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Abstract

Purpose To compare the intraocular pressure
(IOP) values obtained using a Goldmann
tonometer (Haag-Streit) with those obtained
with the new Tonopen XL (Mentor), which has
certain differences compared with first- and
second-generation models.

Methods The IOPs of 104 patients were
assessed by Goldmann tonometer and
Tonopen XL tonometer. Goldmann
measurements was done first in 145 eyes and
Tonopen measurements were done first in 53
eyes. Four observers measured the IOP.
Observers A, B and C used the Goldmann
tonometer first and then the Tonopen XL,
while observer D used the Tonopen XL first
and then the Goldmann tonometer. The results
were analysed by descriptive analysis and,
when the distribution of the data was normal,
paired t-test and Pearson’s r coefficient were
used to compare and correlate IOP
measurements between Goldmann and
Tonopen measurements. When the
distribution of the data was non-normal, the
Wilcoxon matched-pair test and Spearman
coefficient were used. The agreement between
Goldmann and Tonopen values was also
calculated. ANOVA test was used to compare
the difference obtained by ‘Goldmann minus
Tonopen’ measurements among the three
different observers.

Results A statistically significant difference
(p < 0.0001) was found between the IOP
readings obtained by Goldmann tonometer
and the Tonopen XL and a significant
correlation was found between the Goldmann
values and Tonopen XL values (p <0.001).
When the Goldmann IOP was more than

20 mmHg the Tonopen XL measurements were
lower than the Goldmann values. Also in this
group this difference was statistically
significant. No significant difference was
found between Goldmann values and
Tonopen values among the three observers,
even though a significant difference was
found between Goldmann values and
Tonopen values for observer B. When the
values obtained by first the Goldmann
tonometer and then the Tonopen XL were
compared with those obtained by first the
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Tonopen XL and then the Goldmann
tonometer, no significant difference was
found between the two groups.

Conclusion The new Tonopen XL provides
similar results to the Goldmann tomometerif
62% of the cases and was slightly less accurali
than the Goldmann tonometer for extreme
values, just like the previous Tonopen.
Nevertheless the precision is good enough fu
the purpose of adequate screening.

Key words Glaucoma, Goldmann tonometer,
Intraocular pressure, Tonometer, Tonopen XL

Glaucoma is an ocular disorder characterised i
visual field defect and optic nerve head damagj
mainly due to an elevated intraocular pressure
(IOP) that is too high for that optic nerve head
Probably other risk factors such as ocular blood
flow, optic disc appearance and ganglion cell
degeneration are involved in the pathogenesis
but the only treatable parameter is still the IOF.
Several authors have shown that IOP reduction
can decrease the progression of the
glaucomatous disease.'?

Since Goldmann introduced the applanatiog
tonometer, based on the equilibrium between
the applanation force and the ocular tissue, this
measurement has been applied in our clinic
practice and established itself as the gold
standard for clinical measurement of IOP. In the
last 10 years, several generations of Tonopen
have been launched. This device uses the same
physical principle as the Goldmann tonometer;
except that the area of applanation is smaller
both for human and animal. Calibration studies
and comparison studies using the Goldmann
tonometer and a previous version of the
Tonopen have been published elsewhere.>

The aim of this study was to compare I0P
values obtained using the Goldmann tonomete
(Haag-Streit, Switzerland) with those using a
new Tonopen (Tonopen XL, Mentor, Santa
Barbara, CA) which has certain differences
compared with first- and second-generation
models. Internally the new software is knowna
version 2.1, and provides greater reliability in
the identification of transducer voltage signals
and needs less time than the previous version
to stabilise the transducer. Externally, this
version of the Tonopen XL differs only by the
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addition of an eyelet on the end of the handle. This eyelet
is meant to be used to attach a cord, to be looped around
the neck of the user, to preclude dropping the
instrument. There is no functional difference from the
older Tonopen, and therefore no model change was
registered.

Patients and methods

One hundred and four patients were consecutively
recruited for this study. All the patients were admitted to
the Jules Gonin Hospital (Lausanne, Switzerland) for an
examination at the glaucoma unit.

Four observers measured the intraocular pressure
with the Goldmann applanation tonometer and Tonopen
XL tonometer. Three of them (observers A, B and C) used
the Goldmann tonometer first and then the Tonopen XL
and measured IOP of the first consecutive and volunteer
patients of the glaucoma unit within 3 weeks. One
observer, who was randomly chosen among the four,
measured IOP using first the Tonopen XL and then the
Goldmann tonometer. To avoid any measurement bias
when observer D had to use the Goldmann tonometer
the scale of the tonometer was positioned on 15 mmHg
and he checked the scale value just at the end of the
measurement.

The Goldmann tonometer consists of a counterweight
balance attached to a plastic biprism. When the tip end
touches the cornea, the applanated area is divided into
two half circles by the biprism. These semicircles are
particularly easy to view under blue light illumination
after fluorescein application in the inferior fornix. The
examiner adjusts the force applied on the globe by the
tonometer control knob, so that the inner margin of the
biprism semicircles just touch. This value is recorded.

The Mentor Tonopen XL is a hand-held electronic
tonometer which measures IOP. The body of the
instrument is specially designed to fit comfortably in the
user’s hand. Its dimensions are 7} inch X 1 inch X % inch
and its weight is 64 g. The stainless steel probe on the
Tonopen XL tonometer contains a solid-state strain
gauge which converts IOP to an electrical signal. The
probe tip must be covered by a Latex protective
membrane (Mentor OcuFilm Tip Covers), which was
changed for each patient. Utilising a sophisticated ‘single
chip” microprocessor and electronics housed in the body
of the instrument, the waveform produced by each touch
to the anaesthetised corneal surface is analysed and
stored for a statistical comparison process. Each single
valid IOP reading is obtained by two different
measurements the instrument automatically performs.
One measurement is recorded when it first touches the
cornea, and the second at the release after indentation.
The value obtained is displayed digitally on the liquid
aystal display. When four valid readings are obtained,
the mean IOP is shown on the display and the standard
deviation of the value obtained is displayed as a single
horizontal bar above one of the four corresponding SD
values (statistical reliability) (5%, 10%, 20%, >20 %). The

range of measurement of the Tonopen XL varies from 5
to 80 mmHg. In this study the Tonopen was calibrated
before each session.

Goldmann tonometer measurements

All the patients were in a sitting position and a topical
anaesthetic drop with fluorescein was instilled in both
eyes. Each patient positioned his or her head on the chin-
rest of a Haag-Streit slit-lamp biomicroscope and a
Goldmann applanation measurement was performed in
both eyes. The right eye was always chosen first. Patients
were asked not to move their eyes, not to blink, and had
to breathe through their nose while looking at a target
point on the slit-lamp, in order to keep the visual axis
parallel to the probe. Two measurements were done for
each eye, the mean being calculated and used for
statistical analysis.

Tonopen XL measurements

Patients were instructed to look straight ahead at a
fixation target located at 5 m. To facilitate the hand-held
tonometer movements, the hand of the user was placed
on the patient’s forehead for stability. After having
pushed the button to initiate an IOP measurement and
waited for the beep sound, the probe tip was gently
positioned on the patient’s cornea, right in the centre to
indent it. The Tonopen transducer was perpendicular to
the apex of the cornea. If the measurement was valid, the
value appeared on the digital display. The users took
four measurements, waiting 7 s between each. After four
valid measurements, a final beep sounded and the
averaged measurement appeared on the LED display
with the single bar denoting statistical reliability. In this
study only a statistical reliability of 5% was considered.
When statistical reliability was less than 5% the results
were ignored, and the measurement was repeated. This
operation was conducted twice for each eye, the mean of
the two measurements being used for statistical analysis.

To avoid any intra-instrument variability, the same
Goldmann tonometer and Tonopen XL tonometer were
always used.

Study details
The study was divided in five parts:

1. All the measurements of the four observers were
considered together, the difference and their
correlation between the two instruments being
calculated.

2. The absolute value of the difference between
Goldmann measures and Tonopen values was
calculated in the group which had the Goldmann
measurements performed first.

3. The entire group was divided into three subgroups,’

based on the Goldmann values, to evaluate the
possible influence of IOP on the measurements: (a)
when the Goldmann IOP was < 6 mmHg, (b) when
the Goldmann IOP ranged from 4 to 24 mmHg, (c)
when the Goldmann IOP was = 24 mmHg.
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Table 1. Comparison of Goldmann and Tonopen XL tonometers: part 1

Goldmann values (n = 198)

Mean (SD) 15.6 (5.7)
Median 14
Range 4-34
Tonopen values (n = 198)

Mean (SD) 15.3 (5.2)
Median 15
Range 4-36.5

Difference ‘Goldmann—Tonopen’
Mean (SD) 0.2 (3.2)
Wilcoxon test (p value)  p <0.001

Correlation
Spearman r
Linear regression r

0.85 (p < 0.001)
0.67 (p < 0.001)

n, number of patients.

4. The measurements of each observer who did the
Goldmann measurements first (observers A, B and C)
were analysed.

5. The results of observer D were compared with the
results of one of the other three observers who was
chosen at random.

Statistical analysis

The results were analysed by descriptive analysis, and
when the distribution of the data was normal, Student’s
paired t-test and Pearson’s r coefficient were used to
compare and correlate IOP measurements between
Goldmann and Tonopen measurements. When the
distribution of the data was non-normal, a Wilcoxon
matched pair test and Spearman coefficient were used.

The agreement between Goldmann and Tonopen
measurements was also calculated by the difference
between appropriate pairs of values for each subject
against the mean of the two measures by Altman-Bland’s
method.”*?

The difference between the two techniques was
calculated and was considered as an absolute value to
represent the magnitude of the difference and to measure
the tendency of the difference.

ANOVA was used to compare the difference obtained
by ‘Goldmann measurements’ minus “Tonopen
measurements’ among the three different observers and
an unpaired t-test was used to compare the difference of
the results of observer D and one of the three observers.

A p value less than 0.05 was considered to be
statistically significant.

Results

Of 104 patients, only 198 eyes were measured. Goldmann
measurements were done first in 145 eyes, and Tonopen
measurements were done first in 53 eyes.

Part 1

A significant (p < 0.001) difference was found between the
IOP readings obtained by Goldmann tonometer and the
Tonopen XL. The Goldmann values were slightly greater
than the Tonopen XL ones (Table 1). Using an Altman-
Bland plot, the mean difference between Goldmann
values and Tonopen XL values was 0.15 = 10.5 mmHg
(mean * standard deviation) and the limits of agreement
(95% confidence interval) were —20.85 and 21.15 (Fig. 1).
Between the Goldmann value and Tonopen XL valuesa
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Fig. 2. Scattergram of the IOP obtained by the Tonopen XL tonometer (x-axis) and the IOP obtained by Goldmann tonometer (y-axis).
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Fig. 1. Scattergram of the difference between the Tonopen and Goldmann pair of measures for each subject against the mean of the two measures.
The mean difference was 0.15 and the 95% confidence interval was —20.85 to 21.15.

significant (p < 0.001) correlation was found by Pearson’s
r coefficient (r = 0.85) and by linear regression analysis
(#=0.67, y = 0.9x+ 1.69) (Fig. 2).

Part 2

When the absolute value of the difference between
Goldmann and Tonopen values was calculated, no
difference was found in 11 measurements (7.6%), in 90
measurements (62%) the difference between the two
instruments was <2 mmHg, and in 112 patients (77%)
the difference was < 3 mmHg (Fig. 3). The mean of the

40

absolute value of the difference was 2.3 + 2.5 mmHg and
when a best cases analysis was created and two cases
were not considered the mean was 2.1 + 1.7 mmHg. The
two cases not included in the best cases analysis had
normal Goldmann values (around 15 mmHg) and very
high Tonopen values (27 and 36 mmHg).

Part 3

Then the group that had Goldmann measurements first
followed by Tonopen measurements was also divided
into three subgroups on the basis of the Goldmann IOP

Number of patients

0 0,5 1 L5 2 25 3

Difference in mmHg

Fig. 3. Histogram of the absolute values of the difference between ‘Goldmann value’ minus ‘Tonopen value’ (x-axis) and the number of patients (y-axis).
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Table 2. Goldmann versus Tonopen XL measurements: part 3

All the considered eyes

IOP < 6 mmHg

IOP 7-24 mmHg

IOP = 24 mmHg

No. of eyes 145 7 126 12

Goldmann

Mean (SD) 15.5 (6) 5 (0.75) 149 (4.3) 282 (3.2)

Median 14 5 14 28

Tonopen

Mean (SD) 15 (5.2) 5.6 (1.5) 14.8 (4.3) 233 (4.1)

Median 145 5 14 22

Difference ‘Goldmann—Tonopen’

Mean (SD) 05 (34) -057 (1) 0.1 (33) 48(2)
Wilcoxon test t-test Wilcoxon test t-test

p value NS NS NS 0.004

Correlation Spearman Pearson Spearman Pearson

0.82* 0.74* 0.70* 0.88*
*p < 0.0001.
value: 7 eyes were in the subgroup with IOP < 6 mmHg, Part 5

126 eyes were in the subgroup with an IOP ranging from
7 to 24 mmHg and 12 eyes were in the subgroup with
IOP = 24 mmHg (Table 2). When the Goldmann IOP was
more than 24 mmHg the Tonopen XL values were lower
than the Goldmann values, and in this group this
difference was statistically significant. Below 24 mmHg
no significant difference was found between the two
methods. Goldmann and Tonopen XL values were
always significantly correlated (Table 2).

Part 4

When the measurements of each observer who measured
IOP first by Goldmann tonometry and then by the
Tonopen XL were analysed, observers A and B showed a
greater Goldmann mean value and a smaller Tonopen
mean value, while observer C showed the opposite. No
significant difference was found between Goldmann
values and Tonopen values among the three observers,
even though a significant difference was found between
Goldmann values and Tonopen values for observer B.
The measurements of each observer showed that
Goldmann measurements were significantly correlated
with the Tonopen XL measurements (Table 3).

Table 3. Goldmann versus Tonopen XL measurements: part 4

When the values obtained first by the Goldmann
tonometer and then by the Tonopen XL by one of the
three observers who was randomly chosen (observer A}
were compared with those values obtained first by
Tonopen XL and then by Goldmann tonometry (observef
D), no significant difference was found between the twa
observers’ measurements (Table 4).

Discussion

Glaucoma is a major worldwide cause of blindness. Sinde
currently the only accepted treatment for glaucoma is §
reduction in the IOP, it is of importance to quantify I0§
accurately for the diagnosis and follow-up of patients.
Normal IOP values have been statistically established bt
other clinical parameters such as optic nerve head (ONH
appearance and visual field have to be considered for the
diagnosis of the disease.!* Some patients may present
high IOP and no ONH damage and visual field defect
and are diagnosed as having ocular hypertension, while
others may present with a normal IOP associated with
ONH damage and visual field defect and be diagnosed

Table 4. Comparison of Goldmann ‘first’ (observer A) versus
Goldmann ‘second’ (observer D): part 5

Observer A Observer B Observer C Observer A Observer D
No. of eyes 42 67 36 No. of eyes 42 53
Goldmann Goldmann
Mean (SD) 16.9 (6.2) 158 (6.3) 132 (4.1) Mean (SD) 16.9 (6.2) 159 (5.0)
Median 18 14 13 Median : 18 15
Range 4-31 5-34 4-21 Range 4-31 7-28
Tonopen Tonopen
Mean (SD) 16 (7.1) 148 (51) 135 (3.8) Mean (SD) 16 (7.1) 167 (5.1)
Median 16.5 14 13.5 Median 16.5 16.5
Range 4-36.5 6-31 45-24 Range 4-36.5 6-30
Difference ‘Goldmann—Tonopen™ Difference ‘Goldmann-Tonopen™
Mean (SD) 04 (5.0) 1.0 (2.5) —03(2.3) Mean (SD) 04 (5.0 -0.8 (25)
Paired t-test p =0277 p = 0.002 p = 0382 Paired t-test 0277 0.023
Pearson’s r 0.67* 0.92* 0.84* Pearson’s r 0.67* 0.88*
“ANOVA, p = 0.157, among the three observers. “Unpaired t-test was not significant between observers A and
*p < 0.0001. *p < 0.0001.



as having normal tension glaucoma.? Nevertheless, the
measurement of IOP is essential in the glaucoma clinic,
reproducible and accurate measurements being required.

Many new tonometers have been introduced in recent
years. They have all been compared with the Goldmann

applanation tonometer, which has been considered for
the last 40 years the gold standard. In 1987 Minckler
etal® found similar IOP readings using the Goldmann
tonometer and the first generation of Tonopen
(Tonopen-1). They reported that Tonopen-1
underestimated the IOP in eyes with a high IOP and
overestimated the IOP in eyes with a low IOP. They
showed that when the IOP was less than 5 mmHg the
overestimation was in the range of 1 mmHg (p < 0.2);
for IOPs between 6 and 24 mmHg, the difference was
-1.7mmHg (p < 0.0001); and when the IOP was more
than 25 mmHg, the IOP was underestimated by
0.9 mmHg.

In a comparative study, Bordon et al."> did not find
any significant difference (p > 0.05) between IOP
measurements obtained with the second generation of
Tonopen (Tonopen-2) and the Perkins tonometer.
Furthermore in the same study, Tonopen-2
measurements were significantly (p < 0.05) lower than
those obtained with the Schiotz tonometer."

Hessemer et al.'* compared the IOP value obtained
with the Tonopen-1 and manometry in humans shortly
after death and found that with the Tonopen a small
underestimation was present when the IOP was above
17 mmHg, while a small overestimation was observed
when IOP was below 17 mmHg. A similar finding
applied to Tonopen-2 measurement compared with
intracameral manometry in rabbits and rats.’>*¢

Eisenberg et al.” found that Tonopen XL was the most
accurate instrument in the laboratory setting, but when
used intraoperatively it was the least accurate of the
instruments they tested. However, they did not directly
test it against the Goldmann tonometer.” In particular the
Tonopen XL underestimated IOP values in the age group
they considered, which were heavily weighted with
children 0-5 years.

Our study showed a significant difference between
the values obtained with the Goldmann and Tonopen XL
tonometers and a good agreement between the two
techniques; however, when the absolute value of the
difference between Goldmann and Tonopen values was
calculated, no difference was found in only 7.6% of the
measurements, in 62% of the cases the difference
between the two instruments was < 2 mmHg, and in 77%
of the cases the difference was <3 mmHg (Fig. 3). In

other words in 23% of the measurements the difference
between the Goldmann tonometer and Tonopen was
greater than 3 mmHg. Two cases showed a large
disagreement between the two techniques, but when a
best case analysis was considered and the two cases were
deleted the results did not change much. However, no
reason was found to explain these errors in the
measurements.

When the values were analysed according to pressure
categories, the Tonopen XL tonometer underestimated
IOP when the Goldmann tonometer measurement
exceeded 24 mmHg. Furthermore for IOP values
exceeding 24 mmHg, the Tonopen tonometer values
were less accurate (Table 2). However, for low IOP
values, the Tonopen did not show any difference
compared with the Goldmann tonometer measurements.

When the measurements of each single observer who
measured IOP first by Goldmann tonometry and then by
Tonopen XL were analysed, observers A and B showed a
greater Goldmann mean value and a smaller Tonopen
mean value, while observer C showed the opposite
(Table 3).

When the Goldmann tonometer was used first, the
Tonopen XL IOP values were underestimated, while
when Tonopen XL was used first an overestimation was
noted (Table 4). These results could be due to the result
of a mechanical dip in IOP after Goldmann applanation
measurement. When the biprism of the Goldmann
tonometer touches the human cornea it applanates the
cornea over 3.06 mm? causing a displacement of
approximately 5 pl of aqueous. This mechanical
phenomenon could induce a small reduction in IOP that
could be calculated as a decrease of 3% from the original
value (before any measurements). This phenomenon
could also occur after use of the Tonopen but in a smaller
way because the surrounding diameter annulus is of
3.22 mm. Both tonometers could create an iatrogenic
decrease in IOP.

Other factors may also influence the IOP
measurements. Using the Goldmann tonometer an
increase or a decrease in the tear film may change
(increase or decrease) the IOP measurement, the position
of the biprism can change the thickness of the cornea
with a significant over- and underestimation in values,
the IOP value can be changed by the refractive and
corneal surgery, by keratopathies, by the position of the
body, by the season and by the refractive error (about
1 mmHg per 3 diop’cre).lS_20

Misreadings may also be encountered using the
Tonopen in situations such as: wrong tip cover tension,
dirt on the transducer, frequent applanation measures.
The transducer is calibrated to work with a tip cover
which provides a very precise thickness and tension. In
some patients allergic to Latex it has been reported that
local and systemic reaction may induce a substantial
reading change.”! Regarding the applanation technique,
the Mentor Tonopen XL needs less time than the
previous versions to stabilise the transducer, although
with this new instrument the transducer still requires
about 1 s between applanations to enhance the accuracy
of Tonopen measurements. The tip must be always
perpendicular to the cornea centre. The examiner’s hand
movement must be gentle and unhurried. Finally an
overindentation of the corneal surface may result in
erratic high readings.

In our study the Tonopen XL tonometer provides
similar results (< 2 mmHg) to the Goldmann tonometer
in 62% of the cases. This could be due to some limitation
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depending on how the tip touches the cornea. For clinical
purposes the use of the 5% standard deviation is
paramount. However, in clinics we believe it is still faster
to use a Goldmann applanation measurement than a
Tonopen XL one. With the Tonopen XL more time is
needed to periodically clean the tip, to take measurement
with 5% SD, and to calibrate the instrument. However,
we took extraordinary care in our comparative study,
which may have contributed to our impression. Certainly
the Tonopen XL could be useful during out-of-office
examinations or during surgery or for animal studies.

In conclusion, although Tonopen XL and Goldmann
applanation measurements showed some difference we
do find Tonopen XL to be accurate for screening or for
out-of-office examinations.

The authors thank Donald H. Timm, Diagnostic Product
Manager for Mentor Corporation, for information on the
Tonopen XL.
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