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The Zeiss Visanteª Optical C oherence Tomographer (OCT) was designed to quickly image the anterior segment of the 
eye. Recently, it has been used to image the ciliary body in vivo in studies of presbyopia and myopia development. A 
robust semi-automatic algorithm was developed to extract the dimensions of the ciliary body efficiently and objectively 
from the Visanteª  image files. Interclass correlation values for single measurements of the thickness and cross-sectional 
area of the ciliary body ranged from 0.51 to 0.72. Analyses of the measurement variability suggest that a measurement 
with the precision of an interclass correlation of 0.85 can be achieved if the mean of measurements from six ciliary body 
images is used in analysis. This semi-automatic algorithm will facilitate the clinical study of large datasets in studies of the 
ciliary body. 
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Introduction  
The human ciliary muscle is a multi-unit smooth 

muscle under the control of the autonomic nervous system. 
The muscle itself is contained within the larger ciliary body, 
along with connective and vascular tissues, and it is 
approximately 4-6mm in length in adults.(Pardue & Sivak, 
2000; E. R. Tamm & Lutjen-Drecoll, 1996) With 
accommodation, the ciliary muscle contracts and shifts 
inward resulting in a decrease in the ciliary ring diameter 
and allowing the lens to have a steeper curvature.(Croft & 
Kaufman, 2006) The dimensions of the ciliary body have 
been measured in studies of presbyopia,(Pardue & Sivak, 
2000; S. Tamm, Tamm, & Rohen, 1992) the use of 
prostaglandin analogs in glaucoma,(Marchini, Ghilotti, 
Bonadimani, & Babighian, 2003) and more recently, in 
studies of myopia.(Bailey, Sinnott, & Mutti, 2008; Oliveira, 
Tello, Liebmann, & Ritch, 2005) 

Because of the location of the ciliary body, behind the 
iris on the inside of the scleral wall (Figure 1), in vivo 
imaging of the ciliary body has not historically been a 
routine procedure. Thus, most of our knowledge of the 
ciliary body is based on histology,(Pardue & Sivak, 2000; E. 

R. Tamm & Lutjen-Drecoll, 1996) indirect measures of 
contraction,(Fisher, 1977; Swegmark, 1969) and imaging of 
animal models.(Croft et al., 1998; Poyer, Kaufman, & 
Flugel, 1993) In order to understand the normal function 
of the ciliary body as well as changes that occur with age 
and myopia development, improved imaging techniques 
are required. 

 

Figure 1. The ciliary body within the anterior segment of the eye 

The development of the Zeiss Visanteª Anterior 
Segment Optical Coherence Tomographer (OCT, Carl 
Zeiss Meditec) has allowed for non-contact imaging of the 



 

 

ciliary body, which is especially important for pediatric 
research.(Bailey et al., 2008) The principles used for retinal 
OCT were modified in the Visanteª by integrating a 
longer wavelength of light to allow imaging of the anterior 
segment of the eye. The Visanteª is a time domain OCT, 
designed to provide quick, high resolution, cross-sectional 
images of the cornea and anterior chamber. This 
technology does not require contact with the eye or dilation 
of the pupil. A study by Dada and co-workers has shown 
that the measurements taken from Visanteª images of the 
anterior segment agreed well with measurements taken 
from ultrasound biomicroscope images.(Dada et al., 2007) 

Increased use of the Visanteª to obtain images of the 
ciliary body for presbyopia and myopia research, has 
necessitated the development of a method to objectively 
and accurately acquire dimensional data from the images. 
Active contour models have been successfully applied to 
image segmentation in many types of images.(Caselles, 
Kimmel, & Sapiro, 1997; Chan & Vese, 2001; Cohen & 
Cohen, 1993; Kass, Witkin, & Terzopoulos, 1987; Vese & 
Chan, 2002; Xu & Prince, 1998) These models can 
produce sub-pixel accuracy of object boundaries, 
incorporate regional information for robust segmentation, 
and provide smooth and closed contours of the object of 
interest. Recently, a new active contour model based on a 
local binary fitting energy was proposed to support 
magnetic resonance images with intensity 
inhomogeneity.(Li, Kao, & Ding, 2007; Li, Kao, Gore, & 
Ding, 2008) This model was adapted to segment ciliary 
body images acquired with the Visanteª.  

Methods  

Study Design  

Subjects  

A cross-sectional study of 23 subjects between the ages 
of 18 and 40 years was conducted. The Ohio State 
UniversityÕs Biomedical Sciences Institutional Review 
Board, in accordance with the tenets of the Declaration of 
Helsinki, approved the study protocol. Subjects were 
educated on the purpose of the study, and informed 
consent was obtained from each subject before beginning 
the study. Subjects were recruited using posters and e-mail 
announcements at The Ohio State University.   

Measurements  

Refractive error and ciliary body thickness 
measurements were made under cycloplegic conditions and 
on right eyes only. One drop of 0.5% proparacaine 
hydrochloride ophthalmic solution was given, followed by 
two drops of 1% tropicamide ophthalmic solution 
administered five minutes apart. Testing was completed 30 
minutes after the first drop of tropicamide. Refractive error 
was measured with a Grand Seiko autorefractor. The mean 

spherical equivalent from five measurements was used in 
analysis. 

The nasal ciliary body of each subject was imaged 
through the sclera (Figure 2) while the subject viewed an 
external target. Images were obtained in Òhigh-resolution 
corneal mode,Ó a high-resolution imaging mode available 
with the Visanteª 1.0 software. Six images of the ciliary 
body were obtained with the patient being re-aligned 
between each measurement. A uniform refractive index of 
1.0 was applied to the entire image before any 
measurements were made for either method described 
below. 

Ciliary Body Measurements with Calipers  
Thickness measurements were obtained 2 mm 

posterior to the sclera spur (Figure 3) using calipers in the 
Visanteª software as previously described.(Bailey et al., 
2008) Thickness measurements were completed on each of 
the six images by one examiner (LEE) and then the position 
and application of the calipers was verified by an additional 
examiner (MDB). The data were entered into an Excel 
spreadsheet.  

Semi-automatic Extraction Alg orithm  
 The images were exported as JPG files and imported 
into Matlab for extraction with the semi-automatic 
algorithm, described in detail below. 

Preparing the Images for Analysis: Region of I nterest 
and Down -Sampling  

The images acquired with the Visante OCT are RGB 
images, 638 by 816 by 3 (Figure 2). The Visante creates a 
color image due to the header, but the actual anterior 
segment area is a gray-scale image.  

The first step in the extraction process was to manually 
select the location of the sclera spur. As with the caliper 
method, a trained examiner (MDB) visually inspected the 
image and clicked on the scleral spur (denoted in pink, 
Figure 4). The scleral spur was manually selected three 
times for each image, and the mean of the three selections 
was used as the final location of scleral spur.  

The region of interest was isolated by eliminating the 
blue color ([0,0,50]) portion and the black region ([0,0,0]) 
above it (Figure 2). The width was chosen to be 1 mm to 
the left and 6 mm to the right of the selected scleral spur. 
This resulted in a smaller image, shown in Figure 4. The 
image was stored in a 324 by 492 data array which was 
obtained from deleting the unwanted region in one of the 
RGB channels.  

Because Visante images are high-resolution images, 
processing the original raw images is time intensive. The 
time required for analysis was reduced by down sampling 
the images to one-fourth their original size prior to analysis. 
In Matlab, this was implemented by using B = 
imresize(A,1/4,ÕbicubicÕ) which applied a low-pass filter 



 

 

before the bi-cubic interpolation to reduce aliasing. Figure 
5 shows the down-sampled image with the size 81 by 123. 

Region -Scalable Image Segmentation Algorithm  Step 
1: Extracting the Ocular Structure from the 
Background  

The first step in the region-scalable image segmentation 
algorithm was to delineate the ocular structures from the 
background. This was necessary so that the otherwise dark 
ciliary body area could be extracted from the lighter ocular 
structures. The process of delineation is illustrated by the 
red outlines in Figure 6. A region-based segmentation 
model, that used the intensity information in local regions 
at a controllable scale, was employed. The mathematical 
foundation for the model is provided in Appendix A. 
Parenthetical remarks refer to notation used in the 
Appendix. 

The delineation process began by generating an 
approximation of the shape of the ocular structures (curve 

) to serve as a starting point (which was represented as 
). A simple way to generate the initial 

approximation was to find the region where the pixel 
intensity was greater than the mean; however, the boundary 
of this region was usually not smooth and often contained 
multiple sub-regions of pixel intensity (Figure 6a). Dilating 
this region with a rolling ball of radius 10 pixels gave a 
better initial approximation of the outline (Figure 6(b)). 
From the starting point, the ocular structure outline 
evolved according to the model described in appendix A 
and approached the boundary of sclera and ciliary body 
together as shown in Figure 6(c) and 6(d). 

Region -Scalable Image Segmentation Algorithm  Step 
2: Extracting the Ciliary Body from the Ocular 
Stru ctures:   

An approximation of the initial contour of ciliary body 
(Figure 7) was based on the histological data from the 
literature, indicating that the ciliary body was usually 4-
6mm long and 1-2 mm wide at the point of greatest 
thickness.(Pardue & Sivak, 2000; E. R. Tamm & Lutjen-
Drecoll, 1996) In Figure 7(a), p1 is the location of the 
manually-selected scleral spur (described above). The 
second and third points (p2 and p3) were selected on the 
lower branch of the red curve, 1.2mm and 6mm from the 
sclera spur in the horizontal direction, respectively. A point 
0.5mm above a line from p1 to p3 (Figure 7, purple line) 
and half way between p1 and p3 served as the fourth point 
(p4). A parabola was constructed passing though p1-p4-p3, 
and this generated a reasonable guess of the upper 
boundary of the ciliary body. Connecting all the points 
created an initial closed contour approximation for the 
outline of the ciliary body (Figure 7(a)).  

Instead of considering the whole image domain,, 
only the energy defined on the region  inside of the red 
curve was considered (Appendix B). When the energy was 
minimized, the curve stopped at the boundary of ciliary 
body. The contour of the ciliary body was then fine-tuned 

by repeating the algorithm on the high resolution images 
for a few time steps until it converges. (Figure 7(b)). A least 
squares method was used to fit a parabola to the upper 
contour of the green curve. The region of ciliary body was 
segmented by selecting the region below the parabola (p1-
p4-p3) that was inside the outline of the sclera and ciliary 
body (red line). When a segment of the iris was visible in 
the images, it was removed by following the curve below 
scleral spur from p1 to p2. The final result of the algorithm 
is show in blue in Figure 7(c). 

Ciliary body measurements  with Matlab  

Based on the final ciliary body outline in Figure 7(c), 
thickness measurements were then obtained at 1 mm, 2 
mm, and 3 mm (CBT1, CBT2, CBT3) posterior to the 
scleral spur (Figure 8). The cross-sectional area of portions 
of the first three millimeters of the ciliary body (CBA1, 
CBA2, and CBA3) was also measured. Measurements were 
made by counting the pixels in each portion and 
multiplying by the image resolution (1mm = 82 pixels in 
the original image). These initial measurement points were 
chosen for this initial investigation, but other ciliary body 
and scleral measurements could also be obtained with this 
algorithm (Figure 8). 

Statistical Analyses  
As described above, measurements for CBT2 (ciliary 

body thickness 2 mm posterior to the scleral spur) were 
made using both the Matlab algorithm and the Visanteª 
software calipers. Measurements of ciliary body thickness at 
1 mm (CBT1) and 3 mm (CBT3) posterior to the scleral 
spur and cross-sectional area for the first 1 mm (CBA1), 2 
mm (CBA2), and 3 mm (CBA3) of the ciliary body were 
only made with the Matlab algorithm. For each subject, 6 
measurements of each variable were taken. Statistical 
analyses of the measurements focused on their 
repeatability. 

The intraclass correlation coefficient (ICC) was 
estimated for each measure. The ICC is a repeatability 
indicator that is sensitive to consistency in the ranking of 
individuals. Variability in measurements includes both 
biological variability and measurement error. The ICC is 
the portion of overall measurement variability that is 
biological variability. The higher the ICC, the more 
consistent the measure. With higher ICC, the nuisance of 
measurement error within an individual is less likely to 
result in an error in the estimate of his relative ranking 
within the population. The ICC is a number between 0 
and 1.  There is no consensus on what is an adequate ICC. 
Nunnally suggests that values greater than 0.80 are 
adequate for research tools.(Nunnally & Bernstein, 1994)  

An ICC can be increased by using the within-subject 
average of repeated measurements. The averaged values 
have less within-subject error, thus increasing the portion of 
overall measurement variability that is biological variability. 



 

 

For each measure, we estimated the increase in ICC 
provided by using averaged data. 

A Bland-Altman analysis(Bland & Altman, 1986) was 
also used to assess the consistency of each ciliary body 
measure. Statistics from a Bland-Altman analysis indicate 
how repeatable a measure is in absolute terms. For the 
analysis, the first and last of the six measurements were 
chosen for comparison. The mean difference between the 
repeated measurements characterizes the bias in 
measurement due to drift. A one-sample t-test was used to 
test whether the mean difference was zero. The mean 
difference and its standard deviation were used to construct 
95% limits of agreement (LoA) (mean ± [1.96 X standard 
deviation]). The LoA characterize the expected differences 
between repeated measurements. They estimate the 
boundaries within which 95% of the differences should 
fall. The coefficient of repeatability (1.96 X standard 
deviation of the differences) was also calculated. The 
difference between the two measurements versus the mean 
of the two measurements was graphed and visually 
inspected to determine if the repeatability of the 
measurement was related to its magnitude. 

Results  
In this sample of subjects, the mean ± SD age was 

24.57 ± 3.58 years. The mean ± SD spherical equivalent 
refractive error was !0 .85 ± 2.18 D. Out of the 23 subjects, 
8 were male and 15 were female. 

The semi-automatic algorithm was able to successfully 
outline the ciliary body allowing for further morphology 
study. The thickness and cross-sectional area of the ciliary 
body were automatically measured at several points. 

Summary statistics for the ciliary body variables are 
presented in first two columns of Table 1. If one compares 
the Matlab to the caliper measurement of CBT2, it is clear 
that the Matlab measurements were slightly larger. This is 
because the semi-automatic algorithm outline included 
the ciliary pigmented epithelium while the 
measurements with the calipers in the Visanteª 
software did not include the ciliary pigmented 
epithelium. 

ICC estimates for each of the variables appear in the 
last column of Table 1.  For the ciliary body thickness 
variables, the ICC values ranged from 0.51 for CBT1 to 
0.72 for CBT2. The ICC values for ciliary body area 
variables ranged from 0.66 at CBA1 to 0.72 at CBA2. In 
general, measurements at 2 mm posterior to the scleral spur 
had higher ICC values, followed by measurements at 3 mm 
and then 1 mm posterior to the scleral spur. For each of 
the Matlab generated measures, Figure 9 illustrates the 
increase in ICC as a function of number of averaged 
within-subject measurements. With 3 measurements, all of 
the ciliary body measures have estimated ICC greater than 
0.70. If 6 repeated measures are averaged, all of the 
variables are estimated to have ICC above 0.85. 

Visual inspection of Bland-Altman difference versus 
mean plots for the various thickness and area 
measurements did not reveal any relationship between the 
repeatability of a measure and the magnitude of the 
measurement. Results of the analyses are presented in 
Table 2. The mean of the differences was not significantly 
different from zero for any of the thickness or area variables 
indicating there was no systematic drift in measurements as 
they were repeated. The coefficient of repeatability, an 
indicator of measurement variability, was comparable 
across the variables. 

Discu ssion  
Manual extraction of the dimensions of the ciliary body 

is extremely tedious, time intensive, and prone to human 
error. These data demonstrated that it is possible to obtain 
measurements of the dimensions of the ciliary body in 
Matlab. This semi-automatic algorithm robustly extracted 
the outline of the ciliary body, and it provided accurate 
measurements of thickness and cross-sectional area. 

Unlike the process of obtaining images of other parts 
of the eye, when obtaining images of the ciliary body, there 
are no distinct landmarks for aligning the instrument. 
(Landis & Koch, 1977) As Figure 9 shows, however, the 
estimates of the ciliary body dimensions can be 
substantially improved by using the mean of six 
measurements. Given that it was possible to detect the 
relationship between ciliary body thickness and refractive 
error in 53 children,(Bailey et al., 2008) none of whom had 
more than four ciliary body measurements, the level of 
precision provided by the mean of six measurements 
should be more than adequate for future studies of the role 
of the ciliary body in refractive error development. 

There are multiple benefits of using the semi-automatic 
Matlab algorithm for measuring ciliary body dimensions. 
One, it is faster and less error prone than a manual 
measurement. Two, it avoids the potential bias of having 
someone who may be aware of a patientÕs refractive error 
status or age when manually measuring the ciliary body 
dimension, i.e., it provides masked measurements. Three,  
cross-sectional area measurements are only feasible using an 
automated algorithm. The latter benefit is important 
because area measurements appear to provide a more 
consistent measure of the most anterior portion of the 
ciliary body, i.e., the ICC values for area measurements 
were generally higher than those for thickness 
measurements. The white line created by the ciliary 
pigmented epithelium in images of the ciliary body is less 
distinct in the most anterior portion of the ciliary body, 
which may be why the anterior measurement CBT1 had a 
lower repeatability than other ciliary body dimensions. The 
corresponding area measurement, CBA1, may allow for 
improved precision in measuring this portion of the ciliary 
body. This will benefit studies of myopia because 
investigators will be able to determine if there are in fact 



 

 

refractive-error-related changes in the anterior portion of 
the ciliary body. Having a precise measurement of the 
anterior portion of the ciliary body will also benefit 
presbyopia research because of the need to further study 
changes in the apex of the ciliary body that occur with 
age.(Pardue & Sivak, 2000) Future studies may help to 
determine the precise areas of the ciliary body that are 
altered in myopia and presbyopia. 

Conclusions  
Although the repeatability of measurements with the 

calipers was slightly better than with the Matlab program, 
semi-automatic measurements of ciliary body dimensions 
were feasible and acceptably robust to use in studies of the 
ciliary body. 

Appendix A  
The region-scalable fitting energy was defined in terms 

of a contour � and two fitting functions  and   
that locally approximate the image intensities outside and 
inside of the contour. This energy was incorporated into a 
variational level set formulation with a level set 
regularization term. The energy was defined as follows:  

 

where , , , and  were nonnegative constants,  

was the domain of down-sampled image,  was a level set 

function whose zero level set was the contour,   was the 
Heaviside function, and   was the kernel function. The 
kernel function  was chosen as a Gaussian function:  

 

where  was a scale parameter that controls the scale of 
the effective neighborhood. The first two terms in 

  were the local binary fitting energies. The 
third term was the level set regularization term used to 
penalize the deviation of the level set function from a 
signed distance function, and the last term was the length 
term to regularize the contour. Minimizing the energy 
function  provided a smooth contour  

which separated the foreground (inside of ) and 
background (outside of  ) regions and  a good intensity 
fitting pair  inside and outside of the contour. The 
standard gradient descent method was used to minimize 
the energy function .  By calculus of 

variations, it can be shown that the functions  that 

minimize  satisfy 

 

and  satisfies  

 

where is the Dirac delta function. 

In the numerical implementation, the functions 
 were updated at every time step before the update 

of the level set function . The parameters are chosen as 
, , and . See the 

references (Dada et al., 2007) for detailed implementations.  

Appendix B  
In the second step of the image segmentation process, 

we limit the energy to the restricted domain (the region 
inside the red curve in Figure 7): 

 

The corresponding functions  that minimize 

 satisfy 



 

 

 

and  satisfies  

 

The parameters are chosen as , 
, and . 
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