
UNDERSTANDING CORNEAL NERVE 
MORPHOLOGY IN KERATOCOUNS AND 

ITS IMPACT OF COLLAGEN CROSS 
LINKING 



MMP9

Inflammation driving Keratoconus …



(Tear soluble factor measurements by multiplex (cytometric bead array) ELISA)

* P<0.05; Mann-Whitney Test (n =19): bilateral KC with unilateral progressing eyes; Stable and Progressing are contralateral eyes 

Distinct tear inflammatory profile
(Progressive vs Stable KC)



What Truly Lies Beneath ?



ABERRANT 
NERVE PLEXUS –
NERVE LOOPS!

BEADED, 
TORTUOS NERVES

FRAGILE, SCANTY 
NERVE PLEXUS

INTER-NEURONAL 
CONNECTIONS

NERVE LOOPS!

DIFFERENT PATTERNS SEEN ON 
CONFOCAL MICROSCOPY 



FEW DC’s -
NORMAL

DC’s NEAR 
NERVE PLEXUS

MULTIPLE 
IMMATURE DC’s 

NEAR NERVE 
ENDINGS

MULTIPLE 
MATURE DC’s 
NEAR NERVE 

ENDINGS

DIFFERENT PATTERNS SEEN ON 
CONFOCAL MICROSCOPY 



Demarcation Line 
After Different 

Protocols 

Hyper-reflective “needle-
shaped micro-bands” or microstriate

reflections and activated
keratocytes with elongated membrane 

processes

Detailed in vivo morphological analysis of corneal layers



To study the corneal nerves and dendritic cells 
in progressive keratoconus and their impact 
on Collagen Cross Linking Outcomes 

Purpose:



Arm -1 
Observational 

Study 

Arm -2
Interventional 

Study 

Methodology



Group 1.
n = 30 
Normal 
Control 

Group 2
n = 33

Normal eye of 
the  unilateral 

KC

Group 3
n  = 33

Keratoconic eye 

RIGHT EYE LEFT EYEMethodology : Arm 1 



Raw Image 

• Corneal nerve fiber density (CNFD): the number of nerve fibers per mm2

• Corneal nerve branch density(CNBD): the number of branch points on the main nerve 
fibers per mm2

• Corneal nerve fiber length(CNFL): the total length of nerve per mm2

• Corneal total branch density(CTBD): the total number of branch points per mm2

• Corneal nerve fiber area(CNFA): the total nerve fiber area per mm2

• Corneal nerve fiber width(CNFW): the average nerve fiber width per mm2. 

Total 6 parameters studied 

Automated
CCmetrics
Software

Processed Image

1  Main Nerve trunk
2  Nerve fibre Branches 
3  Branched points



Results : Arm 1 
Ccmetrics Analysis of Sub-basal Plexus

Control 
Eye

Keratoconic
Eye

Contralateral 
Normal eye of 
Unilateral KC 

patient

Significant reduction in CNFD, CNBD, and CNFL

in the Keratoconic eyes as compared to the controls Significant difference between the unaffected and affected 
eyes of the same individual.



Arm -1 
Observational 

Study 

Arm -2
Interventional 

Study 

Methodology



Progressive KC
N =  22 eyes

1 month
3 months

6 months

Pre OperativeRepeated Post Operatively

Methodology : Arm 2

Automated
CCmetrics
Software



Pre-op

Post

Cxl

Post

Cxl

Healthy Nerves 

Unhealthy Nerves 

Less Dendrites  

More Dendrites

Less Haze

More Haze



r = Spearman Rank Correlation Coefficient

Pre-CXL SBNP features & Post-CXL densitometry
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An inverse relationship is observed between 
pre-CXL CTBD / pre-CXL CNBD  and  post-CXL Densitometry values

Results : 



Results : 

Post-CXL SBNP features & Pre-CXL cDCD
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More the Pre Operative Dendritic Cell Count –
Poorer Post Cross Linking Nerve Features  



DAY 10 post op1 MONTH post op3 MONTHS Post Op

Patient 1 Patient 2

Poor nerve 
Regeneration

Good nerve 
Regeneration



NORMAL WOUND 
HEALING

Activated 
keratocytes

Myofibroflasts & 
fibroblasts

Apoptosis

Post Cross Linking Haze

Aberrant 
collagen

Excess Myofibroblasts
and fibroblasts

Any Trigger during healing phase
• Nutrition, 
• Change of geographic location,
• Pre exisiting Inflammation –

Weaned off steroids

Discussion :



IMPORTANCE OF CONFOCAL MICROSCOPY IN PREOPERATIVE EVALUATION

PRE-OPERATIVE 

DENDRITIC CELLS

POST TREATMENT

DENDRITIC CELLS

STRICT AVOIDANCE

SYSTEMIC 
EXAMINATION

IGE

VIT D

TREAT DEFICIENCIES

LUBRICANTS
ANTI HISTAMINICS
CYCLOSPORINE A

TREAT ALLERGIES & INFLAMMATION



INFORMATIVE
TIME CONSUMING
EXPENSIVE
IMPRACTICAL – CONTACT 
METHOD 

INFORMATIVE
SUBJECTIVE ASSESMENT
INEXPENSIVE

OSDI CAN BE AN INDIRECT SURROGATE MARKER FOR CONFOCAL

OCULAR SURFACE DISEASE INDEX CONFOCAL MICROSCOPY 

AN ALTERNATIVE APPROACH



HOW TO TREAT 
THE PATIENT?

WHEN DO WE 
CROSS-LINK?

WHAT STEPS TO 
TAKE POST-OP?

Reduce Inflammation 
Preoperatively –
Steroids & Immunomodulator 
eye drops.

Clinical improvement , 
Confocal Microscopy features 
showing reduced cDC
Reduced Tear Cytokine Levels

Close observation for early 
detection of complications.

Conclusion: 




