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        What is already known on this subject? AND What does this study 
add?  
 
It is known that eyes with keratoconus have significant values of posterior 
astigmatism compared to normal eyes. Intracorneal ring segments are an effective 
method of treatment of keratoconus. It is known that anterior corneal curvature 
decreases after ring segment implantation. However, only a few studies focused on 
the effect on the posterior corneal surface. The aim of this study is to determine the 
effect of intracorneal ring segments on the posterior corneal surface and correlate this 
effect with the change in the anterior surface and with the visual outcome. To the best 
of our knowledge, this is the first prospective study on this subject. 
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1. INTRODUCTION/ REVIEW  
      
Keratoconus is a bilateral progressive ectatic corneal disease that leads to paracentral 
thinning and protrusion of the cornea, eventually assuming a conical shape. This 
leads to visual impairment due to progressive myopia and irregular astigmatism. (1) 

Keratoconus is classified into 4 stages according to Amsler-Krumeich classification, 
based on astigmatism, myopia, keratometry, corneal transparency, and pachymetry. (2) 

Changes in the posterior corneal surface are an early indicator of ectatic changes in 
keratoconus. They often precede changes on the anterior corneal surface, and 
sometimes they could be the only evidence of early keratoconus. Placido disc based 
corneal topography only detects changes in the anterior corneal surface. The 
development of Scheimpflug imaging devices allowed the imaging of the posterior 
corneal surface and highlighted its significance in diagnosis of keratoconus.(1)   
 
Posterior corneal astigmatism has been long overlooked because of the minimum 
difference in refractive index between the cornea and the aqueous. (3) However, 
several studies reveal that the posterior corneal astigmatism has higher magnitude in 
keratoconus eyes compared to normal eyes and demonstrate a significant influence of 
posterior astigmatism on the total corneal astigmatism. The magnitude of posterior 
astigmatism tends to increase with increasing keratoconus severity. This means that 
the effect of posterior astigmatism on visual performance of patients is not 
necessarily negligible. It is a factor that should be considered when correcting vision 
in keratoconus patients by spectacles, rigid contact lenses, or toric intraocular lenses. 
(4-6) 
    
Intracorneal ring segments (ICRS) is a commonly used method for treatment of 
keratoconus. They aim to induce peripheral steeping and therefore central flattening 
of the anterior corneal surface. This helps to regularize the corneal surface. (7) ICRS 
were shown to be effective in reducing irregular astigmatism and improving both 
uncorrected and best corrected visual acuity in keratoconus patients. (8) However, 
there remains some controversy regarding the predictability of the visual outcome 
after ICRS implantation, with some eyes showing limited improvement and 
sometimes loss of best corrected visual acuity after surgery. (9)  
 
Although many studies have shown the effect of ICRS on the anterior corneal 
surface, only a few studies focus on the changes in the posterior surface. There is 
also some controversy about these changes, with some studies demonstrating a 
flattening effect of ICRS on the posterior surface (10), while other studies show that 
the posterior surface becomes steeper after ICRS implantation. (11,12) The disparity 
between anterior and posterior surface changes may be explained by a different 
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biomechanical response of the anterior and posterior surfaces to ICRS implantation. 
The change in posterior surface may explain, at least in some part, why visual acuity 
may be unpredictable and is sometimes hard to improve with spectacles or rigid 
contact lenses after ICRS implantation. (11) 
 
 The aim of our study is to demonstrate the effect of ICRS on the posterior corneal 
surface in keratoconus patients and correlate it with the change in the anterior surface 
and with the visual outcome.  
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2. AIM/ OBJECTIVES  
 
    To evaluate the effect of intracorneal ring segments on the posterior corneal 
surface and correlate this effect with the visual outcome. 
    Primary outcome:   
        Change in the posterior corneal curvature at 6 months. 
    Secondary outcomes:     
        Best corrected visual acuity at 6 months in relation to baseline acuity. 
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3. METHODOLOGY:  
Patients and Methods  

• Type of Study: Prospective, interventional case series. 

• Study Period:  2 years. 

• Study Population: Patients diagnosed with keratoconus who are candidates 
for intracorneal ring segments implantation.  

• Selection criteria for cases  
Inclusion Criteria: 

▪ Age ≥ 18 years. 
▪ Patients with keratoconus grade 1, 2 or 3 according to Amsler-Krumeich 

classification. 
▪ Corneal thickness ≥ 400 µm at the location of ICRS implantation. 
▪ Clear central cornea. 

             
 

Exclusion Criteria: 
▪ Central corneal opacity. 
▪ Previous corneal laser refractive surgery. 
▪ Previous corneal collagen cross linking. 
▪ Previous cataract surgery or phakic IOL implantation. 
▪ History of herpetic keratitis. 
▪ History of acute hydrops. 
▪ Ocular comorbidities such as cataract, glaucoma or retinal disease. 
▪ Systemic diseases affecting healing process such as autoimmune or 

connective tissue disease. 
         

 
• Sample Size: 60 patients. 

  
• Ethical Considerations: The study will be conducted in accordance with the 

ethical standards stated in the Faculty of Medicine Ain Shams University. 
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• Study Procedures: 
 The following will be done for the patients at initial presentation: 

▪ Unaided and best corrected visual acuity measurement. 
▪ Manifest and cycloplegic refraction. 
▪ Anterior segment examination by slit lamp biomicroscopy. 
▪ Intraocular pressure measurement using Goldmann applanation 

tonometer. 
▪ Fundus examination. 
▪ Corneal imaging with Scheimpflug imaging device (Sirius; CSO, 

Firenze, Italy), with recording of the parameters of the anterior and 
posterior corneal surfaces. 

 
• Procedure: 

Patients will undergo intracorneal ring segments implantation using femtosecond 
laser (iFS Advanced Femtosecond Laser; Abbott Medical Optics, Santa Ana, 
California, USA) to create the tunnel. Ring segments of 5 mm diameter will be 
implanted at 80% depth of the corneal thickness at site of implantation. Ring 
segment arc length and thickness will be tailored according to each particular 
case. 
 
• Duration of follow up: Twelve months. 

 
• Follow up schedule: 

Follow up visits will be at 1, 3, 6 and 12 months intervals. During each 
subsequent visit the following will be done: 

▪ Manifest and cycloplegic refraction. 
▪ Unaided and best corrected visual acuity. 
▪ Slit lamp examination. 
▪ Corneal imaging with Scheimpflug imaging device, with recording of the 

parameters of the anterior and posterior corneal surfaces. 
 
 
 

 



 

 

 

MasterDegreeThesis/MFA/ISRO/FacultyOfMedicine/ASU Page 8 

 

 
  
4. REFERENCES  

1. Gordon-Shaag A, Millodot M, Shneor E, Liu Y. The genetic and 
environmental factors for keratoconus. Biomed Res Int 2015; 2015: 795738. 

2. Krumeich JH, Kezirian GM. Circular keratotomy to reduce astigmatism and 
improve vision in stage I and II keratoconus. J Refractive Surg 2009; 25: 357–

365. 

3. Belin MW, Ambrósio R. Scheimpflug imaging for keratoconus and ectatic 
disease. Indian J Ophthalmol 2013 Aug; 61(8): 401-6. 

4. Naderan M, Rajabi MT, Zarrinbakhsh P. Distribution of anterior and 
posterior corneal astigmatism in eyes with keratoconus. Am J Ophthalmol 
2016 Jul; 167: 79-87. 

5. Savini G, Næser K, Schiano-Lomoriello D, Mularoni A. Influence of 
posterior corneal astigmatism on total corneal astigmatism in eyes with 
keratoconus. Cornea 2016 Nov; 35(11): 1427-1433. 
 

6. Kamiya K, Shimizu K, Igarashi A, Miyake T. Assessment of anterior, 
posterior, and total central corneal astigmatism in eyes with keratoconus. Am J 
Ophthalmol 2015 Nov; 160(5): 851-857. 

 
7. Piñero DP, Alio JL, Teus MA, Barraquer RI, Uceda-Montañés A. Modeling 

the intracorneal ring segment effect in keratoconus using refractive, 
keratometric, and corneal aberrometric data. Invest Ophthalmol Vis Sci 2010 
Nov; 51(11): 5583-91. 

 
8. Piñero DP, Alio JL, El Kady B, Coskunseven E, Morbelli H, Uceda-

Montanes A, Maldonado MJ, Cuevas D, Pascual I. Refractive and 
aberrometric outcomes of intracorneal ring segments for keratoconus: 
mechanical versus femtosecond-assisted procedures. Ophthalmology 2009 
Sep; 116(9): 1675-87. 

 
9. Vega-Estrada A, Alio JL, Brenner LF, Javaloy J, Plaza Puche AB, 

Barraquer RI, Teus MA, Murta J, Henriques J, Uceda-Montanes A. 
Outcome analysis of intracorneal ring segments for the treatment of 
keratoconus based on visual, refractive, and aberrometric impairment. Am J 
Ophthalmol 2013 Mar; 155(3): 575-584. 
 
 



 

 

 

MasterDegreeThesis/MFA/ISRO/FacultyOfMedicine/ASU Page 9 

 

10. Söğütlü E, Piñero DP, Kubaloglu A, Alio JL, Cinar Y. Elevation changes of 
central posterior corneal surface after intracorneal ring segment implantation 
in keratoconus. Cornea 2012 Apr; 31(4): 387-95. 
 

11. Muftuoglu O, Aydin R, Kilic Muftuoglu I. Persistence of the cone on the 
posterior corneal surface effecting corneal aberration changes after 
intracorneal ring segment implantation in patients with keratoconus. Cornea 
2017 Dec 14. 
 

12. Rho CR, Na KS, Yoo YS, Pandey C, Park CW, Joo CK. Changes in anterior 
and posterior corneal parameters in patients with keratoconus after 
intrastromal corneal-ring segment implantation. Curr Eye Res 2013 Aug; 
38(8): 843-50. 
 
 

 


