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Abstract
Goldmann applanation tonometry has been the gold standard for measuring intraocular pressure for many years. However, it has
some limitations, including the effects of several ocular variables such as axial length, curvature, rigidity and corneal thickness on the
measurements. These limitations have prompted the development of new tonometers.
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Glaucoma is an optic neuropathy, and although considered a
multifactorial disease, it is the level of intraocular pressure (IOP)
that is the main known risk factor for development and progression.
There are other risk factors that can modify the effect of IOP on
the development of glaucoma, but currently the main objective of
glaucoma management is to preserve visual function by achieving
a stable and continuous IOP decrease. Therefore, even if there are
other factors to consider in glaucoma besides IOP, its assessment
plays a fundamental role in the evaluation of the risk of conversion
and progression.
Goldmann applanation tonometry (GAT) is the gold standard for measuring
IOP and most probably will continue to be so into the future. However,
its limitations were obvious from the start and include the substantial
effects of several eye variables such as axial length, curvature, rigidity
and corneal thickness. Also, in some eyes, especially those with corneal
problems (such as diseases, trauma, haze, corneal opacities, leucomas,
etc.) and surgery, taking measurements is not easy.
These limitations have prompted the development of new tonometers
to improve the measurement of IOP. However, other pending questions
exist, such as, which aspects of the IOP should be considered, and how
do they interact with other factors? It has been clearly established that
single snapshot IOP measurements do not provide enough information
on the dynamic behaviour of the IOP. In fact, glaucoma is a 24-hour
disease and the IOP exerts its effect on the ocular structures (including
the optic nerve head, trabecular meshwork, etc.) all day long, on a
daily basis. So, not only do we need to consider IOP variables such as
fluctuation, peak pressure, IOP range, but also how these variables may
impact eyes with different biomechanical and structural properties
and also its complex interaction with other pressures (intracranial,
translaminar, blood pressure, etc.).
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Therefore, we need to start looking at IOP in a different way. IOP is
a dynamic variable that fluctuates throughout a 24-hour period, yet
patient follow-up is generally based on isolated IOP readings. It is true
that we can adequately assess and manage the majority of glaucoma
patients with single IOP measurements using GAT. However, one
could question, is this really good enough, or could we do any
better? The main challenges include: obtaining IOP measurements
not influenced by the corneal properties; to develop technologies
to measure the circadian IOP in clinical practice; and to understand
better the complex interactions between IOP, other pressures and
ocular biomechanics so we can effectively use the most relevant
parameters to characterise the disease and improve patient care.
Rebound tonometry (Icare® and Icare® PRO; Icare, Oy, Helsinki, Finland),
is based on the induction rebound principle, but measurements
obtained with it are affected by corneal thickness.1,2 However, a
clear advantage of the Icare PRO over the other four iCare models
is that measurements may be taken with the patient lying or sitting/
standing. Also the small probe size of these tonometers facilitates its
use in children and in eyes with corneal abnormalities and make it
easier to measure IOP after corneal grafts, corneal rings, etc., as we
can select the best area to measure. Therefore, although it is not a
breakthrough, it addresses some practical problems of applanation
tonometry. However, we also have to consider the increased cost of
having to use disposable probes.
Dynamic contour tonometer (DCT), or Pascal tonometer (SMT Swiss
Microtechnology AG, Port, Switzerland) has a 7 mm diameter concavesurface probe that adapts to the cornea’s contour and does not alter
its shape or curvature. An electronic pressure sensor embedded in the
tonometer’s concave probe surface enables the direct measurement
of transcorneal pressure. Such measurements are, at least a priori,
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Table 1: Overview of tonometers and their advantages and disadvantages
Tonometer

Advantages

Disadvantages

Rebound tonometry (Icare and

• Icare PRO allows measurements to be taken with the

• Measurements obtained are affected by corneal thickness

Icare PRO)

• The use of disposable probes increase the cost

patient lying or sitting/standing
• Small size of probes allows it to be used in children and
allows the best area of measurement to be selected in
eyes with corneal abnormalities

Dynamic contour tonometer or

• Measures transcorneal pressure

• Remember that IOP readings are higher than with GAT

Pascal tonometer

• Most independent tonometer of corneal thickness

• Cost of the probe cover

• Best option after corneal refractive laser

• Measurement takes time

• Adds biomechanical Data

• Cost of device

• Hysteresis and corneal resistance

• Real meaning of corrected IOP to be established

Ocular Response Analyzer

• Useful for research
Corvis ST

• Adds biomechanical Data

• Cost

• Variables related to corneal deformability

• More evidence needed to determine the clinical impact of

Useful for research
Triggerfish

• Provides 24-hour data

biomechanical variables
• Does not measure IOP
• Cost
• Antenna is worn as a ring around the orbit
• Side effects of hypermia and punctate keratitis very common

GAT = Goldmann applanation tonometry; IOP = intraocular pressure.

independent of corneal properties. In fact, most studies published
to date concur in that DCT is perhaps currently the tonometer that
shows most independence of corneal thickness.3–5 Obviously, there are
measurement differences noted with the GAT (mean overestimation
2.3 mmHg) so the two tonometers may not be interchangeably
used. However, the DCT can provide valuable information in persons
with a corneal thickness far from the mean or in patients who have
undergone refractive surgery.6 Again, disposable covers are needed
and due to the time needed to complete the measurement, it is also
necessary to have strong patient collaboration to obtain reliable
measurements. Also, taking measurements in challenging corneas
(such as extreme curvature or corneal surface irregularities, corneal
grafts, corneal rings, etc.) is not easy, and often the measurements
are not reliable in these cases.
The Ocular Response Analyzer® (ORA) (Reichert Inc., Depew, New York,
US) and Corvis® ST (Optikgeräte GmbH, Oculus, Wetzlar, Germany)
tonometers are a step forward, and not only measure the IOP, but also
provide information on the biomechanical properties of the cornea
and thus have the potential to correct IOP readings for these factors.
Furthermore, there is the option to independently analyse some corneal
biomechanical variables and even dynamic corneal behaviour. All of
these can be correlated with other ocular biomechanical variables
and eventually could help us to understand some of the complex
physiopathology of glaucoma.
The ORA is an airpulse tonometer and introduces two new concepts
relating to the deformability of the cornea: corneal hysteresis and
corneal resistance.7,8 The corneal hysteresis reflects the capacity of
the cornea to absorb and dissipate energy and forms the basis for the
instrument’s correction of IOP. The result of this correction is known
as compensated IOP (IOPc). This new pressure should be, at least in
theory, less affected by corneal properties than that provided by a
conventional applanation tonometer. The corneal resistance factor
indicates the overall resistance exerted by the cornea and is related to
central corneal thickness and IOP. Whilst there is promising published
evidence, the role of corneal hysteresis and the corneal resistance
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factor in the diagnosis and management of patients with glaucoma is
yet to be fully established.
The Corvis ST is an air pulse tonometer and in-built pachymeter that
also provides measurements of corneal biomechanical properties.9 The
instrument incorporates an ultra high-speed Scheimpflug camera and
records the anterior chamber at the moment of corneal deformation in
real time. It measures variables related to corneal deformability such
as the time, velocity and length of the first and second applanations,
maximal concavity, and deformation amplitude. Further work is
needed to identify the biomechanical variables measured by the
Corvis ST that could be related to the development and progression
of glaucoma. Whilst this is an interesting device, one potential
disadvantage is the cost.
The question of developing an easy and cheap method to obtain 24-hour
IOP measurements remains unsolved. Although some intraocular sensors
are under development, there is one commercially available contact lens
that allows for the assessment of the IOP. This device, the Triggerfish®
(Sensimed AG, Lausanne, Switzerland), consists of a silicone contact
lens with an embedded pressure sensor that enables IOP monitoring
while patients continue with their routine daily activity, in fact the sensor
takes pressure measurements over 30 seconds every five minutes to
provide 288 measurements after 24 hours of lens wear.10,11 The device
does not measure ‘real’ IOP but its sensor converts the electrical signal
obtained into a tension curve expressed in arbitrary units so that it can
help to determine the circadian pattern of the IOP. However, more work is
needed to understand how these measurements can be applied to real
life clinical practice.12 Some other disadvantages are the cost, problems
related to wearing the device for 24 hours (such as hyperemia, punctate
keratitis) and also the patient has to wear an antenna that transmits the
data as a ring around the orbit.
Home tonometry is another option and the Icare® ONE (iCare Finland,
Oy, Finland) and Icare HOME (iCare Finland, Oy, Finland) have been
specifically designed for this purpose so that it can easily be used
by patients. However, the learning curve of use is influenced by
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age and social level of the patient. There are other options, such as
transpalpebral tonometers, but they lack reliability and the correlation
with applanation tonometry is very poor.

Conclusions
We are hopeful that, in the future, we will be able to use devices
with sensors that will provide us with accurate and complex
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