malformation degree 1.74 1.78 1.11 Inner, Middle vs Outer 
p<0.05  

Table 3. Comparison in each column with GST stapler 

Inner Middle Outer P value 
Number of malformed staples 66.6 72 67.4 ns 
Malformation degree 2≦ 52.8 51.8 45.7 ns 

Malformation degree ＜0 5.8 2.6 3.4 ns 

Absolute value of malformation degree 1.26 1.26 1.14 ns 

Table 4. Comparison in each location with ECR stapler 

Front Middle Back P value 
Number of malformed staples 70 77.4 74.9 Front vs Middle 

p<0.05 
Malformation degree 2≦ 36.2 59.8 58.9 Front vs Middle, Back 

p<0.05 
Malformation degree ＜0 2.1 0 0 Front vs Middle, Back 

p<0.05 
Absolute value of malformation 
degree 

1.21 1.8 1.71 Front vs Middle, Back 
p<0.05 

Table 5. Comparison in each location with GST stapler 

Front Middle Back P value 
Number of malformed staples 60.2 68.8 77.7 Front vs Back 

p<0.05 
Malformation degree 2≦ 41.6 47.4 63.2 Front, Middle vs Back 

p<0.05 

Malformation degree ＜0 11.8 0 0 Front vs Middle, Back 
p<0.05 

Absolute value of malformation degree 1.03 1.18 1.46 Front, Middle vs Back 
p<0.05 
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Regarding tissue thickness, staples are ideally 
compatible with the tissue being stapled, which 
varies in thickness, from thin blood vessels to the 
thick stomach. In order to make the stapler more 
robust, more staple rows can be added and a 
changing staple height can be employed. In any 
case, it is important to select the staple of 
appropriate height that matches the thickness of 
the tissue. 

Nakayama and colleagues reported that a 
sufficient amount of pre-compression time is 
necessary for achieving a secure staple 
formation [7]. However, the effect of pre-
compression cannot be observed in our previous 
experimental system. One stapling method that 
was significantly different, though, was the power 
stapling method. With this method, good results 
were obtained on all measures of malformation. 

Movement of the tissue during firing is likely to 
affect the formation of the staple. It is a possibility 
that the legs of the staples are distracted along 
with the tissue. A new staple cartridge has been 
introduced to potentially limit tissue extrusion 
during multiple staple fires. The unique gripping 
surface technology on each reload provides a 
superior tissue grip without additional trauma 
during firing. In this study, we compared this new 
staple cartridge (GST60W) to the existing staple 
cartridge (ECR60W) (Fig. 1a). 

There was no movement of the tissue at the time 
of firing with ECR. However, the malformation of 
the inner row was clearly greater than that of the 
outer row. This may have to do with the 
movement of the blade on the cutting side which 
lies along the inner row. If the blade runs down 
the center, the tissue is forced to the outer rows. 
There is a step in both the cartridge and the anvil 
(Fig. 1b,c). Therefore, these staplers can grip 
tissue strongly. However, in the space of each of 
the two inner rows, the tissue is forced to the 
outside by the cutting blade. As a result, as 
shown in Fig. 1, malformation degree 2≦and 
absolute value of malformation degree was 
significantly greater in the inner and middle rows. 
On the other hand, there was no difference by 
site in any deformation item in GST60W. These 
results are likely due to the strength of the 
gripping force on the tissue in all columns (inner, 
middle, outer). 

With respect to the location along the length of 
the stapler (front, middle, back), deformity tends 
to be small towards the front. In both staplers, 
the gap between the cartridge and anvil has 

been designed to be large. This gap may cause 
tissue movement during the firing. From the 
shape of the gripping surface, the gripping forces 
might be strong enough for longitudinal 
distraction. 

5. CONCLUSION

In our experiment, the new stapler (GST) is 
superior to the standard stapler (ECR) with 
regard to a consistent “B” shape formation of 
staples. However, the relationship of the 
malformation of staples and postoperative 
complications is not clear. That being said, there 
is no doubt that the “B” is the best shape. 

As a next step, we would measure the 
correlation between staple malformation and the 
strength of the suture line using our experimental 
model. 
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