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Let’s Shape it Up
Ëð�óÝï�ÝÞëñð����õáÝîï�Ýãë�ðäÝð� ðäá�ğîïð�ìñÞèåßÝðåëêï�ëê�ïßèáîÝè�ïäÝìá�ïñîâÝßáà��Öäá������%�áàåðåëê�ëâ�
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What do we know now, 10 years later, about scleral shape? 
Quite a bit, it appears – although questions remain. Today, we 
can classify the sclera into di!erent categories. We can de"ne 
when to start using back-toric haptic scleral lens designs, and 
we seem to see some kind of relationship between corneal shape 
and scleral shape, something that we did not envision to be 
true 10 years ago. 

Some of the initial work on scleral shape was done at Paci"c 
University (Oregon, USA). A new instrument arrived in mid-2009 
– a Visante (Zeiss) anterior segment optical coherence tomographer 
(AS-OCT). #is instrument was in no way intended to be used 
to image scleral shape. It was merely used, among other things, 
to image the anterior chamber depth for glaucoma detection 
and management. Determining the anterior chamber angle was 
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something that to that point was typically done by the examiner 
guessing the angle grade based on the Van Herrick Angle 
Assessment Technique or with the quite invasive gonioscopy. 
#e Visante came with a pretty useful angle tool to manually 
draw two lines into a patient’s anterior chamber corners to 
measure the narrowness of the angle. At Paci"c University, we 
used this tool and ‘moved the caliper’ on the outside of the sclera, 
rather than on the inside, to measure the shape of the outer 
ocular surface of the limbal zone and of the anterior sclera.

Ã�ÕÖÇÇÒ�Õ×ÔÈÃÅÇ

#is turned out to be an extremely helpful tool, as we soon 
discovered that the transition zone from cornea to sclera was 
‘not all that curved at all.’ Traditional textbooks always taught 
us that the cornea is a steep surface, that the sclera is $at – and 
that there is a marked transition between the two. We now 
know that this is a misconception. We thought that we were 
on the wrong track initially and questioned our own "ndings 
and that of the instrument; something must be erroneous, as 
we did not see the curves that we thought we would. In the end 
– most likely because we imaged the anterior slope only (where 

the sclera is overlaid with conjunctival tissue and Tenons’ 
capsule) – the transition from cornea to sclera is relatively 
straight, at least in most areas on the ocular surface. If you 
would perform the same measurement, with all loose tissue 
removed (on the bare sclera that is) – then the image would 
most likely show a more traditional pattern. 

ÄÇÖÙÇÇÐ�ÃÐÉÎÇÕ�ÃÐÆ�Å×ÔØÇÕ

But in general, we started to believe that we were better o! 
measuring angles, rather than curves, if we wanted to know 
the anterior ocular surface shape in the periphery of the cornea 
and beyond the cornea. Hall et al. (2011, 2013) published two 
papers investigating the corneo-scleral junction (CSJ) in normal 
eyes using OCT and found similar results. First, the mean CSJ 
tended to be sharpest at the nasal side (and became progressively 
$atter at the inferior, temporal and superior junctions in their 
studies), while in many cases they reported that the CSJ angles 
were within 1° of 180°, indicating almost tangential extensions 
of the peripheral cornea to form the sclera.
#is concept has now been pretty widely accepted, with a variety 
of ‘tangential’ scleral lens designs on the market based on this 
fact, and even some soft lens manufacturers embrace the 
‘tangential’ philosophy in their custom so% lens designs. 
At Paci"c University, we were fortunate to have a German student, 
Tina Graf, at the college that summer/fall of 2009 to do her 
Bachelor’s thesis for the University of Aalen. Tina spent most of 
the summer measuring ‘angles’ in the limbal zone (10-15 mm) 
and anterior scleral zone (15-20 mm). Based on a database of 96 
eyes of normal subjects, we thus developed a manual ‘scleral 
topography’ system and a model eye for anterior ocular surface 
shape (Van der Worp, Graf, Caroline, 2010; Kojima et al., 2013).

ÙÑÔÍËÐÉ�ÙËÖÊ�Ã�ÏÑÆÇÎ�

Working on this ‘model’ was pretty exciting, although maybe 
not as excited as some of my friends were when I told them 
that I was working ‘with a model.’ But the eye model happened 
to have a few surprises in store for us. A%er the initial ‘tangential 
shape’ "nding, the second most interesting thing noted was 
that the anterior sclera was non-rotationally symmetric in 
shape. #is means that some areas were $atter and some steeper 
– or, to use terminology that since then has gained more ground 
in our profession, the sagittal height of the sclera varied, with 
higher and lower zones. #e term ‘height’ has since then been 
used increasingly in the contact lens industry to replace 
‘curvature’ – and hence, $atter and steeper zones. It makes 
much more sense to de"ne ocular shape – and lens design – in 
terms of elevation rather than of curvature.

THE TRANSITION ZONE FROM CORNEA 
INTO SCLERA WAS ‘NOT ALL THAT 
CURVED AT ALL’
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ÑÐÎÛ�!����ÏÏ�ÕÒÃÅÇ

Interestingly enough, and to our complete surprise, the nasal 
side of the sclera almost per de"nition appeared to be ‘$atter,’ 
or, in the new terminology, from a base chord there is more 
elevation on the nasal side. #e temporal inferior and the temporal 
superior zones (eight principal directions were measured in the 
Paci"c Scleral Shape Studies) were found to be the steepest (or 
lowest in height from a base chord). #is was, in hindsight, less 
of a surprise to some degree: Marriott, a British optometrist, in 
1966 was probably the first to describe some kind of nasal 
$attening a%er looking at molds taken of eyes to manufacture 
haptic lenses. Textbook knowledge tells us that when looking at 
the insertion of the eye muscles on the eyeball, it appears that 
in the temporal, superior and inferior direction there is roughly 
7.00 mm of space between the limbus and the insertion of the 
muscle itself (7.00 mm, 7.50 mm and 6.50 mm, respectively). 
However, on the nasal side, there is only a 5.00 mm space available. 
#is is called the spiral of Tillaux. Based on these theoretical 
considerations, it is hypothesized (Van der Worp 2014), at least 
in part, that variations of toricity, as found with scleral imaging, 
and nasal $attening can be explained by the spiral of Tillaux’s 
anatomical feature.

ÃÕÛÏÏÇÖÔÛ

Other investigators (Visser et al. 2006) have described the use 
and the advantages of toric haptic zones in scleral lens "tting 
from a practical standpoint, hinting that the sclera must have 
some kind of asymmetry. We now know that the asymmetry 
does not necessarily appear to be classically ‘toric’ in nature 
(with-the-rule, etc.) but in reality is more quadrant-speci"c. 
Hence, the term ‘non-rotationally symmetric’ to describe the 
non-spherical nature of the anterior sclera for the purpose of 
scleral lens "tting.

Apart from the fact that the amount of asymmetry on the sclera 
varied considerably between subjects, the fourth and "nal 
"nding was that the amount of ‘non-rotational symmetry’ (the 
increase in elevation di!erence, that is) increased on average 
the further away from the periphery of the corneal border. #e 
described scleral zone showed a variation of about 100 microns 
between regions; in the outer scleral zone, this increased to 
over 400 microns, with extremes in the latter zone of up to 
1000 microns. In conclusion regarding this, it was suggested 
that the use of toric haptic scleral lenses would be more o%en 
indicated than what was currently utilized, especially if the 
scleral lens diameter of choice is larger in nature.

ÆÇÃÎËÐÉ�ÙËÖÊ�ÏËÅÔÑÐÕ

Studies at Paci"c University also looked at successful corneal 
and scleral lens "ts based on corneal elevation di!erences. #ey 
found that patients with 350 microns or less of corneal elevation 
di!erence (along the greatest meridian of change) have an 88% 
chance of success with a corneal GP lens. In contrast, if the 
elevation di!erence on the cornea is more than 350 microns, 

ÅëîêáÝè�òáîïñï�ïßèáîÝè�ïäÝìá��åéÝãáï�Çõá�ÕñîâÝßá�Òîëğèáî��ÇÕÒ��ÇÝãèáð�Çõá��ßëñîðáïõ�Ôáåêåáî�Õðëîðáèàáî

THE HIGHEST SUCCESS RATES 
WERE FOUND IN CORNEAL 

LENSES IF THE CORNEA HAD 
LESS THAN 250 MICRONS OF 

DIFFERENCE AND IN SCLERAL 
LENSES IF THE DIFFERENCE 

WAS OVER 400 MICRONS.
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eye care practitioners should seriously consider a scleral lens based on a study of 87 
patients (127 lens "ts). #e highest success rates were found in corneal lenses if the 
cornea had less than 250 microns of di!erence and in scleral lenses if the di!erence 
was over 400 microns.
Markus Ritzmann et al. published a classic paper in Contact Lens & Anterior Eye in 
2018. At a 12.8 mm chord length, the shape of the anterior eye was found to be nearly 
rotationally symmetric, and at a chord of 15.0 mm, the shape became more asymmetric. 
#e average sagittal heights of the eight segments at a 12.8 mm chord ranged from 
2890 to 2940 microns; at a 15.0 mm chord, they ranged from 3680 to 3790 microns. 
Here too, signi"cant di!erences between opposing segments were found in the sagittal 
height, and nasal measurements revealed $atter scleral angles and concave corneoscleral 
transitions, whereas temporal scleral angles were steeper, with tangential or convex 
corneoscleral transitions.

ÅÎÃÕÕËÈËÅÃÖËÑÐ

#e big disadvantage of AS-OCT is that it measures meridians only, so to get a good 
image of the entire sclera, a lot of manual measurements (16 in our studies) need to be 
taken for each eye. Not very practical in clinical practice. A big leap forward was the 
introduction of pro"lometry instruments (Eye Surface Pro"ler, Eaglet Eye from the 
Netherlands and sMap3D, Visionary Optics from the US). With the use of $uorescein 
instilled onto the ocular surface, a grid can be projected, and elevation data can be 
derived directly from that. 
#e Scleral Shape Study Group (SSSG), led by Greg DeNaeyer from Ohio (US), collected 
pro"lometry data from 140 normal eyes to determine whether a pattern could be distilled. 
Four groups were de"ned; 5.7% of the scleral plots  were  primarily  spherical in nature 
(Group 1), while 28.6% were primarily regularly (traditionally) toric in shape – largely 
conforming to a toric (Sin²) curve with approximately 180° periodicity or interval 
between high point to high point or low point to low point (Group 2). Fi%y-seven cases 
(40.7%) had asymmetric high points (or elevations) or asymmetric low points (or 
depressions); these were classi"ed as Group 3. #e remaining 35 cases (26%) had a 
recognizable toric pattern with elevations and depressions, but they were irregularly 
spaced or did not have the customary 180° periodicity (Group 4). #e de"nition of 
di!erence in elevation was set at 300 microns (more than 300 microns would indicate 
‘toric,’ less would indicate ‘spherical’). #e cuto! point of 300 microns, although arbitrary, 
was chosen as a clinically signi"cant di!erence in scleral shape because it is within the 
range of average bulbar conjunctival thickness (240–393 microns) reported with OCT 
and is somewhat higher than the conjunctival settling of slightly under 200 microns 
with scleral lens wear. Also, in reviewing manufacturing data, 300 microns of sagittal 
height di!erence between steep and $at axes at 16 mm was the most common posterior 
haptic toricity applied.  �

#is article is divided into two parts. Read the second part in GlobalCONTACT 2020_01
References available in the GlobalCONTACT App or write us WWW.STERLINGINT.COM     

STERLINGSALES.US@AMETEK.COM   
+1 727 538 6110

  Total travel 5000 µm (5 mm)

  Up to 50% faster cycle time

  Dual diamond tool with robust  
independent height adjustment

  Digital encoder feedback  
allows for higher resolution

  Faster, more accurate  
control system

  Ultra high stiffness allows  
production of no polish toric  
lenses and non-ferrous metal  
toric mold inserts

  Asymmetric edge capability

Better Vision  
Through 
Technology

FAST TOOL SERVO
FTS-5000 

EFCLIN ad 70x297mm.indd   1 6/7/17   3:32 PM

!AZ.indd   2 08.06.17   16:08

Ad
ve

rt
ise

m
en

t

Eef van der Worp, ÄÑìðëé��ÒäÆ��ÈÃÃÑ��ÈËÃÅÎÇ��ÈÄÅÎÃ��ÈÕÎÕ�åï�Ýê�áàñßÝðëî�
Ýêà�îáïáÝîßäáî��Êá�îáßáåòáà�äåï�ëìðëéáðîõ�àáãîáá�âîëé�ðäá�Êëãáïßäëëè�
òÝê�×ðîáßäð�åê�ðäá�ÐáðäáîèÝêàï��ÐÎ��Ýêà�äÝï�ïáîòáà�Ýï�Ý�äáÝà�ëâ�ðäá�ßëêðÝßð�
èáêï�àáìÝîðéáêð�Ýð�ðäá�ïßäëëè�âëî�ëòáî�áåãäð�õáÝîï��Êá�îáßáåòáà�äåï�ÒäÆ�
âîëé�ðäá�×êåòáîïåðõ�ëâ�ÏÝÝïðîåßäð��ÐÎ��åê����$��
Êá�åï�Ý�âáèèëó�ëâ�ðäá�ÃÃÑ��ËÃÅÎÇ��ÄÅÎÃ�Ýêà�ðäá�ÕÎÕ��Êá�åï�ßñîîáêðèõ�Ýàæñêßð�
Òîëâáïïëî�Ýð�ðäá�×êåòáîïåðõ�ëâ�ÏëêðîáÝè�×êåòáîïåðõ�Åëèèáãá�ëâ�Ñìðëéáðîõ�
�ÅÃ��Ýêà�Ýàæñêßð�ÝïïåïðÝêð�Òîëâáïïëî�Ýð�ÒÝßåğß�×êåòáîïåðõ�Åëèèáãá�ëâ�
Ñìðëéáðîõ��Ñîáãëê��×ÕÃ���Êá�åï�èáßðñîåêã�áôðáêïåòáèõ�óëîèàóåàá�Ýêà�åï�
Ý�ãñáïð�èáßðñîáî�Ýð�Ý�êñéÞáî�ëâ�×êåòáîïåðåáï�åê�ðäá�×Õ�Ýêà�Çñîëìá��

GlobalCONTACT 3-19








