Comparison of Optical and Ultrasound
Biometry and Assessment of Using Both
Methods in Practice

SUMMARY

Purpose: The present study compares accuracy of optical biometry (OB) and ultrasound
biometry (UB) based on postoperative best corrected visual acuity (BCVA) results, and
assesses the extent of the usage of the measurement methods in current practice.
Methods: 335 eyes in total were operated for cataract at Beskydské o¢ni centrum
(Beskydy Eye Centre; BOC), Frydek-Mistek hospital, in the period between 7 Fe-
bruary 2007 and 7 April 2010. All patients were examined using both IOL-Master
and Ocu-Scan prior to the surgery. All surgeries were performed using microcoaxial
phacoemulsification, 2,2 mm incision, implanting IOL AcrySof SP, SPN or SPN 1Q.
BCVA was examined three months after the surgery. We first calculated medians
of anterior-posterior axial length (AL) values measured using both methods; with
both the whole set and individual subsets created according to the eye length. Di-
fference between the two methods was calculated in mm. We calculated accurate
dioptric power of the IOL, which should have been implanted in the lens bag to
ensure postoperative emmetropia, using BCVA results. With each eye, we deter-
mined the size of diopter variation of the IOL’s dioptric power value for emmetropia
determined by an optical biometer from the accurate value of the I0L’s dioptric
power. Ultrasound biometry results were processed in the same way. The SRK-T
formula was used for calculation with each biometry. We also calculated the num-
ber of variations above 1 D and 2 D with both biometric methods.

Results: The median of axial eye length measured using an optical biometer was
23,08 mm, and the median of axial eye length measured using ultrasound biometry
was 22,93 mm. The difference between these values was 0,15 mm (150 microns),
which equals the difference between average values of coincident measurement re-
sults. Average variation of dioptric power of an implanted IOL from retrospectively esta-
blished optimum value of the IOL’s optical power was 0,40 D lower with optical biomet-
ry and 0,16 D lower with ultrasound biometry. In the context of assessing the course of
the curves of both methods created using a polynomial graph, this result confirms that
the two methods correspond significantly, and therefore selecting any of the methods
could not negatively impact determination of the implanted IOL’s dioptric power. Com-
paring the frequency of variations above 1D and 2,0 D with OB and UB from the accu-
rate value of the IOL’s dioptric power, we discovered a substantially higher percentage
of variations with UB — up to 25 % of the total set above 1,0 D.

Conclusion: Results of comparing accuracy and comfort of AL measurement with both
methods justify unambiguous preference of optical biometry over ultrasound biometry in
current practice. If measurement using ultrasound probe is done correctly, results of both
methods correspond significantly, and so the methods are mutually replaceable. Using
ultrasound biometry is therefore adequate in case optical biometry cannot be used..

Key words: optical and ultrasound biometry, accurate dioptric power of the IOL,
formulas, polynomial graph.
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eye and the diameter of the cornea.

The axial length of the eye is defined
as the distance between the centre
of the surface of the cornea and the

INTRODUCTION

The optimal refraction result of a sur-

gery is closely linked to the precision
of measurement of the eye, above all
to the precise measurement of its an-
terior-to-posterior axial length and the
optical density of the cornea, or the
depth of the anterior chamber of the

place of sharpest vision on the retina
—the fovea centralis. We use biometry
to measure this. The measured value
in mm is required for calculation of the
optical density of the intraocular lens
to be implanted into the eye.
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The axial length of the eye is current-
ly measured by the developmentally
younger optical biometry (OB) or the
developmentally older ultrasound bio-
metry (UB). A detailed description and
analysis of both methods is presented
in a range of professional studies (9,
11, 16, 21, 26). The current practice
of predominantly outpatient cataract
surgery requires maximum precision
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of measurement conducted within a
relatively short time and in relatively
comfortable conditions for the pati-
ent. With regard to optical biometry,
the predominant majority of ocular
facilities most often use the principle
of partial coherence interferometry. In
our centre we have been using this op-
tical method since 2006 with the help
of an IOL-master appliance (Carl Ze-
iss GmbH, Jena). Measurement of the
axial length of the eye by ultrasound is
most frequently performed by “A-scan
biometry” using the contact method.
The immersion method of A-scan bio-
metry using a flyleaf is not commonly
applied at the majority of ophthalmolo-
gy workplaces (10). At our facility also,
in the case of necessity we use only
the contact method with the help of
an OcuScan appliance (Alcon Labo-
ratories, Inc.). In our own population
of operated eyes we decided to verify
the precision of measurement of both
methods, to conduct a comparison
and to compare the results with the
corresponding literary data.

THE POPULATION AND
METHODOLOGY

The population contains a total of
335 eyes, which were operated on for
cataract at the Beskydy Eye Centre
(BOC) at Frydek-Mistek hospital in the
period from 7 February 2007 to 7 April
2010. 157 eyes were right eyes and
178 left eyes. There were 211 (63%)
women'’s eyes and 124 (37%) men’s
eyes. The average age of the patients
in the population was 72 years, their
age range on the day of the surgery
was from 43 to 90 years. All patients
were operated on within an outpatient
cataract surgery regime.

Before the operation, the patients were
examined according to the stipulated
procedure by an instructed secondary
physician, and checked by one of the
operating surgeons before going to
the operating theatre. An examination
using an optical and ultrasound biome-
ter was performed by only one person,
a manually highly dextrous and care-
fully trained technician (Fig. 1, Fig. 2).
The population did not include eyes
with severe amblyopia, severe cor-
neal dystrophies or severe retinal fin-
dings in the area of the macula, which
could significantly influence the preci-
sion of measurement of the axial len-
gth of the eye or the precision of exa-
mination of visual acuity post surgery,
e.g. findings of epiretinal membranes,
advanced or cicatrical stage of ARMD,
advanced maculopathy of various ae-
tiology with manifest oedema etc. The
sample also did not include eyes fo-
llowing surgeries of the posterior seg-
ment or following refractive corneal
procedures. With regard to the aim of
the work, it was not possible to include
in the population eyes in which it was
not possible to conduct optical biome-
try due to serious optical obstacles.
All the surgeries were performed by a
total of three ophthalmological micro-
surgeons in approximately equal
proportions, using the same surgical
procedure with the help of the same
phacoemulsification instrument (Infini-
ty System, Alcon Research Ltd., USA,
2007), by the method of microaxial
phacoemulsification via an opening
with a diameter of 2.2 mm located by
no. 12 and implantation of a soft intra-
ocular lens AcrySof SP, SPN or SPN
1Q via an equally wide opening (22).
From the population we excluded eyes
with surgical complications which could

have caused a non-standard position of
the IOL in the lens sac upon its scarring,
above all radial ruptures of the anterior
capsule or implantation of a distance
ring for a loose suspended apparatus of
the lens. Eyes with complications which
caused the necessity of implantation of
an intraocular lens (IOL) outside of the
sac were also excluded. Placement of
an IOL in the sulcus or in the anterior
chamber of the eye would significantly
influence the results of postoperative
refraction of the eye, in conflict with the
sense of the set targets of the study. As
a result, all eyes in which a rupture of
the posterior capsule occurred perope-
ratively were excluded.

3 months after the operation, the pa-
tient was examined as an outpatient
using the same instruments in the
same eye clinic of our centre, accor-
ding to the procedure set in advance
for the operated eye. With regard to
the aim of the study, stress was laid
on a precise examination of best co-
rrected visual acuity (BCVA).

We carried out an analysis of the data
of the studied population and a statistical
and graphic assessment thereof with the
help of the application Microsoft Excel®
2003. In addition to the Excel application
we used a McNemar test for an assess-
ment of the significance of the difference
in the number of deviations in the com-
parison of the measuring methods of op-
tical and ultrasound biometry.

First of all we calculated medians of
the values of axial length of the eye
(AL) measured by both methods, in
both the full population and in the indi-
vidual subpopulations created accor-
ding to the length of the eye. We cal-
culated the difference in mm between
both methods and presented the re-
sults in a table.

Fig. 1 Examination with optical biometer IOL-Master at BOC

Fig. 2 Examination with ultrasound biometer Ocu-Scan at BOC
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For each specific eye we converted
the additional correction in spherical
dioptres to an additional correction for
the implanted intraocular lens accor-
ding to quotient 1.0 D in glasses = 1.23
D in IOL. We obtained this quotient
from the UB software, which enables
determination of the dioptric power of
the IOL according to the required post-
operative refraction. We then conver-
ted the dioptric value of this additional
correction to the actual value of the di-
optric power of the implanted IOL.
Thus obtained resulting value in di-
optres can be considered to be the
optimised value of the dioptric power
of the IOL which was to be implanted
into the lens sac in order to ensure
postoperative emmetropia. We did not
deal with astigmatism of the cornea
because we started out from the as-
sumption that a surgical incision with a
width of 2.2 mm is astigmatically mute.
For each specific eye we calculated
the size of the dioptric deviation of the
determined value of the dioptric power
of the IOL for emmetropia from the op-
timised value of the dioptric power of
the IOL as determined by the optical
biometer. We proceeded with the same
method in the case of the dioptric va-
lues offered by the ultrasound biometer.
In both biometries we used the SRK-T
formula for calculation. For the sake of
clarity we illustrated the mathematical
results of the deviation in a polynomial
graph, which is formed by the average
of the resulting calculations.

We also calculated the absolute num-
ber of deviations above 1 D and abo-
ve 2 D from the optimised dioptric po-
wer of the IOL for both methods, and
incorporated the results into a table.

RESULTS

a) Comparison of medians of measu-

red values by methods OB and UB
The median of the axial length of the
eye from the values measured by me-
ans of optical biometry (OB) is 23.08
mm, whilst the median of the axial len-

gth of the eye measured by means of
ultrasound biometry (UB) is 22.93 mm.
The difference in these values came to
0.15 mm, which is 150 microns.

For comparison we also calculated the
average value of AL OB in the entire
population, which is 23.15 mm, and the
average value of AL UB, which is 23.00
mm. The difference between the two va-
lues is again 0.15 mm, i.e. 150 microns.
The difference between the axial length
of the eye measured by OB and UB was
evaluated using a pair T-test as statisti-
cally significant (p = 0.021). A practically
identical difference between the medians
as in the entire population of 335 eyes
resulted also in the subpopulations of
ordinary length of the eye (22.00-24.49
mm) and very short eyes (21.99 mm and
less). In the subpopulations of long eyes
(24.50-25.99 mm), as well as very long
eyes (26.00 mm and more), the differen-
ce between the medians is quite different
from the value of the entire population.
However, this concerns very small po-
pulations, so it is necessary to view the
differences in the medians of measured
AL with a considerable reservation.

b) Comparison of average deviati-
ons of dioptric power of IOL me-
asured by OB and UB with retro-
spectively determined optimised
value of dioptric power of IOL

The average deviation of the dioptric po-

wer of an implanted IOL from the retro-

spectively determined optimised value of
optic density of the IOL is by 0.40 D lower
in optic biometry, and by 0.16 lower in ul-
trasound biometry. In all subpopulations

this average deviation is always lower
in eyes measured by UB than in eyes
measured by OB. In the subpopulation
of very long eyes (26.00 mm and more),
the average difference in the deviations
is higher than the dioptric interval of pro-
duction of intraocular lenses 0.5 D, ho-
wever this concerns a very small popu-
lation. In the subpopulation of long eyes
(24.5 to 25.99 mm), this is the case only
for eyes measured by optical biometry.
The difference in the deviations of both
methods in the entire studied population
was evaluated using a pair T-test as sta-
tistically significant (p = 0.032).

Averaging of all the deviations of di-
optric values of I0OL from the optimised
values of IOL in both methods of mea-
surement of AL and their illustration in a
polynomial graph (Graph 3) provides us
with clearly presented information about
the similar shape and course of both re-
sulting curves. These however differ in
their distance from axis x. Both curves
are to be found along the entire course
above axis X, thus in values lower than
the optimised value of dioptric power of
IOL. Both curves are the closest to this
axis with ordinary length of the eye (in-
terval 22.0 mm to 25.00 mm), whilst in
lengths of the eye outside of this inter-
val the curves diverge from axis x. The
curves are closest to one another in the
case of short lengths of eyes.

c) Comparison of frequency of de-
viations above 1.0 D and above
2.0 D obtained by both methods
of measurement of AL from the
optimised dioptric power of IOL

Graph 1 Difference in medians between OB and UB

0,29

0,07

26.00 and more 25.99-24.50

Difference in medians OB AL — UB

24.49-22.00

0,15 0,15

21.99 and less Overall

Table 1 Comparison of medians of measured values using OB and UB methods

AL Number | Median OB AL in mm Median UB AL in mm Difference of me-
(IOL-Master) | of eyes dians OB AL - UB AL
mm median from to median from to mm
26.00 and more | 5 26.49 26.2 27.2 26.20 26.0 27.68 0.29
25.99 —24.50 |27 24.81 24.7 254 24.74 241 25.75 0.07
24.49 — 22.00 | 265 23.09 22.9 24.5 22.94 22.8 23.97 0.15
21.99andless |38 21.62 19.7 21.5 21.47 19.7 22.80 0.15
Overall 335 23.08 229 27.2 22.93 22.8 27.68 0.15
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Table 2 Comparison of average deviations of dioptric power of IOL measured by OB and UB with retrospectively determined
optimised value of dioptric power of IOL

AL Number of | Optim IOL 3
(IOL-Master) eyes months
Mm Average
inD
26.00 and more 5 13.03
25.99 - 24.50 27 17.81
24.49 — 22.00 265 21.83
21.99 and less 38 25.99
Overall 885 21.84

Table 3 and Graph 4 clearly imply that a
fundamentally larger number of deviati-
ons are recorded in the values of SRK-T
obtained from measurement of AL using
ultrasound biometry as compared to op-
tical biometry (19). From the observed
population of deviations above 1.0 D,
the number of deviations in the results
of SRK-T is slightly above 25% of the
total number of eyes in the population!
We subjected the numbers of deviations
to a special McNemar statistical test,
the result of which (0.001) means that
the number of deviations between both
methods of measurement of AL is sta-
tistically significantly biased towards a
larger number of deviations of the results
obtained using ultrasound biometry.

DISCUSSION

In the study we initially compared the
axial length of eyes measured by op-
tical and contact ultrasound biometry.
The determined difference was stati-
stically evaluated as significant. Both
methods of measurement of AL show
a high correlation. The median axial
length of eyes measured by optical

OB SRK-T UB SRK-T Difference of deviati-

ons OB v UB

Average Deviation from Average Deviation from inD
inD optim. IOL in D in D IOL optim. in D
11.59 1.44 12.04 0.99 0.45
17.21 0.60 17.57 0.24 0.36
21.47 0.35 21.72 0.11 0.24
25.53 0.46 25.61 0.38 0.08
21.44 0.40 21.68 0.16 0.24
0,46
0,36
0,25 0,24
0,08
26.00 and more 25.99-24.50 24.49-22.00 21.99 and less Overall

Graph 2 Difference in deviations of OB and UB

biometry was larger in all the observed
length intervals than the median AL
measured by ultrasound biometry. The
overall average deviation of both me-
dians in our population is 150 microns.
This deviation has the character of a
systematic difference and is linked to
the various points of reflection of the
optical and ultrasound signal on the
retina — see Fig. 3 (5, 9, 26).

In studies conducted by the majority of
authors who have also dealt with this
issue (7, 8, 9, 24 26), the average va-
lue of this systematic difference is wi-
thin the range of 100 to 150 microns.
This number differs slightly in popula-
tions of varying sizes (4, 8, 9). In our
population we recorded markedly di-

fferent average heights of differences
in long and very long eyes. The finding
is most probably linked to a statistical
error of the very small number of eyes
in our subpopulations and to subjective
errors in measurement of AL by ultra-
sound, rather than to the thickness of
the retina. Our result of 150 microns
above all confirms the similar precision
of our measurement with both applian-
ces as at other ophthalmology work-
places which also deal with the stated
issue (1,2,7,8,12,13, 14, 15, 23, 26).
We further assessed the precision of
measurement of both biometric me-
thods by means of a comparison of
the values of the dioptric power of the
lens, which we obtained by entering

2,50

+-2,00

+-1,50

+-1,00

+-0,50

+ 0,00

10,50

®Odch. od optim SRK-T (UZB) plna kfivka

Odch. od optim SRK-T (OB) dvojita kfivka

Graph 3 Polynomial graph of deviations of optimised dioptric power of IOL and dioptric powers of IOL calculated according to
formula SRK-T using both methods of measurement of AL.
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Table 3 Comparison of frequency of deviations above 1D and above 2.0 D in the
case of OB and UB from the optimised value of dioptric power of IOL

| Deviation above 2D
| 4.2%
| 1.4%

OcuScan | 14 eyes
IOL-Master | 5 eyes

| Deviation above 1D | Total eyes
| 87 eyes | 26.1% | 335 eyes
|38eyes [11.4% | 100%

OcuScan

Ndehvllanadt N
Deviation above 1D

Deviation less than 1D

26%

10M aste

ﬁrh\l_-\u_l Lanad1 N
Deviation above 1D

Deviation less than 1D

p=

OcuScan

. nr{nl_“:_lllmarl? n
Deviation above 2D

Deviation less than 2D

’ 4%
%%\-/

I0M aste

ﬁr‘lnl:\\l_ll/’r\arl’) n
Deviation above 2D

Deviation less than 2D
1%

o

Graph 4 Comparison of frequency of deviations above 1D and above 2.0 D in the
case of OB and UB from the optimised value of dioptric power of IOL

the results of measurement of AL into
the formula SRK-T. The results are
recorded in Table 2 and in polynomial
Graph 3. A comparison was made be-
tween both methods of measurement
mutually and also with regard to the
optimised value of subjective refrac-
tion of the eyes. From the results it
is evident that the average differen-
ce between the optimised subjective
refraction and the expected refraction
is smaller than 0.5 D in both methods
of measurement. This value is the or-
dinary smallest interval of production

Ultrasound A-Scan
10MHz sound wave

of intraocular lens. Upon a comparis-
on of the results of the formula SRK-T
of both methods mutually, the average
dioptric value of the deviation is 0.24
D. This result, in connection with the
evaluation of the course of the curves
of both methods created with the help
of the polynomial graph represents
confirmation that both methods co-
rrelate to a large extent, and that the
determination of the dioptric power of
the implanted IOL was not negatively
influenced by the choice of method (4,
6, 8,9, 10, 19, 24, 25).

IOLMaster
780nm laser beam

averaging across foveal cup

Fig. 3 Various points of reflection of optical and ultrasound signal from structures of

reflection at Bruch's membrane

retina (from illustrative materials of Zeiss company).

Also of interest is a comparison of the
frequency of “large” deviations (abo-
ve 1.0 D and above 2.0 D) recorded
in both methods. From the results it is
evident that a statistically significantly
higher number of large deviations is de-
monstrated by measurement of AL by
ultrasound. This analysis is very proba-
bly a certain expression of the quantity
of the number of subjective errors which
occur primarily upon examination using
UB biometry. Despite the fact that the
examination is performed in our centre
by a carefully trained and highly dex-
trous technician, in the population 25%
of the measurements we recorded by
UB biometry recorded a deviation from
the optimised value of dioptric power of
the I0OL higher than 1.0 D. Subjective
factors which influence the precision
of measurement by ultrasound probe
represent both a qualitatively (height
of deviation) and quantitatively (25% of
measurements) significant disadvan-
tage of the UB method in comparison
with the optical method. We identified
analogous conclusions in studies con-
ducted by a range of other authors (4, 7,
8,9, 16,17, 18, 19, 24, 25, 27).

On the basis of our own seven-year ex-
perience with using of optical biometry,
in our case with the IOL-Master appli-
ance, we take the liberty of stating that
for us in BOC, this has been the me-
thod of choice practically since its in-
troduction. Examination using an IOL-
-Master is substantially quicker and far
more comfortable for the patient and
for the examiner (3). Today we conduct
an examination of the length of the eye
by ultrasound only in the case that the
method of optical biometry cannot be
used for the above-stated reasons,
and exceptionally for re-measurement
of the eye in the case of “suspect” va-
lues of measurement by OB. In recent
years a similar procedure has factually
been applied at all workplaces which
have both measurement technologies
available (16, 17, 18, 22, 27).

CONCLUSION

Cataract surgery poses stringent
claims in terms of precision, speed and
comfort of the preoperative examinati-
on. As a result, in recent years optical
biometry has been the gold standard of
eye surgery facilities. This is a noncon-
tact method, which is more pleasant
for the patient. Training of the exami-
ner is fundamentally shorter than in
the case of the ultrasound technique. A
fundamental advantage of the optical
method is the fact that it measures the
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axial length of the eye precisely accor-
ding to the angle of vision. Thanks to
the principle of optical technology, sub-
jective factors of measurement which
can be observed in ultrasound biome-
try, and which can have a significantly
negative influence on the result of me-
asurement, are eliminated. Their eli-
mination is dependent on the skill and
experience of the examiner.
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