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Introduction

Goldmann applanation tonometry (GAT) is considered to 
be the gold standard among intraocular pressure (IOP) mea-
surement methods. However, GAT measurements are affected 
by corneal thickness, corneal astigmatism, and corneal rigidity 
(1-6). This has led investigators to search for a tonometry that 
will measure IOP without being affected by central corneal 
thickness (CCT). Kanngiesser et al. (7) claim that dynamic con-
tour tonometry (DCT) is not affected by corneal thickness, cor-
neal curvature, or ocular rigidity. DCT is a slit lamp-mounted 
device for contact tonometry. A contour-matched pressure 
sensor tip is applied to the cornea, allowing transcorneal IOP 
to be measured directly (8). In published reports of manomet-
ric and clinical studies employing DCT, measurements corre-
late with GAT but are not affected by CCT (9-13).

Each time the dynamic contour tonometer computes and 
displays a diastolic IOP ocular pulse amplitude (OPA), the qual-
ity of the results is assessed and a “Q score” is computed and 
displayed. These scores are classified by the manufacturer as: 
Q1, optimum quality; Q2 and 3, acceptable; and Q4 and 5, not 
acceptable. A Q score of 1-3 indicates that the result was com-

puted from high-quality data and therefore can be assumed to 
be reliable. The manufacturer has stated that failure to central-
ize the DCT tip, corneal flatness, and insufficient or excessive 
tears may lead to incorrect measurements. Additionally, poor 
patient cooperation, short measurement times, and low OPA 
may also affect the Q score (14). To our knowledge, however, 
no studies have been performed that investigate the effects of 
age, corneal astigmatism, spherical equivalents, CCT, GAT and 
DCT measurement level and OPA on the DCT Q score. There-
fore, we decided to investigate parameters that affect the Q 
score of DCT in a prospective clinical study.

Methods

Three hundred consecutive patients were included in this 
prospective clinical study, which took place in the Glaucoma 
Unit, Ophthalmology Department, Trakya University Patients 
who did not provide sufficient measurement quality (Q value 
of 4-5); those with corneal pathology; and those who had a 
history of ocular surgery, infection, or trauma were not includ-
ed in the study.

Before enrollment, the procedures and aims of the study 
were explained to the patients, who signed an informed 
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consent form. The study protocol and consent form were ap-
proved by the Institutional Review Board for clinical research.

We randomly evaluated one eye from each participant in 
the study. We then took measurements using the following 
techniques: automatic refractometry (Autoref/keratometer, 
ARK-700 A, Nidek Co, Tokyo, Japan), pachimetry, DCT, and 
GAT. CCT was performed following a biomicroscopic exami-
nation using an ultrasonic pachymeter (Ultrasonic Pachymeter 
SP-3000, Tomey Co, Tokyo, Japan). Following instillation of 
one drop of 0.05% proparacaine hdyrochloride to the eye, 
the pachimetry probe was placed perpendicular at 1.5 mm 
temporal of the corneal light reflection while the subject was 
looking at the fixation object. Three successive measurements 
were made, and the mean value of the three measurements 
was recorded as the CCT. The measurement was repeated for 
values with a deviation over 5 µm.

IOPs were first measured with GAT (Haag-Streit, Switzer-
land). Following staining of the tear film with a sodium flores-
cein strip, the subject was asked to blink several times and the 
measurement was made under a cobalt blue filter. The mea-
surement was repeated twice and the mean value was record-
ed. Care was taken to ensure that the patient’s eye was suf-
ficiently open and that no pressure was applied to the globe.

DCT (PASCAL tonometer, Swiss Microtechnology, Port, 
Switzerland) measurements were performed after GAT. First, 
the DCT control button was rotated approximately 10° clock-
wise so that the device was ready to take measurements. After 
the patient had blinked his/her eyes several times, the DCT 
tip was brought close to the corneal apex, looking from the 
side. After the recording sign appeared on the second line of 
the LCD screen, the sensor tip of the biomicroscope was slow-
ly brought closer until it made contact with the cornea. The 
sensor tip was centralized so as to ensure a dark and circular 
shape at the contact area. The measurement was completed 
by withdrawing the tonometry tip from the corneal surface 
after five beeps were heard. We recorded IOP, OPA, and mea-
surement quality scores (Q) when they appeared on the LCD 
screen. All measurements were made by the same observer.

To compute the Q score, the data points collected were 
examined for characteristics such as noise level spikes (singu-
larities) drift, and continuity. The amount of data available, i.e., 
the number of diastoles and systoles found, was also taken 
into consideration. The Q score obtained is a weighted com-
posite of these components (14).

The cases were classified into two groups based on the Q 
score. The patients with a measurement quality score of Q=1 
(optimum quality) were placed in group 1 and subjects with 
Q=2-3 (acceptable) were placed in group 2. In these groups, 
mean values of age, corneal astigmatism, spherical equiva-
lents, CCT, GAT, DCT, and OPA were evaluated. Logistic re-
gression analysis was performed to determine the factors that 
affect the quality of DCT measurements in all patients.

Results

The study participants, with a mean age of 60.0±10.3 years 
(minimum 24 years, maximum 82 years), comprised 118 males 
(39.3%) and 182 females (60.7%). Of the eyes included in the 

study, 116 were ocular hypertensive (38.7%), 114 were glauco-
matous (38.0%), and 70 (23.3%) were normal. The mean cor-
neal astigmatism of the patients was −0.8±0.7 diopter, with a 
mean spherical equivalent of 0.2±1.9 diopter. The mean DCT 
of the patients was 19.8±5.2 mmHg, and the mean GAT was 
18.9±6.3 mm Hg. The mean CCT was 548.4±36.8 µm, while 
the mean OPA was 3.4±1.3.

Evaluation of the interrelation of these parameters with 
the correlation analysis revealed that there was a correlation 
between DCT measurements and GAT measurements and 
the Q values (r=0.875, p=0.000; r=0.293, p=0.000 for DCT 
and GAT measurements, respectively). We determined that 
there was no correlation between the CCT and DCT values 
(r=0.002, p=0.975).

For 159 eyes, the Q score was Q=1 (optimum quality) 
(group 1). The quality score for the remaining 141 eyes was 
Q=2-3 (acceptable) (group 2). The mean values of the param-
eters of the two groups are presented in Table 1.

Using logistic regression analysis, we determined that the 
parameters that affected the measurement quality were the 
IOP level, as measured by DCT (p=0.000, odds ratio=1.216); 
OPA (p=0.000, odds ratio=0.657); and age (p=0.015, odds ra-
tio=1.031).

Discussion

DCT is a novel, nonapplanation, contact digital tonometer. 
It was introduced in 2002 by Kanngiesser et al. (7) as an al-
ternative to GAT. The tonometer tip touches the cornea and 
forces it into the shape that it is assumed it would take if the 
pressure was the same on both sides of the cornea. A pressure 
sensor incorporated into the tip measures the IOP precisely, 
with less influence on corneal properties when compared with 
other methods (8).

DCT has been compared with GAT, and their correlation 
with CCT has been evaluated (9-12). Pache et al. (9) found 
that mean DCT values were about 1 mm Hg higher than GAT 
in 100 eyes with normal corneas of different thicknesses, and 
DCT did not show a significant correlation with CCT. Schneider 
and Grehn (10) reported that DCT measurements were not af-
fected by CCT or corneal curvature in 100 patients who did 
not have glaucoma, and Kniestedt et al. (11) reached similar 
conclusions in patients with glaucoma. In patients with varying 
CCTs, Karahan et al. (12) and Eser et al. (13) found that DCT 
provided more precise results in thin corneas; however, it was 

Parameters Group 1 Group 2
 (n=159) (n=141)

DCT (mmHg) 18.5±3.7 21.3±6.2

GAT (mmHg) 17.5±4.3 20.4±7.8

CCT (µm) 547.4±35.2 549.4±38.7

OPA (mmHg) 3.5±1.4 3.2±1.2

Age (years) 58.8±10.0 61.43±10.63

Corneal astigmatism (diopter) -0.78±0.67 -0.91±0.76

Spherical equivalent (diopter) 0.32±1.86 0.00±2.01

Table 1. Mean values of the parameters of two groups



not superior to GAT in patients with thick corneas. In agree-
ment with the literature, we determined that DCT measure-
ments were not correlated with CCT.

This study confirms that high IOP values, advanced age, 
and low OPA values lead to Q scores indicative of poor-quality 
measurements. The underlying mechanisms of how advanced 
age, increased IOP, and lower OPA values affect the Q score 
are unknown at this time. The effect of these parameters 
(which are correlated with one another) on DCT measure-
ments is a topic that merits further research.

It is not surprising that contact tonometers (applanation or 
nonapplanation) are affected by biomechanical characteristics, 
because they measure pressure by direct contact with the cor-
nea. Ocular rigidity is a parameter that defines the biomechan-
ical characteristics of the eye tissues (sclera, cornea, and cho-
roid). Recent studies have shown the relationship of age and 
IOP with ocular rigidity. Pallikaris et al. (15) evaluated ocular 
rigidity in 79 eyes from 79 patients and found that there was a 
positive correlation between the ocular rigidity coefficient and 
age. Another parameter that correlates with ocular rigidity is 
IOP. In studies employing direct manometric measurements, 
researchers showed that ocular rigidity increases with increas-
ing IOP (16, 17). Like IOP, OPA is measured by DCT. OPA is 
the difference between the maximum (systolic) and minimum 
(diastolic) values of pulsatile IOP. While ocular rigidity increases 
with age, OPA decreases with advanced age (18).

In conclusion, varying DCT Q scores may be obtained even 
when all of the manufacturer’s instructions are followed to the 
letter. High IOP, advanced age, and low OPA values can lead 
to poor-quality DCT measurements. DCT studies in which ocu-
lar rigidity is taken into account are required to determine the 
full effect of these parameters, which all relate to ocular rigid-
ity, on DCT measurements.
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