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Applanation pressure function
in Goldmann tonometry and its correction

WIESLAW SRODKA*

Deformable Body Mechanics Faculty Unit, Wroctaw University of Technology, Wroctaw, Poland.

So far applanation tonometry has not worked out any theoretical basis for correcting the result of intraocular pressure measurement
carried out on a cornea with noncalibration dimensions by means of the Goldmann tonometer. All the tables of instrument reading cor-
rections for cornea thickness or cornea curvature radius are based exclusively on measurements. This paper represents an attempt at
creating a mechanical description of corneal apex deformation in Goldmann applanation tonometry. The functional dependence between
intraocular pressure and the pressure exerted on the corneal apex by the tonometer was determined from a biomechanical model. Nu-
merical GAT simulations, in which this function was also interrelated with the cornea’s curvature radius and thickness were run and
a constitutive equation for applanation tonometry, i.e. a full analytical description of intraocular pressure as a function of the above vari-
ables, was derived on this basis. The correction factors were defined and an algorithm for correcting the measured pressure was formu-
lated. The presented formalism puts the results of experimental tonometry in new light. Analytical correction factors need not to come
exclusively from measurements. A geometric interdependence between them and their dependence on pressure have been revealed. The
theoretical description of applanation tonometry contained in the constitutive equation consists of a pressure function developed for
a cornea with calibration dimensions and a coefficient correcting this calibration function, dependent exclusively on the cornea’s actual

thickness and curvature radius. The calibration function is a generalization of the Imbert-Fick law.
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1. Introduction

A major problem of Goldmann applanation to-
nometry (GAT) is that intraocular pressure measure-
ment result ps requires correction for the geometric
parameters of the individual cornea. The result is most
influenced by central corneal thickness (CCT) and
axial radius of anterior corneal curvature R. The cor-
rection value added to the tonometer reading is usu-
ally calculated using correction factors.

The most important for correcting the measure-
ment result in applanation tonometry is a ratio of the
pressure increment to the cornea thickness increment.
Let us denote this factor as C,. Its experimentally de-
termined value had ranged widely before Orssengo
and Pye [1]. The result reported by Ehlers [2]: 0.71

mmHg per 0.01 mm of corneal thickness change, i.e.,
71 mmHg/mm, had then been considered to be the
most reliable. The values reported by other research-
ers were in the range of 0-100 mmHg/mm [3]-[7].
The zero value, indicating no correlation between pg
and CCT, was obtained by Feltgen et al. [8].

Today a value close to C; = 40 mmHg/mm is fa-
voured. Such a value is reported, besides Orssengo
and Pye, by several other authors [9]-[11]. The re-
search done by Kohlhaas et al. [9] deserves special
mention. They carried out the investigations on 125
eyes during cataract surgery. Besides CCT and R they
also controlled intraocular pressure p. Prior to GAT
measurement, pressure in the anterior chamber had
been set to 20, 35 or 50 mmHg. Thus the results are
highly important for any attempt to verify the theo-
retical foundations of applanation tonometry.
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The corneal curvature radius correction factor (Cy)
measurement results reported in the literature are
inconsistent. Many authors consider the correction
table developed by Orssengo and Pye to be correct
(e.g., [10], [12]), but not all authors (e.g., [11], [13]).
According to the table, at constant intraocular pres-
sure p as R increases, tonometer reading pg de-
creases.

Whereas Kohlhaas et al. report a significant re-
sult: at pressure p = 35 mmHg, indicated pressure pg
increases when the curvature radius increases ([9]:
fig. 5b). For instance, Elsheikh et al. [10] report
a reverse trend, consistent with Orssengo and Pay’s
predictions, but at a correlation coefficient below
0.02, which practically means the absence of any
trend.

Despite the wealth of experimental results, the at-
tempts at developing correction tables for GAT do not
provide any theoretical explanation of the results. For
example, why is the correction factor C; close to 40
mm Hg/mm or why is the factor Ci over ten times
lower than C; and is it positive or negative? The an-
swer to the question whether ps increases or de-
creases as R increases should be theoretically sub-
stantiated, regardless of the measurement result and
its accuracy.

Another serious problem connected with pg read-
ing correction appears when pg < p. This inequality
usually occurs when the corneal thickness is smaller than
the calibration one. For example, for p = 48 mm Hg,
CCT = 0.44 mm and R = 8.6 mm, Orssengo and Pye
([1]: table 3) predict reading ps = 37 mmHg, i.e., by
11 mmHg lower than p. External pressure ps lower
than the intraocular pressure is hard to explain. When
attempting to explain why at Dyypian = 3.06 mm, pres-
sures pg and p are in equilibrium in the eye with the
calibration dimensions, Goldmann thought that the
action of the surface tension in the lacrimal film
bonding the tonometer tip with the cornea was the
cause [14]. He assumed the following equation of
equilibrium of the forces acting on the flattened area
of the cornea [15]

FG+FS_Fbend_Fp:O- (1)

In the membranous state the force Fz exerted by
the tonometer counterbalances resultant force F),
originating from intraocular pressure p on the appla-
nation surface, and these are the only forces. After the
flexural rigidity of the corneal shell is taken into ac-
count, there is still bending force Fe,q Which is coun-
terbalanced by resultant force Fs originating from the
surface tension, but only when flattened zone diameter
Dippian = 3.06 mm and the cornea has the calibration

dimensions. When CCT or R differs from the calibra-
tion dimensions, force Fyenq is no longer equal to Fi.
By dividing the forces in equation (1) by flattened zone

surface area 0.25 zD>

applan ONE gELS a similar equation

for the pressures

p=pctAp, ()

where

A p = Ps— Prend- 3)

Can the large differences between the measured
pressure and the actual pressure, observed in practice
be explained in this way? According to Elsheikh et al.
[10], lacrimal film surface tension S = 0.0455 N/m.

Since force Fg=zD

applan O» PrESSUIE

ps=4Fs/( nD?

applan

)=0.45 mmHg 4
will appear on the surface of a circle with diameter
D ppian = 3.06 mm. This result contradicts the possibil-
ity, described in the example above, that p; can be
lower than p by as much as Ap = 11 mmHg. As it is
apparent, the lowest value which the correction (3)
can assume is 0.45 mmHg (when pueq = 0). Thus
according to the Goldmann theory it is physically
impossible for pressure p; indicated by the tonometer
to be lower than actual pressure p by more than about
half a mmHg.

But the actual difference between p and pg, ob-
served in clinical practice or foreseen in the correction
tables, reaches 10 mmHg. This exceeds 20 times the
capability of the surface tension force. Then how can
this phenomenon be explained?

The answer to this question can be the numerical
eyeball model solutions described below. A signifi-
cant role in the pressure ps reading problem is played
by function p..in(pc) (an equivalent of the Imbert—Fick
law) established for the eyeball with the calibration
dimensions. The source of knowledge about this func-
tion is either the experiment or biomechanical calcu-
lations. For the purposes of the present study,
Peatin( pg) was determined by means of a biomechani-
cal eyeball model.

2. Materials and methods

The numerical model described in detail in papers
[16] and [17] was used to determine the functional
dependence between the corneal apex flattening pres-
sure and intraocular pressure p( pg).
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2.1. Material

Proper cornea and sclera material parameters were
chosen to ensure that the model simulated GAT well.
The material characteristic was described by the ex-
ponential function

o=A(e* -1), ¢>0, ®))
for tension, and the linear function
o=Ez, <0, 6)

for compression. Young’s modulus for the negative
part is

E,=Aa.
The identified cornea and limbus material is (see [17])

A=200Pa, a,,,, =61.6. 7

Sclera constant 4 is the same and the exponent is (see

[16])
=5%61.6=308.

asclera

Poisson ratio v= 0.49.

2.2. Finite element model

The structure was solved by the finite element
method (FEM) in the Cosmos/M system. The adopted
solution parameters ensured that all nonlinear physical
and geometric effects were covered. The model was
built from isoparametric axially symmetric quadrilat-
eral, 8-node SOLID 2D elements. Figure 1 shows the
finite element grid of the flattened cornea.

Fig. 1. Finite element grid of loaded structure

2.3. Boundary conditions

Loading with external pressure p; was kinemati-
cally effected by imposing displacements on the ex-
ternal corneal surface nodes so that the latter remained
on a single straight line perpendicular to the axis of
symmetry. In the direction perpendicular to the sym-
metry axis the nodes preserved their freedom of dis-
placement. After the FEM solution, pressure ps was
calculated as a ratio between the sum of the nodal
forces and the surface area of the flattened region. The
sclera was fixed in the polar zone. Apart from that, the
corneal and scleral shells remained free.

2.4. Geometry

The basic dimensions of the numerical eyeball
model conform to the Gullstrand—Le Grand standard
for the human eye [19]: axial radius of anterior cor-
neal curvature R = 7.8 mm, axial radius of interior
corneal curvature » = 6.49 mm, central corneal thick-
ness CCT = 0.520 mm, peripheral corneal thickness
PCT = 0.720 mm. Nominal intraocular pressure IOP =
16 mmHg (2.14 kPa). It should be noted that as often
as 0.520 mm, an average thickness of 0.550 mm can
be found in the literature devoted to the eyeball
biomechanical model and eyeball diagnostics [9],
[20], [22]. However, since standard deviation 40 um
[22] includes the average assumed in the Gullstrand—
Le Grand model, the choice between the two values
seems to be a matter of personal conviction.

3. Results

The FEM solutions for intraocular pressure p ver-
sus “measured” pressure ps for models with dimen-
sions different than the calibration ones are shown in
Figs. 2 and 3.

Each of the figures includes a graph (the same) for
the model with the calibration dimensions. As one can
see, the other curves reproduce the shape of the function
obtained for the calibration model. For the next, in-
creasingly larger, corneal thicknesses given in Fig. 2 the
pressure equilibrium point (p = pg) shifts upwards,
successively amounting to 6, 13, 16, 27 and 37 mmHg.

The evolution of the diagram of increasing corneal
curvature radius R (Fig. 3) is somewhat different than
in the case of CCT. As R increases, function p(pg)
straightens and better fits the Imbert—Fick straight line
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p = pe- Close to the nominal pressure, the influence of
R on measured pressure ps is weak. It becomes
stronger above 16 mmHg, but even at p = 45 mmHg
the simulated deviation of tonometer pg reading from the
calibration model reading does not exceed 3 mmHg
(but then the difference between pressures p and pg
is large).
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Fig. 2. Intraocular pressure functions for models with CCT
in the range of 0.4-0.8 mm. R = 7.8 mm.
The Imbert—Fick law is represented by grey line
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Fig. 3. Intraocular pressure functions for models
with curvature radii 6.6, 7.8 and 8.6 mm. CCT = 0.520 mm.
Middle graph comes from previous figure

Such a corneal shell material (7) was chosen that
the structure with the calibration dimensions satisfied
the condition

W. SRODKA

pe=p =16 mmHg (2.14 kPa). ®)

This is actually the case: the calibration model
graph in Figs. 2 and 3 passes through this point. But
except for this point, the internal pressure is nowhere
equal to the external pressure. Initially, as intuition
suggests (in agreement with Goldmann’s postulates),
pc > p, but as the internal pressure increases, differ-
ence p; — p becomes increasingly smaller and above
the equilibrium point (8) the direction of the ine-
quality reverses: pg < p. The trend here is obvious
— difference ps — p decreases as p increases. Thus the
two pressures cannot be equal to each other in the
calibration cornea, except for the equilibrium point.
Whereas the other graphs in Fig. 2 also have their
pressure equilibrium points for thicknesses other
than the calibration one — the higher, the larger the
CCT.

The final stage in the calculations concerns the
role which material parameters play in GAT. Figure
4 shows applanation pressure functions for the eye-
ball model in which the cornea has calibration
dimensions and four sets of material parameters 4
and « are substituted one after another. Exponent &
assumes values from an interval of 34-82 experi-
mentally determined for the human cornea [21],
material parameter A4 is fitted to satisfy condition
(8). Results of the calculations in Fig. 4 come from
[17].
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Fig. 4. Applanation pressure for four cornea materials.
Material characteristic is defined by equations (5) and (6).
Cornea with calibration dimensions
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3.1. Pressure function p(p¢)

In its original form, given by Goldmann, function
p(pc) was linear with a slope coefficient equal to 1
and passed through the origin of the coordinates (the
Imbert—Fick law)

P =Da- )

The authors of the modified Imbert—Fick law [1]

p=K; pg (10)

questioned slope coefficient K; equal to 1 and inter-

related it with CCT and R. But it follows from the
solutions presented in Figs. 2 and 3 that also the other
constraints are no longer valid (in the light of the nu-
merical solutions). The graph of function p(pg) is
neither linear nor passes through the origin of the co-
ordinates.

It is convenient to set the calculation results in the
existing tonometry convention, adding the quadratic
component

p=a+bpg+cpg (11)
to the linear dependence between pressure p and pg.
For each curve shown in Fig. 2 it is possible to find
a quadratic regression function, i.e., a set of coeffi-
cients a, b and c. The coefficients change for the suc-
cessive curves due to changes in CCT. The depend-
ence between the coefficients in equation (11) and
CCT, approximated by the linear function, leads to the
following expressions

a=-2.053 CCT - 0.482, (12a)
b=-1.092 CCT + 1.541, (12b)
¢=-0.0053 CCT + 0.014. (12¢)

The series of functions (11) for a CCT of 0.4-0.8
every 0.1 mm are plotted (fine lines) in Fig. 5 (the
graphs from Fig. 2 are included for comparison).

Equations (11) and (12) describe the general
model which takes into account the influence of
corneal thickness on the form of function p(pg). It
turns out, however, that condition (8) is best satis-
fied by the 0.550 mm thick cornea. Since in the
literature this value is assumed as often as 0.520 mm,
it will still be referred to as the calibration thick-
ness.

£ [mmHg]

Pc [mmHg]

67 '
-5-;/43 5 10 15 20 25 30 35 40 45 50

Fig. 5. Lines of constant CCT according to (11) and (12)
— fine lines

3.2. Analytical form of function p(p¢)

The family of functions (11), parameterized with
corneal thickness (12), shows several peculiar proper-
ties. All the functions intersect at one point

(P, p)=(-2.05,-3.44).. (13)

It also turns out that in coordinate system pg, p’
such that

Ps=P6=P5 (14a)
p'=p-p7, (14b)
polynomial (11) satisfies the condition

P |CCT2 -p' |(:CT1

(15)

~ const

!
p |CCTcallbr

irrespective of pressure p;. This means that the dif-
ference between the neighbouring functions in Fig. 5
(P'lccr, =P'lcer,)  1s proportional  to  function
P'lecer,,, of the model with the calibration corneal
thickness. For the calibration cornea this peculiar
pressure function will be denoted by p_,.., - Therefore
one can write

(16)

W is defined as a coefficient linearly dependent on
CCT and equal to 1 when CCT assumes the calibra-
tion value

p'= Wpéalibr .
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W=t (CCTaiipr— CCT) +1, (17)

where ¢ is a constant.

After transformation (14b) equation (16) assumes
the form

© 4 pO

(18)

By comparing function (18) with the solutions illus-
trated in Fig. 2 one can determine the value of constant
t, which happens to be equal to unity ([¢{] = 1/mm).
Another comparison with the results presented in Fig. 3
gives a justification for taking the linear influence of
curvature radius R into account in expression (17)

P(p6) =W - (Peaie (P6)— P

W= {CCTcalibr _LCCTJ+1. (19)
calibr
Thus, ultimately
R
p(pG) = |:t(CCTcalibr - —CCTJ + 1i|
calibr
“(Peaive (P6) = )+ P (20)

Function peain(ps) is a 2nd degree polynomial
with coefficients calculated from (12). Substituting
there CCT = 0.55 mm one gets

Peatii(pe) = —1.61 +0.94 po+0.0111 pZ. (21)

In Fig. 6, after substituting R = 6.6 or R = 8.6 mm,
function (20) can be compared with the previous so-
lutions shown in Fig. 3.

3.3. Linear version of p(p¢)

It is also possible to present the calibration func-
tion in the linear form. In such a case, it could assume
the form similar to the one shown in Fig. 7.
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Fig. 7. Calibration function and its linear approximation
— denoted as 0.55 mm. Functions for extreme corneal thicknesses
and their linear approximations are denoted as 0.4 mm and 0.65 mm.
Grey line represents Imbert—Fick law (9)
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Fig. 6. Squares mark solutions for model with corneal curvature radius 6.6 mm (on left) and 8.6 mm (on right) previously presented in Fig. 3.
Grey broken line represents function (20), calculated for each model. In the background one can see CCT = const lines from Fig. 5
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In a p range of 544 mmHg, the difference be-
tween quadratic function (21) and its linear approxi-
mation

Peaior = 1.4 p =5 [mmHg] (22)

does not exceed 1.3 mm Hg. Shifting the point with
coordinates (13) to position (0, —5) one can write ex-
pression (20) as follows

p(ps)= |:t[CCTcalibr - RL CCT] + l:ll Ap; —5.(23)

calibr

It is apparent that even for the calibration cornea the
slope coefficient of the straight line, here equal to 1.4,
is considerably different from unity.

3.4. Pressure correction factors

In GAT each of the correction factors, for CCT
and for central corneal radius R, is defined as a ratio
of the difference between pressures p to the increase
of the parameter which causes the difference. They
should obviously be treated as derivatives of the pres-
sure function

op
C = , 24
" OCCT 24)
op
Cc,=—X. 25
RT SR (25)

Differentiating function (20), for the calibration
cornea one gets

C, =-t(p(Ps)catior — ), (26)
CCT._,

Cr = _R—Cahbrt(pcalibr(pG) -p"). (27)
calibr

The two expressions depend on pressure. Thus it be-
comes apparent that the factors are actually functions.
One can also easily notice the dependence between
them

CR — CCTcalibr C[ .

R (28)

calibr

Corrective function C, is numerically equal to (accu-
rately to the sign) p’, i.e., to the intraocular pressure in
coordinate system (14).

For linear law (22) one gets

C,=-1.4tpc [mmHg/mm)]. (29)

3.5. Example

Pressure ps = 35 mmHg was measured on an eye
with the following geometric parameters: R = 8.60 mm,
CCT = 0.44 mm. What is the intraocular pressure?

3.5.1. Corrective formula (20)

Calibration function (21) assumes the value
Peatibr = —1.61 +0.94%35 + 0.0111*35°
=449 mmHg.

If the eye had the calibration dimensions, then ac-
cording to (20), the intraocular pressure would be

p=1%(44.9 — (-3.44)) — 3.44 = 44.9 mmHg. (30)

Since, however, the eye does not have the calibration
dimensions, the cornea geometry is introduced
through coefficient (19)

W=1(0.55-8.6/7.8 * 0.44) + 1 = 1.06.
Now, according to (20),

p=1.06[44.9 — (-3.44)] - 3.44 = 48 mmHg. (31)

Intraocular pressure p is by 13 mmHg higher than
the one indicated by the applanation tonometer, 9.9 mm
Hg of which is due to pressure — see formula (30),
and the rest is due to the combined action of CCT
and R.

3.5.2. Corrective functions
(linear approximation)

1. The influence of corneal thickness is:
C,*ACCT = (-1.41ps)*(CCT — CCT.alibr)
=-49 (0.44 — 0.55) = 5.4 mmHg,

where C, = —1.4*¥1*35 = — 49 mmHg, according to
(29).
2. The influence of the radius of curvature:
C'R* A R= (CC’1—‘031libr/Rcalibr>l< Ct)*(R - Rcalibr)
=0.55/7.8*%(—49)*(8.6 — 7.8) = —-2.8 mmHg.

3. The influence of pressure — the calibration
model, according to (23):

p—pe=1.4ps—5)—ps=(1.4%¥35-5)-35
=9.0 mmHg.

Even though the total correction amounts to 11.6
mmHg, linear approximation seems to be sufficiently
accurate (in comparison with the previous result).
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3.5.3. Orssengo and Pye
correction factor

For the above data the correction factor is K, =
0.77 ([1]: table 3]. It follows from (10) that p =
35/0.77 = 45.5 mmHg, i.e., p differs from the
tonometer reading by 10.5 mmHg. If only the devia-
tion of CCT from the calibration value were taken into
account, then K, = 0.78 and p would amount to
35/0.78 = 45 mm Hg. As it is apparent, the influence
of the deviation of R from the calibration value is here
reverse — a curvature radius larger than the calibration
value introduces a positive correction of 0.5 mmHg.
Thus,

1. the component due to CCT

2. the component due to R

+10 mmHg.
+0.5 mmHg.

3.5.4. Commentary

Seemingly the Orssengo and Pye correction little
differs from the previous results. Their correction
table gives a correction of 10.5 mmHg, which, in
comparison with 11.6 mmHg is a difference allowable
in tonometry. But let us examine what makes up this
result. GAT ascribes this correction to mainly the
influence of CCT — as much as 10 mmHg, whereas
according to numerical calculations this component
amounts to merely half this value (5.4 mmHg). The
real cause of such a large deviation of p; from the
actual pressure — the pressure alone (formula (30) or
point 3 in Corrective functions) — is completely ne-
glected in GAT. The appearance of correctness is
additionally strengthened in GAT by the correction
(with the opposite sign) dependent on R. Readers who
would like to find out what this leads to should do the
above calculations for: CCT = 0.44 mm, R = 7.0 mm
and pg = 35 mmHg. Then, K, = 0.82.

4. Discussion

Kohlhaas et al. [9] experimentally obtained C, =
—40 mmHg/mm at p = 35 mm Hg and C;,=-50 mmHg
at p = 50 mm Hg. The theoretical value of C,, calculated
from (26), is numerically equal to pressure p increased
by 3.44 mmHg. Thus for the two pressures, C; assumes
the values of —38 mmHg/mm and —53 mmHg/mm. The
results are surprisingly close. The other correction fac-
tor, calculated from (27), at an intraocular pressure
of 35 mmHg should amount to Cz = —38%0.55/7.8 =
—2.7 mmHg/mm. The results reported by Kohlhaas et
al. (2.5 mmHg/mm in their fig. 5B) confirm not only

the sign of this coefficient (as R increases, tonometer
reading ps increases — unlike in Orssengo and Pye)
but also its value.

But an apparent inconsistency emerges at p =
20 mmHg. Then, according to (26), function C,
reaches —23 mm Hg/mm. Kohlhaas et al. Obtained
—40 mmHg/mm (at a correlation coefficient consid-
ered by them to be too low), but this particular result
is incorrect as can be demonstrated within GAT. Ac-
cording to the definition of C, (24) function p (10)
should be differentiated over CCT. Then one gets

_ op _O(K.'pg)
' 0CCT  oCCT
CAK) 1 K,

Do (32)

~acct o T k7 accT

since the dependence between p and CCT is covered
by coefficient K,. From the Orssengo and Pye correc-
tion table ([1]: tab. 3) the following derivative can be
calculated for the calibration model (K, = 1)

oK

g

~3 [mm™]
dCCT

(33)

hence

C,~-3p; [mmHg/mm]. (34)

Function C, turns out to be proportional to pg. There-
fore, if at pressure p = 35 mmHg the Kohlhaas meas-
urement result C, = —40 mmHg/mm is correct, then C,
at p = 20 mmHg should be equal to —40*20/35 = 23,
and not to 40 mmHg/mm. Besides, we find another
error in the correction table: measurement result C, =
—40 mmHg/mm at ps = 35 mmHg (p = pg since
K, = 1) means that in function (34) the factor is equal
to 40/35=1.14, and not to 3 mm .

The theoretical basis of GAT proposed here makes
it possible to predict new dependencies and to avoid
simple errors. It turns out that correction factors C;
and Cy need not to be measured. They are the conse-
quence of geometric proportion (19) and are described
analytically. Moreover, they remain in mutual rela-
tionship (28). Formula (20) allows one to skip this
stage of simplified calculations, directly yielding the
sought value of the actual pressure. For this one needs
to know function p(pgs) for the cornea with the cali-
bration dimensions. Here the function was determined
numerically. If it turned out that calibration function
(21) does not describe correctly the calibration eye, it
could be replaced by, for example, an experimental
function. But let us note that at a low pressure (below
the nominal one) calibration function (21) ensures that
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the numerical model functions in agreement with
Goldmann’s postulates (the slope coefficient equal to
1, pc slightly higher than p, the trend of the depend-
ence of pc on CCT and R, in agreement with the
Orssengo and Pye table). Whereas, when the pressure
is high (above the nominal one), function peuin(pc) 18
clearly larger than pg. This turns out to be the nature
of the nonlinear corneal shell flattened at a relatively
high internal pressure. It is this effect — buckling
— which is the cause of inequality ps < p which the
presence of surface tension in the lacrimal film does
not explain. This phenomenon has been investigated
in [18].

Finally, let us have a closer look at the highly
valuable property of applanation tonometry, which
clearly distinguishes it from spherical tonometry
(DCT, ART), i.c., the calibration function is almost
insensitive to the variation of the cornea material pa-
rameters, which occurs in clinical practice. Graphs
pe(p) in Fig. 4 differ only slightly, even though the
materials used in the model solutions cover nearly the
entire spectrum found in people.

5. Conclusions

1. The proposed technique of correcting tonometer
readings requires going through two calculation
stages: Calibration Function and Correction. The
former applies to a model of the cornea with cali-
bration dimensions and the form of the pressure
function should be taken from the real cornea,
whereas the latter stage concerns only the deviation
of the cornea dimensions from the calibration val-
ues and when a reading correction is calculated
there is no need to refer to experiment. In GAT it is
the other way round: the calibration function is
given a priori and the effect of R and CCT on the
correction value is determined experimentally. For
this reason arriving at correction factors is such an
arduous process.

2. Contrary to what is assumed in GAT, the applana-
tion pressure function is not a linear function of
10P.

3. The so-called “correction factors”, i.e., C, — a ratio of
an increment in IOP to an increment in CCT, and
Cr — a ratio of an increment in IOP to an increment
in corneal radius R, depend on IOP and so they are
not “coefficients” (constants) as is commonly be-
lieved.

4. The calibration formulas derived here are based on
mechanical foundations and expressed in a func-

tional form. Thanks to this, for the first time one
can see how the particular cornea model parame-
ters, the cornea’s geometry and material and also
IOP affect the correction value. (The numerical
values of the correction factors currently used in
GAT come solely from experiment and so they
have no theoretical basis and, of course, are not
described by functions.)

5. Quantities C, and Cy are not independent. In

order to determine Cy one should multiply C, by
the ratio of calibration values of CCT and R, i.e.,
by 0.07.

6. GAT does not require reading correction due to

the cornea material parameters, to which the to-
nometer’s flat tip contributes.
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