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Abstract   

Purpose : Evaluation of the sharpness of 2.4 mm slit knives used in cataract surgery. 

Subject and Method : Six kinds of single-bevel 2.4 mm wide slit knives and three kinds of double bevel 2.4 

mm wide slit knives were tested in the study. The maximum width at the tip of each knife, position of the 

maximum widths, angle of tips, angle of tip strengthening section, blade angle, and blade thickness were 

measured. To assess knife sharpness, an incision was made into the cornea of a pig eye, and the resistance 

value to each knife was measured. We used porcine sclerocorneal graft and artificial chamber system to 

measure resistance value. The incisions were stained with trypan blue and their sizes were measured for 

comparison.  

Result : The maximum slit knife width ranged from 2.35 to 2.49 mm.  The position of maximum widths 

ranged from 2.02 to 3.58 mm. The angle of tips ranged from 36 to 60 degree. The angle of tip strengthening 

section ranged 42 to 67 degree. The blade angle ranged 4 to 20 degree, and blade thickness ranged 0.09 to 

0.18 mm. The resistance values at penetrating to the grafts were different as 132.5 to 387.9 mN among the 

slit knives. The size of the inner incision ranged from 2.40 to 2.55 mm, and that of the outer incision ranged 

from 2.22 to 2.41 mm. 

Conclusion : The nine commercially available slit knives showed differences in size and shape when 

examined by scanning electron microscope. Corneal incisions in porcine cornea showed differences 

regarding resistance to incision and regarding the inner and outer size of incised corneal wound.  

 

Introduction 

Wound creation in cataract surgery is an important step that greatly influences the subsequent flow 

of surgery 1). A quality of wound creation is one of the factors influencing postoperative visual acuity such as 

postoperative induced astigmatism 2). By recent advances in surgical devices and development of IOL 

Injectors, etc, small incisions were mainly made. According to report 4) of the membership questionnaire at 

the Japanese Society of Cataract-Refractive Surgery in 2016, the size of the incision in cataract surgery is 

13% for 2.0~2.2mm, 51% for 2.2~2.4mm, 35% for 2.4~3.0mm, 1% for 3.1mm. There are various types of 

slit knifes which are essential for wound creation, but the actual impression from use of the knife is different 

for each slit knife, and the incision created is also impressed differently. 

In our hospital, 2.8 mm & 3.0 mm slit knife were evaluated experimentally on wound preparation, 

and we reported that differences on the stress and the size of the wound for each type of slit knife at the time 

of wound creation in the last experiment 5),6). At this time, in accordance with the smaller cataract surgical 

incision, it was experimentally evaluated on 2.4 mm slit knife. In addition, in previous reports 5), 6), the test 

was carried out by penetrating a slit knife directly into the porcine eye, but there was a possibility that the 



intraocular pressure became uneven. In this 

experiment, the porcine eye experimental 

method to be used for the evaluation was 

improved, and the experiment was carried out 

with the extracted porcine eye in the artificial 

anterior chamber under constant intraocular 

pressure. 

 

Subjects and Methods 

Nine kinds of 2.4 mm slit knife species 

(Table1) were prepared by eight pieces each. 

A:MSL24SH(MANI), B:P-0624BUC 

(FEATHER), C:378224(Bvi), D:8065982465 (Alcon), E:72-2450 (Sharpoint), F: 8065992445(Alcon), 

G:378824(Bvi), H:SLU-24AGF(KAI), I:SL24 (KAI). For these subjects, they were compared by the slit 

knife tip shape, puncture resistance value (sharpness) by the puncture test using porcine eye sclerocorneal 

piece, and the size of the created incision wound.  

Slit knife tip geometry (Fig. 1) 

Electron Microscopy (S-N3400N, Hitachi High Technologies) was used for scanning the tip of the slit knife, 

and (1) the maximum width at the tip of each knife, (2) position of the maximum widths, (3) angle of tips, 

(4) angle of tip strengthening section (0.3 mm from the tip), (5) blade angle, and (6) blade 

thickness(observed from the side.0 of the knife for (5) & (6)). With the (5) blade angle, single bevel (SB) 

measured the angle of the surface and double bevel (DB) measured the angle of the surface and back. 

Slit Knife Penetration Resistance Value  

As shown in Fig. 2, porcine eye sclerocorneal sections were fixed in the artificial anterior chamber, and 

intraocular pressure was set at approximately 24 mmHg by irrigating the artificial anterior chamber with 

saline. Each slit knife was set on a tensile compression tester (ST B-1225S, A.I.D) and a slit knife was 

inserted from the limbus to the mid-cornea by horizontal to the iris until the largest width was completely 

inside the anterior chamber, and the resistance values [mN] applied to the knife were measured. 

Size of the incision wound 

Cearcorneal incision made in the puncture test was stained with trypan blue for visualization. After staining, 

they were photographed by digital microscopy (digital microscopes RH-2000, HIROX), and the sizes of the 

internal and external corneal lips were measured. 

Table 1 : Subjects
Product Code (Company Name) Bevel

A MSL24SH (MANI) SB
B P-0624BUC (FEATHER) SB
C 378224 (Bvi) SB
D 8065982465 (Alcon) DB
E 72-2450 (Sharpoint) DB
F 8065992445 (Alcon) SB
G 378824 (Bvi) DB
H SLU-24AGF (KAI) SB
I SL24 (KAI) SB

SB: Single bevel, DB: Duble bevel



 
 

 



Result

Slit knife tip geometry 

Photographs of each slit

row

photograph from the side.

and the sharpness of the knife 

2.49 mm.

mm from the tip), blade angle, and blade thickness 

20°, and 0.09 

was angled. There were differences in the angle between the surface and the back surface when compared 

with those of other DBs (D, E, and G).

Slit Knife Penetration Resistance Value

The results of the measured puncture resistance values are shown in Table 3. In the order of A to I, the 

puncture resistances increased and varied from 132.5 to 387.9 mN.

Size of the incision 

Substitute 

no major difference in the shape of the incision in terms of appearance. When the size of the incision was 

measured, 

2.22 to 2.41 mm

4). 

Table 2 Comparison of Slit knife tip geometry  

A
B
C
D
E
F
G
H
I
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Slit Knife Penetration Resistance Value

The results of the measured puncture resistance values are shown in Table 3. In the order of A to I, the 
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Table 2 Comparison of Slit knife tip geometry  

2.40±0.01
2.45±0.01
2.36±0.02
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①The max. width 
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agnification 
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Similarly, position of the maximum widths, angle of tips, 

mm from the tip), blade angle, and blade thickness 

~ 0.18 mm. (Table 2). In addition, A was a display 

was angled. There were differences in the angle between the surface and the back surface when compared 

with those of other DBs (D, E, and G).

Slit Knife Penetration Resistance Value

The results of the measured puncture resistance values are shown in Table 3. In the order of A to I, the 

puncture resistances increased and varied from 132.5 to 387.9 mN.
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no major difference in the shape of the incision in terms of appearance. When the size of the incision was 

the internal corneal lip
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knife tip taken with a 

 respectively

photograph from the side. When each was compared, the tip 

and the sharpness of the knife were varied.

osition of the maximum widths, angle of tips, 

mm from the tip), blade angle, and blade thickness 

0.18 mm. (Table 2). In addition, A was a display 

was angled. There were differences in the angle between the surface and the back surface when compared 

with those of other DBs (D, E, and G).

Slit Knife Penetration Resistance Value

The results of the measured puncture resistance values are shown in Table 3. In the order of A to I, the 

puncture resistances increased and varied from 132.5 to 387.9 mN.
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for the digital microscopic image of the 
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internal corneal lip ranged from 2.40 to 2.55 mm and

respectively. Internal corneal lip

Table 2 Comparison of Slit knife tip geometry  

2.99±0.02
3.01±0.06
3.58±0.01
2.84±0.03
3.37±0.02
2.59±0.03
2.02±0.01
2.60±0.04
2.17±0.06

② Position of the 
max. widths (mm)

taken with a scanning 

respectively and the 2

When each was compared, the tip 

varied. The 

osition of the maximum widths, angle of tips, 

mm from the tip), blade angle, and blade thickness 

0.18 mm. (Table 2). In addition, A was a display 

was angled. There were differences in the angle between the surface and the back surface when compared 

with those of other DBs (D, E, and G). Surface = back in D, 

Slit Knife Penetration Resistance Value 

The results of the measured puncture resistance values are shown in Table 3. In the order of A to I, the 

puncture resistances increased and varied from 132.5 to 387.9 mN.

the sizes of the internal 

gital microscopic image of the 

no major difference in the shape of the incision in terms of appearance. When the size of the incision was 

ranged from 2.40 to 2.55 mm and

ernal corneal lip

Table 2 Comparison of Slit knife tip geometry  

43
44
36
47
40
51
60
51
58

③Tip Angle  
(  ̊  )max. widths (mm)

scanning electron microscope are shown (Fig. 3).

and the 2nd row is 

When each was compared, the tip 

The measured maximum width of the knife varie

osition of the maximum widths, angle of tips, 

mm from the tip), blade angle, and blade thickness were respectively

0.18 mm. (Table 2). In addition, A was a display 

was angled. There were differences in the angle between the surface and the back surface when compared 

Surface = back in D, 

The results of the measured puncture resistance values are shown in Table 3. In the order of A to I, the 
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Contemplation

Slit knives tailored to incision size are sold by each surgical device m

were

minimal incision.

than or equal to 2.4 mm

Experimental comparisons were mad

previous

bottle height

as in E and H, while others were obtuse angles as in D and I.

the knife surface, with some

irregular) were also 

due to differences in surface treatments.

Contemplation

Slit knives tailored to incision size are sold by each surgical device m

were experimentally evaluated 

minimal incision.

than or equal to 2.4 mm

Experimental comparisons were mad

previous experimentation

bottle height of

In the observation of the 

as in E and H, while others were obtuse angles as in D and I.

the knife surface, with some

irregular) were also 

due to differences in surface treatments.

Contemplation 

Slit knives tailored to incision size are sold by each surgical device m

experimentally evaluated 

minimal incision. In recent years, more than 60% of cataract surgeries have been performed in incisions less 

than or equal to 2.4 mm4). 

Experimental comparisons were mad

experimentation. 

of irrigating with saline

In the observation of the 

as in E and H, while others were obtuse angles as in D and I.

the knife surface, with some

irregular) were also seen. 

due to differences in surface treatments.

A
B
C
D
E
F
G
H
I

Table 3  Penetration Resistance Values of ; Average, Maximum, Minimum, and 
Standard Deviation (n = 8)

Slit knives tailored to incision size are sold by each surgical device m

experimentally evaluated in the 

In recent years, more than 60% of cataract surgeries have been performed in incisions less 

  

Experimental comparisons were mad

. Experiments were also conducted at constant intraocular pressure by 

irrigating with saline 

In the observation of the knife 

as in E and H, while others were obtuse angles as in D and I.

the knife surface, with some smooth (less irregular) as in A

. The color shade of the knife surface was also different, which was expected to be 

due to differences in surface treatments.

132.5
184.8
209.1
220.7
227.7
241.3
275.6
294.9
387.9

Average(mN)

Table 3  Penetration Resistance Values of ; Average, Maximum, Minimum, and 
Standard Deviation (n = 8)

Table 4 Size of the infision size (n=8)

A
B
C
D
E
F
G
H
I

Slit knives tailored to incision size are sold by each surgical device m

in the past5),6) and

In recent years, more than 60% of cataract surgeries have been performed in incisions less 

Experimental comparisons were made with 2.4mm s

Experiments were also conducted at constant intraocular pressure by 

 and fitting an isolated porcine eye in the artificial 

knife tip by a scanning electron microscope, some of them were sharp 

as in E and H, while others were obtuse angles as in D and I.

smooth (less irregular) as in A

The color shade of the knife surface was also different, which was expected to be 

due to differences in surface treatments. Although all slit

Average(mN) Max. (mN)

Table 3  Penetration Resistance Values of ; Average, Maximum, Minimum, and 
Standard Deviation (n = 8)

Table 4 Size of the infision size (n=8)

A 2.50±0.06
B 2.53±0.06
C 2.45±0.03
D 2.55±0.07
E 2.40±0.11
F 2.53±0.06
G 2.41±0.04
H 2.44±0.11
I 2.44±0.10

Internal corneal lip 
(mm)

 

Slit knives tailored to incision size are sold by each surgical device m

and reported.

In recent years, more than 60% of cataract surgeries have been performed in incisions less 

2.4mm slit knife

Experiments were also conducted at constant intraocular pressure by 

fitting an isolated porcine eye in the artificial 

a scanning electron microscope, some of them were sharp 

as in E and H, while others were obtuse angles as in D and I.

smooth (less irregular) as in A

The color shade of the knife surface was also different, which was expected to be 

Although all slit knifes we

155.5
253.5
238.5
258.7
272.9
293.6
314.3
412.2
414.9

Max. (mN)

Table 3  Penetration Resistance Values of ; Average, Maximum, Minimum, and 

Table 4 Size of the infision size (n=8)

2.50±0.06
2.53±0.06
2.45±0.03
2.55±0.07
2.40±0.11
2.53±0.06
2.41±0.04
2.44±0.11
2.44±0.10

Internal corneal lip 
(mm)

External corneal lip 

Slit knives tailored to incision size are sold by each surgical device m

reported. The incision size of c

In recent years, more than 60% of cataract surgeries have been performed in incisions less 

it knife which 

Experiments were also conducted at constant intraocular pressure by 

fitting an isolated porcine eye in the artificial 

a scanning electron microscope, some of them were sharp 

as in E and H, while others were obtuse angles as in D and I. There is also a difference in the roughness of 

smooth (less irregular) as in A, D & H and others rough as in C. E

The color shade of the knife surface was also different, which was expected to be 

knifes were marketed in the same 

116.9
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181.5
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203.8
250.7
234.1
361.8

Mini. (mN)

Table 3  Penetration Resistance Values of ; Average, Maximum, Minimum, and 

Table 4 Size of the infision size (n=8)

2.30±0.05
2.22±0.08
2.41±0.04
2.31±0.05
2.26±0.08
2.32±0.05
2.31±0.02
2.26±0.06
2.26±0.10

External corneal lip 
(mm)
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Experiments were also conducted at constant intraocular pressure by 

fitting an isolated porcine eye in the artificial 

a scanning electron microscope, some of them were sharp 

There is also a difference in the roughness of 

H and others rough as in C. E

The color shade of the knife surface was also different, which was expected to be 
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Standard Deviation 

Table 3  Penetration Resistance Values of ; Average, Maximum, Minimum, and 

2.30±0.05
2.22±0.08
2.41±0.04
2.31±0.05
2.26±0.08
2.32±0.05
2.31±0.02
2.26±0.06
2.26±0.10

External corneal lip 

anufacturer. 2.8 & 3.0 mm slit

The incision size of cataract surgery has been 

In recent years, more than 60% of cataract surgeries have been performed in incisions less 

s smaller incisions

Experiments were also conducted at constant intraocular pressure by 

fitting an isolated porcine eye in the artificial anterior chamber.

a scanning electron microscope, some of them were sharp 

There is also a difference in the roughness of 

H and others rough as in C. E

The color shade of the knife surface was also different, which was expected to be 

re marketed in the same standard

10.8
30.8
17.5
20.4
19.9
28.5
21.1
58.0
19.2

Standard Deviation 
(mN)

Table 3  Penetration Resistance Values of ; Average, Maximum, Minimum, and 
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In recent years, more than 60% of cataract surgeries have been performed in incisions less 

maller incisions than the 

Experiments were also conducted at constant intraocular pressure by adjusting the 

anterior chamber.

a scanning electron microscope, some of them were sharp 

There is also a difference in the roughness of 

H and others rough as in C. E (althoug

The color shade of the knife surface was also different, which was expected to be 

standard size

 

knife 

ataract surgery has been 

In recent years, more than 60% of cataract surgeries have been performed in incisions less 

than the 

adjusting the 

anterior chamber.  

a scanning electron microscope, some of them were sharp tips 

There is also a difference in the roughness of 

(although 

The color shade of the knife surface was also different, which was expected to be 

size as 2. 



4 mm, but the differences were confirmed by 2.49±0.02mm at the maximum widths in F, as for the smallest 

width there is more than 0.1mm difference as 2.35mm±0.01mm in G. 

To evaluate the sharpness of the slit knife, the applied resistance value (puncture resistance value) 

was measured when the knife was punctured through the cornea. If the resistance value is small, it can be 

evaluated as a knife with a good cutting taste, which requires less force for making an incision. In the 

present study, A was the smallest at 132.5±10.8mN and I was the largest at 387.9±19.2mN which is 3 

times larger than A. 

In the case of this difference of the puncture resistance value, the tip angle described above (blade angle), 

surface roughness, coating differences, etc. were considered to have a possible influence, but there was no 

constant trend. However, there is a report of the development of a medical blade with sharpness and 

durability by specialized surface treatment7). And considering having improved sharpness after using the 

grinding stones to sharpen the scissors/kitchen knives which had been used for many years and lost their 

sharpness, it is considered the citrus and surface treatments on the surface of the slit knife are factors that 

lead to the sharpness. The difference in technology of polishing and techniques of surface treatment of each 

manufacturer are likely to be largely related to their sharpness.  

In general, it can be predicted that the better the cutting taste is effective for making an incision, but 

on the contrary, it is easy to grasp it as a finger sense of the operator when there is resistance. It is necessary 

to know that the resistance value at the time of wound creation varies greatly depending on the type of slit 

knife, although there seems to be a preference of the operator. 

The actual records in the size of the created incisions were different. The internal corneal lip is 2.40 

to 2.55 mm and the external corneal lip is 2.22 to 2.41 mm, and the actual incision made by the type of slit 

knife is different ±0.1~0.2mm. With the miniaturization of the incision size at cataract surgery, the size is 

becoming stricter in which the sleeve and intraocular lens injector tip inserted. This difference in the size of 

the incision size can greatly affect the cataract operation in recent years, and by knowing the actual 

measured value experimentally, it is possible to select a slit knife suitable for each ultrasonic instrument and 

injector.  

Similar to the previous report of evaluating the sharpness and the incision wound of the 2.8 mm and 

3.0 mm slit knife 5,6), the results of the present study also showed that the slit knife with the same standard 

has different shapes, and the sharpness and the size of the incision made are different. In the present 

experiment, the size of the incision wound were resulted in an internal corneal lip > an external corneal lip, 

whereas in two previous reports, the size of the incision wound was opposite to that of an external corneal 

lip > an internal corneal lip. Previous reports suggested that intravitreal saline was injected directly into the 

vitreous of the porcine eye before the incision was made, and knife puncture was performed while the 

intraocular pressure was elevated. However, this time, artificial anterior chamber was used. An incision was 

made by buckling with saline and applying constant pressure. Therefore, it was considered that the excretory 

pressure which tried to leave from the anterior chamber side in the knife puncture was exerted on the 

internal corneal lip, and as a result, the internal corneal lip was widened. 
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