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FERRARA RING NOMOGRAM

• First generation (1997 - 2002): keratoconus grade

• Second generation (2002 - 2006): spherical equivalent

• Third generation (2006 - 2009): topographic 
astigmatism

• Fourth generation (May 2009 to 2018): asphericity (Q)

• Fifith generation (2018):  posterior elevation 

      Evolution of the Nomogram
(criteria for ring selection)
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ASPHERICITY (Q)
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CORNEAL ASPHERICITY

Oblate HyperprolateProlate

0 -1 -20,5 -0,23



• The asphericity is the best parameter, at the 
present moment, for ring selection;

• There is a tendency to implant “less” tissue to 
achieve the same (or better) correction than 
was achieved in the past;

• Q value = Quality of vision

 NOMOGRAM
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• To identify map patterns that correlates with sagital 
anterior maps;

• Easier pattern (posterior elevation) classification 
when compared with sagital anterior maps;

• Better reproducibility;

• Better agreement in surgical planning among 
doctors.

 WHAT IT IS THE ROLE OF POSTERIOR ELEVATION 
IN THE NOMOGRAM?
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POSTERIOR ELEVATION MAPS

     LAGOON                  ISTHMUS                    PENINSULA    
is a narrow piece of land connecting two larger 

areas across an expanse 
of water by which they are otherwise separated

GEOGRAPHY LANDMARKS

is a piece of land surrounded by water on the majority 
of its border, while being connected to a mainland 

from which it extends.

is a shallow body of water separated from a 
larger body of water by barrier islands or reefs
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POSTERIOR ELEVATION MAPS

            LAGOON           ISTHMUS             PENINSULA    
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     LAGOON          ISTHMUS          PENINSULA    

                        NIPPLE     BOW-TIE / ASTIGMATIC          OVAL

    
POSTERIOR ELEVATION MAPS
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     DECENTERED LAGOON           

      PMD / PMD "LIKE"

    
POSTERIOR ELEVATION MAPS
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140 arc = PMD
  - Q 0 or positive

- Low K values
       - High astigmatism

210 arc = Nipple
                              - Q negative (hyperprolate cornea)

 - High K values
       - Low astigmatism

160 arc = 90% of keratoconus (“standard” ring)
                                              - Q negative (prolate to hyperprolate cornea)

                   - Average to high K values
                         - Average to high astigmatism

320 (arc)

320 arc = advanced cases
                                               - Q negative (hyperprolate cornea)

                   - High K values
                                        - Average to high astigmatism



CORNEAL ASPHERICITY x ICRS ARCH LENGTH

Oblate HyperprolateProlate

0 -1 -20,5 -0,23

140 160 The New
320

140 -0,23 210

ICRS

Q



General Guidelines

 NOMOGRAM

IT MUST BE DETERMINED:


1. The type of keratoconus:	 	 

	 	 	 	 	 Central                                                    Nipple / Astigmatic

	 	 	 	 	 Oval  or Bow-tie

	 	 	 	 	 PMD	 


2. The corneal asphericity (Q) 	


3. The pachymetry at the corneal steepest axis and probable ring track (5 mm optical zone)
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1. Type of keratoconus

 NOMOGRAM

Astigmatic

Oval / Bow-tie

PMDNipple
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NOMOGRAM
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Q (asphericity) variation according to ring thickness*

Q

Ring thickness (single segment / 2 segments) - 160 arch

*Torquetti L, Ferrara P. Corneal asphericity changes after implantation of intrastromal corneal ring segments in keratoconus. J Emmetropia, 2010; 1:178-181.

160 - ICRS



 Nipple

NOMOGRAM

Central location
Hiperprolate cornea

Low astigmatism
Lake in the elevation map
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Nipple

 NOMOGRAM

Lagoon in the posterior elevation map
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 Nipple

NOMOGRAM

Q change induced by the 210 ICRS
210/150            - 0.36
210/200            - 0.60
210/250            - 0.82 

Q change induced by the 320 ICRS 
 320/150            - 0.53
 320/200            - 0.89
 320/250            - 1.14
        

Nipple = 210 or 320

-0.85 -1.10 -1.35- 0,60
Preop Q

210/150 210/200
320/150

210/250
320/200

320/250



Q (asphericity) variation according to ring thickness*

Q

210 - ICRS

210/150                  210/200                 210/250

Patient Preop Q =                         - 0,59                  -0,83                 -1,03
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 Nipple

NOMOGRAM

Given a Q value that fits
for both 210 and 320 ICRS,

How to choose between them?

Topographic Astigmatism < 3,00 D  = 210

Topographic Astigmatism > 3,00 D  = 320



Pellucid Marginal Degeneration

 NOMOGRAM

   Crab claw configuration
Oblate cornea ( Q positive)

High astigmatism
Low keratometry

Posterior elevation: decentered lagoon



Pellucid Marginal Degeneration

 NOMOGRAM



Pellucid Marginal Degeneration

 NOMOGRAM
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DMP "like"
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Astigmatic Keratoconus

 NOMOGRAM

   Central location
Hiperprolate cornea ( Q << -1,3)

High astigmatism
HIgh keratometry

Posterior Elevation: Isthmus
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Astigmatic Keratoconus

 NOMOGRAM

ASTIGMATIC =  

2 segments 140 ICRS 
or  

320 ICRS

            ASTIGMATISM            ICRS

up to 6,00 D                320/200
6,00 to 10,00 D            2 x 140/200  or  320/250
> 10,00 D                    2 x 140/250  or  320/250
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Astigmatic Keratoconus

 NOMOGRAM
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Q (asphericity) variation according to ring thickness

Q

320 - ICRS

320/150                  320/200                 320/250

Patient Preop Q =                         - 0,76                  -1,12                 -1,37
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Advanced Cones

The 320 ICRS

Torquetti, L



WHICH MAPS DO I NEED?

SURGICAL PLANNING:
Step by Step
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FIRST STEP


DEFINE THE KERATOCONUS TYPE


(Axial and Elevation Maps)

SURGICAL PLANNING:
Step by Step
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SECOND STEP


DEFINE THE STEEPEST AXIS

SURGICAL PLANNING:
Step by Step
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THIRD STEP


DEFINE THE Q VALUE

SURGICAL PLANNING:
Step by Step
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FOURTH STEP


DEFINE THE TOPOGRAPHIC ASTIGMATISM

SURGICAL PLANNING:
Step by Step
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FIFTH STEP


SELECT THE ICRS TO BE IMPLANTED


according to 

Q preoperative - Q change induced by the ring = - 0.23 (TARGET FINAL Q VALUE)

SURGICAL PLANNING:
Step by Step
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Bow-tie / Asgitmatic

Isthmus
140/250

140/250



Nipple / Globus

Lagoon
320/250



Bow-tie / Asgitmatic

Isthmus
140/250

140/250



Oval

Peninsula
160/250

160/150



Nipple

Lagoon

320/250



Bow-tie

Isthmus

160/200



Nipple

Lagoon

210/250



Oval

Peninsula

160/250



PMD

Decentered Lagoon

140/250



SUMMARY
GENERAL RULES

 NOMOGRAM

Q preoperative - Q change induced by the ring = - 0.23 (TARGET FINAL Q VALUE)

Torquetti, L



Torquetti, L

 - Avoid overcorrection (astigmatism axis inversion / 
hiperopia / positive Q); 

- Avoid ICRS implantation in flat areas; 

 - Quality of vision (Q) is more important that the 
refractive result;

SUMMARY
GENERAL RULES

 NOMOGRAM



- The nomogram is reproducible and aims to treat the 
corneal deformity (not the refraction);


- The posterior elevation maps may aid the identification 
of keratoconus type;


- Posterior elevation may provide better morphology 
classification of ectasia phenotype than the usual maps 
(sagital / axial);


CONCLUSION
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leonardo@ceoclinica.med.br

THANK YOU!!!
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CLINICAL CASES



CASE 1
Q = -0,77, K1 = 44,3 D K2 = 50,8 D Astigm = 5,1 D 

Oval

160/150 + 160/150
-0,77 (Q) - x = - 0,23   x = 0,54

Classification

Surgical Plan



Q = -1,86, K1 = 54,3 D K2 = 68,1 D Astigm = 13,9 D 

CASE 2

Astigmatic
140/250 + 140/250

Classification
Surgical Plan



CASE 3
Q = -1,01, K1 = 45,6 D K2 = 50,8 D Astigm = 5,1 D 

Oval

160/200 + 160/150
-1,01 (Q) - x = - 0,23   x = 0,78

Classification

Surgical Plan



CASE 4
Q = -1,98, K1 = 55 D K2 = 62,9 D Astigm = 7,9 D 

Astigmatic

140/200 + 140/200

Classification

Surgical Plan



CASE 5
Q = -0,56 K1 = 44,6 D K2 = 48,6 D Astigm = 4,0 D 

Oval

160/200
-0,56 (Q) - x = - 0,23   x = 0,33

Classification

Surgical Plan



CASE 6
Q = 0,02 K1 = 43,2 D K2 = 38,4 D Astigm = 4,8 D 

DMP "like"

140/150

Classification

Surgical Plan



CASE 7
Q = -0,15 K1 = 44,8 D K2 = 57,2 D Astigm = 12,5 D 

Post-keratoplasty

140/250 + 140/250

Classification

Surgical Plan



CASE 8
Q = -1,71 K1 = 52,4 D K2 = 55,6 D Astigm = 3,3 D 

NippleClassification

320/250Surgical Plan
-1,71 (Q) - x = - 0,23   x = 1,48


