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Abstract

Background: To evaluate the relationship and agreement between standard automated perimetry (SAP) and Matrix
frequency doubling technology (Matrix-FDT) in subjects with ocular hypertension and healthy control subjects.

Methods: Forty-four eyes of 44 ocular hypertensive subjects and 29 eyes of 29 healthy age-matched control subjects were
included in this prospective study. All participants underwent complete ophthalmic examination, including slit-lamp
biomicroscopy, intraocular pressure measurement, pachymetry, and dilated fundus examination, and showed reliable visual
field tests. One randomly selected eye of each participant was examined with SAP (Swedish Interactive Threshold Algorithm
[SITA] Standard 24-2 test) and Matrix-FDT (24-2 threshold test), in random order. Correlations between global indices (MD,
PSD), regions (2 hemifields, 4 quadrants, 6 sectors) and 52 single field positions were analyzed using Spearman’s rank
correlation coefficient.

Results: In both groups, mean deviation values of SAP and Matrix-FDT correlated significantly (OHT subjects: r=0.47,
p<<0.005; healthy subjects: r=0.68; p<<0.001, respectively). Pattern standard deviation of SAP and Matrix-FDT showed no
significant correlation in healthy subjects but correlated significantly in ocular hypertensive subjects (r=0.45, p<<0.005). In
healthy subjects, a significant correlation between SAP and Matrix-FDT was shown in the supero-temporal and infero-
temporal sectors of the disc (r=0.40 and r=0.38, p<<0.05, respectively). In OHT subjects, supero-temporal, supero-nasal and
nasal sectors correlated significantly (r=0.49, 0.62 and 0.38, p=0.01, respectively). The correlation pattern of individual
visual field test locations appeared heterogeneous in both groups.

Conclusions: In both, ocular hypertensive and healthy subjects SAP and Matrix-FDT correlate well. In ocular hypertensive
subjects, both techniques showed good correlation in the supero-temporal, supero-nasal, and nasal sectors of the disc. Poor
agreement was found in the temporal, infero-temporal and infero-nasal disc sectors. This missing correlation might be
related to early retinal nerve fiber layer damage in these regions of the disc, recognized by one of the visual field
instruments.
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that would allow earlier detection of visual field loss than those
detected by standard white-on-white perimetry. [5].

Frequency doubling technology (FDT) has been suggested a test
that may detect retinal ganglion cell damage earlier than standard
automated perimetry. In comparison to SAP, FDT uses contrast
sensitivity and a different test algorithm to detect visual field
changes. The second generation of FD'T' perimeter, the Humphrey
Matrix-FDT, was released in 2003. It utilizes additional tests to

Introduction

Glaucoma is a disease in which death of retinal ganglion cells
(RGCGs) 1s associated with visual field defects and visual impair-
ment. The evaluation of these visual field defects is essential for
diagnosing and monitoring glaucoma and for recognizing pro-
gression. Until today the “gold standard” for visual field testing is
standard automated perimetry (SAP) which measures light

sensitivity thresholds at various locations across the visual field.
[1,2] However, up to a high percentage of retinal ganglion cells
(RGC) must be lost before a scotoma is detected with SAP. [3,4]
Investigators have been interested in finding diagnostic techniques
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improve the spatial resolution of visual field defects by using
smaller targets with a higher spatial frequency and a lower
temporal frequency. [6,7] Comparison with standard FDT
perimetry suggests that Matrix perimetry may have higher
sensitivity for early glaucomatous loss and better characterization
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of the pattern of visual field loss. [8] Therefore, Matrix perimetry
may provide additional benefits for monitoring subtle progression
in glaucomatous field defects. [9] Several investigations have
affirmed the first and second generation FDT excellent results in
detecting early, moderate and advanced visual field loss in patients
with glaucoma [2,4,5,7,8,10,11,12,13,14,15] even though there
has been described a tendency to miss some early defects. [1,7,16]
Additional investigations have shown that FDT may have
preferable variability characteristics to SAP [16,17] because it
exhibits significantly less within- and between-test variability at
both, normal and reduced sensitivity levels. [18] Whereas a large
number of studies have been published in the past comparing the
first-generation FDT with standard automated perimetry, fewer
studies have compared the second generation Matrix-FDT with
SAP. The majority of these studies included glaucoma patients,
[1,2,6,7,10,19,20] whereas only few studies included ocular
hypertensive subjects. [9,13] Persons with ocular hypertension
have an increased risk of developing glaucoma during their
lifetime. They need to be followed-up regularly in order to
recognize conversion to glaucoma. It is important to find
techniques that are able to detect glaucomatous damage earlier
than SAP in order to avoid any significant nerve fiber loss in OHT
subjects.

The purpose of this cross sectional observational study was to
evaluate the agreement between Matrix frequency doubling
technology perimetry and standard automated perimetry (SITA
24-2 standard algorithm) in subjects with ocular hypertension and
healthy subjects and to determine if Matrix-FDT might be
a helpful tool in detecting early visual field defects in OHT subjects
that are not yet detectable with standard white-on-white
perimetry.

Methods

Forty-four eyes of 44 ocular hypertensive subjects and 29 eyes of
29 healthy control subjects were included in this prospective
controlled study.

The study protocol was approved by the Ethics Committee of
Mainz University, Rhineland Palatinate, Germany. All study
procedures adhered to the recommendations of the Declaration of
Helsinki and all participants signed informed consent prior to any
testing, clinical examination, or collection of demographic or
medical information.

Ocular hypertension was defined as IOP>21 mmHg on at least
two occasions prior to enrolment. At the time of enrolment,
subjects with  OHT were allowed to be on IOP lowering
treatment. All participants had normal results on Humphrey 24-
2 automated perimetry tests (no clustered field defects) as well as
healthy optic nerves by clinical expert exam (dilated stereoscopic
fundus examination with a high power fundus lens of 78 D or 90
D). Discs were considered healthy when they had symmetric
vertical cup to disc ratio in both eyes, intact neuroretinal rims
without notching, no disc hemorrhages, and no nerve fiber layer
defect. Age-matched control subjects had an intraocular pressure
<21 mmHg, and normal disc appearance based on a dilated
stereoscopic fundus examination. All measurements were per-
formed on one day, and all participants were recruited within an
eight-month period. All subjects were familiar with standard
automated perimetry because each had undergone at least one
visual field examination before the study. None of the participants
had undergone frequency doubling perimetry testing prior to the
study. A brief demonstration was performed to familiarize them
with the procedure. Subjects who met the inclusion criteria and
who agreed to participate were enrolled in the study.
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Participants

Inclusion criteria. To be included in the study, participants
had to have best-corrected visual acuity of at least logMAR 0.3,
spherical refraction within £5.0 D, and astigmatism of less than
*3.0 D. All subjects underwent complete ophthalmic examina-
tion, including visual acuity testing, slit-lamp biomicroscopy,
intraocular pressure measurement with Goldmann applanation
tonometry, central corneal thickness measurement with ultrasound
pachymetry, and dilated fundus examination.

Exclusion criteria. Subjects with non-glaucomatous second-
ary causes of elevated intraocular pressure (e.g., iridocyclitis,
trauma), other intraocular disease, history of other conditions that
might affect visual field testing (e.g.pituitary lesions, demyelinating
diseases, diabetic retinopathy), or medications known to affect
visual field sensitivity, were excluded from the investigation.

Procedures

Visual field testing in this study. Testing on all subjects
was performed using the Matrix Frequency Doubling Technology
perimeter (Humphrey Matrix, Carl Zeiss Meditec, Jena, Ger-
many) and the Humphrey Field Analyzer II (Carl Zeiss Meditec,
Jena, Germany) in randomized order on one day. If required, a rest
of 15 minutes between each visual field exam was permitted. FFor
both, OHT and healthy subjects, one eye was randomly selected
to be included in the study, and the investigator was masked to the
subject’s group classification.

Participants were tested on the Humphrey Field Analyzer II,
using the 24-2 standard test algorithm (Swedish Interactive
Threshold Algorithm; SITA) which consists of 52 test locations.
On FDT, the 24-2 full threshold test algorithm, consisting of 55
test locations, was used. The ZEST (zippy estimation of sequential
testing) algorithm was used for threshold estimation. Not included
in the comparison were the two locations in the vicinity of the
blind spot and the test point in the central visual field which are
examined only by the FDT but not by the SAP perimeter.

Data Analysis

The statistical analysis evaluated the agreement between
Humphrey-SAP and Matrix-FDT in subjects with OHT and
healthy controls.

Comparisons between global indices (Humphrey MD/PSD
versus Matrix-FD'T MD/PSD) and between groups were based on
t-tests. Correlations between global indices, hemifields, quadrants,
sectors and single field points were compared using Spearman’s
rank correlation coefficient (r). The significance level was set to
p<0.05.

This study is an explorative study where no p value adjustment
was performed. This strategy was chosen since adjustment for
multiple testing (in quadrants, hemifields, sectors and single field
points) would have increased the risk of falsely accepting the null
hypothesis (type II error). Especially Bonferroni adjustments are
known to be highly conservative so that one can miss real
differences. [21,22,23] Instead, the number of observed significant
correlations was compared with the number of expected
significant correlations in order to get an impression if the findings
make sense above chance level.

Results

Forty-four eyes of 44 ocular hypertensive subjects and 29 eyes of
29 healthy control subjects were included in this prospective
controlled study. Table 1 gives an overview of all demographic
data and clinical characteristics of both study groups.
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Table 1. Demographic information and clinical characteristics of all participants.

OHT group (n=44) control subjects (n=29) p-value
Mean age (yrs) = SD (range) 61.129.5 (34-76) 59.8+8.5 (47-71) 0.54
Male 16 8
Right eyes 23 16
Mean visual acuity (logMAR) = SD (range) 0.040.07 (0.0-0.3) 0.010.04 (—0.1-0.1) <0.01
Mean IOP (mmHg) * SD (range) 20.9+3.5 (12.0-27.0) 14.1£2.9 (8.0-20.0) <0.001
Mean central corneal thickness (um) * SD (range) 578+42 (496-664) 54837 (490-631) <0.05
Mean FDT test duration (sec.) = SD (range) 311£14.0 (292-356) 305+8.7 (294-328) 0.05
Mean SAP test duration (sec.) = SD (range) 312+38.2 (256-401) 303*+36.4 (254-420) 0.31

IOP =intraocular pressure; sec.=seconds.
doi:10.1371/journal.pone.0057663.t001

Among the 44 OHT subjects, SAP glaucoma hemifield test
result was classified as “inside normal limits” in 32 eyes, “outside
normal limits” in 10 eyes, and “others” in 2 eyes (including
borderline). The FDT glaucoma hemifield result was classified as
“normal” in 28 eyes, “outside normal limits” in 7 eyes, and
“others” in 9 eyes (including borderline). Complete concordance
between SAP and FDT glaucoma hemifield test was shown in 28
(64%) eyes (24 times “inside normal limits”, 4 times “outside
normal limits”). SAP glaucoma hemifield test was normal in 8
cases in which FD'T' showed different results (6 times “borderline”
and 2 times “outside normal limits™).

Among the 29 healthy subjects, the SAP glaucoma hemifield
test result was classified as “inside normal limits” in 22 eyes,
“outside normal limits” in 3 eyes, and “others” in 4 eyes (including
borderline). The FDT glaucoma hemifield result was classified as
“normal” in 22 eyes, “outside normal limits” in 4 eyes, and
“others” in 3 eyes (including one eye with abnormal high
sensitivity and 2 eyes with borderline test result). Complete
concordance of GHT between SAP and FDT was shown in 19
(66%) eyes (17 times “inside normal limits”, 1 time “outside
normal limits”, 1 time “borderline”). SAP glaucoma hemifield test
was normal in 4 cases in which FDT' showed different results (3
times “outside normal limits” and 1 time “borderline”).

Table 2 shows the comparison between global indices of SAP
and Matrix-FDT in both groups. Global indices for SAP and
Matrix-FDT (MD and PSD) did not differ statistically significant
between ocular hypertensive subjects and healthy control subjects.
However, significances became statistically significant when
comparing SAP MD versus FDT MD and SAP PSD versus
FDT PSD within both groups.

Correlations between visual field global indices (mean deviation
and pattern standard deviation) were analyzed using Spearman’s
rank correlation coefficient (r). In the OHT group (Figure 1),
average mean deviation values of Humphrey-SAP and Matrix-
FDT perimeter were significantly correlated (r=0.47, p<<0.005).
The average pattern standard deviation values of SAP and Matrix-
FDT also showed a significant correlation (r = 0.45, p<<0.005).

In the control subject group (Figure 2), only the average mean
deviation values of SAP and FDT were significantly correlated
(r=10.68, p<0.001), whereas the average PSD values did not show
a significant correlation (r=0.14, p = 0.48).

Both hemifields of the control group presented with significant
correlation between Humphrey-SAP and Matrix-FDT' (r=0.45,
p<<0.05 for superior and r=0.36, p<0.05 for inferior hemifield).
In ocular hypertensive subjects, only the inferior hemifield
presented with a significant correlation (r=0.56, p<<0.001).
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Abbreviations: OHT = ocular hypertension; FDT =frequency doubling technology; SAP = standard automated perimetry; yrs =years; SD = standard deviation;

Subdivided into quadrants, the nasal-inferior quadrants were
significantly correlated in both groups (r=0.53 for both groups,
p<<0.005, respectively). The temporal-inferior quadrant was
significantly correlated in OH'T subjects (r = 0.45, p<0.005).

To specifically investigate the correlation between the two
instruments in the same test location of the visual field, each of the
52 SAP visual field test locations was compared with the
corresponding location of the Matrix-FDT visual field as
demonstrated in figure 3.

It needs to be considered that high and statistically significant
correlations for given visual field points do not necessarily lead to
high and statistically significant overall correlations in the given
area. For instance, a greater amount of highly correlated field
points can be found in the supero-nasal quadrant compared with
the infero-nasal quadrant of healthy control subjects. However,
a statistically significant overall correlation can only be found in
the infero-nasal quadrant but not in the supero-nasal quadrant.

Garway-Heath et al. established an optic disc-visual field map
which relates six sectors of the optic disc (supero-temporal, supero-
nasal, nasal, infero-nasal, infero-temporal, and temporal) to
corresponding sectors of the visual field (figure 4). [24] According
to this map, the average of all test points belonging to one sector
was evaluated in order to analyze the sectoral correlation between
SAP and Matrix-FDT. Following the Garway-Heath map, it was
chosen to name the sectors according to their location on the
ONH, not according to their location in the visual field. For
mstance, the VF-temporal/ONH-nasal pair was given the name
“nasal sector”. The supero-nasal disc sector corresponds to
a peripheral, arcuate-shaped sector in the infero-temporal (5 field
points) and the infero-nasal visual field (6 field points).

In the OHT group, SAP and Matrix-FDT' correlated signifi-
cantly in sectors I (supero-temporal; r = 0.49, p<<0.001), II (supero-
nasal; r = 0.62, p<0.001), and III (nasal; r=0.38. p=0.01). In the
healthy subject group, there was a significant correlation between
SAP and Matrix FDT in sectors I (supero-temporal; r=0.40,
p=0.03) and V (infero-temporal; r=0.38, p =0.04).

Discussion

Subjects with ocular hypertension carry an increased risk of
developing glaucoma during their lifetime. It is desirable to find
techniques which detect conversion from OHT to glaucoma at the
carliest stage in order to avoid any significant field loss.

Matrix-FDT may detect retinal ganglion cell damage earlier
than standard automated perimetry. While various investigations
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(MD: mean deviation, PSD: pattern standard deviation).
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Table 2. Comparison between global indices of SAP and Matrix-FDT in ocular hypertensive subjects and healthy control subjects

OHT group

Control subjects

Comparison of mean values of OHT
versus control subjects (p-value)

SAP MD (dB) = SD (range)
SAP PSD (dB) = SD (range)
FDT MD = SD (range)
FDT PSD = SD (range)

—0.48+1.40 (—4.24-1.75)
1.95%0.95 (0.94-5.30)
0.25%+2.52 (—5.31-4.63)
2.83*0.73 (2.09-5.53)

Comparison of SAP MD versus 0.03
FDT MD (p-value)
Comparison of SAP PSD versus <0.001

FDT PSD (p-value)

—0.22+1.10 (—2.25-2.12) 0.41
1.63%+0.40 (1.16-2.99) 0.10
0.71+2.51(—6.21-5.81) 0.45
2.62*0.37 (1.92-3.31) 0.16
0.02

<0.001

deviation, SD = standard deviation.
doi:10.1371/journal.pone.0057663.t002

between SAP and FDT were carried out in glaucoma patients,
only few studies addressed to OHT subjects so far.

This study investigated the correlation between SAP and
Matrix-FDT in subjects with ocular hypertension and healthy
control subjects. Global indices of subjects with ocular hyperten-
sion correlated significantly (MD: r=0.47; PSD: r=0.45;
p<<0.005, respectively) whereas only mean deviation values
showed significant correlation in the healthy subject group
(r=10.68, p<0.001). This is in agreement with data published by
Bozkurt et al. They compared ocular hypertensive participants
and glaucoma patients with Humphrey 30-2 SITA standard test
and Matrix 30-2 threshold test and found SAP MD positively
correlated with Matrix-FDT MD (r=10.66, p<0.001) and SAP
PSD significantly correlated with Matrix-FDT PSD (r=0.69,
p<<0.001). In contrast to our results, no correlation was found
between SAP global indices and Matrix global indices in the OHT
group. Other investigations found good correlations between SAP
and Matrix-FDT in glaucoma patients. [1,6,9,10] Artes et al.
compared SAP and Humphrey Matrix in a small study of 15
glaucoma patients. Their global visual field indices mean deviation
(MD) and pattern standard deviation (PSD) correlated highly
(r=10.86, p<0.001; r=0.95, p<0.001, repectively). Zarkovic et al.
compared both techniques in 40 patients with glaucoma and
found a correlation of r=0.69 between mean deviations. It was
shown previously that there is a significant difference between the

Abbreviations: OHT = ocular hypertension; SAP = standard automated perimetry; FDT =frequency doubling technology; MD = mean deviation; PSD = pattern standard

early and advanced stages of glaucoma in the degree of the
correlation between SAP MD and FDT MD, with absolute MD
values greater in advanced stages of glaucoma in SAP compared to
FDT [25].

Concordance of glaucoma hemifield test between Matrix-FDT
and SAP was 64% in OHT subjects and 66% in healthy subjects.
In the OHT group, FDT presented with abnormal or borderline
results in 18.2% where SAP showed normal results. In healthy
subjects, this was seen in only 13.8%.

In relation to hemifields interestingly both, the superior and
inferior hemifield were significantly correlated between both
techniques (r=0.45 and 0.36, p<<0.05, respectively) in healthy
subjects whereas in OHT subjects only the inferior hemifield
showed a significant correlation (r=0.56, p<0.001). Subdivided
into quadrants, only the nasal inferior quadrant in healthy subjects
(r=0.53, p<0.005) and the temporal inferior and nasal inferior
quadrants in ocular hypertensive subjects (r=0.45 and r=0.53,
p=0.005) were significantly correlated. This differs from the
results reported by Zarkovic et al. [6] who reported the highest
correlation in glaucoma patients in the superior hemifields and
supero-nasal quadrants.

The correlation of SAP and FD'T in individual test locations was
found to be heterogenous. This is in agreement with results
published by Zarkovic et al., who describe a great variance of
correlation between individual test points from a correlation of less
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Figure 1. Global correlation between Humphrey-SAP and Matrix-FDT in the ocular hypertension group. Presented is the correlation
between global indices (MD: mean deviation, PSD: pattern standard deviation) in OHT subjects.

doi:10.1371/journal.pone.0057663.g001
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Figure 2. Global correlation between Humphrey-SAP and Matrix-FDT in healthy control subjects. Presented is the correlation between
global indices (MD: mean deviation, PSD: pattern standard deviation) in healthy control subjects.

doi:10.1371/journal.pone.0057663.g002

than 0.2 for some points in the inferior temporal field up to high
correlated points (r=0.88) for some points of the supero-nasal
field. As seen in our investigation, they describe no apparent trend
between the degree of correlation and the position of test points in
relation to eccentricity from the macula, or the vertical and
horizontal meridians.

Structure and function are two main pillars of glaucoma
diagnosis and management. In the year 2000, Garway-Heath
et al. established a structure-function map which relates sectors in
the visual field to sectors on the optic nerve head. [24] The
consistent use of these landmarks in both, structure and function
investigations will enable a more homogenous and therefore more
accurate comparison between existing and future studies on
structure and function in glaucoma. Improving the magnitude of
the structure-function relationship is important: Recently, the

Control group

1 2 3 4 5 6 7 8 9
1 I I | L L . !
o . B

Food and Drug Administration Center for Drug Development and
Research announced that it is open to using structural endpoints in
clinical trials of new glaucoma drugs provided that the structural
measures exhibit a strong correlation between predictability of
either current visual function or future visual function [26].
According to the structure-function map by Garway-Heath
et al. we found a correlation of the two instruments in the supero-
temporal, supero-nasal and nasal sectors of ocular hypertensive
subjects and in the supero-temporal and infero-temporal sectors of
healthy control subjects. No correlation between both techniques
was found in sectors IV, V, and VI of OHT subjects. These three
sectors are related to the temporal, infero-temporal and infero-
nasal region of the optic nerve head. In healthy subjects, sectors
without correlation (II, III, IV, and VI) are arranged somewhat
more heterogeneously. As early retinal nerve fiber layer defects

OHT group

Figure 3. Point-wise correlation between Humphrey-SAP and Matrix-FDT in ocular hypertensive subjects (right) and healthy
control subjects (left). Highly correlated visual field locations are demonstrated in black (r=0.45 in patients and r=0.46 in healthy subjects,
p<0.01), less correlated locations are demonstrated in decreasing grey scales (r=0.42 in both groups, p<<0.02/r=0.36 in both groups, p<<0.05/r=0.30
and r=0.31, p<0.10/r=0.24 in both groups, p<<0.2/r=0.16 in both groups, p<<0.4).

doi:10.1371/journal.pone.0057663.g003
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supero-
temporal (1)

supero-
nasal (1)

temporal (VI) nasal (IIT)

infero-
nasal (1V)

infero-
temporal (V)

Figure 4. Structure-function map according to Garway-Heath et al. Visual field test points/sectors of the visual field can be related to sectors

of the optic nerve head.
doi:10.1371/journal.pone.0057663.g004

often occur in the temporal/temporal-inferior regions of the optic
nerve head [2], further investigations should elucidate whether this
missing correlation in the OHT group are signs of early
glaucomatous RNFL abnormalities or simply due to physiological
differences in RNFL distribution in those eyes.

One factor that needs to be discussed is the role of variability in
the current study. Limited agreement between techniques in
relatively homogenous groups like OHT subjects and normal
controls might be explained by test-retest variability. In the current
study, the smallest agreement was found in temporal, infero-
temporal and infero-nasal sectors of the ocular hypertensive group.
This limited agreement could also be explained by an increased
variability as an early sign of glaucomatous damage in these
connected sectors. Interesting in this context is a study by Cellini
et al. [27] They did not include SAP but compared FDT with
optical coherence tomography (OCT) and pattern electroretinog-
raphy (PERG) and found FDT the most sensitive and specific test
for detecting early glaucomatous damage in ocular hypertensive
subjects. The limited agreement in our study was found in areas
where glaucoma tends to start. One could assume that Matrix-
FDT was possibly more sensitive and specific than SAP for
detecting early changes in these areas.

Our findings are of special interest in view of recently published
data where correlations between three perimetric tests [SAP,
Matrix-FDT, Flicker Defined Form Perimetry (FDF)] and
confocal scanning laser ophthalmoscopy (cSLO) were investigated
in glaucoma patients. [28] The highest correlation between
structure (rim area, rim volume, RNFL thickness among others)
and function (mean sensitivity) was found in the supero-temporal,
temporal and infero-temporal regions. It is remarkable that
prominent findings are again evident in the temporal and infero-
temporal regions where glaucoma tends to start.

Limitations of Our Study

Although performing several hypothesis tests using the same
sample somewhat increases the experimentwise type I error in this
study (which means, falsely rejecting the null hypothesis), we
decided not to apply methods for correction for multiple
comparisons. There is considerable controversy in the literature

PLOS ONE | www.plosone.org

regarding the application of such methods. [21,22,23] In the
presence of highly correlated variables, methods such as the
Bonferroni correction are overly conservative and, although
decreasing the chance of type I error, they increase the chance
of type II error (that is, falsely accepting the null hypothesis).

Comparing the number of observed significant test results with
the number of expected significant test results can give some
impression if the findings make sense above chance level. In the
current study, 80 tests were undertaken (4 tests: correlations for
MD and PSD in OHT subjects and healthy control subjects for
both visual field machines, 12 tests: correlations for two hemifields
and four quadrants in OHT subjects and healthy control subjects
for both visual field tests, 12 tests: correlations for 6 quadrants for
both groups and both field machines, 52 tests: correlations
between single field points for both groups and both field
machines). Hence, the overall number of expected significant tests
results at a significance level of 0.05 is 4. Since the number of
observed significant test results is much higher than 4 (14
significant correlations for the first 28 tests and 20 significant
correlations for single field points), the results can be interpreted as
plausible and believable.

A weakness of this study might be the fact that only one of each
field test was performed and that individuals were only familiar-
ized with standard white-on-white perimetry. It is known that in
the context of visual field testing changes in sensitivity can occur
both within and between tests in normal individuals. For standard
automated perimetry (SAP), variability was shown to be greater in
patients with glaucoma and other optic neuropathies than in
normal individuals. [17] Although there was reported a good
reliability with Humphrey Matrix and with SAP perimetry in
a group of glaucoma suspects with limited or no prior experience
with perimetry [7], a repetition of field tests might have increased
the reliability of our results. It is furthermore not possible to rule
out that subjects who were assigned to the healthy subject group
might show glaucomatous changes or variances which have not yet
been recognized.

Finally, the sequence wherein test locations are tested might also
be of importance. Locations which are tested later can either
display lower sensitivity due to fatigue effects or higher sensitivity
due to learning effects. Concentration, awareness and compliance
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of the patient as well as environmental influences can potentially
bias the results.

While a large number of studies have been published in the past
comparing the first-generation FDT with standard automated
perimetry, only few studies have compared the second generation
Matrix-FDT with SAP. The majority of these studies included
glaucoma patients. To date there do not exist sufficient data that
would allow a statement about visual field defects of OH'T subjects
in frequency doubling technology. Further studies with a higher
number of participants should investigate whether the missing
correlation in some parts of the optic nerve head found in this
study are signs of early glaucomatous abnormalities in OHT
subjects or simply due to physiological differences.

Conclusion and Perspective
Our study found a good overall agreement between Humphrey-
SAP and Matrix-FDT in ocular hypertensive and healthy control
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