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Objective: To investigate the agreement and reproducibility of contact and immersion ultrasound biometry in
an axial length measurement and intraocular lens power calculation.

Study design: Prospective cross-sectional study

Material and Method: Axial length was measured in 198 cataract patients using both contact and immersion
techniques, randomly assigned to two measurers, one with more experience than the other. Both techniques
were repeated by each measurer. The mean difference of both techniques was calculated for the difference of
the intraocular lens power.

Results: The respective mean differences of both techniques for the first and the second measurers were 0.03
and 0.07 mm. The repeatability coefficient was two-fold for the contact but was similar for the immersion
technique. The respective difference of the intraocular lens power of both measurers was 1.15 and 1.65
diopters (D). A statistically significant agreement was noted between both techniques. The reproducibility of
both techniques was similar when performed by an experienced measurer however, the less experienced
measurer had greater reproducibility with the immersion technique.

Conclusion: The difference in the intraocular lens power from both techniques may have clinical significance;
hence, the immersion technique should be considered, particularly for less-experienced measurer.
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A-scan ultrasound biometry, using contact
or immersion techniques, is used for axial length
measurement worldwide. Accurate measurement is
necessary for the correct power of the intraocular lens
as erroneous axial length measurement is the most

of contact and immersion ultrasound biometry to
check for any significant difference in axial length and
intraocular lens power.

Material and Method

common cause of incorrect intraocular lens power®,
While most investigators usually found axial length
measured with the contact technique less than
that measured using the immersion method®®,
some found a longer axial length using the contact
technique®.

In this prospective, randomized study, the
authors compared the agreement and reproducibility
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After excluding any patients with irregular
cornea, retinal detachment, previous ocular trauma or
surgery, aphakia, and pseudophakia, 198 patients; 11
with monocular and 187 with binocular cataracts, were
recruited. All of the patients provided written informed
consent after the present study was approved by the
institutional ethics committee.

All of the patients were randomized to be
measured first with contact or immersion, then with
other techniques, by either measurer 1 or 2. Afterwards,
they were measured with both techniques by the other
measurer. The measurers were not apprised of each
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other’s results. Measurer 1 had more experience than
measurer 2, however, both were right-handed.

Axial length measurement was performed
using an Alcon Ocuscan (Alcon Thailand) with a
10 MHz A-scan biometry probe, for both contact and
immersion techniques, and ultrasound velocities of
1,532 and 1,641 milliseconds for the anterior chamber
and the lens, respectively.

For the immersion technique, tetracaine
1% was used as a topical anesthetic and a scleral
immersion shell (Alcon Thailand) placed in the
palpebral fissure to support the probe with sterile
normal saline solution as the coupling medium.
Patients were asked to fixate on the light of the probe.
Ten measurements were taken and unreliable results
discarded in order to obtain the average value with a
SD of less than 0.1 mm.

For the contact technique, patients were asked
to keep their eyes in the primary position by focusing
on their thumbs after instillation of tetracaine 1%. The
average of 10 reliable readings was accepted only if the
Standard deviation (SD) was less than 0.1 mm.

The agreement of both techniques by each
measurer and the reproducibility of the measurements
by each technique were analyzed using the Bland-
Altman technique®®* in which the difference in axial
length is plotted against the mean value for each eye.
The 95% confidence interval of the difference was also
shown on the plot.

Results

The authors examined 385 eyes (193 right
and 192 left) from the 198 patients (93 males and 105
females) ranging between 35 and 90 years of age
(average, 66). The respective mean axial length
measured by measurer 1 vs. measurer 2 using the
contact and immersion techniques was 23.31 + 1.25
(20.88-30.17) and 23.34 + 1.32 (20.94-30.35) mm vs. 23.28
+1.31(20.46-30.49) and 23.35 + 1.37 (21.03-30.86) mm.

The intra-observer standard deviation for
measurer 1 was 0.15 mm, while it was 0.21 mm for
measurer 2. For measurer 1, the respective repeatability
coefficient of the contact and immersion technique
was 0.24 mm and 0.21 mm vs. 0.43, and 0.22 mm for
measurer 2 (Table 1).

The mean difference between both techniques
measured by measurer 1 was -0.03 mm (-0.01,-0.06; 95%
Cl), vs.-0.07 mm (-0.04, -0.10; 95% CI) by measurer 2
(Table 2). The agreement plot showing the difference
between both techniques by each measurer (Y axis)
and the mean axial length (X axis) indicated a broader
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95% limit of agreement for measurer 2; however,
overlapping of the upper and the lower limits was also
demonstrated (Fig. 1).

According to the SRK formula, the intra-
occular lens power change from the mean respective
difference of the axial length measured by measurer 1
and measurer 2 was 1.15 and 1.65 D.

Discussion

Due to the effect of corneal indentation, con-
tact ultrasound biometry in most studies yields shorter
axial lengths, ranging from 0.14-0.47 mm@#®), However,
Hennessy reported 0.03 mm longer axial lengths with
the contact technique and proposed that the spring-
loaded ultrasound probe and gentle technique elimi-
nated significant indentation®.

Although it has been submitted that the im-
mersion technique is more precise than the contact
technique, no significant difference in the reproduc-
ibility of the techniques has been reported®®; albeit
those studies recruited a small number of patients. In
this study, both techniques, whether performed by ex-
perienced and less-experienced measurers, yielded
good reproducibility over 385 eyes from 198 patients.
Furthermore, the authors found the repeatability coef-
ficient of the contact technique when performed by the
less-experienced measurer was approximately two-fold

Table 1. Repeatability coefficient of contact and immersion
techniques

Intra-observer ~ Repeatability coefficient

SD*
Contact Immersion
Measurer 1 0.15 0.24 0.21
Measurer 2 0.21 0.43 0.22

* SD = standard deviation

Table 2. Mean difference between both techniques and 95%
limit of agreement

Mean 95% CI**  95% limit agreement
difference  of mean

(mm*)  difference  Lower Upper
Measurer 1 -0.03 -0.01, -0.06 -0.46 0.40
Measurer 2 -0.07 -0.04, -0.10 -0.66 0.52
*mm = millimeter
** Cl = confidence interval
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Fig. 1 Agreement of contact and immersion techniques

that of the experienced measurer, which is probably
explained by more corneal indentation. By comparison,
there was no significant difference in the repeatability
coefficient of the immersion techniques by either
measurer.

Fig. 1 presents the agreement between both
techniques by each measurer with broader 95% limit
of agreement for measurer 2. The overlapping of the
upper and the lower limits indicates more agreement
for the experienced measurer. In addition, the intra-
ocular lens power change, from the mean difference of
the axial length measured with both techniques, by
the less-experienced measurer was more than by the
experienced measurer by 0.50 D.

The present study indicates the contact
technique is comparable to the immersion technique
with experienced measurer; however, for the less-
experienced measurer, the immersion technique would
be more precise and appropriate, particularly in the era
of multifocal intraocular lens.
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