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Images of ocular fundus are routinely utilized in ophthalmology. Since an examination using fundus
camera is relatively fast and cheap procedure, it can be used as a proper diagnostic tool for screening
of retinal diseases such as the glaucoma. One of the glaucoma symptoms is progressive atrophy of the
retinal nerve fiber layer (RNFL) resulting in variations of the RNFL thickness. Here, we introduce a novel
approach to capture these variations using computer-aided analysis of the RNFL textural appearance
in standard and easily available color fundus images. The proposed method uses the features based
on Gaussian Markov random fields and local binary patterns, together with various regression models
for prediction of the RNFL thickness. The approach allows description of the changes in RNFL texture,
directly reflecting variations in the RNFL thickness. Evaluation of the method is carried out on 16 nor-
mal (“healthy”) and 8 glaucomatous eyes. We achieved significant correlation (normals: p=0.72+0.14;
p < 0.05, glaucomatous: p=0.58 +£0.10; p « 0.05) between values of the model predicted output and the
RNFL thickness measured by optical coherence tomography, which is currently regarded as a standard
glaucoma assessment device. The evaluation thus revealed good applicability of the proposed approach

to measure possible RNFL thinning.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1. Introduction

Glaucoma is one of the most common causes of permanent
blindness worldwide. Quigley [40] introduced a model of glaucoma
prevalence showing that there are 60.5 million people with glau-
coma in 2010, which will increase up to 79.6 million in 2020. One
of the glaucoma symptoms is progressive atrophy of the retinal
nerve fiber layer (RNFL) resulting in permanent decrease of the
layer’s thickness. Glaucoma symptoms appear many years before
the patients are able to observe any changes in their visual field.
Therefore, it is extremely desirable to detect the disease as soon as
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possible. Generally, glaucoma diagnosis is currently based on eval-
uation of the optic nerve head (ONH) morphology and the RNFL
thickness in the peripapillary area (area surrounding the ONH) [20].
Many ophthalmologists still use ophthalmoscope or fundus camera
to evaluate the retina only visually. Nevertheless, such a qualitative
diagnostic is subjective and barely reproducible. Optical coherence
tomography (OCT) is recently regarded as a standard glaucoma
diagnostic device, since it provides a straightforward measurement
of the RNFL thickness; thus allowing to make diagnostic procedures
well reproducible. Unfortunately, OCT examinations are still quite
expensive and not generally available at many ophthalmic clinics
around the world. In contrast to OCT, fundus imaging is still consid-
ered as a fundamental diagnostic tool, since it allows much faster
and cheaper image acquisition.

Fundus images (Fig. 1) are successfully used for diagno-
sis of various eye and even systemic diseases, e.g. various
retinopathies, diabetes, hypertension, arteriosclerosis, age-related
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Fig. 1. The RGB fundus image (top) with an image section of the GB fundus image
(bottom) showing typical diagnostically interesting structures for: (a) normal sub-
ject and (b) glaucomatous subject. Normally, the RNFL striated pattern appears on
the image background, thus forming a certain texture. For an image of glaucomatous
subject, the area with complete RNFL loss is marked.

macular degeneration, or glaucoma; by evaluation of different reti-
nal features and diagnostically interesting structures (Fig. 1a) [13].
The RNFL can be observed as a bright striped pattern that appears
on the background of red-free fundus photographs (Fig. 1). It is
assumed that the pattern changes its visual appearance according
to variations in the RNFL thickness. This has been already proven
by several studies, although so far evaluated by subjective methods
only [42,14,33]. The thickness variations can be caused by glaucoma
process, or even in the healthy retina, the RNFL thickness varies
anatomically depending on angular position around the ONH. These
aspects bring an idea to analyze these RNFL changes via advanced
image processing methods. Thus, fundus imaging can provide new
useful and easy-to-access information about the RNFL structure to
aid glaucoma assessment, optionally also in connection with other
features that can be derived from fundus images (C/D ratio or GRI
- glaucoma risk index) [3].

Several scientific papers concerning assessment of RNFL status
in fundus photographs have been already published by different
authors. An attempt to utilize fundus camera for evaluation of
the RNFL has been first introduced by Lundstrém et al. in the
1980 [21]. Black-and-white photographs were used for subjective
evaluation of the RNFL textural appearance. Then, other authors
have been investigating analog photographs in a more or less
similar way [35,44,7,18]. Peli et al. [35] performed one of the
first semi-automatic analysis of the RNFL texture using digitized
black-and-white fundus photographs. They analyzed intensity
information about the RNFL presence and tried to detect darken-
ing caused by the RNFL atrophy. Only 5 images of normal subjects,
5 images of glaucomatous subjects, and 5 images of subjects sus-
pected of glaucoma were included in this study. Tuulonen et al.
[44] performed microtexture analysis of images of 7 normal sub-
jects, 9 subjects with distinctive glaucoma damage, and 8 subjects
with higher intraocular pressure (suspicious of glaucoma). Digi-
tized fundus photographs with 1280 x 1024 pixels were analyzed.
The hypothesis that changes in the RNFL structure can be seen as
changes in the microtexture of digital images has been investigated.
Although they achieved some positive results, the differences were
not statistically significant because of small sample size. Recently,
an intensity information about the RNFL texture was utilized by
Dardjat et al. in [7]. The authors evaluated intensity differences in

the RNFL texture along the intensity profiles between two concen-
tric circles placed in center of the ONH. Other contribution also
utilizing intensity criterion was published by Lee et al. [18]. A pilot
study to search for RNFL thinning in color fundus images with
size of 2256 x 2032 pixels was presented by Oliva et al. [33]. They
presented a semi-automatic method to texture analysis based on
evaluation of the RNFL intensity along 24 concentric circles cen-
tered in the ONH. Only small datasets of 9 images of normal and 9
images of glaucomatous subjects were tested. The results revealed
correlation only 0.424 between the intensity-related parameters
extracted from fundus images and the RNFL thickness measured
by OCT.

In the case of glaucomatous damage, the RNFL appears darker in
comparison with the healthy areas in fundus image. Hence, many
authors try to involve only the intensity criteria for detection of
glaucomatous changes, even in the recent state in this field of
applied research [12,27,39,1]. Hayashi et al. [12] used an approach
with Gabor filters to enhance certain regions with the RNFL pat-
tern and to classify these regions toward glaucoma detection. The
paper presents preliminary results that were followed up by the
same group in [27] (Muramatsu et al.). In comparison with their
preliminary approach, the authors extended the proposed concept
and carried out evaluation of the method using a larger dataset
(81 images of each normal and glaucomatous subjects). However,
these images have size of 768 x 768 pixels, which is still relatively
low resolution to provide enough texture information about the
RNFL. Detection of thin focal or even diffuse RNFL losses is not pos-
sible due to low resolution. Thus, the method is suitable only for
detection of focal and even wider RNFL losses expressed by signif-
icant changes in image intensity. However, in spite of some lacks,
this publication first presented a fully automatic method for the
RNFL assessment that was evaluated using a rather large dataset.
Prageeth et al. [39] published a method for glaucoma detection
using intensity criterion as well. They analyzed a dataset consisted
of 829 (300 normals and 529 glaucomatous) fundus images with
size of 768 x 576 pixels. Although, the results were promising, uti-
lization of intensity criteria used alone is probably not a good
solution. Intensity changes in the RNFL pattern can be detected only
if the RNFL atrophy is so distinctive than the patient has rather large
vision loss already. Moreover, image intensity can be influenced by
many factors, e.g. non-homogenous illumination, reflection of the
retina, light power used for acquisition, etc. Acharya et al. [1] pro-
posed a method to analyze the RNFL texture using higher order
spectra, run-length and co-occurrence matrices. The method was
tested on 60 images (30 normals and 30 glaucomatous). However,
the images had a size still too small (560 x 720 pixels). The authors
used several supervised classification techniques to classify normal
and glaucomatous images. Although, the classification accuracies
were more than 80%, the article does not thoroughly explain the
process of feature extraction and which area of the image was ana-
lyzed. Moreover, the images presented in the paper seem to be of
rather low quality and the RNFL texture is not visible.

The diagnostic potential of current fundus images increases,
since their quality and resolution are still getting better. The RNFL
pattern is thus well recognizable in these high-resolution fundus
images and it offers a possible use of advanced texture analysis
techniques taking into account not only the intensity criteria, but
also various spatial characteristics of adjacent pixels in the RNFL
texture. Hence, as an addition to the state of the art, we have
contributed with several advanced texture analysis methods for
assessment of the RNFL status in color fundus images and published
this work in several papers [16,28,30,31]. However, as presented
in these earlier papers, the methodology was focused mainly on
detection of the RNFL presence and classification of the texture
roughly into two binary classes - RNFL and non-RNFL using red-free
fundus images. Now, we came out from our previous approaches
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utilizing Gaussian Markov random field (GMRF) texture modeling
and local binary patterns (LBP) and extended the potential of these
advanced methods to capture continuous variations in the RNFL
thickness via different regression models. The main contribution to
the recent state of the art is the ability of the proposed methodology
to predict the RNFL thickness using commonly available color fun-
dusimages. Furthermore, the proposed approach is evaluated using
the RNFL thickness measured via OCT as a gold standard modality.

2. Material and methods
2.1. Experimental dataset

The dataset has been created on the basis of cooperation with the
Eye clinic at the Erlangen University Hospital, Germany. The dataset
so far contains 16 image sets of healthy subjects without any signs
of glaucoma disease and 8 image sets of glaucomatous subjects with
the focal wedge-shaped RNFL loss. Only one eye of each subject was
imaged. Each image set contains an image acquired by the common
non-mydriatic digital fundus camera CANON CR-1 (EOS 40D) with
60-degree field of view (FOV). The images have size of 3504 x 2336
pixels, which is acommon resolution for many current fundus cam-
eras. Standard CANON raw data format (CR2) was used for storage
of the images.

The image set then contains three-dimensional volume data,
which were acquired by spectral domain OCT system (Spectralis
HRA - OCT, Heidelberg Engineering) for each of the 24 subjects.
Infrared reflection images (scanning laser ophthalmoscope, SLO)
and OCT B-scan images of the dual laser scanning system were
acquired simultaneously. From 61 to 121 B-scans per one eye were
acquired, which corresponds to the spacing between B-scans from
124.3 pm to 63.1 wm (in 30° FOV). Acquisition of the OCT image
volume was performed within the peripapillary area.

2.2. Image preprocessing

2.2.1. Preprocessing of fundus images

The fundus images of healthy and glaucomatous subjects were
preprocessed in several steps. First, standard uncompressed image
in TIFF format was reconstructed from the raw data using DCRAW
freeware software [6], whereas a linear gamma transfer function
was used in the reconstruction process. Usual image conversion
into JPEG format, as is common in many digital cameras, uses
nonlinear gamma transfer function disallowing any quantitative
measurement in the image. Thus, the first step is important,
because we can obtain linear relation between image gray levels
and intensity of reflected light from the retina. Secondly, non-
uniform illumination of fundus images was corrected together with
an increase of image contrast using the contrast limited adaptive
histogram equalization technique (CLAHE) [37]. The most informa-
tion of the RNFL appearance lies in the green (G) and the blue (B)
spectral part of the visible light. Therefore, an average of G and
B channel (the GB image) was computed for each fundus image.
Further, only the GB images were analyzed (Fig. 1).

For the first step of analysis and for the training of regres-
sion models, we manually selected square-shaped image regions of
interest (ROIs) with size of 61 x 61 pixels from the retinal images of
16 normal subjects (~23 ROIs per subject). Extraction of ROIs was
performed uniformly in the peripapillary area to the maximum dis-
tance not exceeding 1.5x diameter of the ONH; whereas individual
ROIs were not allowed to overlap and only locations without the
blood vessels were taken into account (Fig. 2). In this way, a num-
ber of 354 ROIs was collected. Particular ROIs represent the typical
RNFL pattern depending on the position in the peripapillary area
for normal subjects without any signs of glaucoma disease (see few

Fig. 2. ONH region of a preprocessed fundus image of normal subject with ROIs
depicted by the red color. Magnified examples of eight ROIs relating to the different
positions in fundus image are shown on the figure’s sides. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of
this article.)

examples in Fig. 2). The RNFL thickness varies with respect to posi-
tion on the retina also for healthy subjects (Fig. 3a). Selection of ROIs
at particular positions in the peripapillary area thus covers suffi-
ciently wide range of the RNFL thicknesses (approx. 20-200 pm)
for the analysis that follows up.

2.2.2. Preprocessing of OCT data

The OCT volume data were preprocessed in order to get the RNFL
thickness in the peripapillary area of each subject. The RNFL was
segmented and the corresponding RNFL thickness map was cre-
ated using research software, which is freely available online at the
webpage: http://wwwb5.cs.fau.de/research/software/octseg]/.

The software uses a gradient-based method in combination with
diffusion techniques to segment the retinal layers [26]. Segmen-
tation of the RNFL was performed automatically with very high
precision. However, after the automatic segmentation, the results
were checked by specialist, and minor manual corrections were
made using the same software package. These corrections were
made only in few B-scans and only at the locations of large blood
vessels (shadowed areas). Segmentation result of the RNFL in one
B-scan and the reconstructed thickness map can be seen in Fig. 3.
The RNFL thickness usually varies from the thinnest (blue color) to
the thickest (red color) structures as can be seen in Fig. 3a.

2.2.3. Fundus-OCT image registration

Our previously developed landmark-based retinal image
registration approach with manually selected landmarks and
second-order polynomial transformation model [17] was applied
for registration of fundus to OCT-SLO image data. This registration
step was necessary in order to be able to compare the proposed
texture features with the RNFL thickness at the specific positions
on the retina. Nevertheless, different approaches could be used as
well, e.g. see state of the art in [9,17].

2.3. Texture analysis

Two advanced texture analysis methods were applied for fea-
ture extraction — Gaussian Markov random fields (GMRF) and local
binary patterns (LBP). Markov random field texture modeling has
been proven as an efficient tool enabling description of a probability
of spatial interactions in a textural image so it has been exten-
sively used in many image processing applications [38]. LBP-based
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Fig. 3. OCT volume data: (a) the RNFL thickness map mapped on the SLO image of a normal subject; the color bar on the top shows values of the RNFL thickness measured in
pm, (b) one B-scan acquired at the position marked by the black line in (a); the RNFL is segmented between the red and the green curves. (For interpretation of the references

to color in this figure legend, the reader is referred to the web version of this article.)

texture analysis is relatively new and widely popular approach suit-
able for texture analysis of various image data [32]. Both methods
were selected because of their robustness to noise and rotation-
and illumination-invariant properties.

2.3.1. Gaussian Markov random fields

The first set of features is given by GMRF non-causal two-
dimensional autoregressive model. The model assumes that image
texture is represented by a set of zero mean observations y(s) [38]:

¥(s),5€82,2=(s=(i,j): 0=i,j=<M-1}, (1)

for a rectangular M x M image lattice £2. An individual observation
is then represented by the following difference equation [38]:

V)= ry(s+1)+els), 2)

reNs

where Ns is a neighborhood set centered at pixel s, ¢ is the model
parameter of a particular neighbor r, and e(s) is a stationary Gauss-
ian noise process with zero mean and unknown variance o. A
neighborhood structure depends directly on the order and type of
the model. We assume a fifth-order symmetric rotation-invariant
neighborhood structure, as shown in Fig. 4. This structure considers
five parameters depicted by particular numbers.

These five parameters describe relation between the central
pixel and its neighbors. Gaussian variance o is considered as the
sixth parameter of the model. Then, these six parameters of the
model represent features, which are used for the RNFL texture
description. The standard least square error (LSE) method is used

5]
4(3|4
4(2/1/2|4
5/3|/1|x[1|3]|5
4/2(1(2|4
4|34
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Fig. 4. A fifth-order symmetric rotation-invariant neighborhood structure.

for estimation of the model’s parameters according to the following
equations [38]:

G

¢=|> asd"©)| D abws) |, (3)
2 2

0= 13 > ) - 1)) )
2

where

q(s) = col Zy(s+r); i=1,...1|, (5)

reN;

for an ith-order neighborhood structure.

2.3.2. Local binary patterns

The second applied method - LBP is based on conversion of a
local texture into the binary code. The local image texture around
the central pixel (x;, y.) can be characterized by the LBP code
derived via equation [32]:

P-1
1 x>0
LBPp r(Xc,yc) = E s(gp —8)2%; s(x) = {0 x<0 (8)
p=0

where g. corresponds to gray value of the central pixel (x¢, yc) of a
local neighborhood and gy(p=0.. .., P— 1) corresponds to gray val-
ues of Pequally spaced pixels on a circle of radius R (R > 0) that form
a circularly symmetric neighborhood structure. Eq. (6) represents a
basic rotation variant version of LBPp operator. Nevertheless, the
proposed approach utilizes a rotation-invariant and uniform ver-
sion of the basic LBPpg operator, i.e. LBPF2 [32], which is the most
common for many pattern recognition applications assuming so-
called “uniform” patterns. The “uniformity” of a pattern is formally
defined via a uniformity measure U of a neighborhood Gp [32]:

P-1
U(Gp) = |s(gp—1 — &) — S(go — &)| + > _Is(gp — &) — s(gp—1 — &)I-
p=1

(7)

Then, patterns with a U value of less than or equal to two are con-
sidered as “uniform”.
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Using the uniformity measure, the LBP{,“;? operator is derived as
[32]:

P-1
UG 2

LBPIQILIIQZ(XC,YC) _ ZS gC) ( P) < ) (8)
P +l otherwise

In practice, LBP“'”2 can be simply implemented via using a look-

up table for conversion of the basic LBPpg codes into their LBP”“2
correspondents. For more details about the implementation of LBP
approach, please follow [32].

Two options of LBP were utilized in the proposed method. Both
options are based on rotation-invariant and uniform LBP{'gZ2 oper-
ator (i.e. P=16, R=2). The first one uses only LBP distribution
computed from an input image. Then, the gray-level histogram of
such parametric image is computed and extraction of 6 statistical
features follows [32]: mean value, standard deviation, skewness,
kurtosis, total energy and entropy. In the second option, LBP distri-
bution is supplemented with computation of local contrast C:

P- P-1
1 1
Cpr= ﬁz 8p — 2’ where . = ﬁzgp (9)
p=0 p=0

Then, in turn, a joint histogram of LBP““2 and Cpg (LBP/C) is
computed. A feature vector is then obtalned from LBP/C joint his-
togram by extraction of 12 standard Haralick’s features [11] and
2 additional features called cluster shade and cluster prominence
[34].

Finally, we get a 26-dimensional feature vector assembled via
connection of particular approaches (GMRF +LPB +LBP/C). These
features are computed for an original resolution of the fundus
image and even for each of the two levels of Gaussian’s pyramid
decomposed images [4]. In this way, we obtain a 78-dimensional
feature vector (26 x 3).

2.4. Feature combination and regression

A feature vector was computed for each of the 354 ROIs (Section
2.2.1) and the relation between particular features and the RNFL
thickness was investigated. Standard Spearman’s rank correlation
coefficient (p-value <0.05) [15] was computed between each fea-
ture and the RNFL thickness showing mostly significant statistical
relation (Fig. 5).

Then, different regression models - linear regression [15], two
types of support vector regressions (nu-SVR, epsilon-SVR) [5], and
multilayer neural network (NN) [24] were tested in order to predict
values of the RNFL thickness using the proposed features. Only fea-
tures significantly correlated (Fig. 5) were considered for regression
analysis. Standard repeated random sub-sampling cross-validation
technique was used for evaluation of the models performance. Sev-
enty and thirty percent of randomly selected ROIs was used for
training and testing the regression models, respectively. This ran-
dom sub-sampling procedure was repeated 100 times. Spearman’s
rank correlation coefficient (p) and root mean squared error of pre-
diction (RMSEP) computed between the predicted output and the
RNFL thickness were used to measure performance of the mod-
els (Figs. 6 and 7). The averaged results of o and RMSEP are then
presented in Table 1.

3. Results and discussion

According to the cross-validation described in a previous sec-
tion, epsilon-SVR model was further utilized for prediction of
the RNFL thickness. Fig. 8a shows a significant statistical rela-
tion (p=0.7691, RMSEP=19.41 um) between the model predicted
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Fig. 5. Spearman’s rank correlation coefficients computed between individual fea-
tures and the RNFL thickness; features marked by the red are not correlated
significantly according to 95% confidence level. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)

output and the RNFL thickness. The Bland-Altman plot of the dif-
ferences between the proposed method and the RNFL thickness
against their average values is depicted in Fig. 8b. Two horizontal
lines in the plot represent limits of agreement between the par-
ticular methods. Most of the points are between the limits, thus
showing a good agreement between the RNFL thickness derived by
the proposed method and the RNFL thickness measured by OCT.
Some outliers can be observed particularly for higher values of the
RNFL thickness. We suppose that the estimation of high RNFL thick-
ness is influenced by the fact that the thickest RNFL lies in the area
of major blood vessel branches (in superior and inferior part of
the retina). These blood vessels are wide and usually very close to
each other, which may influence the results of texture analysis in
their close surroundings. Then, the ROIs selected at these positions
can reduce performance of the method. However, even the RNFL
thickness measured by different OCT devices (based on the same
physical principle) can differ significantly of about ~10-25 um,
as reported by several studies [10,19,41]. Moreover, differences
between various OCT devices were also found significantly higher
for higher values of the RNFL thicknesses [10,19,41]. This can be
probably caused by the frequent occurrence of the thick blood ves-
sel structures in respective areas as well. Hence, we assume that the
error of the proposed methodology is acceptable, moreover when
it is intended primarily for screening purposes and not as an exact
estimator of the RNFL thickness.

In the next step, the proposed method was evaluated in the peri-
papillary area of each retinal image from the dataset described in
Section 2.1. Usually, the OCT device acquires a circular scan (with
diameter 3.4 mm) around the ONH and the RNFL thickness is then
evaluated within this single scan [2]. Hence, we performed evalu-
ation of the RNFL utilizing the proposed texture analysis approach
in a similar way in fundus images (Figs. 9 and 10).

Table 1

Averaged cross-validation results of particular regression models.
Model P RMSEP [p.m]
LinReg 0.6720 + 0.0500 23.20 + 1.86
nu-SVR 0.7242 + 0.0431 20.87 + 1.60
epsilon-SVR 0.7245 + 0.0426 20.85 + 1.58
NN 0.6693 + 0.0570 23.18 + 1.94

All values of p are statistically significant with p-values «0.05.
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First, the blood vessels in fundus images were extracted by
our matched filtering algorithm (previously published in [29])
to be able to conduct analysis only in the non-vessel areas. A
circular scan pattern (depicted by the blue color in Figs. 9 and 10)
was placed manually in the ONH center for each image. This
scan pattern consisted of five particular circles (to make the scan
reasonably thick). The scanning was performed for individual
circles and a final profile was interpolated, whereas a standard
linear interpolation method was used. The same interpolation
method was used also for interpolation of particular profiles within
the blood vessel areas. We compared straightforward intensity

(a) 200

150+

1001

501

Predicted output of epsilon-SVR

0 50 100 150 200
RNFL thickness [um]

criterion, which is usually subjectively utilized by physicians (thin-
ner RNFL appears darker irrespectively to texture in fundus images,
Figs. 9a and 10a), with the proposed method (Figs. 9b and 10b).
Then, both approaches were compared with the RNFL thickness
measured by OCT (Figs. 9c and 10c). Approximated profiles are pro-
vided for each scan as well (red curves in Figs. 9 and 10), showing
typical double-peak circular scan profiles of the RNFL. For the case
of glaucoma (Fig. 10b), the RNFL loss can be seen approximately
at the angular position around 270°, which truly corresponds with
findings revealed by OCT (Fig. 10c). p and RMSEP were computed
for each circular scan extracted from the images of normal and
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Fig. 8. (a) Relation between the model predicted output and the RNFL thickness measured by OCT, (b) Bland-Altman plot of the differences between the model output and
the RNFL thickness against their mean values. The model’s output was computed for each of the 354 ROIs. The horizontal lines in the Bland-Altman plot represent limits of
agreement computed as an average difference 4 1.96 x standard deviation of the difference.
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corresponding profile, (c) SLO image overlapped with the RNFL thickness map with thickness profile. The red curves represent a polynomial approximation of each profile.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

glaucomatous subjects at the non-vessel locations only
(Tables 2 and 3). Note, that interpolation of particular profiles at
the locations of blood vessels does not influence evaluation of the
method, since these locations are not included in computation of
the evaluation parameters. The evaluation results show that the
proposed texture analysis method achieved significantly higher
correlation than a basic intensity criterion. Significance of the
results was statistically validated by t-test at the 5% significance
level. Lower mean correlation values of glaucoma subjects can
be caused by variations in image quality (blurring and presence
of noise due to cataracts and unclear ocular media) as well as by

limited size of the dataset. Mean values of RMSEP signalize limited
precision of the proposed method. However, these error values
are acceptable, since they are still around the level of differences
between various OCT devices (~10-25 wm) [10,19,41]. Moreover,
the mean values of RMSEP are also comparable with the general
difference between normal and glaucomatous RNFL thickness
(~20-25 pm), as reported by studies [22,23]. As mentioned above,
one drawback concerns the blood vessels that cover rather large
area of the retina, especially in the ONH surroundings. Directly
at the locations of blood vessels and its near neighborhood, the
texture representing RNFL is missing in fundus images. Hence, the
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Fig. 10. Position of circular scans of subject with glaucoma and corresponding profiles for (a) original GB fundus image with intensity profile, (b) model’s predicted output
with corresponding profile, (c) SLO image overlapped with the RNFL thickness map with thickness profile. Red curves represent a polynomial approximation of each profile.
The RNFL loss can be seen approx. at the angular position of 270°. (For interpretation of the references to color in this figure legend, the reader is referred to the web version

of this article.)
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Table 2

Evaluation of the method for normal subjects. Values in brackets deal with approx-
imated profiles (red curves in Fig. 9). The values are computed for the non-vessel
locations only.

Normal no. Intensity image Predicted image

P P RMSEP [pum]
1 0.57(0.91) 0.85(1.00) 18.67 (19.94)
2 0.47 (0.51) 0.74(0.61) 39.06 (39.14)
3 0.83(0.83) 0.90 (0.95) 18.84(16.96)
4 0.81(0.88) 0.88 (0.96) 20.06 (21.24)
5 0.58 (0.89) 0.72(0.97) 20.32 (19.75)
6 0.30(0.25) 0.70 (0.86) 28.17 (30.36)
7 0.53 (0.64) 0.66 (0.76) 29.49 (28.12)
8 0.50(0.85) 0.68 (0.94) 41.57 (34.77)
9 0.58 (0.65) 0.68 (0.69) 19.12 (15.16)
10 0.49 (0.88) 0.64 (0.98) 20.00 (19.99)
11 0.33(0.25) 0.60(0.89) 27.45 (21.46)
12 0.13(0.26) 0.38(0.70) 41.88 (41.91)
13 0.78 (0.76) 0.82(0.79) 33.10(39.23)
14 0.37(0.77) 0.56 (0.82) 19.88 (14.57)
15 0.75(0.89) 0.85(0.96) 21.12 (24.19)
16 0.74 (0.76) 0.85(0.98) 18.26 (23.63)
Mean 0.55 (0.69) 0.72 (0.87) 26.06 (25.65)
Std 0.20 (0.24) 0.14(0.12) 8.61(8.92)

All values of p are statistically significant with p-values «0.05.

texture analysis needs to be carried out at the locations without the
blood vessels. Due to this issue, the predicted values are reduced
particularly at locations of the major blood vessel branches.
However, despite the drawbacks, the evaluation shows that the
proposed methodology can significantly contribute to the RNFL
assessment based only on fundus camera. Moreover, in comparison
to the basic intensity criteria, the main advantage of this texture
approach is that the features are not dependent on illumination
and light reflection. In the future, a study using a larger dataset of
color fundus images and the OCT RNFL thickness measurements,
especially of glaucomatous subjects, need to be carried out as well.
Our final goal is to create a normative database (similarly as in OCT
[2]), which could be used for classification of the RNFL at different
angular positions around the ONH. In such way, the proposed
concept may then be utilized in glaucoma screening program, for
example also in connection with other diagnostic parameters, such
as Cup/Disk ratio or GRI - glaucoma risk index [3].

4. Notes about method implementation

The method was implemented using MATLAB 7.9.0 (R2009b)
programming software and LIBSVM toolbox [5]. Evaluation of the
algorithm was performed on a personal computer with Intel®

Table 3

Evaluation of the method for glaucomatous subjects. Values in brackets deal with
approximated profiles (red curves in Fig. 10). The values are computed for the non-
vessel locations only.

Patients no. Intensity image Predicted image

P P RMSEP [p.m]
1 0.60 (0.54) 0.70(0.81) 21.64(22.14)
2 0.39(0.11) 0.51 (0.70) 22.35(17.47)
3 0.32(0.42) 0.43(0.73) 20.37 (12.80)
4 0.42(0.32) 0.53(0.75) 34.22 (33.48)
5 0.23(0.42) 0.57 (0.61) 32.05(28.91)
6 0.57 (0.58) 0.69 (0.75) 27.45 (25.24)
7 0.17 (0.31) 0.53(0.82) 18.97 (12.91)
8 0.44 (0.54) 0.65(0.73) 23.71(18.12)
Mean 0.39(0.41) 0.58 (0.74) 25.09 (21.38)
Std 0.15(0.16) 0.10(0.07) 5.58 (7.46)

All values of p are statistically significant with p-values «0.05.

Core™ i7 processor, 4 GB system memory, and Windows® 7 Pro-
fessional 64-bit operating system. An average computational time
of one image was approx. 10 min. During this time, first, the blood
vessels need to be segmented and then, the model‘s output is com-
puted in a predefined area surrounding the ONH. However, it must
be noted that the tested implementation of the presented method
has not been optimized for computational complexity yet. To
achieve better computational performance, different programming
languages (e.g. C-based languages) and parallel image processing
should be considered for implementation of the proposed method.
So far, the current implementation works in a semi-automatic way.
The user is required to place a scan pattern into the ONH cen-
ter. However, further development can lead to implementation of
some ONH detection algorithm (e.g. as in [45]) to have the proposed
approach fully automatic.

5. Conclusions

A complex approach for texture analysis of the RNFL in color
fundus images has been introduced. Our evaluation revealed that
the proposed texture features could be applied for quantitative
estimation of the RNFL thickness and even better than intensity
criterion used alone. Obtained values of p and RMSEP confirmed
usability of the proposed approach for prediction of the RNFL
thickness using only color fundus images and thus for measure-
ment of possible RNFL thinning. One limitation of the proposed
approach is availability of high quality fundus images. However,
this will be probably no longer a problem due to progressive
development of advanced fundus cameras. In addition, some pre-
processing approaches could also be considered for enhancement
of the RNFL in fundus images (e.g. as in [8]) or for improving
the image quality using image restoration techniques (e.g. as in
[25,36]). Moreover, using a contrast enhancing optical filter may
also help to equalize color channels and to improve visibility of the
RNFL [43]. Acquisition to RAW enables reconstruction of fundus
images with linear gamma correction, which is also an advantage
enabling quantitative measurement. The proposed methodology is
not limited to utilization of presented texture analysis methods.
Other approaches, with respect to noise robustness and rotation-
and illumination- invariant properties, can be used as well. Then,
different texture feature set could be used as an input to regres-
sion models. Hence, in the further development, possible addition
of other texture features could be considered.

Acknowledgments

Department of Biomedical Engineering, FEEC, Brno Uni-
versity of Technology: This work has been supported by
European Regional Development Fund - Project FNUSA-ICRC
(No. CZ.1.05/1.1.00/02.0123) and by Czech-German project no.
7AMB12DEO002 under Ministry of Education, Youth and Sports.

Pattern Recognition Lab and Erlangen Graduate School in
Advanced Optical Technologies (SAOT) University of Erlangen
- Nuremberg: The authors gratefully acknowledge funding of
the Erlangen Graduate School in Advanced Optical Technologies
(SAOT) by the German Research and also German-Czech project
no. 54447730 supported by DAAD (Deutscher Akademischer Aus-
tausch Dienst).

References

[1] Acharya UR, Dua S, Du X, Sree SV, Chua CK. Automated diagnosis of glaucoma
using texture and higher order spectra features. IEEE Trans Inf Technol Biomed
2011;15:449-55.

[2] Bendschneider D, Tornow RP, Horn FK, Laemmer R, Roessler CW, Juenemann
AG, et al. Retinal nerve fiber layer thickness in normals measured by spectral
domain OCT. ] Glaucoma 2010;19(7):475-82.


http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0005
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0010

516 J. Odstrecilik et al. / Computerized Medical Imaging and Graphics 38 (2014) 508-516

[3] Bock R, Meier ], Nyul GL, Hornegger J, Michelson G. Glaucoma risk index:
automated glaucoma detection from color fundus images. Med Image Anal
2010;14:471-81.

[4] BurtPJ, Adelson EH. The Laplacian pyramid as a compact image code. IEEE Trans
Commun 1983;31(4):532-40.

[5] Chang CC, Lin CJ. LIBSVM: a library for support vector machines. ACM Trans
Intel Syst Technol 2011;27(2):1-39.

[6] Coffin D. DCRAW homepage; 2012, online at http://www.cybercom.
net/~dcoffin/

[7] Dardjat MT, Taufig M. Application of image processing technique for early
diagnosis and monitoring of glaucoma. In: Proc. of KOMMIT 2004. 2004. p.
238-45.

[8] Frisén L. Anisotropic enhancement of the retinal nerve fiber layer. Neuro-
Ophthalmology 2007;31:99-103.

[9] Ghassabi Z, Shanbehzadeh ], Sedeghat A, Fatemizadeh E. An efficient approach
for robust multimodal retinal image registration based on UR-SIFT features and
PIIFD descriptors. EURASIP ] Image Video Process 2013:25.

[10] Giani A, Cigada M, Choudhry N, Peroglio A, Oldani M, Pellegrini M, et al. Repro-
ducibility of retinal thickness measurements on normal and pathologic eyes
by different optical coherence tomography instruments. Am J Ophthalmol
2010;150(6):815-24.

[11] Haralick RM, Shanmugan K, Dinstein I. Textural features for image classifica-
tion. IEEE Trans Syst Man Cybern 1973;3(6):610-21.

[12] Hayashi Y, Nakagawa T, Hatanaka Y, Aoyama A, Kakogawa M, Hara T, et al.
Detection of retinal nerve fiber layer defects in retinal fundus images using
Gabor filtering. Proc SPIE 2007;6514:65142Z.

[13] Ho CA, Brown GC, McNamara JA. Color atlas and synopsis of clinical ophthal-
mology: retina. McGraw-Hill Companies Inc.; 2003.

[14] Hwang JM, Kim TW, Park KH, Kim DM, Kim H. Correlation between topo-
graphic profiles of localized retinal nerve fiber layer defects as determined by
optical coherence tomography and red-free fundus photography. ] Glaucoma
2006;15(3):223-8.

[15] Indrayan A. Medical biostatistics. 2nd ed. Chapman and Hall/CRC; 2008.

[16] Jan], Odstrcilik ], Gazarek], Kolar R. Retinal image analysis aimed at blood vessel
tree segmentation and early detection of neural-layer deterioration. Comput
Med Imaging Graph 2012;36:431-41.

[17] Kolar R, Harabis V, Odstrcilik ]. Hybrid retinal image registration using phase
correlation. Imaging Sci ] 2013;61(4):369-84.

[18] Lee SY, Kim KK, Seo JM, Kim DM, Chung H, Park KS, et al. Automated quantifica-
tion of retinal nerve fiber layer atrophy in fundus photograph. Proc 26th IEEE
IEMBS 2004;1241:3.

[19] Leite MT, Rao HL, Weinreb RN, Zangwill LM, Bowd C, Sample PA, et al.
Agreement among spectral-domain optical coherence tomography instru-
ments for assessing retinal nerve fiber layer thickness. Am ] Ophthalmol
2011;151(1):85-92.

[20] Lin SC, Singh K, Jampel HD, Hodapp EA, Smith SD, Francis BA, et al.
Optic nerve head and retinal nerve fiber layer analysis: a report
by the American Academy Ophthalmology. Ophthalmology 2007;114:
1937-49.

[21] Lundstrém M, Eklundh OJ. Computer densitometry of retinal nerve fibre atro-
phy - a pilot study. Acta Ophthalmol 1980;58(4):639-44.

[22] Madeiros FA, Zangwill LM, Bowd C, Vessain RM, Susanna R, et al. Evaluation
of retinal nerve fiber layer, optic nerve head, and macular thickness mea-
surements for glaucoma detection using optical coherence tomography. Am
] Ophthalmol 2005;139:44-55.

[23] Manassakorn A, Nouri-Mahdavi K, Caprioli ]. Comparison of retinal nerve fiber
layer thickness and optic disk algorithms with optical coherence tomography
to detect glaucoma. Am ] Ophthalmol 2006;141:105-15.

[24] Mandic DP, Chambers JA. Recurrent neural networks for prediction. Wiley;
2001.

[25] Marrugo AG, Sorel M, Sroubek F, Millin MS. Retinal image restoration by means
of blind deconvolution. ] Biomed Optics 2011;16(11):1-11.

[26] Mayer M, Hornegger ], Mardin CY, Tornow RP. Retinal nerve fiber layer seg-
mentation on FD-OCT scans of normal subjects and glaucoma patients. Biomed
Optics Exp 2010;1:1358-83.

[27] Muramatsu C, Hayashi Y, Sawada A, Hatanaka Y, Hara T, Yamamoto T, et al.
Detection of retinal nerve fiber layer defects on retinal fundus images for early
diagnosis of glaucoma. ] Biomed Opt 2010;15(1):1-7.

[28] Novotny A, Odstrcilik J, Kolar R, Jan J. Texture analysis of nerve fibre layer in
retinal images via local binary patterns and Gaussian Markov random fields.
In: Proc. of 20th Int. EURASIP Conference (BIOSIGNAL 2010). 2010. p. 308-15.

[29] Odstrcilik], KolarR, BudaiB, HorneggerJ, Jan ], Gazarek], et al. Retinal vessel seg-
mentation by improved matched filtering: evaluation on a new high-resolution
fundus image database. [ET Image Process 2013;4(7):373-83.

[30] Odstrecilik J, Kolar R, Harabis V, Gazarek ], Jan J. Retinal nerve fiber layer anal-
ysis via Markov random fields texture modeling. In: Proc. of EUSIPCO 2010
European signal processing conference, EURASIP. 2010. p. 1650-4.

[31] Odstrcilik J, Kolar R, Jan ], Gazarek J, Kuna Z, Vodakova M. Analysis of retinal
nerve fiber layer via Markov random fields in color fundus images. In: Proc.
of 19th international conference on systems, signals and image processing
(IWSSIP 2012). 2012. p. 518-21.

[32] Ojala T, Pietikdinen M, Mdenpdd T. Multiresolution gray-scale and rotation
invariant texture classification with Local Binary Patterns. IEEE Trans Pattern
Anal Mach Intel 2002;24(7):971-87.

[33] Oliva AM, Richards D, Saxon W. Search for color-dependent nerve-fiber-layer
thinning in glaucoma: a pilot study. In: ARVO 2007. 2007. p. 3309.

[34] Othmen MB, Sayadi M, Fnaiech F. A multiresolution approach for noised tex-
ture classification based on co-occurrence matrix and first-order statistics. Proc
World Acad Sci Eng Technol 2008;29:415-21.

[35] Peli E, Hedges TR, Schwartz B. Computer measurement of the retina nerve fiber
layer striations. Appl Opt 1989;28:1128-34.

[36] Peli E, Schwartz B. Enhancement of fundus photographs taken through
cataracts. Ophthalmology 1987;94:10-3.

[37] Pizer SM, Amburn EP, Austin ]D, Cromartie R, Geselowitz A, Greer T, et al. Adap-
tive histogram equalization and its variations. Comput Vision Graph Image Proc
1987;39:355-68.

[38] Porter R, Canagarajah N. Robust rotation-invariant texture classification:
wavelet, Gabor filter and GMRF based schemes. IEE Proc Vis Image Signal
Process 1997;144(3):180-8.

[39] Prageeth P, Sukesh K, David ]. Early detection of retinal nerve fiber layer defects
using fundus image processing. IEEE Recent Adv Intel Comput Syst 2011:930-6.

[40] Quigley HA, Broman AT. The number of people with glaucoma worldwide in
2010 and 2020. Br ] Ophthalmol 2006;90:262-7.

[41] Seibold LK, Mandawa N, Kahook MY. Comparison of retinal nerve fiber layer
thickness in normal eyes using time-domain and spectral-domain optical
coherence tomography. Am ] Ophthalmol 2010;150:807-14.

[42] Soliman MA, Van Den Berg T], Ismaeil AA, De Jong LA, De Smet MD. Retinal nerve
fiber layer analysis: relationship between optical coherence tomography and
red-free photography. Am J Opthalmol 2002;133(2):187-95.

[43] Tornow RP, Laemmer R, Mardin C. Quantitative imaging using a fundus camera.
Invest Ophthalmol Vis Sci 2007;48(1206.).

[44] Tuulonen A, Alanko H, Hyytinen P. Digital imaging and microtexture analysis
of the nerve fibre layer. ] Glaucoma 2000;9:5-9.

[45] Youssif R, Ghalwash Z, Ghoneim R. Optic disc detection from normalized digital
fundus images by means of a vessels’ direction matched filter. IEEE Trans Med
Imaging 2008;27:11-8.


http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0015
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0020
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0025
http://www.cybercom.net/~dcoffin/
http://www.cybercom.net/~dcoffin/
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0035
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0040
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0045
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0050
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0055
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0060
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0065
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0070
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0075
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0080
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0085
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0090
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0095
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0100
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0105
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0110
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0115
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0120
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0125
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0130
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0135
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0140
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0145
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0150
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0155
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0160
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0165
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0170
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0175
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0180
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0185
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0190
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0195
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0200
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0205
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0210
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0215
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0220
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225
http://refhub.elsevier.com/S0895-6111(14)00065-2/sbref0225

	Thickness related textural properties of retinal nerve fiber layer in color fundus images
	1 Introduction
	2 Material and methods
	2.1 Experimental dataset
	2.2 Image preprocessing
	2.2.1 Preprocessing of fundus images
	2.2.2 Preprocessing of OCT data
	2.2.3 Fundus–OCT image registration

	2.3 Texture analysis
	2.3.1 Gaussian Markov random fields
	2.3.2 Local binary patterns

	2.4 Feature combination and regression

	3 Results and discussion
	4 Notes about method implementation
	5 Conclusions
	Acknowledgments
	References


