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Keratopigmentation Techniques

INTRODUCTION
Various techniques have been proposed for performing 
corneal tattooing, with commonly used instruments 
described in previous chapters (see Chapter 6). Currently, 
two primary types of keratopigmentation methods are 
in use:
1.	 Superficial keratopigmentation (superficial corneal 

staining):
	 a.	 Superficial corneal staining (SCS)
	 b.	 Superficial automated keratopigmentation (SAK)
2.	 Intrastromal keratopigmentation (intralamellar or 

intrastromal corneal staining):
	 a.	 Manual intrastromal keratopigmentation (MIK)
	 b.	 Femtosecond-assisted keratopigmentation (FAK)

The choice of technique depends on the intended 
purpose of the corneal pigmentation, which may be 
cosmetic or therapeutic. Additionally, the specific method 
chosen is influenced by the location and characteristics of 
the corneal scar. Generally, intrastromal keratopigmenta-
tion is recommended; however, certain corneal scars may 
not be suitable for this approach and might benefit from 
more superficial methods.

To fully understand the advancements in this field, 
it is helpful to consider the evolution of techniques used 
historically.

SUPERFICIAL KERATOPIGMENTATION 
TECHNIQUES

Historically, techniques for superficial corneal tattooing 
were notably different from those currently in use. Early 
keratopigmentation was achieved through either chemical 
staining—inducing pigment precipitation within corneal 
tissue using solutions of metals like gold chloride,1,2 
silver nitrate, or platinum chloride,1,2,4 —or by directly 
injecting insoluble pigments3,5,6 such as India ink,1 iron 
oxide,1,7 or titanium dioxide8,9 into the corneal stroma.10  

However, these initial methods often proved unsatisfac-
tory due to issues with fading, discoloration, and anterior 
segment inflammation.11

The first approach, known as chemical staining, was 
primarily developed in Western countries, and pioneered 
by Knapp, Kerautbauer, Bietty, and others.12 Another 
approach involved carbon impregnation. While chemical 
staining was easier and quicker to perform, it tended to 
fade more rapidly than nonmetallic techniques.13

To apply pigment to the cornea, practitioners used 
various tools, including simple needles,1,14 bundles of fine 
needles,15 and more sophisticated devices like dermo
graphs, which were also employed in dermatological 
tattooing procedures (Fig. 1).16 For this type of keratopig
mentation, pupil size measurements are necessary. 
After applying the stain, micropunctures were made in 
the superficial stromal layers using the selected needle, 
gradually introducing pigment to achieve a satisfactory 
cosmetic outcome.17-20

Another superficial pigmentation method, automated 
keratopigmentation, utilizes a specialized puncture 
device (Vissum Eye MP System, Madrid, Spain; Apl. No. 
2.949.539) to perform automated micropunctures. This 
system punctures the superficial stromal layers to a 
controlled depth of approximately 120 microns, with the 
needle penetration depth regulated by the longitudinal 
axial vibration of the tip.17-20

A drawback of superficial techniques is that they 
can disrupt the corneal epithelium, potentially causing 
postoperative discomfort. Despite this, they remain 
particularly valuable when treating scars located in the 
anterior stroma.

INTRASTROMAL KERATOPIGMENTATION 
TECHNIQUES

Recent advancements in keratopigmentation techniques 
highlight the anatomical benefits of the lamellar corneal 
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SECTION 1: Keratopigmentation Techniques42

structure. These approaches offer the potential for more 
precise pigment distribution and consistent, reproducible 
outcomes, promising a new standard in accuracy and 
uniformity.5,6,17-21

Manual Intrastromal Keratopigmentation
In 1984, Panda et al.5 conducted a series of keratopig-
mentation cases comparing the intralamellar tunnel 
technique with the superficial pigmentation technique. 
They found that intralamellar procedures led to 
significantly less inflammation and fading compared to 
superficial techniques.

In 1998, Beekhuis et al.21 introduced lamellar stromal 
keratography to alleviate photophobia in patients with 
aniridia. This technique involved injecting pigments 
intrastromally following a lamellar dissection of the 
stroma.

Burris et al.6 further explored the intrastromal lamellar 
approach as a potential treatment for iris defects, both for 
optical correction and cosmetic purposes, utilizing eye 
bank samples for their research.

Alió et al.20 conducted a study comparing the 
outcomes of superficial and intrastromal corneal staining 
techniques, employing micronized mineral pigments in 
severely impaired eyes. Their motivation was to provide 
an alternative to invasive reconstructive procedures 
such as enucleation or evisceration. The study found 
that intrastromal staining offered superior results over 
superficial techniques, yielding a more homogenous 
appearance of the pigmented area. The procedure was 
faster and patients experienced a quicker, less sympto
matic recovery. A key advantage was that the corneal 
surface and epithelium remained unaffected, preventing 

pigment exposure to the tear film, thereby reducing the 
risk of fading (Figs. 2A to I).20

Another technique for dissecting the intralamellar 
tunnel involves making a single radial incision and using 
a pigtail corneal dissector—also known as the helicoidal 
tunnel corneal dissector—to create a 180° dissection 
clockwise and counterclockwise along the pupil margin. 
This instrument is depicted in Chapter 6.17-20,22

Once the tunnel is prepared, the appropriate color 
pigment is injected through it using a 27-gauge cannula 
attached to a 1 mL syringe. Notably, no sutures are required 
for the keratopigmentation procedure.17-20,22

Femtosecond-assisted Intrastromal 
Keratopigmentation
Femtosecond-assisted keratopigmentation, described for 
the first time by Prof. Jorge Alió (Alicante, Spain) represents 
an innovative approach to corneal pigmentation. In this 
technique, one or two intrastromal tunnels are created 
within the cornea using a femtosecond laser, followed by 
the injection of pigments into these tunnels. When two 
tunnels are employed, each serves a distinct function. The 
deeper tunnel is designed for more functional use, where 
a dark pigment is injected to block light transmission, 
providing relief from photophobia or other visual 
disturbances. Meanwhile, the more superficial tunnel is 
used for cosmetics, allowing the pigmentation to closely 
match the color of the patient’s other eye, enhancing the 
aesthetic outcome (Fig. 3A).17-19

Prior to surgery, pachymetry and tomography are 
measured across various areas of the cornea using the 
time-domain Visante optical coherence tomography 
system (Carl Zeiss Meditec AG) to determine the optimal 
stromal depth for femtosecond laser-created tunnels.

Fig. 1: Dermograph for micropigmentation.
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43CHAPTER 8: Keratopigmentation Techniques

Two surgical approaches can be used: either creating a 
single intrastromal tunnel or two intrastromal tunnels with 
a 60 kHz femtosecond laser (e.g., IntraLase AMO, Irvine, 
CA or VisuMax 500, ZEISS). Following this, the white-to-
white horizontal and vertical diameters of the cornea are 
measured with calipers to establish the lamellar dissection 
diameter.

Afterward, the white-to-white horizontal and vertical 
diameters are measured using calipers to determine the 
diameter of the lamellar dissection. The deepest tunnel 
could be performed first at a 400 micron depth from the 

Figs. 3A and B: (A) Darker and deep, light absorbing layer; 
(B) Superficial layer, light-colored to match the color of the other 
eye.19

Figs. 2A to I: Manual intrastromal keratopigmentation, intralamellar corneal staining technique. (A) Pupil diameter is marked (in this case 
4 mm); (B) 3 or 4 radial incisions are performed using a 1 mm diamond blade previously calibrated; (C) Corneal intrastromal dissection 
in the pupil area using a microcrescent blade (Sharpoint; Surgical Specialties Corporation, Readying, Pennsylvania); (D) Intralamellar 
staining in the pupil area with black using a 30 G cannula; (E and F) Peripheral corneal intrastromal dissection through the radial incisions 
previously performed; (G) Intralamellar peripheral corneal staining using brown pigments to mimic the iris color; (H) This pigment is 
then mixed with a darker pigment to simulate a normal iris color and to match the color of the other eye; and (I) Outcomes after the 
intrastromal staining technique.20
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surface with an inner diameter of 6 mm and an outer 
diameter of 9.5 mm. The energy should be set at 2 mJ, 
with a vertical incision at 6 o’clock. A second superficial 
tunnel could be performed at 200 microns depth, with an 
inner diameter of 6 mm and an outer diameter of 9.5 mm.  
The energy was set at 2 mJ with a vertical incision at 
12 o’clock (Fig. 3B).17-20

A lamellar dissector, such as the KTP corneal dissector 
(Epsilon; Irvine, CA), is used to open each femtosecond 
tunnel at their respective incisions (12 o’clock and 
6 o’clock). Pigments are then injected into the deeper and 
superficial tunnels using a 30-gauge cannula through the 
superior and inferior incisions.

This double-layer technique, involving two intrastromal 
tunnels, replicates iris anatomy by applying a light-colored 
pigment into the superficial layer for cosmetic effect, while 
a darker pigment is introduced into the deeper layer to 
block light.17-20

ELECTIVE COSMETIC 
KERATOPIGMENTATION

The voluntary change in the eye color was first described in 
the ophthalmic literature by J Alió23 and involves the use of 
the femtosecond-assisted technique as described earlier. 
The external diameter of the tunnel should be customized 
to the peripheral dimensions and shape of the cornea, 
leaving a clearance of about 0.5 mm of clear cornea, called 
the “limbal ring”, to improve the cosmetic appearance to 
be more natural and convenient. This book includes a 
dedicated section on the elective cosmetic application of 
keratopigmentation, covered in Part II: Purely Cosmetic 
Keratopigmentation (Chapters 13–15). The pupil created 
by the internal limit should be ideally 5.3–5 mm, not 
smaller, to avoid interference with the light entering inside 
the eye through the corneal diopter, causing limitations in 
the peripheral 60° visual field and to avoid the diffraction 
of light at the inner edge of the keratopigmented area.
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