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Abstract
Purpose: To investigate whether the visual �eld characteristics, which are well known for Goldmann
stimulus size III in the central 30°, hold true for the 30°–60° visual �eld for stimulus sizes III, V and VI. 

Methods: One eye of 60 healthy participants ages 19–78 years, mean age 49.5 ± 18.0 were tested with
stimulus sizes III, V and VI on two separate visits with the Humphrey 60–4 program. Pointwise between-
subject variability of the average visual �eld of the two visits was estimated after correcting for age
effects as the standard deviation across subjects. Within-subject variability was estimated as the
standard deviation of the differences between visits.

Results: For the 60–4 testing, the age-corrected mean sensitivity over all test locations was smallest for
size III at 22 dB. It was 7 dB greater for size V and 9 dB greater for size VI. Sensitivities decreased by
about 0.38, 0.34 and 0.31 dB / degree eccentricity with sizes III, V, and VI, respectively. The differences in
mean sensitivity and in eccentricity effects were statistically signi�cant among sizes (p < 0.001).
Pointwise between- and within-subject variability was greatest in the nasal and superior visual �eld and
inversely proportional to stimulus size. 

Conclusions: Visual �eld sensitivity was lower for smaller stimulus sizes and decreased with eccentricity
and age. The between- and within-subject variability decreased with increasing stimulus size. These
�ndings provide a basis for quantitative assessment of 60-4 visual �eld properties in patients with ocular
and neurologic disorders.  

Keywords: Perimetry, Visual Field, Vision Testing

Introduction
Von Graefe introduced perimetry into clinical medicine in 1856.1 Using a chalk board and a piece of chalk,
he tested the central visual �eld (area inside 30° eccentricity). To test the far periphery, outside 30°, Aubert
instituted the arc perimeter.2 Since that time, emphasis has shifted from the central visual �eld, for
example Bjerrum’s work,3 to the periphery with the introduction of the Goldmann perimeter.4 With the
advent of automated perimetry, initially both the central and peripheral �elds were tested. However, use of
the relatively small Goldmann size III stimulus (0.43°diameter) in the periphery was not only a di�cult
task but the testing time was more than doubled to obtain both the central and peripheral �eld data in a
subject. Since it appeared that most of the useful information was in the central �eld, little investigation
of static automated perimetry has been performed for testing outside 30° eccentricity.

Several reports address normative limits for the far periphery, but the methods are either not well
described or the data presented is di�cult to translate into a form useful for clinical practice. Brenton and
Phelps5 obtained thresholds for both the central 30° and the 30–60° �eld using the Goldmann size III
stimulus with a full threshold i.e., staircase strategy, in 102 healthy observers that were naïve perimetry
subjects. They found a gradual uniform decline in sensitivity with age throughout the visual �eld.
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Between-subject variability increased with both eccentricity and age. They also noted a greater short-term
�uctuation in the area outside 30°. Their results for the central 30° are similar to those of Heijl et al.6

Fechtner and coworkers tested the visual �eld from 30–60° with a Humphrey Field Analyzer 60–4
program apparently with the Goldmann size III stimulus (not speci�ed).7;8 This test estimates sensitivities
for 60 test locations with a grid spacing of 12°. They tested 94 subjects taking Vigabatrin twice at
baseline and periodically over 12 weeks of treatment; a �nal test was given one month after cessation of
treatment. They reported high retest variability and defects in the superior and nasal outer ring zone that
did not progress during the study; some of these defects were transient and attributed to eyelid and head
turn artifacts. They did not �nd any signi�cant deterioration from baseline in visual function except for a
group mean change in the sensitivity of the middle ring.  This research group conducted a followup study
of threshold sensitivity for the 60–4 test in 33 healthy participants.9 The mean test time was 6.24
minutes so it is not clear that full threshold testing was performed because it routinely takes about twice
as long as the test time that they reported. They again noted high retest variability in the outer ring of test
locations superiorly and nasally.

Standard current perimetry practice for glaucoma testing involves estimation of sensitivities for locations
within the central 24 or 30 degrees of the visual �eld (24–2 and 30–2 test patterns). While it appears
from many studies of kinetic perimetry that testing of the central visual �eld is adequate, there are no
recent studies of static perimetry in glaucoma or other optic neuropathies outside of 30°. Some neuro-
ophthalmologists and retina specialists still use Goldmann kinetic perimetry because there is important
shape information revealed by testing outside 30° that can be useful in diagnosing and monitoring
various toxic and degenerative retinal disorders and glaucoma7;10-12 with fewer centers now using
Goldmann kinetic perimetry, many clinicians no longer have useful information about the visual �eld
beyond 30°. Recent studies indicate that testing with Goldmann sizes V (1.72° of diameter) and VI (3.44°)
may be useful for following visual loss in glaucoma as they have lower retest variability and a greater
dynamic range.13;14 These larger stimuli are easier for subjects to attend to in the far periphery and
appear to be excellent candidates for testing of the far peripheral �eld.

In summary, the data regarding the characteristics of the normal visual �eld outside 30° (normative
values, within and between subject variability, eccentricity and age effects) are poorly described in the
literature for Goldmann stimulus sizes III, V and VI. Our goal is to investigate whether these visual �eld
characteristics, which are well known for Goldmann stimulus size III in the central 30°, hold true for the
30–60° visual �eld for these three stimulus sizes. This knowledge will allow informed interpretation of
60–4 visual �eld testing currently not available.

Methods
Subjects: The visual testing protocol was approved by the University of Iowa Institutional Review Board.
The tenets of the Declaration of Helsinki were followed. Sixty ocular healthy subjects were tested at
baseline and again at a separate sitting within 1–4 weeks. All subjects gave written informed consent to
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participate in the study. The subjects answered advertisements inviting them to participate in research
and were paid in agreement with the Institutional Review Board. All participants signed a written informed
consent approved by the Institutional Review Board. The subjects had an average age of 49.5 ± 18.0 and
a range of 19–78. There were approximately 10 subjects per decade. Forty-three of the volunteers were
women and 17 were men.

Participants were considered normal if they had (1) no history of eye disease except refractive error; (2)
no more optical correction than �ve diopters of sphere or three diopters of cylinder distance correction, (3)
no history of diabetes mellitus or systemic arterial hypertension, and (4) a normal ophthalmologic
examination including 20/25 or better best-corrected Snellen visual acuity. The subjects either had
undergone a complete eye exam within 12 months prior to this study or were examined by an
ophthalmologist on the day of testing to ensure normal ocular health.

Visual Testing: All subjects underwent testing of the 30–60° area of the visual �eld with the Humphrey
Field Analyzer 60–4 test using full threshold testing algorithm for Goldmann sizes III, V and VI,
corresponding to diameters of 0.43°, 1.72° and 3.44°, respectively. In addition, participants had testing of
the central 21° with size III stimuli using the SITA standard 24–2 algorithm with the four tests performed
in random order. The manufacturer’s recommendations were followed, and a corrective lens was used
when necessary for the SITA Standard central visual �eld testing. Care was taken to prevent lens rim
artifacts. The subjects had testing in one eye, chosen at random, and the same eye was used for all tests.
All visual �eld examinations met the following reliability criteria: �xation losses less than 20% or normal
gaze tracking, false positive rate < 10% and false negative rate < 33%. Except for between- and within-
subject variability analyses, results of the second test were used for all analyses to minimize the possible
in�uence of practice effects.

The focus of our study was the 60-4 visual �eld. Since taking three 60-4 tests was so time consuming we
used SITA 24-2 for the central visual �eld realizing the sensitivities were not directly comparable. In
addition, we separately compares size III full threshold testing with size V full threshold testing by testing
5 normal subjects once a week for �ve weeks across decades with size III full threshold and size III SITA
and compared the retest results. Our data con�rm a 1-2 dB increase in sensitivity for SITA testing but
minimal if any differences in repeatability (data available upon request).

Statistical Analysis: We examined the effect of age on sensitivity with simple linear regression in each
location using the second test for each subject. After correcting for the pointwise age-effect, we examined
the effect of eccentricity on sensitivity. Although the data is not strictly linear at the far edges of the
measured visual �eld, we used simple linear regression as an approximation as some of the non-linearity
is likely due to edge artifact. The paired Wilcoxon signed-rank test was used to see if there were
differences in mean normal sensitivity, and age and eccentricity effects between stimulus Goldmann
sizes III and V, sizes III and VI, and sizes V and VI.

For each stimulus size, we estimated the between- and within-subject variability after correcting for age
effect at each location. For the between-subject variability, we averaged the sensitivities of the two tests
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taken by each subject and then calculated the 60 standard deviations over all subjects. For the within-
subject variability, we obtained the differences in sensitivity between tests and then calculated the 60
standard deviations over all subjects.

All statistical analyses were performed in R.15 The signi�cance level for all 12 signi�cance tests were set
at 0.05 / 15 = 0.003 after applying Bonferroni correction for multiple comparisons.

Results
Figures 1 (left) and 2b-d show the age-corrected pointwise mean normal sensitivities standardized for a
45-year-old person at the test locations in Fig 2a. There was a gradual decrease in sensitivity (Fig 1a left)
with eccentricity for the Goldmann size III results for the 60° surrounding �xation except for some test
locations in the far peripheral edge (in red in Fig 2) and locations known to be susceptible to lid artifacts
(in yellow), for which sensitivity dropped substantially. Figures 1b and c, and 2 c and d show data for the
30° to 60° test locations of the 60–4 test. Although similar �ndings were observed for the larger stimulus
sizes, there were fewer edge locations for which sensitivity dropped substantially. The right side of Figure
1 shows the point-wise age-effect slopes (in dB per decade) for the three stimulus sizes. Note the change
in slope is greatest for Goldmann stimulus size III and least for size VI.

Mean sensitivities were smallest for Goldmann size III at 22.2 dB. They were, on average, 7.1 dB and 9,2
dB greater for size V and VI, respectively. The average age effect for Goldmann sizes III, V, and VI with the
60–4 test was –0.97, –0. 76, and –0. 56 dB per decade, respectively. After correcting for age, the
sensitivities decreased by about –0.37, –0.34, and –0.31 dB per degree of visual angle for Goldmann
sizes III, V, and VI, respectively. All differences between Goldmann size III and size V, size III and size VI,
and size V and size VI were all signi�cantly different from zero. The average age effect for SITA Standard
size III of the 24–2 test was –0.59 dB / decade.

Figure 3 shows the pointwise within- (left) and between-subject (right) standard deviations after age
correction for the Goldmann size III with the 30–2 SITA standard and the 60–4 full-threshold tests (top),
and for Goldmann sizes V (middle) and VI (bottom) for the 60–4 full-threshold test. The mean estimated
within-subject standard deviations were 3.1, 2.8, and 2.4 dB, for Goldmann sizes III, V, and VI, respectively.
Differences between Goldmann size III and size V, size III and size VI, and size V and size VI were all
signi�cantly different from zero. The mean estimated between-subject deviations were similar at 3.3, 2.8,
and 2.5 dB. Differences between Goldmann size III and size V, size III and size VI were signi�cantly
different from zero, but the difference between size V and size VI was not after Bonferroni correction (p =
0.004). It is clear that the outer superior and nasal test locations have greater within- and between-subject
variability than test locations elsewhere in the visual �eld for all stimulus sizes.

The mean increase in sensitivity on retest across test locations (learning effect) was less than 0.1 dB for
all stimulus sizes. When the most eccentric zone was analyzed, there was less than 0.2 dB improvement.
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Figure 4 shows the conditional test–retest distribution and limits established from the empiric 5th and
95th percentiles.  For all three stimulus sizes, retest variability is small above about 25 dB and worsens
below that level. The highest sensitivities for size III are in the low 30 dB, for size V in the mid 30 dB, and
for size VI in the high 30 dB.

A typical example of 60–4 visual �eld examinations from a subject is shown in Figure 5. Notice the
common inferior nasal depression or “dent” that does not respect the horizontal meridian, most
prominent with the size III stimulus. We had two examples of marked nasal contractions, one of which is
shown in Figure 6. Both subjects with these contractions had deep set orbits with prominent brows.

Average of examination times ± standard deviation for full-threshold testing of the 60–4 tests were 12.3
± 1.1 minutes for Goldmann size III, 11.7 ± 1.0 for size V and 11.4 ± 0.9 for size VI testing. SITA Standard
testing of the central 24° took 4.7 ± 0.5 minutes per test. The average false positive rate for the 60–4 size
III testing was 1.6 ± 3.3 %, size V 1.4 ± 3.3 % and for size VI, 1.2 ± 3.1 %; the false positive rate for SITA
Standard was 1.2 ± 1.6 %. The corresponding false negative rates were 3.2 ± 6.2 %, 2.4 ± 5.2 % and 1.2 ±
3.3 %; the rate for SITA Standard testing was 0.7 ± 1.9 %.

Discussion
Why should a 60–4 test be used? Although the 24–2 grid is the most commonly used one in clinical
practice, measuring the far peripheral visual �eld is important for some retinal degenerations11;16 and
vigabatrin toxicity.8 Also, this region is largely unexplored with conventional static automated perimetry in
glaucoma and other optic neuropathies. Of note, Caproli and Spaeth12 found 11% of eyes had peripheral
nasal defects when there was no loss centrally with static automated perimetry. The inferior temporal
periphery also appears to be fertile territory for testing as Hood and coworkers note a high incidence of
superior nasal retinal nerve �ber layer defects that correspond to the inferior temporal far peripheral
visual �eld.17  Therefore, testing of the far peripheral visual �eld can provide useful clinical information.

We found variability, especially with larger test stimuli, in many areas of the periphery is no larger than in
the central visual �eld. Using these larger stimuli, the far periphery can be accurately mapped except for
superior and nasal edge locations due to their high within- and between subject variability (Figure 7).

We found the rate of decrease in sensitivity with eccentricity for size III in the central 30° continues into
the periphery until some of the far superior and nasal test locations on the edges of the test grid are
reached. At those locations, average sensitivity falls abruptly (see Figures 1 and 2). The decrease in
average sensitivity in the superior edge is likely due to eyelid artifacts; the decrease in the nasal edge is
likely due to subjects with deep-set orbits. These eyelid-related artifacts and deep-set orbits also led to
much greater within- and between-subject standard deviations (Figure 3). Figure 7 shows histograms for
age-corrected differences from mean normal for all subjects using the Goldmann size III stimulus at a
location for the 24–2 test and three locations for the 60–4 test, two of which are at the edge. Importantly,
the distribution for the 60–4 test location in the inferior temporal visual �eld is not much wider than the



Page 7/16

24–2 test location. But for the edge locations, the distributions are much wider. In fact, the percentile 5
goes from about −2 dB to about −13 dB for the edge locations. Subjects would need to show a loss of
more than 13 dB from age-corrected mean normal values for these locations to be �agged as suspect in
a probability map. This example illustrates how insensitive these locations are to �agging of a pointwise
defect. The results are similar to the 60–4 results of Berezina using only size III (n = 33).9 We suggest
superior and nasal edge locations at these eccentricities be eliminated from this and other similar test
grids.

We found acceptable retest variability (Figure 3, left and Figure 4) for all three stimulus sizes for values
above about 25 dB. After adjusting for higher sensitivities with larger stimulus sizes there is little
difference in the low variability ranges for the three stimulus sizes except that size VI has more useful
dynamic range based on low variability (22 – 32 dB vs 22 – 40 dB. This is similar to results from the
central 21° in glaucoma subjects that show a larger useful dynamic range for larger stimulus sizes.18-20

Our results show a point-wise effect of age (in dB per decade – Figure 1 right). This effect increases with
increasing eccentricity. The effect for the central 21° of -0.94 dB per decade is similar to that reported by
Spry and Johnson21 with full threshold testing -0.64 dB/decade and Bengtsson and Heijl22 with SITA
Standard of -0.64 dB/decade).  Note the change in slope is greatest for Goldmann stimulus size III and
least for size VI. A similar �nding of a decreased slope with aging has been reported by Phu and
coworkers.23 This accelerated effect of aging in the far periphery compared with the effect in the central
visual �eld has also been noted with size III testing by Rutkowski and May.24 Our new �nding is that this
effect is less apparent with the size VI stimulus.

We found little learning effect with repeat testing in this data set. The mean increase in sensitivity on
retest across test locations was less than 0.1 dB for all stimulus sizes. And the effect for the most
eccentric zone was less than 0.2 dB improvement. This near lack of learning effect is probably related to
subjects taking four tests in random order and transfer of training and learning taking place.

Nasal depressions that do not respect the horizontal meridian are common. A typical visual �eld
examination example is shown in Figure 5. Notice inferior nasal depression or “dent” that does not
respect the horizontal meridian, most prominent with the Goldmann size III stimulus. Also, we had two
examples of very large nasal contractions, one of which is shown in Figure 6. Both subjects with these
contractions had deep-set orbits with prominent brows. Therefore, care should be taken when interpreting
superior and nasal contractions in subjects with this type of orbital anatomy.

The standard printout used for the 60−4 results with the HFA, is not based on a database of normals and
therefore, the HFA does not have a statistical package with probability plots for these tests. Therefore,
clinicians have little guidance for interpreting 60−4 results. Phu and coworkers25 have estimated that for
full threshold tests, as few as 60 healthy observers’ results might be used to estimate cutoff levels for
pointwise empirical probability plots. If this suggestion is correct, our data, might be used to generate
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these plots. However, we caution that this number may be inadequate and suggest a larger sample be
used.

Conclusions
We found variability, especially with larger test stimuli, to be in a very acceptable range except for the far
superior and nasal test locations. This variability in most areas of the periphery is essentially no larger
than in the central visual �eld.  The effects of age are more pronounced in peripheral locations and the
effects of eccentricity on age-corrected sensitivity for locations within 30–60° fall on a continuum from
the effects for locations in the central 30° using Goldmann size III. Peripheral 60-4 testing, especially with
larger stimulus sizes may be a useful adjunct for clinical practice as long as the far superior and nasal
test locations are disregarded when interpreting these tests for evidence of visual loss.
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Figure 1

Pointwise mean normal sensitivities (in dB) and slopes (in dB per decade) for the 30−2 and 60−4 tests for
Goldmann size III (top) size V (middle) and size VI (bottom).
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Figure 2

Relationship of the age-corrected sensitivity vs visual �eld eccentricity for 0° – 60° for Goldmann size III
and for the 30°–60° for sizes V and VI. The graph at the top shows test point locations in degrees of
visual angle.
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Figure 3

Pointwise between-subject standard deviation (left) and within-subject standard deviation (right) for the
30−2 and 60−4 tests with (a) Goldmann size III, (b) size V and (c) size VI.

Figure 4

Conditional test–retest distribution and lower and upper variability limits established from the empiric 5th
and 95th percentiles for Goldman size III (left), size V (middle), and size VI (right). Note the acceptable
reproducibility for all stimulus sizes above about 25 dB.
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Figure 5

Individual 60-4 size III, V and VI printouts from a subject with a deep-set orbit structure.
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Figure 6

Typical 60-4 size III, V and VI printouts from a subject’s left eye showing the common mid-inferonasal
depression.

Figure 7
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Examples of representative histograms of differences from age corrected mean normal values at various
visual �eld eccentricities. Note that the variability of the inferotemporal test location is similar to the 24-2
location and the variability of the far superior and far nasal test locations is very high.


