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TONOMETRY

TONOMETRY

Primary Disciplinary Field(s): Ophthalmology, Optometry, Medical Physics

1. Core Definition

Tonometry is defined as the medical procedure used to measure the fluid pressure inside the eye,
a metric known as intraocular pressure (IOP). This measurement is fundamental for the early
diagnosis, screening, and management of various ocular conditions, most critically glaucoma,
which is characterized by damage to the optic nerve typically associated with elevated IOP. The
eye maintains its spherical shape and internal integrity through the dynamic balance of aqueous
humor production and drainage; tonometry quantitatively assesses the resultant hydrostatic force
exerted by this fluid against the inner walls of the globe. The clinical objective is to obtain an
accurate, reliable, and reproducible pressure reading, usually expressed in millimeters of mercury
(mmHg).

The procedure operates on the physical principle that the force required to temporarily indent or
flatten a specific area of the cornea is directly proportional to the internal pressure of the eye. While
the concept is straightforward, achieving an accurate measurement is complicated by the
viscoelastic properties and thickness of the cornea, which can independently influence the
resistance encountered by the measuring instrument. Therefore, different tonometry devices
employ varied methodologies--such as applanation (flattening), indentation (depression), or
rebound--each designed to minimize specific sources of error and provide the most accurate
representation of the pressure sustained by the optic nerve head.

A normal IOP typically falls within the range of 10 to 21 mmHg. Sustained intraocular pressure
above this normal threshold is termed ocular hypertension, a significant risk factor that may
precede the development of glaucomatous optic neuropathy. Since elevated IOP is often
asymptomatic until severe, irreversible vision loss occurs, routine tonometry screening is deemed
essential for high-risk populations. The resulting pressure reading serves as the primary modifiable
risk factor in glaucoma management, guiding therapeutic decisions regarding medication, laser
treatment, or surgical interventions aimed at lowering the pressure to a personalized, safer target
level.

2. Etymology and Historical Development

Prior to the advent of objective instruments, practitioners relied on digital palpation, a highly
subjective technique where the ophthalmologist gently pressed the eyelids with their fingers to
estimate the firmness of the globe. While this method could detect grossly elevated pressure, it
lacked standardization and precision, making accurate diagnosis and monitoring impossible. The
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realization that glaucoma was inherently linked to excessive intraocular pressure spurred the
medical community in the mid-19th century to seek a quantified, objective method for
measurement.

The first major breakthrough came in 1905 with the invention of the Schigtz Indentation
Tonometer by Norwegian ophthalmologist Hjalmar Schigtz. This device represented the first
standardized clinical instrument for IOP measurement. The Schigtz tonometer works by placing a
weighted plunger directly onto the anesthetized cornea, measuring the depth of the resulting
indentation. A scale reading is then converted to mmHg using standardized tables based on
complex physical modeling. Despite its eventual replacement as the gold standard, the Schigtz
tonometer was instrumental in defining glaucoma as a quantifiable pressure disorder and remains
a valuable, affordable tool in resource-limited settings.

The most significant advancement in tonometry occurred with the introduction of the Goldmann
Applanation Tonometer (GAT) in the late 1950s by Swiss ophthalmologist Hans Goldmann and
engineer G. Schmidt. GAT established the enduring standard for IOP measurement by
implementing the modified Imbert-Fick principle. Goldmann determined that by flattening a specific,
small diameter of the cornea (3.06 mm), the opposing forces of corneal rigidity and the surface
tension of the tear film would mathematically cancel each other out, allowing for a highly accurate
direct pressure reading. This design fundamentally changed clinical practice and established GAT
as the benchmark against which all subsequent tonometers are judged.

Following GAT, technological development branched out to address the limitations inherent in
contact methods. The 1970s saw the development of Non-Contact Tonometry (NCT), often
called the "air puff* method, which facilitated rapid mass screening by eliminating the need for
anesthetic and direct physical contact. More recently, devices like dynamic contour tonometers and
rebound tonometers have emerged to minimize the impact of corneal biomechanical properties--
such as central corneal thickness and hysteresis--on the final IOP reading, thereby improving
measurement accuracy in atypical or post-surgical eyes.

3. The Gold Standard: Goldmann Applanation Tonometry (GAT)

Goldmann Applanation Tonometry is widely regarded by ophthalmologists as the most reliable
clinical method for measuring IOP. The procedure requires the patient to be seated comfortably at
a slit lamp microscope, which provides the necessary magnification and illumination. The patient's
eyes are first treated with a topical anesthetic drop and a yellow fluorescein dye. The fluorescein is
critical as it highlights the tear film, allowing the examiner to visualize the specific area of
applanation.

The actual measurement is performed by bringing the tip of the GAT measuring prism into gentle
contact with the central cornea. As the prism flattens the corneal surface, the fluorescein dye within
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the tear film is displaced, creating two bright green semicircles when viewed through the cobalt
blue filter of the slit lamp. The examiner then adjusts a calibrated force dial connected to the prism
until the inner edges of these two semicircles are precisely aligned and just touching. This required
force, measured in grams, is then automatically converted to the I0P reading in mmHg, based on
the fixed surface area of 3.06 mm.

The enduring success of the GAT is attributed to its sophisticated application of the Imbert-Fick
principle, which relates internal pressure to the external force required to flatten a surface. For the
GAT to be accurate, the force (F) applied to the cornea must exactly balance the pressure (P)
multiplied by the area (A) of applanation (P = F/A). Goldmann's brilliance lay in empirically
determining that 3.06 mm was the optimal diameter; at this specific area, the force exerted by the
cornea's stiffness (rigidity) and the counter-force exerted by the tear film's surface tension precisely
counteract one another. This allows the force measured to be virtually equivalent only to the
intraocular pressure, assuming a standard corneal thickness and curvature.

While highly accurate, GAT is an operator-dependent technique that requires significant training
and relies on patient cooperation. Errors can easily occur if the prism is misaligned, if the patient
holds their breath or performs the Valsalva maneuver (which transiently raises IOP), or if too much
or too little fluorescein dye is used. Moreover, GAT requires direct contact with the eye, introducing
a slight risk of corneal abrasion or contamination, necessitating careful sterilization protocols for
the measuring prism between uses.

4. Alternative Measurement Modalities

Due to the limitations and reliance on anesthetic inherent in GAT, several alternative tonometry
devices have been developed for various clinical settings, patient types, and diagnostic needs. The
most common alternative is Non-Contact Tonometry (NCT), frequently used for mass screening
in retail optical settings. NCT utilizes a rapid, directed puff of air to momentarily flatten the cornea,
measuring the time elapsed or the amount of reflected light required to achieve a specific level of
deformation. Because it is fast, requires no topical drops, and involves no physical contact with the
measuring apparatus, it is excellent for initial screening; however, NCT typically exhibits lower
accuracy than GAT, especially at very high or very low I0Ps, often necessitating GAT confirmation
if the reading is abnormal.

Another important advancement is Rebound Tonometry, exemplified by devices like the iCare
tonometer. This method is highly portable and particularly useful for measuring IOP in children,
non-cooperative patients, or for home monitoring, as it often requires minimal or no anesthesia.
Rebound tonometry works by launching a small, disposable magnetic probe against the cornea.
The device measures the deceleration of the probe upon impact; a faster rebound speed indicates
a higher IOP. The soft, momentary contact makes the procedure painless and reduces the risk of
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contamination, offering a practical solution for monitoring IOP outside of the traditional clinic
environment.

Seeking to overcome the biomechanical limitations of GAT, specialized devices such as the
Dynamic Contour Tonometer (DCT) have been introduced. DCT operates on a fundamentally
different principle: instead of flattening the cornea, the sensor tip is designed to precisely match the
corneal contour. This method is based on the premise that when the sensor tip matches the
corneal curvature, the pressure exerted by the tip is equal to the internal IOP, irrespective of
corneal rigidity or thickness. DCT also measures the ocular pulse amplitude (OPA), reflecting the
transient increase in pressure associated with the cardiac cycle, providing a more detailed
physiological picture of fluid dynamics within the eye.

5. Influence of Corneal Biomechanics

A central debate in modern tonometry revolves around the influence of corneal biomechanics,
particularly Central Corneal Thickness (CCT) and corneal hysteresis, on the accuracy of IOP
readings derived from applanation methods. GAT assumes a standard CCT of approximately 520
to 550 micrometers. However, individual CCT varies significantly, and this variation directly
influences the resistance the tonometer encounters, leading to systemic measurement errors.

Specifically, eyes with corneas thicker than the average (pachymetry greater than 555 um) are
stiffer, offering greater resistance to the flattening force of the tonometer. This artificial rigidity
results in an overestimation of the true IOP. Conversely, patients with thin corneas, such as those
who have undergone refractive surgery (e.g., LASIK) or those with certain corneal dystrophies,
offer less resistance, leading to an underestimation of the actual internal pressure. While
mathematical correction factors have been proposed to adjust GAT readings based on CCT, these
factors are not universally standardized and are subject to ongoing debate regarding their clinical
applicability.

Beyond simple thickness, the intrinsic viscoelastic properties of the cornea, collectively termed
Corneal Hysteresis (CH), are now recognized as a critical factor. CH is defined as the difference
in pressure between the inward applanation and the outward rebound phases of a deformation
cycle, essentially measuring the cornea'’s ability to absorb and dissipate energy. Low CH indicates
a less compliant, more rigid cornea, which is highly significant because low CH has been
independently correlated with a higher risk of glaucoma progression, even among patients whose
IOP is within the statistically normal range. This realization suggests that tonometry must evolve to
measure not just pressure, but also the structural resilience of the tissue opposing that pressure.

6. Significance in Glaucoma Management
Tonometry holds paramount significance in the clinical pathway for diagnosing and managing
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glaucoma, serving as the essential tool for both initial screening and subsequent therapeutic
monitoring. Because glaucoma is characterized by progressive, irreversible optic nerve damage,
often linked to elevated IOP, accurate and frequent pressure measurement is crucial for preventing
vision loss. An initial high IOP reading often triggers a cascade of subsequent diagnostic tests,
including assessment of the optic nerve head, visual field testing, and corneal pachymetry, to
determine if the ocular hypertension has transitioned into true glaucomatous disease.

For patients diagnosed with glaucoma, tonometry becomes the primary metric for tracking disease
stability and determining the effectiveness of treatment regimens. Medications (topical drops), laser
procedures (Selective Laser Trabeculoplasty), and surgical interventions (trabeculectomy) are all
designed with the explicit goal of lowering IOP. The success of any treatment is gauged almost
entirely by the resulting reduction in the measured pressure, requiring consistent, reliable
tonometry readings taken throughout the course of management.

The concept of target pressure is intrinsically linked to tonometry. Target pressure is not a fixed,
universal number but an individualized I0P goal deemed necessary to halt or significantly slow the
progression of optic nerve damage for a specific patient, based on the severity of their disease,
their corneal characteristics, and their life expectancy. Establishing this target pressure requires a
comprehensive understanding of the patient's baseline IOP, the severity of their visual field loss,
and their response to previous therapeutic interventions, cementing tonometry as a continuous,
indispensable component of personalized glaucoma care.

7. Debates and Practical Considerations

Despite its clinical dominance, tonometry, particularly the Goldmann method, faces practical
limitations and ongoing debates regarding accuracy. One key issue is the diurnal variation of
IOP. Intraocular pressure is not static; it naturally fluctuates throughout the 24-hour cycle, often
peaking during the early morning hours when the patient is asleep. Since standard clinical
tonometry is typically performed mid-day, a single reading may miss these peak pressure
excursions, leading to falsely reassuring results. In complex or rapidly progressing cases,
physicians may prescribe serial tonometry--measurements taken frequently over a full day--to
capture the true range of pressure fluctuation.

Operator skill and patient compliance also significantly impact measurement validity. Poor patient
cooperation, such as squeezing the eyelids tightly (known as the Bell phenomenon), can atrtificially
elevate the reading. Furthermore, the reliance on topical anesthesia and fluorescein in GAT adds
procedural steps and potential for patient discomfort or sensitivity reactions, leading to the
preference for non-contact methods in screening scenarios, despite their lower intrinsic accuracy.

Finally, stringent infection control is a continuous practical consideration when using contact
tonometers. The measuring prism comes into direct contact with the tear film, creating a theoretical
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risk of transmitting pathogens, including highly contagious ocular diseases like adenoviral
conjunctivitis or herpes simplex virus. Therefore, meticulous sterilization or disinfection of the GAT
prism between every patient is a mandatory protocol to ensure safety and prevent cross-

contamination in the clinical setting.
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