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INTRODUCTION
Corneas of diabetic patients undergo several structural, mor-

phological, and physiological changes such as altered epithelial(1) 
and endothelial barrier function(2), corneal edema(3), increased cor-
neal thickness(4), abnormalities of the basement membrane(2), greater 
polymegathism and pleomorphism of endothelial cells(4,5), and lower 
endothelial cell density(5). These changes, along with the disturban-
ces to the tear film(6), crystalline lens(7), and vitreous body(8) observed 
in diabetic patients, result in changes in the optical performance of 
the eye that reduce the quality of the retinal image(8). 

RESUMO
Objetivo: Determinar os valores de retroespalhamento luminoso central da cór-
nea em pacientes diabéticos dependentes (IDDM) e não dependentes (NIDDM) de 
insulina, comparados com controles saudáveis, a partir de imagens de Scheimpflug. 

Métodos: Foram incluídos neste estudo piloto sete pacientes com IDDM (7 olhos), onze 
pacientes com NIDDM (11 olhos) e dezesseis indivíduos saudáveis (16 olhos). O sistema 
de Scheimpflug (Pentacam, Oculus Inc. Germany) foi utilizado para obter secções 
ópticas da córnea. Foram analisados sete meridianos para cada olho, orientados de 
70º a 110º. A análise de imagem por meio de software externo permitiu a obtenção 
de valores da densidade óptica para os 3 e 5 mm centrais da córnea. 

Resultados: O retroespalhamento luminoso corneano foi significativamente maior em 
pacientes diabéticos para os 3 mm centrais (p=0,016) e para os 5 mm centrais (p=0,014) 
em relação ao grupo controle. Não foram encontradas diferenças significativas entre 
os grupos IDDM e NIDDM para cada zona analisada (p>0,05 em ambos os casos). 
No grupo NIDDM, observaram-se correlações significativas para as zonas centrais de  
3 mm e 5 mm, entre retroespalhamento luminoso corneano e idade (r=0,604 p=0,025 
e r=0,614 p=0,022, respectivamente) e espessura central corneana (r=0,641 p=0,017; 
r=0,671 p=0,012, respectivamente), o que não foi encontrado no grupo IDDM (p>0,05). 
O teste de Kruskall-Wallis indicou que a presença de diabete tem um efeito significativo 
sobre a retroespalhamento central da córnea (p<0,001). 

Conclusões: Pacientes diabéticos apresentaram valores mais elevados de retroespa-
lhamento luminoso corneano do que indivíduos saudáveis. A análise da densidade 
óptica corneana pode ser uma ferramenta útil para monitorar e avaliar as alterações 
oculares causadas pela diabete.

Descritores: Scheimpflug, Topografia da córnea; Diabetes mellitus; Diabetes mellitus 
tipo 1; Diabetes mellitus tipo 2; Projetos piloto

The cornea(9) and crystalline lens(10) scatter light, particularly when 
their transparency has been significantly affected(11). Corneal trans-
parency is determined by the corneal structure and is affected by 
changes in metabolism(9,10). In patients with diabetes mellitus (DM), 
hyperglycemia can inhibit Na+/K+-ATPase activity, increasing corneal 
thickness and hydration, thereby affecting corneal transparency(3). 
The loss of this activity therefore results in an increase in the light 
backscattered by the cornea(9,10). 

Light backscatter is measured in clinical practice through the di
gital analysis of images obtained with several types of device, including 
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ABSTRACT
Purpose: To compare central corneal backscatter obtained from Scheimpflug 
images between patients with insulin-dependent and non-insulin-dependent 
diabetes mellitus (IDDM and NIDDM, respectively) and healthy controls. 
Methods: Seven patients with IDDM (7 eyes), eleven patients with NIDDM (11 
eyes), and sixteen healthy subjects (16 eyes) were included in this pilot study. 
Scheimpflug imaging system (Pentacam, Oculus Inc., Germany) was used to obtain 
optical sections of the cornea. Seven meridians were analyzed for each eye, oriented 
from 70° to 110°. Optical density values for the central 3-mm and 5-mm zones of 
the cornea were obtained by image analysis using external software.
Results: Corneal backscatter was significantly higher in the diabetic patients 
than in the controls for the central 3-mm (p=0.016) and 5-mm (p=0.014) zones. 
No significant differences in corneal backscatter were found between the IDDM 
and NIDDM groups for either zone (both p>0.05). In the NIDDM group, significant 
correlations were observed for both central zones between corneal backscatter 
and age (3 mm: r=0.604, p=0.025; 5 mm: r=0.614, p=0.022) and central corneal 
thickness (3 mm: r=0.641, p=0.017; 5 mm: r=0.671, p=0.012); this was not found 
in the IDDM group (p>0.05). The presence of diabetes showed a significant effect 
on central corneal backscatter (Kruskal-Wallis test, p<0.001). 
Conclusions: Diabetic patients showed higher values of corneal light backscatter 
than healthy subjects. Corneal optical density analysis may be a useful tool for 
monitoring and assessing the ocular changes caused by diabetes.

Keywords: Scheimpflug imaging; Corneal topography; Diabetes mellitus; Diabetes 
mellitus, type 1; Diabetes mellitus, type 2; Pilot project
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slit lamps(9), optical tomography(11), and Scheimpflug cameras(12), and 
is used to assess the quality of ocular tissues, particularly the opacity 
and cataract classification of the crystalline lens(13). Previous studies 
with diabetic patients have shown an increase in corneal epithelial 
basement membrane light backscatter compared to control sub-
jects(14,15). This was related to the severity of diabetic retinopathy(14).

Scheimpflug imaging uses light backscattered from ocular tissues 
to image the anterior segment of the eye noninvasively, allowing the 
acquisition of multiple photographs of this segment. Scheimpflug 
images provide structure-related data and allow the assessment of 
information regarding the transparency of ocular tissues. The cornea 
is a source of light backscatter when its transparency has been signi-
ficantly affected(16); corneal haze with reduced corneal transparency 
is therefore associated with increased ocular scattering. Clinically, 
corneal haze is assessed as corneal backscatter observed by slit lamp 
examination or the use of a Scheimpflug camera(17,18). The software of 
Pentacam Scheimpflug device analyzes the corneal area of interest, 
and the output image is expressed in grayscale units for the imaging 
analysis. Thus, Scheimpflug imaging has previously been used to 
measure central corneal backscatter in patients with diabetic retino-
pathy(19), but as yet it has not been applied to detecting the general 
changes in corneal backscatter that result from DM.

The aim of the present pilot study was to determine the useful-
ness of Scheimpflug image analysis for detecting corneal backscatter 
changes due to DM and to assess its potential for the detection and 
monitoring of corneal changes related to DM.

METHODS
Subjects

Eighteen right eyes from 18 subjects with DM (15 men and 3 
women) and sixteen right eyes from 16 control subjects (4 men and 
12 women) were included in the study. The patients and control 
subjects were recruited from the Department of Ophthalmology of 
Vithas Medimar International Hospital, Alicante, Spain. All patients 
provided written informed consent before undergoing any proce-
dures and the study was conducted in accordance with the World 
Medical Association’s Declaration of Helsinki. Institutional Review 
Board approval was obtained prior to starting the study.

The inclusion criterion was age 30-70 years. Exclusion criteria for 
both the diabetic patients and the controls were previous corneal 
and/or ocular surgery, corneal or ocular disease, retinal photocoagu-
lation, clinical corneal changes, and contact lens wear. All subjects 
had no other ocular or systemic complications.

All diabetic patients were diagnosed according to the guidelines 
of American Diabetes Association. All had stable and well-controlled 
blood glucose levels and were classified into insulin-dependent DM 
(IDDM, n=7) and non-insulin-dependent DM (NIDDM, n=11) groups. 
Diabetic retinopathy (DR) was assessed by an ophthalmologist and 
graded according to the Early Treatment Diabetic Retinopathy Study 
classification(20). 

Both the diabetic patients and the control subjects underwent 
a thorough ophthalmic examination that also included the mea-

surement of best-corrected visual acuity (BCVA) by Snellen chart, 
a slit-lamp examination, and Pentacam imaging. Visual acuity (VA) 
was recorded on the logarithm of the minimum of angle resolution 
(logMAR) scale.

Scheimpflug imaging

The Scheimpflug imaging was performed using a Pentacam 
rotating Scheimpflug camera (Oculus Inc., Germany), which uses the 
Scheimpflug principle to acquire cross-sectional images of the an
terior segment of the eye.

All measurements followed a standardized procedure to mini-
mize external sources of variability. The patient’s head was carefully 
positioned on the chin and forehead rests, and the patient was asked 
to fixate on an internal target. A real-time image of the eye appeared 
on the computer screen, allowing the examiner to change and opti-
mize the focus and centration. All measurements were made in the 
morning, and the mean of seven measurements taken in seven diffe-
rent meridians was calculated for each subject. Images of the anterior 
segment of the eye were obtained using the 25 scans setting. All 
cross-sectional images were saved in jpeg format. The central corneal 
thickness (CCT) and anterior chamber depth were also measured.

Scheimpflug imaging analysis

Imaging analysis was performed using NIH Image J v1.47 medical 
imaging software (National Institutes of Health, Bethesda, MD)(21). 

Seven meridians for each eye, with orientations ranging from 70° 
to 110°, were analyzed. The image for each meridian was first conver-
ted into an 8-bit image (Figure 1 A) and then contrast-reversed (Figu-
re 1 B). Finally, the “Invert LUT” tool was applied, which reversed the 
image contrast and pixel values of the image (Figure 1 C), resulting 
in pixels with a value of 0 being white and pixels with a value of 255 
being black. The grayscale image was calibrated in optical density 
units (o.d.u.) by the Optical Density Calibration tool of the Image J  
software. This tool provided a calibrated optical density step table 
(with a density range of 0.05 to 3.05 o.d.u.) to calibrate grayscale ima-
ges. We measured the mean gray value to the white background at 
the left end of each image using the same rectangular selection. We 
obtained 19 measurements; these were automatically entered into the 
software’s calibrate dialog box and the Image J software then gene
rated and displayed the calibration curve. As a result, the image was 
calibrated to optical density, with white pixels representing the highest 
optical density (3.05 o.d.u.) and black pixels the lowest (0.05 o.d.u.). 

The scale was defined by determining the size in pixels of a para-
meter of known size. A measure of ACD in the center of the image was 
carried out with the assistance of the “finde edges” tool. As a result, 
1mm corresponded to 36,36 pixels.

To determine a 3-mm central region, a central line 3-mm long was 
drawn and delimited with two vertical lines (Figure 1 D). This region 
of interest was replicated in each eye. To select the width of the area 
to be analyzed, and to avoid as far as possible the inclusion of the tear 
film in the corneal backscatter measurements, we established as a 
reference point the limit between the corneal endothelium and the 

Figure 1. Image processing using Image J. A) An 8-bit image in which pixels with a value of zero are black and those with a value of 255 are white. 
B) The contrast-reversed 8-bit image. C) The 8-bit image with contrast and pixel values reversed; pixels with a value of zero are now white and those 
with a value 255 are black. D) Determination of the 3-mm central region. E) Determination of the width of the central region. F) Outline of the 3-mm 
central region.
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aqueous humor, making this reference line coincide with an ellipse 
that was drawn to delimit the second surface of the cornea, and a 
band with the CCT value to delimit the first surface of the cornea 
(Figure 1 E). Finally, the 3-mm central region was outlined (Figure 1 F). 
The same procedure was performed for the central 5-mm region. 

If an image was not properly centered or there were any external 
artifacts (shadows) that could affect the measurements, the image 
was excluded. 

Statistical analysis

In this study, only the right eyes were analyzed. The central ba-
ckscatter was calculated for each eye as the mean value from the 
seven meridians measured. Normality of the data distributions for the 
different groups was determined using the Kolmogorov-Smirnov test. 
When parametric analysis was possible, the independent samples 
Student’s t-test was used for comparisons between the diabetic pa-
tients and control subjects. When parametric analysis was not possible, 
the Mann-Whitney U test was used to assess such differences. The 
homogeneity of these measures was defined by the coefficient of 
variation (CV). Differences between the 3-mm and 5-mm central zones 
were determined using paired Student’s t-tests.

Differences in central corneal backscatter among the IDDM pa-
tients, NIDDM patients, and healthy controls, and among the stages 
of DR, were assessed with the Kruskal-Wallis test. To determine which 
pairwise comparisons were responsible for the overall difference 
between groups, separate Mann-Whitney U tests were performed 
on each pair (3 tests), assessing significance as p<0.0167 (i.e., 0.05/3).

Correlation coefficients (Pearson or Spearman) were used to 
assess the correlations between variables. Except when specified 
otherwise, we considered values of p<0.05 to be statistically signifi-
cant in all of the statistical tests. The statistical analysis was performed 
using SPSS software (version 19, IBM Corp., Armonk, NY).

RESULTS
The mean age of the diabetic patients was 51.33 ± 10.63 years 

(range 33-68 years) and that of the control subjects was 49.44 ± 
9.34 years (range 38-64 years) (p>0.05). Both diabetic groups were 
then compared with age-matched control subjects (Table 1). The  
difference in duration of diabetes between the IDDM patients 
(210.86 ± 150.97 months, range 24-244 months) and NIDDM pa-
tients (128.82 ± 136.74 months, range 1-480 months) was not found 
to be statistically significant (p=0.246), although the statistical 
power in this pilot study was not high enough to determine the 
significance of the difference in this parameter.

In the IDDM group, three patients had moderate non-prolife-
rative diabetic retinopathy (DRNP II) and one patient had severe 
non-proliferative diabetic retinopathy (DRNPS). In the NIDDM group, 
only one patient showed mild non-proliferative diabetic retinopathy 

(DRNP I). Apart from DR, the diabetic patients did not show any com-
plications caused by DM.

The mean central corneal backscatter was calculated for each 
eye from the seven different meridians analyzed (range 70° to 110°). 
Differences in corneal backscatter between the diabetic and con-
trol groups were statistically significant for the 3-mm central zone 
(diabetic patients, 0.303 ± 0.144 o.d.u; controls, 0.210 ± 0.034 o.d.u.; 
p=0.016), and the 5-mm central zone (diabetic patients, 0.299 ± 0.142 
o.d.u.; controls, 0.207 ± 0.034 o.d.u.; p=0.014). However, the difference 
in CCT values between the diabetic patients (590.72 ± 38.04 µm) and 
the control subjects (563.75 ± 46.02 µm) was not statistically signifi-
cant (p=0.071); nor was there a statistical difference in BCVA values 
(diabetic patients, 0.022 ± 0.071; controls 0.00 ± 0.00; p=0.422). 

For corneal backscatter of the 3-mm central zone, the mean CV 
for the diabetic patients was 2.1% (range 1.0%-5.0%) and for the 
control subjects was 2.3% (range 0.8%-6.6%). 

Table 1 shows the mean values of central corneal backscatter 
obtained for the 3-mm and 5-mm central zones in the IDDM pa-
tients, NIDDM patients, and aged-matched control subjects. Values 
were significantly higher for both the IDDM patients and the NIDDM 
patients than for their age-matched control subjects for both central 
zone diameters.

Corneal backscatter for the 3-mm central zone was significantly 
higher than for the central 5-mm in the control subjects (p<0.001) but 
not in the diabetic patients (p>0.05) (paired Student’s t-test). Corneal 
backscatter did not differ significantly between the IDDM and NIDDM 
diabetic patients for either zone analyzed (p>0.05 in both cases).

The Kruskal-Wallis test indicated that for central backscatter there 
was a significant effect of the presence of DM in both central zones 
(3 mm: χ2=13.546, df=2, p=0.001; 5 mm: χ2=13.626, df=2, p=0.001) 
(Figures 2 and 3). However, there were no statistically differences 
for central backscatter between the different stages of DR in either 
central zone (3 mm: χ2=2.547, df=3, p=0.467; 5 mm: χ2=2.547, df=3, 
p=0.467).

For the IDDM patients, Spearman correlation analysis showed 
that central backscatter was not correlated with age for both 
central zone diameters (3 mm: r=0.523, p=0.114; 5 mm: r=0.523, 
p=0.114); it was also the case for CCT (3 mm: r=-0.071, p=0.440;  
5 mm: r=-0.071, p=0.440) (Figures 4 and 5). No significant correlations 
were found between diabetes duration and either central zone 
(3 mm: r=0.288, p=0.265; 5 mm: r=0.288 p=0.265), or DR stage and the 
central zones (3 mm: r=-0.077, p=-0.173; 5 mm: r=-0.077, p=-0.173).

For the patients with NIDDM, Pearson´s correlation analysis revea-
led that backscatter for the central 3-mm zone presented a significant 
positive correlation with CCT (r=0.641, p=0.017) and age (r=0.604, 
p=0.025); backscatter for the central 5 mm was also significantly 
correlated with age (r=0.614, p=0.022) and CCT (r=0.671, p=0.012) 
(Figures 4 and 5). 

Table 1. Comparison of characteristics between the patients with diabetes and age-matched controls

IDDM Controls NIDDM Controls

Characteristics Mean ± SD p-value§ Mean ± SD p-value*

Number 7 6 11 10

Sex 6 M, 1 F 3 M, 3 F 9 M, 2 F 1 M, 9 F

Age (yr) 42.29 ± 9.57 40.00 ± 1.26 0.94 57.09 ± 6.59 55.10 ± 7.03 <0.56

BCVA (logMAR) 0.06 ± 0.11 0 0.23 0 0 -

CCT (µm) 594.71 ± 19.58 577. 83 ± 32.54 0.37 588.18 ± 47.03 555.30 ± 52.24 <0.28

ACD (mm) 2.68 ± 0.41 2.75 ± 0.27 0.94 2.60 ± 0.29 2.71 ± 0.34 <0.43

Diabetes duration (months) 210.86 ± 150.97 - 128.82 ± 136.74 -

Central backscatter 3 mm (o.d.u.) 0.266 ± 0.097 0.197 ± 0.021 <0.05 0.327 ± 0.167 0.218 ± 0.040 <0.05

Central backscatter 5 mm (o.d.u.) 0.259 ± 0.090 0.194 ± 0.022 <0.05 0.325 ± 0.165 0.214 ± 0.039 <0.05

§Mann-Whitney U test; *= Unpaired t test.
IDDM= insulin-dependent diabetes mellitus; NIDDM= non-insulin-dependent diabetes mellitus; BCVA= best corrected visual acuity; ACD= anterior chamber depth; o.d.u.= optical density units.
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Figure 6 shows the optical density profiles of IDDM and NIDDM 
patients and their age-matched controls. All participants had a higher 
peak of optical density that decreased axially across the corneal 
thickness. This peak was particularly high for the NIDDM and IDDM 
patients.

DISCUSSION
Scheimpflug imaging has been widely used to assess the quality 

of transparent tissues of the anterior segment of the eye by mea-
suring light backscatter. The optical quality of these ocular diopters 
can be affected by aging(22), ocular/refractive surgery(23,24), or diseases 
such as DM(14,15,25,26).

In healthy subjects, an increase in corneal light scattering 
has been shown to be related to disruption of the orientation 
of collagen fibers with age(9) and to fluctuations in the refractive 
indices of edematous corneas(27). In addition to these age-related 
changes, corneal changes due to DM have been studied in detail, 

Figure 2. Mean values of corneal backscatter (for the central 3 mm) in patients with 
insulin-dependent diabetes mellitus (IDDM) or non-insulin-dependent diabetes mellitus 
(NIDDM), and control subjects. Error bars represent the 95% confidence interval (CI).

Figure 3. Mean values of corneal backscatter (for the central 5 mm) in patients with 
insulin-dependent diabetes mellitus (IDDM) or non-insulin-dependent diabetes mellitus 
(NIDDM), and control subjects. Error bars represent the 95% confidence interval (CI).

Figure 4. Correlations between corneal backscatter for the central 3 mm and age in 
the control subjects (squares and solid line; r=0.062; p>0.05), the patients with insu
lin-dependent diabetes mellitus (IDDM) (circles and dotted line; r=0.523; p>0.05), 
and the patients with non-insulin-dependent diabetes mellitus (NIDDM) (blades and 
dotted/dashed line; r=0.604; p<0.05).

Figure 5. Correlations between corneal backscatter for the central 3 mm and central 
corneal thickness in the control subjects (squares and solid line; r=0.400; p>0.05), the 
patients with insulin-dependent diabetes mellitus (IDDM) (circles and dotted line;  
r=-0.071; p>0.05), and the patients with non-insulin-dependent diabetes mellitus (NIDDM) 
(blades and dotted/dashed line; r=0.641; p<0.05).
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Figure 6. Corneal images from Scheimpflug photography and corneal densitometry 
profiles for the diabetic patients and age-matched controls. a. Patients with insulin-de
pendent diabetes mellitus (IDDM). b. Control subjects age-matched to the IDDM patients. 
c. Patients with non-insulin-dependent diabetes mellitus (NIDDM). d. Control subjects 
age-matched to the NIDDM patients.

with abnormalities of the basement membrane(2,4), alterations of 
epithelial(1) and endothelial barriers function(2), corneal edema(3), 
increased corneal thickness(4), and polymegathism or pleomorphism 
observed in diabetic patients(4,5). These structural, physiological, and 
morphological changes can potentially increase the light backscat-
tered by the cornea.

To determine whether these diabetes-related abnormalities cau-
se changes in the optical quality of the cornea, the present pilot study 
determined using a external software central corneal backscatter 
through the image analysis of Scheimpflug images. Diabetic patients 
showed higher values of optical density than the age-matched control 
subjects for both the 3-mm and 5-mm central zones (Table 1). 

The presence of DM had a significant effect on corneal backscatter 
(Figures 2 and 3), but CCT and BCVA values did not differ significantly 
between the diabetic and control groups (Table 1). Although the 
statistical power of the present study was not sufficiently high to 
determine the significance of differences in CCT values, a previous 
study by the authors assessed the effect of diabetes duration and 
glycemic control over endothelial cell density (ECD) and CCT with a 
larger sample size and found that diabetic patients with more than 
10 years of diabetic duration and poor glycemic control (based on a 
7.5% cut-off value of HbA1c) showed significantly increased CCT(28).

Previously, Holden et al. did not observe differences in central 
corneal backscatter between patients with IDDM of at least 10 years’ 
duration (n=22) and control subjects (n=29) using the Ocular Modular 
Cataract Image Analysis System (OMCIAS)(19). The disagreement with 
the results of the present study could be due in part to their control 
subjects being statistically older than the diabetic patient sample as 
they did not use age-matching.

An increase in light scattering in the corneal epithelial basement 
membrane has been observed in diabetic patients(14,15). Smith et al. 
suggested that the greatest scatter was observed in areas where 
there was a large change in refractive index, such as the epithelial 
and endothelial surfaces(12). Morishige et al. identified three peaks in 
the tissue reflectivity diagram (14). These peaks corresponded to the 
interface between the tear film and the corneal epithelium, between 
the epithelial basal cell layer and the anterior stroma, and between 
the posterior stroma, Descemet’s membrane, and the endothelium 
with aqueous humor. The stroma was located between the second 
and third interfaces(14). Due to the limited resolution of the Scheimpflug 
imaging system used in the present study, the tear film and the diffe-
rent corneal layers could not be differentiated. Corneal backscatter 
was not evenly distributed along the corneal axis. A peak of light 
backscatter was observed in the anterior corneal layers, which may 
have corresponded to the interface between the tear film and the 
epithelium-Bowman’s membrane. This peak was higher in most of 
the diabetic patients compared to the control subjects (Figure 6). 

Thus, an increase of backscatter may be caused not only by corneal 
changes related to DM, but also by changes in tear film composi-
tion(6); dry eye as consequence of diabetes could contribute to this 
increase. The optical quality and thickness of the tear film were not 
considered in the Scheimpflug imaging analysis in the present study, 
nor was dry eye analysis. Our diabetic patients did not report dry eye 
symptoms, although this condition is strongly linked to diabetes(29,30). 

The peaks of optical density corresponding to the anterior cor-
nea were similar to those observed by Takahashi et al. and Morishige 
et al.(14,15). In their studies, the patients presented with different 
stages of DR and they also showed high peaks of light backscat-
tering corresponding to the interface of Descemet’s membrane and 
endothelium with aqueous humor. This increase in backscatter in 
the posterior cornea has not been reported in healthy subjects(31,32). 
We observed that none of the participants enrolled in the present 
study showed high peak values at the level of the posterior surface 
interface.

Even though we did not obtain ECD values in this study, in a pre
vious study diabetes duration and poor glycemic control caused a 
significant reduction in ECD in patients with a diabetes duration of 
more than 10 years(28). It is possible that ECD values were reduced 
in this study because the duration of diabetes of our patients was 
longer than 10 years. Age-related corneal changes are more evident 
in the corneal periphery than in the central zone(12). Although, in this 
study, no significant differences were found between the two zones 
in the diabetic patients, in the NIDDM patients only, patients’ age was 
correlated with the central 5-mm corneal backscatter. It is possible 
that corneal changes caused by DM are more important in the cen-
tral zone than in the periphery. The combination of age-related and 
DM-related changes resulted in aging of the overall cornea without 
differences between the zones. We observed that backscatter from 
the central 3 mm was higher than from the 5-mm zone in the control 
subjects, implying a decrease in corneal backscatter from the apex 
towards the periphery in these subjects. Rozema et al. determined 
this decrease may be due to an artifact resulting from the angle 
under which the cornea was illuminated in the peripheral areas.(31). 

In the present study, backscatter from both central zones, 3 mm 
and 5 mm, showed correlations with age and CCT (Figures 4 and 5). 
The increase in central corneal backscatter with CCT could be due 
to an increase of corneal hydration, although Smith et al. presented 
evidence that variations in corneal thickness were caused by changes 
in the mass content rather than the water content of the cornea(12). 
The increasing corneal backscatter with age may be due to structural, 
physiological, and morphological changes undergone by the corneas 
of diabetic patients, as NIDDM patients showed higher corneal backs-
catter values than the age-matched control group and age did not 
differ statistically between the groups. However, diabetes duration 
and the severity of DM did not correlate with central corneal backs-
catter from either zone in the NIDDM patients. This may be due to 
the wide variation in the duration of the disease in the sample (from 
1 month to 40 years). The increase in corneal central backscatter in the 
IDDM patients was not correlated with age, CCT, diabetes duration, 
or the severity of DM.

Although previous studies have shown an increase in corneal 
backscatter with the severity of DM(14,15), this relationship was not 
observed in the present study, perhaps because of the pilot character 
of the study, and thus the reduced sample size, or because represen-
tation of the different stages of DR was not considered in this study.

The measurements of corneal backscatter using optical density 
analysis showed homogeneity in both groups of participants. The CV 
was 2.1% for the diabetic patients and 2.3% for the control subjects.

The main limitation of this study was its small sample size. Ano-
ther limitation was the fact that DR stages were not considered. All 
findings should therefore be interpreted with care. Although the 
sample size was small and the methods used to quantify corneal 
backscatter have not yet been validated, the results obtained from 
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this pilot study suggest the possibility of conducting further studies 
to confirm and consolidate these results in larger cohorts of diabetic 
patients with different ranges of diabetes duration and stages of DR, 
as well as in prediabetic and healthy subjects.

In summary, the use of Scheimpflug imaging and external software 
for optical density calibration enabled the detection of significant 
differences in central corneal backscatter between diabetic patients 
and healthy subjects. These results show the potential of optical qua-
lity measurements for monitoring changes caused by DM. 

REFERENCES
	 1.	 Göbbels M, Spitznas M, Oldendoerp J. Impairment of corneal epithelial barrier function 

in diabetics. Graefes Arch Clin Exp Ophthalmol. 1989;227(2):142-4.
	 2.	 Rehany U, Ishii Y, Lahav M, Rumelt S. Ultrastructural changes in corneas of diabetic 

patients: an electron-microscopy study. Cornea. 2000;19(4):534-8. 
	 3.	 McNamara NA, Brand RJ, Polse KA, Bourne WM. Corneal function during normal and 

high serum glucose levels in diabetes. Invest Ophthalmol Vis Sci. 1998;39(1):3-17.
	 4.	 Roszkowska AM, Tringali CG, Colosi P, Squeri CA, Ferreri G. Corneal endothelium 

evaluation in type I and type II diabetes mellitus [Abstract]. Ophthalmologica. 1999; 
213(4):258-61. 

	 5.	 Inoue K, Kato S, Inoue Y, Amano S, Oshika T. The corneal endothelium and thickness 
in type II diabetes mellitus. Jpn J Ophthalmol. 2002;46(1):65-9.

	 6.	 Grus FH, Sabuncuo P, Dick HB, Augustin AJ, Pfeiffer N. Changes in the tear proteins 
of diabetic patients. BMC Ophthalmol. 2002;2:4.

	 7.	 Bron AJ, Sparrow J, Brown NA, Harding JJ, Blakytny R. The lens in diabetes. Eye (Lond). 
1993;7(Pt 2):260-75.

	 8.	 Calvo-Maroto AM, Perez-Cambrodí RJ, Albarán-Diego C, Pons A, Ceviño A. Optical 
quality of the diabetic eye: a review. Eye (Lond). 2014;28(11):1271-80.

	 9.	 Olsen T. Light scattering from the human cornea. Invest Ophthalmol Vis Sci. 1982; 
23(1):81-6. 

	10.	 Van den Berg TJ, Ijspeert JK. Light scattering in donor lenses. Vision Res. 1995;35(1): 
169-77.

	11.	 Wang J, Simpson TL, Fonn D. Objective measurements of corneal light-backscatter 
during corneal swelling, by optical coherence tomography. Invest Ophthalmol Vis 
Sci. 2004;45(10):3493-8.

	12.	 Smith GT, Brown NA, Shun-Shin GA. Light scatter from the central human cornea. Eye 
(Lond). 1990;4(Pt 4):584-8.

	13.	 Ullrich K, Pesudovs K. Comprehensive assessment of nuclear and cortical backscatter 
metrics derived from rotating Scheimpflug images. J Cataract Refract Surg. 2012;38(12): 
2100-7.

	14.	 Morishige N, Chikama TI, Sassa Y, Nishida T. Abnormal light scattering detected by 
confocal biomicroscopy at the corneal epithelial basement membrane of subjects 
with type II diabetes. Diabetologia. 2001;44(3):340-5.

	15.	 Takahashi N, Wakuta M, Morishige N, Chikama T, Nishida T, Sumii Y. Development of 
an instrument for measurement of light scattering at the corneal epithelial basement 
membrane in diabetic patients. Jpn J Ophthalmol. 2007;51(3):185-90. 

	16.	 McCally RL, Freund DE, Zorn A, Bonney-Ray J, Grebe R, de la Cruz Z et al. Light-scat-
tering and ultrastructure of healed penetrating corneal wounds. Invest Ophthalmol 
Vis Sci. 2007;48(1):157-65.

	17.	 Wegener A, Laser-Junga H. Photography of the anterior eye segment according to 
Scheimpflug’s principle: options and limitations- a review. Clin Experiment Ophthalmol. 
2009;37(1):144-54.

	18.	 De Brouwere D, Ginis H, Kymionis G, Naoumidi I, Pallikaris I. Forward scattering pro-
perties of corneal haze. Optom Vis Sci. 2008;85(9):843-8.

	19.	 Holden R, Shun-Shin GA, Brown NA. Central corneal light scatter in long-term diabetics. 
Eye (Lond). 1994;8(Pt 1):44-5.

	20.	 Klein R, Klein BEK, Moss SE, Davis MD, DeMets DL. The Wisconsin epidemiologic study 
of diabetic retinopathy. X. Four-year incidence and progression of diabetic retinopathy 
when age al diagnosis is 30 years or more. Arch Ophthalmol. 1989;107(2):244-9.

	21.	 NIH Image J [computer program]. Version1.47. Bethesda: National Institutes of Health, 
MD; 2013.

	22.	 Artal P, Ferro M, Miranda I, Navarro R. Effects of aging in retinal image quality. J Opt Soc 
Am A. 1993;10(7):1656-62.

	23.	 Oshika T, Klyce SD, Applegate RA, Howland HC, El Danasoury MA. Comparison of 
corneal wavefront aberrations after photorefractive keratectomy and laser in situ 
keratomileusis. Am J Ophthalmol. 1999;127(1):1-7.

	24.	 Moreno-Barriuso E, Lloves JM, Marcos S, Navarro R, Llorente L, Barbero S. Ocular aber-
rations before and after myopia corneal refractive surgery: LASIK-induced changes 
measured with laser ray tracing. Invest Ophthalmol Vis Sci. 2001;42(6):1396-403.

	25.	 Shahidi M, Blair NP, Mori M, Zelkha R. Optical section retinal imaging and wavefront 
sensing in diabetes. Optom Vis Sci. 2004;81(10):778-84.

	26.	 Wiemer NG, Dubbelman M, Ringens PJ, Polak BC. Measuring the refractive properties 
of the diabetic eye during blurred vision and hyperglycaemia using aberrometry and 
Scheimpflug imaging. Acta Ophthalmol. 2009;87(2):176-82.

	27.	 Goldman JN, Benedek GB, Dohlman CH, Kravitt B. Structural alterations affecting 
transparency in swollen human corneas. Invest Ophthalmol. 1968;7(5):501-19. 

	28.	 Calvo-Maroto AM, Cerviño A, Perez-Cambrodí RJ, García-Lázaro S, Sanchis-Gimeno JA. 
Quantitative corneal anatomy: evaluation of the effect of diabetes duration on the 
endothelial cell density and corneal thickness. Ophthalmic Physiol Opt. 2015;35(3):293-8.

	29.	 Dogru M, Katakami C, Inoue M. Tear function and ocular surface changes in nonin-
sulin-dependent diabetes mellitus. Ophthalmology. 2001;108(3):586-92.

	30.	 Goebbels M. Tear secretion and tear film function in insulin dependent diabetics. Br 
J Ophthalmol. 2000;84(1):19-21.

	31.	 Rozema JJ, Trau R, Verbruggen KH, Tassignon MJ. Backscattered light from the cor-
nea before and after laser-assisted subepithelial keratectomy for myopia. J Cataract 
Refract Surg. 2011;37(9):1648-54.

	32.	 Ní Dhubhghaill S, Rozema JJ, Jongenelen S, Ruiz Hidalgo I, Zakaria N, Tassignon MJ. 
Normative values for corneal densitometry analysis by Scheimpflug optical assessment. 
Invest Ophthalmol Vis Sci. 2014;55(1):162-8.

XXI Congresso do Conselho Latino-Americano  
de Estrabismo - CLADE

25 a 28 de outubro de 2017
Alvear Palace Hotel

Buenos Aires - Argentina 

Informações: 
Site: www.clade2017.com 


