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Purpose: To evaluate contrast sensitivity at distance and near after multifocal in-
traocular lens (IOL) implantation.

Setting: Ophthalmologic Institute of Alicante, University Miguel Hernández, Ali-
cante, Spain.

Methods: Contrast sensitivity was measured with the Stereo Optical Functional
Acuity Contrast Test at distance and near in 21 patients with a refractive multifo-
cal IOL (Array SA-40N, AMO). A control group with a monofocal IOL (SI-40NB,
AMO) was also studied to allow comparison of results. Contrast sensitivity was
measured 1, 3, 6, 12, and 18 months after IOL implantation.

Results: There was a statistically significant greater reduction in contrast sensitiv-
ity at distance at all spatial frequencies in the multifocal group than in the mono-
focal group during the first month. At 3 months, contrast sensitivity at 12 and 18
cycles per deg remained reduced in the multifocal group; contrast sensitivity at
the other frequencies did not differ from that in the monofocal group (P � 0.1). At
6, 12, and 18 months, contrast sensitivity at all spatial frequencies was not signif-
icantly different between groups (P � 0.1). There was a statistically significant
greater reduction in near contrast sensitivity in the multifocal group than in the
monofocal group at all spatial frequencies during the first and third month after
surgery (P � .01). No statistically significant differences were found between
groups after 6 months (P � 0.1). Contrast sensitivity at distance and near in the
multifocal group improved over time (P � .01).

Conclusions: The Array IOL provided contrast sensitivity at distance comparable
to that obtained with the monofocal IOL between 3 and 6 months after implanta-
tion. Near contrast sensitivity improved over time but was always lower than at
distance and in the monofocal near-corrected patients, which is acceptable to
avoid near visual function degradation.
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Multifocal intraocular lenses (IOLs) are designed to
reduce dependence on eyeglasses after cataract

surgery, and the IOL is gaining acceptance as a potential
refractive surgical option in selected patients. Monofo-
cal IOLs were designed to provide vision at 1 distance,
typically far. Patients with traditional monofocal IOLs
usually require glasses for near distance tasks such as

reading. The introduction of bifocal and multifocal
IOLs in the early 1980s offered cataract patients the
potential to obtain a good range of uncorrected vision
from near to far.1–7 The multifocal IOL takes advantage
of the brain’s natural ability to adapt to near and far
vision as it uses the different elements of the lens de-
pending on what it is looking at. Multifocal IOLs do not
offer true accommodating vision but rather are an alter-
native optical mechanism for providing distance and
near vision.

The Array (AMO) is a 5-zone refractive multifocal
IOL that has been approved for clinical use in the
United States and Europe. It uses multiple concentric
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rings of varying optical power, extending the range of
uncorrected vision. Many studies of the Array IOL show
that it provides comparable distance visual acuity and
affords better near visual acuity than conventional
monofocal IOLs.8–11 In general, patients are less depen-
dent on eyeglasses and thus often enjoy an enhanced
quality of life. Despite an improvement in uncorrected
near visual acuity with these lenses, loss of clarity and
low-contrast acuity and the presence of halos and glare
have been reported.12–14

Montés-Micó and Charman15,16 state that the ef-
fectiveness of refractive surgery can only be properly
assessed through measurements of postoperative visual
performance. The performance index most commonly
used for spatial vision is high-contrast visual acuity. Such
a measure, however, primarily relates to vision at high
spatial frequencies; it gives little information on visual
performance at lower spatial frequencies and contrasts.
Thus, contrast sensitivity function should be used in
addition to high-contrast acuity measures. Studies of
multifocal IOLs report considerably different contrast
sensitivity results13,14,17–22; however, caution should be
exercised when comparing results, particularly contrast
sensitivity, among different studies with different pa-
tients, contrast sensitivity charts, illumination condi-
tions, and clinicians. Comparison with the results in the
literature is useful; however, these considerations should
be remembered when attempting direct comparisons.

Patients with multifocal IOLs use 2 focal points for
sharp imaging on the retina depending on the object’s
distance. Multifocal IOLs enable projection onto the
retinal plane of images set at various distances. Patients
can use this feature after becoming accustomed to the
IOL, which involves a cortical process of elaboration and
selection.23 Because patients need time to become accus-
tomed to the IOL, the visual response may vary depend-
ing on the time after IOL implantation. Therefore, the

differences in some studies may reflect the different eval-
uation times after IOL implantation.

The objective of this study was to see whether there
is a correlation between contrast sensitivity at distance
and near over a period of time after multifocal IOL
implantation. To confirm whether correlations identi-
fied with the multifocal IOL are accurate, we also exam-
ined contrast sensitivity in age-matched control eyes
with monofocal IOLs.

Patients and Methods
This prospective study comprised 21 consecutive pa-

tients who had binocular implantation of an Array SA-40N
multifocal IOL and 21 eyes of 21 age-matched patients who
had binocular implantation of an SI-40NB monofocal IOL
(AMO). For each patient with a multifocal IOL, a control
patient with a monofocal IOL was selected who was within
5 years of the same age. Exclusion criteria in both groups
included ocular disease other than cataract (eg, glaucoma,
macular degeneration, corneal or neuroophthalmic diseases)
and a history of ocular surgery or inflammation. Also excluded
were patients with astigmatism greater than 1.50 diopters (D)
as cylinder greater than this has been shown to decrease near
vision abilities with the Array lens (R.F. Steinert, MD, “How
to Use the New Multifocal IOL,” Review of Ophthalmology,
May 1988, pages 74–80).

The patients’ demographics are shown in Table 1. There
were no statistically significant differences between the mul-
tifocal and monofocal IOL groups in age, sex, or corneal astig-
matism. Normality of the data distribution was evaluated
using the Kolmogorov-Smirnov test.

The Array SA-40N multifocal IOL is structurally identi-
cal to the AMO SI-40NB monofocal IOL except for the op-
tic’s multifocal design. The overall diameter of both lenses is
13.0 mm and the optic diameter, 6.0 mm. The IOL power
ranged from �19.50 to �22.50 D. With the Array multifocal
IOL, the near power increases to �3.50 D.

All cataracts were extracted by phacoemulsification using
topical anesthesia and a clear corneal 3.2 mm temporal inci-
sion, irrigation/aspiration of cortex, and IOL implantation in

Table 1. Demographics and characteristics of patients.

Characteristic Array Monofocal P Value

Number of eyes 21 21 —

Mean age (y) � SD 65.4 � 3.8 64.9 � 4.1 .5261

Sex (M/F) 10/11 9/12 .4158

Mean astigmatism (D)* � SD 0.74 � 0.51 0.87 � 0.38 .2583

*Postoperative corneal astigmatism measured by topography
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the capsular bag. There were no complications in any case,
and all patients reported being happy with the outcome of
their surgery.

The tenets of the Declaration of Helsinki were followed
in this research. Informed consent was obtained from all pa-
tients after the nature and possible consequences of the study
were explained.

Contrast Sensitivity Evaluation
Contrast sensitivity was measured with the Stereo Opti-

cal Functional Acuity Contrast Test (FACT) in both groups.
This test allows presentation of sine-wave gratings of different
spatial frequencies, with contrasts changing in steps corre-
sponding to 0.15 log contrast sensitivity. The manufacturer’s
recommended testing procedures were followed; distance vi-
sion was tested at 3 m and near vision, at 40 cm. Absolute
values of log contrast sensitivity were obtained for each eye at
various spatial frequencies for distance and near vision. The
means and standard deviations were calculated. Data were
then expressed in the new notation of normalized contrast
sensitivity values developed by Boxer Wachler and Krueger24

to facilitate effective communication and evaluation of the
results. This involved dividing the absolute log contrast sen-
sitivity values for the FACT chart by the population mean
obtained by Boxer Wachler and Krueger for each spatial fre-
quency shown at a luminance of 85 cd/m2. In these terms,
“normal” performance always corresponds to a unit-normal-
ized contrast sensitivity. This notation has been found useful
in the evaluation of patients having refractive surgery15,16 and
in the assessment and diagnosis of diseases.25

Measurements were done monocularly in both groups 1,
3, 6, 12, and 18 months after IOL implantation. The non-
viewing left eye was occluded for each measurement, and best
distance correction was used with the viewing right eye (not
necessarily the dominant eye). Near contrast sensitivity eval-
uation was done with the best distance correction and with
near addition, separately. Contrast sensitivity function was
always measured with best distance correction to prevent re-
sidual refractive error (defocus) from affecting the contrast
sensitivity values.

Logarithmic contrast sensitivity values were used for sta-
tistical analysis, and normalized values were used for graphical
representation.15,16,24,25

Results
Figure 1 shows the changes over time in the mean

and standard deviation of the normalized best corrected
distance contrast sensitivity values in the multifocal and
monofocal groups after IOL implantation. Data are
shown separately for each spatial frequency (cycles per
degree [cpd]). Figure 2 shows the normalized near con-
trast sensitivity values in both groups with best corrected
distance and a near addition. A 1-way analysis of vari-

ance (ANOVA) assessing the interactions between the
changes in log contrast sensitivity values and the time
postoperatively in both groups at distance and near (Ta-
ble 2) showed a statistically significant correlation in the
multifocal group at distance and near (P � .01). No
statistically significant correlation was found in the
monofocal group at any distance or spatial frequency.

The results of a t test on the data of the 2 groups
(absolute log contrast sensitivity values) at each spatial
frequency to obtain the statistical significance of inter-
group differences are shown in Tables 3 and 4 for dis-
tance and near vision, respectively. Differences with a
P value less than 0.01 were considered statistically
significant.

Discussion
Multinational clinical trials evaluating the clinical,

functional, and quality-of-life outcomes after implanta-

Table 2. The P values of the 1-way ANOVA.

Spatial
Frequency

(cpd)

Distance
Contrast

Sensitivity
Near Contrast

Sensitivity

MC MoC MC MNC MoNC

1.5 .007* .202 .006* .008* .324

3 .008* .310 .005* .007* .277

6 .006* .132 .005* .006* .310

12 .005* .259 .003* .002* .182

18 .009* .287 .002* .002* .194

MC � multifocal best corrected distance; MoC � monofocal best
corrected distance; MNC � multifocal near corrected; MoNC �

monofocal near corrected
*Statistically significant difference

Table 3. Differences in log best corrected distance contrast
sensitivity between the multifocal and monofocal groups
postoperatively over time at each spatial frequency.

Spatial
Frequency

(cpd)

P Value (t Test)

1 Mo 3 Mo 6 Mo 12 Mo 18 Mo

1.5 .005* .348 .376 .434 .261

3 .008* .102 .269 .210 .399

6 .004* .296 .328 .365 .166

12 .005* .003* .355 .294 .155

18 .001* .002* .273 .185 .213

*Statistically significant difference
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Figure 1. (Montés-Micó) Normalized monocular best corrected
distance log contrast sensitivity after IOL implantation at 5 spatial
frequencies (black squares � multifocal group; open squares �

monofocal group; vertical bars � �1.0 standard deviation; m �

months postoperatively). Normalization at each spatial frequency is in
terms of the mean log contrast sensitivity values in normal eyes24; that
is, 1.5 cpd, 1.82; 3 cpd, 2.02; 6 cpd, 2.09; 12 cpd, 1.85; and 18 cpd,
1.45. The normalized values of log contrast sensitivity as plotted can
be converted to absolute values by multiplying by the Boxer Wachler
and Krueger means.24
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Figure 2. (Montés-Micó) Normalized monocular best corrected
distance and near corrected log contrast sensitivity at near vision after
IOL implantation at the 5 spatial frequencies (black points � multifocal
best corrected distance group; black squares � multifocal near cor-
rected group; open squares � monofocal near corrected group; ver-
tical bars � �1.0 standard deviations; m � months postoperatively).
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tion of the Array IOL4–7 show that this lens improves
near vision while providing a high level of distance vi-
sion. Patients with this lens report less limitation in vi-
sual function and less spectacle dependency than
patients with a bilateral monofocal IOL, demonstrating
that the Array IOL preserves the fundamental function
associated with conventional monofocal optics with the
additional benefit of increased range of vision from near
to far and near vision without additional correction.

Our study showed that distance contrast sensitivity
in the monofocal group achieved normal values (near to
1.0 normalized log contrast sensitivity at all spatial fre-
quencies) that were stable over time. No statistically sig-
nificant differences (1-way ANOVA) were found in the
monofocal group between normalized log contrast sen-
sitivity versus time postoperatively at any spatial fre-
quency. However, the multifocal group had an initial
reduction in contrast sensitivity after IOL implantation
at each spatial frequency evaluated (between 0.8 and 0.9
normalized log contrast sensitivity). The contrast sensi-
tivity increased gradually over time, becoming essen-
tially stable 3 to 6 months postoperatively. There was a
statistically significant increase in contrast sensitivity
with time after IOL implantation in this group.

When intergroup differences were evaluated for best
corrected distance contrast sensitivity, a t test revealed
statistically significant differences between the multifo-
cal and monofocal groups at 1 month at all spatial fre-
quencies and at 3 months for 12 cpd and 18 cpd only.

These results agree with the work of Hayashi and coau-
thors,22 who found that distance contrast sensitivity
with the Array multifocal IOL is reduced compared to
that with a monofocal IOL 1 month after surgery at all
spatial frequencies (P � .05). Sasaki5 reports that after 3
months of Array multifocal IOL implantation, contrast
sensitivity values were within normal limits at all spatial
frequencies. Although Sasaki did not compare his data
with the results in a monofocal IOL group, the values in
the multifocal group were similar to ours.

Why is measured contrast sensitivity reduced in the
immediate period after multifocal IOL implantation
when compared with monofocal IOL implantation?
One possibility is the division of light energy through
2 focal points produced by the multifocal IOL. Ravalico
and coauthors,26,27 using a laser optical bench, found
that approximately 50% of the light energy in the Array
IOL is concentrated at the distance focus and about
21% at the near focus. Recently, Pieh et al.28 compared
the optical properties of the Array IOL and a monofocal
IOL, showing that the intensity of the distance focus
reached 73.4% and the near focus attained 25.1% of
intensity of a corresponding monofocal IOL. The re-
duced amount of light that is creating the distance focus
as well as the overlying out-of-focus near image influ-
ences the multifocal IOL results. This explanation is
plausible for our findings in the early postoperative pe-
riod. However, other studies have shown a significant
loss in contrast sensitivity only between 1 and 3 months

Table 4. Differences in log near contrast sensitivity between the multifocal and monofocal groups postoperatively over time at each
spatial frequency.

Spatial Frequency
(cpd)

P Value (t Test)

1 Mo 3 Mo 6 Mo 12 Mo 18 Mo

1.5 MNC/MoNC .004* .007* .452 .388 .342

MC/MNC .001* .002* .003* .001* .002*

3 MNC/MoNC .007* .008* .311 .180 .283

MC/MNC .004* .005* .003* .003* .002*

6 MNC/MoNC .003* .005* .268 .209 .254

MC/MNC .004* .008* .006* .002* .003*

12 MNC/MoNC .002* .007* .545 .339 .269

MC/MNC .008* .005* .006* .003* .004*

18 MNC/MoNC .002* .002* .371 .164 .177

MC/MNC .005* .004* .005* .002* .001*

MNC � multifocal near corrected; MoNC � monofocal near corrected; MC � multifocal best-corrected distance
*Statistically significant difference
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after surgery, with normal values after. If we consider
that patients require time to become accustomed to the
multifocal IOL, the out-of-focus near image will not
likely exert a great influence over time. It could be ar-
gued that depending on the time after IOL implanta-
tion, the patient is capable of adjusting to the new
imagery created on the retina, with improving contrast
sensitivity over time. Our results confirm this hypothesis
because better results were found over time (P � .01)
and were comparable to those obtained in the monofo-
cal group (P � .01).

Interesting are the temporal changes in contrast sen-
sitivity at each spatial frequency tested. One month after
multifocal IOL implantation, the decrease in contrast
sensitivity at all frequencies was greater in the multifocal
group than in the monofocal group. The decrease was
statistically significant and more severe at high spatial
frequencies. At 3 months, a significant reduction oc-
curred only at high spatial frequencies, 12 cpd and 18
cpd. Montés-Micó and Charman15 showed that con-
trast sensitivity at 1.5 cpd and 3 cpd is affected primarily
by light scatter associated with haze, whereas contrast
sensitivity at 6 cpd, 12 cpd, and 18 cpd is degraded by
haze and optical blur (defocus and optical aberrations).
If we consider a degree of residual haze after IOL im-
plantation, decreased contrast sensitivity is expected af-
ter surgery at all spatial frequencies. As the haze
disappears, the contrast sensitivity improves over time.
However, no eye in the multifocal or monofocal group
had corneal haze at any postoperative examination.
Thus, the differences between spatial frequencies were
probably the result of the effect of optical aberrations.
(Defocus does not play a role as patients were evaluated
with best correction in place.) However, this explana-
tion does not account for the normal contrast sensitivity
in the monofocal group. Further study of high-order
aberrations in patients with a multifocal IOL and the
change versus time is needed.

At near vision, contrast sensitivity in the monofocal
group with near correction was similar to distance vi-
sion, with values near the 1.0 normalized log contrast
sensitivity. No statistically significant differences were
found over time. Following the same pattern as distance,
multifocal near corrected contrast sensitivity showed a
contrast sensitivity loss after surgery that improved over
time. The results in the multifocal group were compared
with those in the monofocal group. Statistical analysis

revealed differences in log contrast sensitivity values be-
tween the groups at 1 and 3 months. The t test values
yielded a P value less than 0.01 at every spatial fre-
quency. However, at 6, 12, and 18 months, the differ-
ences were not significant. As discussed previously,
contrast sensitivity reduction in multifocal patients
comes from the division of light energy between distance
and near focus.

When the evaluation was done without near addi-
tion in the multifocal group, corresponding to the nor-
mal visual condition of the patients, reduced contrast
sensitivity values were found at 1 month at all spatial
frequencies (about 0.7 normalized log contrast sensitiv-
ity). There was a trend toward an incremental increase in
contrast sensitivity over time; values were higher than
the 0.8 normalized log contrast sensitivity at 18 months.
These results support the concept that after a period of
the patient becoming accustomed to the multifocal
IOL, contrast sensitivity is better. No comparison was
possible with a monofocal best corrected distance group
because this group could not detect the gratings at the
maximum available chart contrast. These results were
expected because of the lack of accommodation. Statis-
tically significant differences at each spatial frequency
and postoperative time studied were found between
multifocal near corrected and multifocal best corrected
distance. Contrast sensitivity improvement in the mul-
tifocal near corrected group in relation to multifocal best
corrected distance group was a result of the magnifica-
tion of the add power (near to 0.2 log contrast
sensitivity).

Regarding temporal changes in spatial frequencies,
our results show differences between near and distance
vision. Both were reduced at all spatial frequencies 1
month after IOL implantation. However, at 3 months,
only high spatial frequencies at distance were affected. In
contrast, both high and low spatial frequencies (1.5 to
18 cpd) were affected at near. Pieh et al.28 point out that
the out-of-focus image overlaying the distance focus of
the Array IOL is approximately 3% of the light intensity
of the distance focus, whereas the point spread function
of the near focus is substantially affected by the out-of-
focus image. Thus, if there is greater degradation of the
image at near vision in relation to distance, an attenua-
tion across the spatial frequency spectrum (from high to
low spatial frequencies) could be expected. High-order
aberrations might play a role, and studying them may
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explain the degrading effects on contrast sensitivity
found between spatial frequencies at distance and near
with the multifocal IOL and the variation over time.

In our study, contrast sensitivity values were worse
at near. This may be attributed to the light energy dis-
tribution found by Ravalico and coauthors26,27 and Pieh
et al.28 that leads to lower values at near focus. Because of
this, contrast sensitivity in the monofocal near corrected
group was near to unity because the light energy was
focused on a single point instead of 2, as in the multifo-
cal group. These results agree with the work of Sasaki,5

who found lower values of contrast sensitivity at near in
relation to distance.

In conclusion, the Array multifocal IOL provided
excellent contrast sensitivity at distance that was compa-
rable to that obtained with monofocal IOLs between 3
months and 6 months after implantation. At near vision,
results improved over time but were always lower than at
distance and in monofocal near corrected patients, al-
though acceptable to avoid near visual function degra-
dation. Perhaps a near addition would be necessary for
reading small letters because of the dominant distance
acuity of the IOL. In all cases, contrast sensitivity im-
proved over time, suggesting a learning process resulting
from a brain adaptation phenomenon that overcomes
the contrast sensitivity decrease at the initial stages after
surgery. However, this needs to be proved by evaluating
the optics of the eye over time. Future investigations of
the visual performance of multifocal IOL patients
should include, in addition to contrast sensitivity, eval-
uation of optical aberrations versus time to verify the
existence of a brain adaptation phenomenon.

References
1. Keates RH, Pearce JL, Schneider RT. Clinical results of

the multifocal lens. J Cataract Refract Surg 1987; 13:
557–560

2. Hansen TE, Corydon L, Krag S, Thim K. New multifo-
cal intraocular lens design. J Cataract Refract Surg 1990;
16:38–41

3. Duffey RJ, Zabel RW, Lindstrom RL. Multifocal in-
traocular lenses. J Cataract Refract Surg 1990; 16:423–
429

4. Steinert RF, Aker BL, Trentacost DJ, et al. A prospective
comparative study of the AMO ARRAY zonal-progres-
sive multifocal silicone intraocular lens and a monofocal
intraocular lens. Ophthalmology 1999; 106:1243–1255

5. Sasaki A. Initial experience with a refractive multifocal

intraocular lens in a Japanese population. J Cataract Re-
fract Surg 2000; 26:1001–1007

6. Javitt J, Brauweiler H-P, Jacobi KW, et al. Cataract ex-
traction with multifocal intraocular lens implantation:
clinical, functional, and quality-of-life outcomes; multi-
center clinical trial in Germany and Austria. J Cataract
Refract Surg 2000; 26:1356–1366

7. Javitt JC, Steinert RF. Cataract extraction with multifo-
cal intraocular lens implantation: a multinational clinical
trial evaluating clinical, functional, and quality-of-life
outcomes. Ophthalmology 2000; 107:2040–2048

8. Steinert RF, Post CT Jr, Brint SF, et al. A prospective,
randomized, double-masked comparison of a zonal-pro-
gressive multifocal intraocular lens and a monofocal
intraocular lens. Ophthalmology 1992; 99:853–860; dis-
cussion by JT Holladay, 860–861

9. Percival SPB, Setty SS. Prospectively randomized trial
comparing the pseudoaccommodation of the AMO
ARRAY multifocal lens and a monofocal lens. J Cataract
Refract Surg 1993; 19:26–31

10. Negishi K, Nagamoto T, Hara E, et al. Clinical evalua-
tion of a five-zone refractive multifocal intraocular lens.
J Cataract Refract Surg 1996; 22:110–115

11. Negishi K, Bissen-Miyajima H, Kato K, et al. Evaluation
of a zonal-progressive multifocal intraocular lens. Am J
Ophthalmol 1997; 124:321–330

12. Holladay JT, van Dijk H, Lang A, et al. Optical perfor-
mance of multifocal intraocular lenses. J Cataract Refract
Surg 1990; 16:413–422; erratum, 781

13. Schmitz S, Dick HB, Krummenauer F, et al. Contrast
sensitivity and glare disability by halogen light after
monofocal and multifocal lens implantation. Br J Oph-
thalmol 2000; 84:1109–1112

14. Pieh S, Lackner B, Hanselmayer G, et al. Halo size under
distance and near conditions in refractive multifocal in-
traocular lenses. Br J Ophthalmol 2001; 85:816–821
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25. Montés-Micó R, Ferrer-Blasco T. Contrast sensitivity
function in children: normalized notation for the assess-
ment and diagnosis of diseases. Doc Ophthalmol 2001;
103:175–186

26. Ravalico G, Parentin F, Sirotti P, Baccara F. Analysis of
light energy distribution by multifocal intraocular lenses
through an experimental optical model. J Cataract Re-
fract Surg 1998; 24:647–652

27. Ravalico G, Parentin F, Baccara F. Effect of astigmatism
on multifocal intraocular lenses. J Cataract Refract Surg
1999; 25:804–807

28. Pieh S, Marvan P, Lackner B, et al. Quantitative perfor-
mance of bifocal and multifocal intraocular lenses in a
model eye; point spread function in multifocal intraocu-
lar lenses. Arch Ophthalmol 2002; 120:23–28

From the Research, Development and Innovation Department, Oph-
thalmologic Institute of Alicante, and the School of Medicine, University
Miguel Hernández, Alicante, Spain.

Neither author has a financial or proprietary interest in any material or
method mentioned.

CONTRAST SENSITIVITY FUNCTION AFTER MULTIFOCAL IOL IMPLANTATION

J CATARACT REFRACT SURG—VOL 29, APRIL 2003 711


	Distance and near contrast sensitivity function after multifocal intraocular lens implantation
	Patients and Methods
	Contrast Sensitivity Evaluation

	Results
	Discussion
	References


