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Mean defect and pattern standard deviation of the HFA 
did not correlate with any of the retinal or optic disc mea-
surements. Increasing age correlated signifi cantly with 
some of the morphologic measurements of the RTA: de-
creasing perifoveal minimum thickness (r = –0.258, p = 
0.026), increased cup-to-disc area ratio (r = 0.302, p = 
0.016) and increased cup area (r = 0.338 p = 0.007).  Con-

clusions:  An age effect exists for some of the retina and 
optic disc measurements obtained by the RTA. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Visual loss in chronic glaucoma results from a destruc-
tion of retinal ganglion cells. However, visual fi eld loss 
occurs relatively late in the progression of this disease  [1] . 
Estimations suggest that at least 25–35% of the ganglion 
cells must be lost prior to the development of a visual fi eld 
abnormality detectable with modern automated thresh-
old testing  [1, 2] . As a result there is still considerable 
interest in developing more sensitive and more reliable 
methods for making an earlier diagnosis in glaucoma. On 
the other hand it is well known that certain changes of the 
optic disc may be more sensitive for glaucoma diagnosis 
than white-on-white visual fi elds  [3] . However, correctly 
identifying and assessing these changes needs consider-
able experience. Therefore in the last years several new 

 Key Words 
 Glaucoma  �  Retinal thickness  �  Optic disc  �  
Normal data  �  Age effect 

 Abstract 
  Purpose:  To investigate retinal thickness and optic disc 
parameters by the Retinal Thickness Analyzer (RTA) 
glaucoma program in older normal subjects and to de-
termine any age effect.  Methods:  Subjects over 40 years 
of age without any prior history of eye diseases were 
recruited. Only subjects completely normal on clinical 
ophthalmologic examination and on visual fi eld testing 
by Humphrey Field Analyzer (HFA) using the SITA 24-2 
program were included. A total of 74 eyes from 74 sub-
jects with even age distribution over the decades were 
enrolled and underwent topographic measurements of 
the posterior pole and of the optic disc by RTA. The ‘glau-
coma full’ program in software version 4.11B was ap-
plied.  Results:  Mean patient age was 59.9  8  10.3 years 
with a range from 40 to 80 years. The only parameter 
intraocular pressure (IOP) correlated with was retinal 
posterior pole asymmetry (r = 0.27, p = 0.02). IOP itself 
increased signifi cantly with age (r = 0.341, p = 0.003). 
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imaging methods have become available for exactly quan-
tifying changes of the optic disc over time. They include 
the Heidelberg Retina Tomograph (HRT) and Optical 
Coherence Tomography (OCT) and may offer advantag-
es for early glaucoma diagnosis  [4] . 

 Recently, the Retinal Thickness Analyzer (RTA, Talia 
Technology, Neve-Ilan, Israel) has been adapted to also 
measure the optic disc. This machine has been applied to 
diagnose retinal changes for several years focusing on ret-
inal maps  [5] . Its ability to measure retinal thickness 
might also be useful in diagnosing early glaucomatous 
changes  [6, 7] . In the current version of this machine a 
special program for glaucoma diagnostics is implemented 
combining retinal map and optic disc measurements ob-
tained from three-dimensional analysis. As the optic 
nerve head is known to undergo changes  [8]  probably due 
to normal ganglion cell loss with age  [9] , the aim of the 
current study was to investigate the normal values for the 
RTA glaucoma program and to determine any age ef-
fect. 

 Methods 

 Subjects 
 Consecutive normal subjects were recruited without any his-

tory of glaucoma, diabetes mellitus, or any other disease that might 
infl uence retinal thickness. Additionally no family history of glau-
coma in a fi rst-degree relative, no systemic medication that might 
infl uence retinal thickness, no history of ocular trauma, intraocular 
surgery or laser treatment were allowed. All subjects had to be more 
than 40 years of age. Subjects were excluded for refractive errors 
 1 +6 or  ! –6 diopters of spherical equivalent, full corrected visual 
acuity worse than 20/40, intraocular pressure (IOP) measured by 
applanation tonometry  1 21 mm Hg, any signifi cant lens opacity or 
any other signifi cant media opacities as well as for any posterior 
segment abnormality as defi ned by clinical biomicroscopic exam. 
The appearance of the optic disc was not part of the inclusion or 
exclusion criteria. 

 All subjects were examined after proper written consent and 
approval of the local ethics board at the Department of Ophthal-
mology, Ludwig Maximilians University, Munich. All research was 
conducted in accordance with institutional guidelines and con-
formed to the tenets of the World Medical Association Declaration 
of Helsinki. An ophthalmological examination including refrac-
tion, full-corrected visual acuity, biomicroscopic evaluation of the 
anterior segment and applanation IOP measurement as well as an 
initial evaluation of the posterior pole through an undilated pupil 
was performed by one experienced examiner (C.C.). Then the vi-
sual fi eld of one randomly chosen eye was tested (see below). After 
pupil dilation with 1% tropicamide stereoscopic biomicroscopy of 
the posterior segment was performed. Finally RTA scanning of the 
posterior pole and of the optic disc were carried out as described in 
detail below. 

 Visual Fields 
 Swedish Interactive Threshold Algorithm (SITA) 24-2 visual 

fi eld testing was applied on a Humphrey Field Analyzer (HFA, 
Humphrey-Zeiss Instruments Ltd., San Leandro, Calif., USA). 
Subjects were required to have reliable, normal visual fi elds. A reli-
able visual fi eld test was defi ned as having fewer than 30% fi xation 
losses, false positive and false negative responses. A normal visual 
fi eld was defi ned as having no cluster of three or more adjacent 
points depressed more than 5 dB or two adjacent points depressed 
more than 10 dB. Repeating visual fi elds once was admitted. If the 
repeated visual fi eld still showed abnormalities, the subject was 
excluded from the study. 

 RTA Measurements 
 A commercially available RTA (Talia Technology, Neve-Ilan, 

Israel) was used for measurements. The RTA is capable of provid-
ing retinal thickness maps and stereoscopic measurements for the 
optic disc. The principles of measurement have been described in 
detail elsewhere  [10, 11] . Input of the corneal curvature is used to 
correct for different amounts of ametropia. Depth resolution for 
retinal thickness measurements is known to be in the range of 20–
50  � m [12] . The software version applied was 4.11B. For the current 
study, posterior pole thickness maps were obtained and analyzed 
automatically by the glaucoma full program. Subjects were exclud-
ed, if the RTA measurements could not be obtained for both optic 
disc and retina or measurements yielded any error messages from 
the instrument such as more than 4 adjacent points marked to be 
unreliable in the retina map or any missing values or warnings in 
the RTA analysis printouts. This meant also excluding all subjects 
with any signifi cant changes in the retinal thickness as compared 
to the instrument’s normative database. Such changes might for 
example occur in preperimetric glaucoma  [7] . 

 Measurements obtained for the posterior pole were posterior 
pole minimum thickness, perifoveal minimum thickness, posterior 
pole (superior/inferior) asymmetry, perifoveal (superior/inferior) 
asymmetry, abnormally thin posterior pole area, abnormally thin 
perifoveal area, the number of posterior pole thin clusters and cor-
rected posterior pole pattern deviation. Here, the ‘fovea’ was de-
fi ned as a circle 1.6 mm in diameter centered on the foveal depres-
sion. The term ‘perifoveal’ describes a circle 5 mm in diameter 
centered on the foveal depression excluding the previously defi ned 
‘fovea’. ‘Posterior pole’ defi nes a 6  !  6 mm area (approximately 
21  !  21) centered on the fovea. The asymmetry (superior/inferior) 
of the posterior pole describes the normalized ratio (in %) of the 
mean of all retinal thickness measurements of the superior to that 
of the inferior half of the posterior pole. Thus a value of zero would 
indicate an identical mean of all superior and inferior thickness 
measurements. Perifoveal asymmetry (superior/inferior) is defi ned 
in analogy with the perifoveal area. ‘Abnormally thin areas’ are 
defi ned as the percentage of areas 2 or more standard deviations 
(SD) below the internal normative values of the RTA. A ‘cluster’ 
means 4 or more adjacent data points, i.e. measurements, each of 
which is at least 2 SD below the normative values. The corrected 
posterior pole pattern deviation gives the overall deviation of all 
retinal thickness measures for the current patient as compared to 
the internal normative database of the RTA. 

 The RTA’s automated analysis of the optic disc yields twelve 
stereometric parameters of the optic nerve head ( table 2 ). The disc 
area is defi ned by the total area of the optic disc, which is delin-
eated by the user. In the current study this contour line was encir-
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cled manually in free-hand mode by one experienced examiner 
(C.C.). The reference plane was derived automatically by determin-
ing the average height of the contour line in the temporal lower 
quadrant (in a sector between 4° and 10° from the horizontal) and 
subtracting 50  � m from the contour line  [13] . The cup area gives 
the excavation of the disc within the contour line and below this 
reference plane, the rim area is defi ned above this plane. The cup/
disc area ratio gives the ratio of the cup and disc area as a coeffi -
cient. The cup and rim volumes are defi ned analogous to the cor-
responding areas. Mean cup depth defi nes the mean of all depths 
within the cup, the maximum cup depth describes their maximum. 
The cup shape measure gives the slope of the cup: negative values 
describe a shallow, positive values represent a steep slope. The 
height variation of the contour line gives the distance in millimeters 
between the highest and the lowest point on the contour line, thus 
indicating the irregularity of the disc margin. Mean retinal nerve 
fi ber layer (RNFL) thickness is calculated by the mean in millime-
ters of the retinal surface along the contour line and above the ref-
erence plane. The RNFL cross section area is calculated by this 
mean RNFL thickness multiplied by the length of the contour 
line. 

 Statistics 
 Data were collected in an MS-Excel 2000 spreadsheet (Micro-

soft Corp., Unterschleissheim, Germany) and analyzed using SPSS 
11.5 for Windows (SPSS Inc., Chicago, Ill., USA). In all statistical 
tests p  !  0.05 was considered signifi cant. For the normative values 
the mean values, minimum, maximum, standard deviation as well 
as the 2.5 and 97.5% percentiles are listed. Spearman correlation 
as well as graphical analysis were performed to investigate any cor-
relations. Further analysis such as regression models or analysis of 
variance (ANOVA) were performed where appropriate. 

 Results 

 Subjects 
 A total of 106 subjects (77 female and 29 male) met 

the inclusion criteria and were examined. In 10 subjects 
the RTA yielded error warnings/messages in the analysis 
and those subjects were excluded. Further 10 subjects 

were excluded manually due to suboptimal RTA scans 
for reasons such as inadequate slit illumination or focus 
as defi ned by consensus of 2 observers (C.C. and A.S.N.). 
Two of those subjects also had visual fi eld abnormalities. 
A total of 12 subjects were excluded due to visual fi eld 
abnormalities alone. This fi nally left 74 (53 female and 
21 male) subjects meeting all inclusion and exclusion cri-
teria. Their mean  8  standard deviation (SD) age was 59.9 
 8  10.3 years (range 40–80 years). A total of 15 subjects 
(20%) were within 40–49 years, 17 (23%) within 50–59 
years, 28 (38%) within 60–69 years, and 14 (19%) within 
70–80 years. In total 44 right eyes and 30 left eyes were 
examined (no signifi cant difference, p = 0.1). Mean vi-
sual acuity was 20/22 (i.e. for decimal visual acuity in log 
steps: 0.91  8  0.42, range 0.5–1.0). Mean IOP was 15.2 
 8  1.8 mm Hg (range 12–20 mm Hg), mean spherical 
equivalent +0.53  8  1.38 dpt (range –4.0 to +5.0). A total 
of 18 subjects had a myopic, 50 a hyperopic and 6 a pla-
no-refraction. For visual fi elds the mean deviation (MD) 
was –1.07  8  1.23 dB (range –4.3 to +3.0), the pattern 
standard deviation (PSD) was mean 1.89  8  0.63 (range 
1.0–4.7). 

 Normative Values for the Retina 
 In  table 1  the normative values for the retina as ob-

tained by RTA glaucoma full program are given. Please 
note that for retinal thickness the minimal values and not 
the mean thickness are calculated by the RTA glaucoma 
program. Remarkably for the superior/inferior asymme-
try a negative value is obtained, which means that the 
inferior retina tends to be on average 3% thicker than the 
superior retina. No differences between right and left eyes 
were observed on ANOVA. 

  Table 1.  RTA measurements for the retinal posterior pole 

Statistical analysis Posterior
pole minimum
thickness, �m

Perifoveal
minimum
thickness, �m

Posterior pole
(superior/inferior)
asymmetry, %

Perifoveal
(superior/inferior)
asymmetry, %

Posterior
pole abnormally
thin area, %

Perifoveal
abnormally
thin area, %

Posterior
pole number
of thin clusters

Posterior
pole pattern
deviation, �m

Mean 116.82 131.43 –3.39 –2.72 1.32 1.61 0.30 17.43
SD (8) 18.76 22.86 7.28 7.01 3.39 4.20 0.57 6.19
Range 82–162 82–205 –24.14–13.8 –21.75–11.61 0–19.72 0–25.22 0–2 7.23–39.8
2.5–97.5% percentile 83–161 88–179 –20.50–9.81 –19.47–10.53 0–14.42 0–18.64 0–2 8.46–38.84

Normal measurements for the posterior pole obtained by RTA. For a detailed description of the measurements please refer to the 
‘Methods’ section.
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 Normative Values for the Optic Disc 
 In  table 2  the normative values for the optic disc as 

obtained by RTA glaucoma full program with dilated pu-
pils are given. When correlating the data for the optic disc 
with those for retinal thickness signifi cant correlations 
existed in the normal subjects analyzed only for the RNFL 
cross section area of the optic disc with minimal thickness 
of the posterior pole (r = 0.311, p = 0.013) and for RNFL 
area with perifoveal minimal thickness (r = 0.295, p = 
0.019). This means that the smaller the optic disc RNFL 
area the thinner the central retinal thickness. All other 
parameters of the optic disc were uncorrelated to the ret-
ina parameters. By ANOVA all parameters were investi-
gated for differences between left and right eyes. Only one 
parameter showed a signifi cant difference: left eyes had a 
larger rim area (2.22  8  0.49 mm 2 ) as compared to right 
eyes (1.92  8  0.48 mm 2 ; p = 0.021). 

 Correlation with Visual Fields 
 Mean defect and pattern standard deviation of the 

HFA did not correlate with any of the RTA’s retinal or 
optic disc measurements. Increasing age did not infl uence 
the analyzed HFA parameters MD and PSD, which are 
age-corrected by the instrument.  

 Correlation with Clinical Data 
 When comparing the RTA measurements with the 

available clinical data, i.e. visual acuity, IOP and refrac-
tion, some correlations were found. Refraction (in spher-
ical equivalent) correlated signifi cantly with rim area (r = 
–0.293, p = 0.020), rim volume (r = –0.324, p = 0.010) 
and mean RNFL thickness (r = –0.251, p = 0.031). This 
means in accordance with previous studies  [14]  the more 
hyperopic the subject, the smaller the RNFL- and rim-as-
sociated measurements. To exclude the theoretical pos-
sibility that age- or IOP-associated changes interfere, 
those two factors together with refraction were entered in 

a multiple, stepwise regression model predicting rim area, 
rim volume and mean RNFL thickness. For all those 
models the factors age and IOP were excluded as not sig-
nifi cant. 

 Interestingly, IOP correlated only with one measure-
ment signifi cantly, the superior/inferior asymmetry of the 
posterior pole (r = 0.273, p = 0.019). This relationship is 
shown in  fi gure 1 . IOP did not correlate with any of the 
optic disc measurements in this perimetrically normal 
collective. Asymmetry of the perifoveal area gave similar 
results not statistically signifi cant (r = 0.226, p = 0.053). 

 Effect of Age 
 Age had an effect on several clinical as well as morpho-

metric measures. On RTA, age correlated signifi cantly 
(r = –0.258, p = 0.026) with perifoveal minimal thickness 
( fi g. 2 a), with cup area (r = 0.338 p = 0.007) and cup-to-
disc area ratio (r = 0.302, p = 0.016;  fi g. 2 b). This means 
that older subjects tend to have a lower minimum retinal 
thickness, larger cups and a larger cup-to-disc area ratio. 
All other parameters were not affected by age. Particu-
larly, no age effect at all was observed for the superior/in-
ferior asymmetry of the posterior pole (r = 0.064, p = 
0.586), which has been shown in  fi gure 1  to correlate with 
IOP. This is remarkable as IOP itself showed some in-
crease with age (r = 0.341, p = 0.003;  fi g. 2 c). The supe-
rior/inferior asymmetry was further investigated in a 
multiple stepwise regression model including the theo-
retical predictors age, IOP and refraction. The only sig-
nifi cant predictor found was IOP (p = 0.018) with a stan-
dardized beta of 0.275, which illustrates the indepen-
dence of superior/inferior asymmetry from the other two 
factors. Refraction showed a shift towards hyperopia (r = 
0.305, p = 0.008) with age and best corrected visual acu-
ity tended to be lower with increasing age (r = –0.328, 
p = 0.015) in the examined normal subjects.  

  Table 2.  RTA measurements for the optic disc 

Statistical
analysis

Disc area
mm2

Cup area
mm2

Cup/
disc area
ratio

Rim
area
mm2

Cup
volume
mm3

Rim
volume
mm3

Mean cup
depth
mm

Maximum
cup depth
mm

Cup shape
measure

Height varia-
tion of the con-
tour- line, mm

Mean RNFL
thickness
mm

RNFL cross
section area
mm2

Mean 2.92 0.89 0.3 2.04 0.2 0.44 0.18 0.55 –0.18 0.34 0.2 1.18
SD (8) 0.55 0.58 0.18 0.86 0.18 0.25 0.09 0.22 0.07 0.1 0.09 0.44
Range 1.27–4.49 0.06–2.04 0.02–0.65 1.10–3.35 0.00–0.83 0.10–1.16 0.02–0.50 0.07–1.13 –0.34–0.02 0.17–0.65 0.05–0.41 0.28–2.76
2.5–97.5%

percentile 1.79–4.29 0.07–2.02 0.03–0.63 1.12–3.34 0–0.78 0.11–1.04 0.05–0.40 0.13–0.98 –0.33–0.02 0.17–0.61 0.05–0.40 0.37–2.36

Normal measurements for the optic disc obtained by RTA. For a detailed description of the measurements please refer to the ‘Methods’ section.
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  Fig. 1.  Correlation of IOP with superior/inferior (S/I) asymmetry 
of the posterior pole measured by RTA. Negative values mean that 
the inferior retina tends to be on average 3% thicker than the supe-
rior retina. A correlation (r = 0.273, p = 0.019) is obtained in this 
perimetrically normal older subjects: a higher IOP is associated 
with a higher superior/inferior asymmetry. The line in the graph 
gives the linear regression line, the curves indicate the 95% confi -
dence intervals for the regression line. 
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  Fig. 2.  Aging effects. In all plots the single measurements as well as 
the linear regression line and 95% confi dence intervals for the re-
gression (curved lines) are given. With increasing age of the normal 
subjects a signifi cant reduction of perifoveal minimal thickness
(r = –0.258, p = 0.026) is observed; the other retinal parameters do 
not change signifi cantly. Cup-to-disc area ratio (r = 0.302, p = 
0.016) as well as cup area (r = 0.338 p = 0.007, not plotted) as mea-
sured by RTA increase signifi cantly with age. IOP increases sig-
nifi cantly with age (r = 0.341, p = 0.003) in the sample of normal 
subjects examined. 
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 Discussion 

 In the current study we present measurements for the 
retina and optic disc obtained by RTA in a well-charac-
terized, perimetrically normal collective of older individ-
uals. We could prove some known effects of aging by RTA 
measurements such as decreasing retinal thickness and 
increasing cup and cup-to-disc ratio of the optic nerve 
head. Additionally an unsuspected effect of IOP on reti-
nal thickness asymmetry was found, which might suggest 
some value of such markers for glaucoma diagnostics  [15, 
16] . 

 It is diffi cult to compare the normative values obtained 
with the RTA glaucoma program for the retina with the 
results from other studies, as minimal retinal thickness 
and asymmetry indices are generated instead of absolute 
thickness measurements. However, it is well known that 
RTA thickness measurements of the retina tend to be 
lower than OCT measurements  [12, 17] . The details of 
OCT, which measures distances based on optical inter-
ferometry of an optical coherent light source, have been 
described elsewhere  [18, 19] . For the minimal retinal 
thickness in earlier studies Emi et al.  [20]  found by ultra-
sound and Fourier analysis 112  � m, which correlates very 
well with our results. This is also consistent with manu-
ally determining the minimum foveal thickness by OCT, 
which gives approximately 150  � m  [12, 21] . When con-
sidering that OCT measurements tend to be approxi-
mately 30–40  � m higher than RTA measurements  [12, 
22] , this yields similar values to the 117  � m obtained in 
our current study. 

 The validity of optic disc measurements by RTA has 
previously been shown  [13]  and its repeatability  [23]  is 
known to be similar to that of confocal scanning micros-
copy with the HRT  [24, 25] . However, all absolute mea-
surements of the RTA differ from those obtained by 
HRT, which is obvious for the optic disc size. Much high-
er values are obtained (mean 2.92 mm 2 ) as compared to 
HRT, which has a mean disc size of 1.81 mm 2   [26] . How-
ever, this does not question the accuracy of RTA mea-
surements as it is well known that HRT measurements 
underestimate the size compared to photographic meth-
ods  [27, 28] . The photographically determined mean disc 
area has been described by Jonas et al.  [29]  to be 2.69  8  
0.70 mm 2  in a large number of patients, which is only 
slightly lower than the data measured by RTA in our 
study. A discrepancy between RTA and HRT data is also 
in accordance with other studies directly comparing disc 
measurements by both instruments  [13] . In contrast, for 
RTA’s relative disc parameters such as cup-to-disc area 

ratio, cup shape or height variation contour a good cor-
relation exists to the data published for the HRT  [30, 31] . 
Similarly to previous studies using HRT  [32]  and laser 
polarimetry  [33]  a small but signifi cant difference was 
found for one out of RTA’s twelve optic disc parameters 
between right and left eyes: the neuroretinal rim of left 
eyes was larger than that of right eyes. If such difference, 
which has also been found with the HRT in the opposite 
direction  [34] , has any clinical relevance is controver-
sial. 

 Age was observed in this study to correlate with sev-
eral morphometric changes such as disc cupping, which 
has been described previously  [8] . With age also an in-
creased IOP and to some extent a decreased perifoveal 
retinal thickness was measured. These age-related mor-
phometric changes may support the hypothesis of some 
ganglion cell loss with age  [9] . Surprisingly, – indepen-
dently of age and visual fi elds – some correlation of IOP 
was observed on one of the retinal thickness measure-
ments, the superior-to-inferior retinal thickness asymme-
try. No other disc or retinal measure correlated with IOP 
in the examined normal subjects of our study. One might 
therefore speculate from this fi nding that higher (but nor-
mal) IOPs might cause increased asymmetric, inferior 
RNFL loss in perimetrically normal subjects. This theory 
is in accordance with several studies investigating the 
posterior pole instead of the optic disc for early detection 
of glaucoma with instruments such as the RTA  [6, 35]  or 
OCT  [36, 37] , a topic on which further research is needed. 
In conclusion, we could show in the current study that an 
age effect exists for some of the retinal and optic disc 
measurements obtained by RTA, which is consistent with 
known morphologic changes induced by aging. 
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