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Once the assembly was complete, modeling clay was obtained and wrapped with 

cigarette paper.  This simulated a human lens capsule (Saraswathy Ramanathan, Andrew 

Thliveris, Arlene Bagga, 2011).  Using the prototype, 30 capsulorhexes were performed on the 

paper-wrapped clay.  Another 30 were performed using a standard surgical capsulorhexis forceps 

and a cystotome.  A picture was then taken of all the circular cuts. 

Adobe Photoshop was used to capture the outline of the cuts.  Each outline was then 

transferred to Microsoft Word and expanded.  A picture of lines intersecting at 45 degree angles 

was then overlaid on top of each outline so measurements could be taken.

Figure 8. Prototype made 

with tuberculin syringe and 

keratome blade. 

Figure 9. Thirty capsulorhexes were 

performed on cigarette paper using 

both the CCC method and the new 

method. 
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Measurements were then taken in order to calculate the circularity index (Banerjee,  

Edward, Liang, Bouchard, Bryar, Ahuja, Dray, & Bailey, 2012).  A program called 

SmallMeasure was used measure the length of all eight radii on each outline.  These values were 

then entered into Microsoft Excel where the circularity index was calculated.  Finally, a standard 

t-test was used to determine the significance regarding the precision of the capsulorhexes 

performed using the prototype.  

Results 

 The proposed method for performing a capsulorhexis provided more precise openings (M 

= 0.885032, SD = 0.046886) than the current CCC method (M = 0.830547, SD = 0.0486).  A one 

tailed t-test proved the significance of these results with a p-value of 0.000022.  The results are 

summarized in table 1.  

Figure 10. Intersecting lines were overlaid on the 

outline of the capsulorhexes in order to measure 

the circularity index . 

Figure 11. The circularity index is defined as the 

average radius divided by the maximal radius in 

the capsulorhexis trajectory measured at 45 degree 

intervals. In this perfect circle with a radius of 5 

units, the circularity index is 1. 
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Table 1 

Statistically significant results from both the CCC method and the new method 

    CCC method                                                        New method 

Mean 0.830547389 0.88503229 

Variance 0.002361939 0.00219827 

SD 0.048599785 0.04688576 

Observations 30 30 

df 58 

t Stat -4.41920565 

P(T<=t) one-tail 2.19895E-05 

t Critical one-tail 1.671552762   

 

Discussion 

 The results indicate that the proposed instrument for performing capsulorhexis will lead 

to more precise outcomes.  This is clinically significant as more precise capsulorhexes will likely 

reduce complications for patients, as well as improve refractions.  One limitation of this study 

was the use of cigarette paper and clay as a substitute for cadaver eyes.  This was done because 

the keratome blade used on the prototype was not sharp enough to effectively cut through eyes 

obtained from pig cadavers, as was originally proposed for the experimental design.  Further 

research could be by performed by replacing the keratome blade with a diamond blade.  It is 

believed that a diamond blade would be sharp enough to perform capsulorhexis on human 

cadaver eyes.  The results of this study provide evidence regarding the effectiveness of the 

proposed instrument, as its development and use would likely lead to better outcomes. 



DEVELOPMENT OF A SURGICAL INSTRUMENT                                                                12 

 

Acknowledgments 

 I would like to extend a special thank you to Dr. Norskov for his supervision and input 

regarding this project.  I would also like to thank Dr. Haugen for help in developing the 

prototype and for performing the capsulorhexes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DEVELOPMENT OF A SURGICAL INSTRUMENT                                                                13 

 

References 

Apple, D. J. (2007). Why Did We Abandon the Can-Opener Capsulotomy? Cataract & 

Refractive Surgery Today, 43-45. 

Banerjee P, Edward D, Liang S, Bouchard C, Bryar P, Ahuja R, Dray P, Bailey D. (2012). 

Medicine Meets Virtual Reality 19. In S. W.-T. James D. Westwood, Studies in Health 

Technology and Informatics (pp. 35-41). 

Gimbel, H. V. (2007). The History of the Capsulorhexis Technique. Cataract & Refractive 

Surgery Today, 39-41. 

Okada M, Hersh D, Paul E, Straaten DV. (2013). Effect of Centration and Circularity of Manual 

Capsulorhexis on Cataract Surgery Refractive Outcomes. Ophthalmology. 

Raviv, T. (2009). The perfectly sized capsulorhexis. Cataract & Refractive Surgery Today, 37-

41. 

Raviv, T. (2010). The perect capsulorhexis: more critical than ever. Advanced Ocular Care, 23-

24. 

Saraswathy Ramanathan, Andrew Thliveris, Arlene Bagga. (2011, November). Cataract tips 

from the teachers. Retrieved from EyeWorld: http://www.eyeworld.org/article-what-is-

the-best-way-to-practice-a-continuous-curvilinear-capsulorhexis 

 

 

 

 


