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Abstract

Inaccurate soft contact lens parameters can create a variety of problems for the
practitioner and patient. Most soft contact lenses are dispensed to the patient without the
benefit of verification. Of particular importance, sagittal depth best predicts tightness or
looseness of fit. A tight or loose fitting lens can cause many problems for the patient.
Manufacturer-published values of sagittal depth may vary from the actual measured
parameter. Sagittal depth, diameter, and power of 215 soft contact lenses were measured
for 11 of the more common disposable/daily wear brands. Measurements were made with
a prototype of the Hydroscope™ contact lens analyzing device. Tables and graphs are
included which can aid the practitioner in fitting these lenses. The effect of eye
temperature, approximately 93°F, versus room temperature was analyzed. No significant
change in the measured parameters was noted.
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Introduction

Inaccurate soft contact lens parameters can create a variety of problems for the
practitioner and patient alike. Most notably, sagittal depth (SD), best predicts the
tightness or looseness of a lens.

The sagittal depth of a lens is the perpendicular distance between the center of the back
curve and the chord length of the lens (see Figure 1). The relationship of the sagittal
depth of the lens and the sagittal depth of the anterior segment of the eye (often called
ocular sagittal height) upon which it is placed is an important factor in determining the fit
(positioning and movement) of the lens' . A change in the design of the lens must be made
to change the fit. Those parameters most often changed to effect a better fit are base
curve (back optic zone radius) and/or diameter. A steeper base curve, larger diameter, or
combination of both will increase the SD of the lens. Center thickness and to some extent
water content affects the flexibility of the lens but not the SD as defined here.

Full SD is the dimension most important in determining soft contact lens fit. Lenses with
greater SD values fit tighter than those with a lesser value. Tight fitting lenses can cause
poor vision, discomfort, and scleral compression, as well as corneal changes such as
edema, striae, and neovascularization. Loose fitting lenses can produce discomfort,
variable visual acuity, poor corneal coverage, and excessive lens movement’. At least one
study’ found that changing the back optic zone radius (8.2, 8.6, 9.0 mm) aione on 35
subjects showed no significant difference in tightness as assessed by the push-up test. The
flatter radius showed slightly more post blink movement than the other two but, again, the
difference was not significant.

The parameters of a contact lens govern the squeeze pressure that develops beneath the
lens during wear and that, in turn is related to the lens’ clinical fit. The main variable that
affects the lens squeeze pressure, and therefore lens fit, is the lens SD* . Soft contact lens
fitting can be thought of as a process of selecting the best lens SD for a given eye by
choosing the best total diameter and base curve. The sagittal height (SH) of the anterior
eye corresponding to the typical soft lens diameter is governed not just by the central
corneal curvature (K’s) but also by the degree of corneal asphericity, the diameter of the
cornea, and the curvature of the paralimbal sclera. Frequently, however, the practitioner
considers only the central corneal radius as measured by keratometry. This information is
for the central 3 mm only of a cornea which is typically 12-13 mm wide.

%
Garner’ noted that corneal asphericity has a significant effect on the fit of a soft contact
lens. Young' showed that the normal variations in corneal shape factor and corneal
diameter each have a greater effect on corneal SH than does the normal variation in
corneal curvature. SH varies by 0.187 mm across the central two standard deviations of
corneal curvature. Compared with 0.304 mm for similar variation in corneal shape factor,
and with 0.414 mm in corneal diameter. So, keratometry alone is a poor predictor of
optimum soft contact lens base curve for a given eye. Changes in the sclera are
insignificant in comparison with the normal variation in corneal shape. SH is likely to



Same diameter
Different base curves

A

Lens A has a “steep" base curve radius [ex. 8.4mm}-
Lens B has a "flat" base curve radius [ex. 8.8mm].
Lens A has a larger sagittal depth and therefore

will fit tighter than Lens B.

Different diameters
Same base curve

[
Lens C has a larger diameter than Lens D.

Because Lens C has a larger sagittal depth
it will fit tighter than Lens D.

Figure 1. Soft lens sagittal depth is determined by base curve radius and diameter



correlate most closely with corneal shape factor rather than with any of the other ocular
parameters. Young’s study showed that the mean SH of the eye, based on mean corneal
diameter (12.89mm), is 3.20 mm. Based on soft contact lens chord diameter of 13.5mm,
SH is 3.37mm, 14.0mm is 3.52mm, and 14.5 mm is 3.67 mm.

In 1981, Lowther and Tomlinson® found that the change in lens SD necessary to produce a
significant change in lens fit was .20mm, but that, for most of the variables monitored, a
change of at least .41mm was required. Their study looked at standard thickness HEMA
lenses with center thickness of .11mm. Thinner lenses and lenses of higher water content
have a wider critical fitting interval, as shown by the requirement for fewer lens fittings®

Manufacturer values of SD, not always readily available, may vary from the actual
measured parameter. The practitioner may be bewildered as to why two different lenses
which report all the same parameters fit so differently on the patient’s eye. This can be
due to significantly different SD values.

Most soft contact lens parameters are not easily measurable in the practitioner’s office.
The base curve radius of a soft lens is the most difficult parameter to verify. Various
instruments have been developed in an attempt to accurately measure the base curve
radius; however, the inaccuracy, variability, or high cost of the instrument enables most
practitioners to assume the base curve radius on the packaging is correct’. Unlike rigid
gas permeable lenses, nearly always the doctor dispenses soft lenses without the benefit of
verification. The doctor must rely on the manufacturer for quality control of the lenses.
Many of the disposable/daily wear lenses are bubble-packed and not intended to be opened
until ready for placement on the eye.

The purpose of this study is to develop a table of actual SD measurements and their
variation for 11 of the most common soft contact lenses on the market. Such a table
would be critical when fitting these lenses. In addition, overall diameter and power of the
lenses was measured, as well as the effects of eye temperature (93°F) vs. standard room
temperature on the lens parameters.

To date, studies of measured sagittal depth have focused on relatively few brands of soft
contact lenses. No study was found which compared measured parameters of several of
the leading soft contacts on the market. Wodis, et al.,” measured parameters of 21
Acuvue lens and found the SD’s to be very consistent with standard deviation of only 0.02
mm. Four other lens brands tested showed {arger variability in SD.

Methods

Soft contact lenses for this study were primarily obtained directly from the manufacturer,
The exceptions include Surevue, Optima FW, Soflens66, and FreshLook which were
ordered from a local distributor. The 11 brands of lenses, representing 21 different base
curves, were drawn from 28 lots (Figure 2.) For some of the smaller sample sizes



Soft Lens (BC) Mfr | Mfr | Mfr| Mfr | Material | FDA _ n | #
Diam  Power| CT | % H20 | Group #) of lots |
Acuvue 1-day (8.5) 14.2| -3.00, .07| 58 |etafilcon A 4 35 2
Acuvue 1-day (9.0) 14.2| -3.00] .07| 58 |etafilcon A 4 29 1
Acuvue 2-wk (8.4) 14.0, -3.00 07/ 58 etafilcon A 4 12 2
Acuvue 2-wk (8.8) 14.0/ -3.00/ .07 58 etafilcon A 4 12 3
Biomedics 38 (8.6) 14.0, -3.00, .04 38 polymacon 1 6 1
Biomedics 55 (8.6) 14.2] -3.00, .07 55 TocuﬁiconD 4 6| 1
Fresh Look (Median) 14.5/ -3.00 .08 55 |phemficonA 4 12| £l
Newvue (8.4) 14.0) -3.00/ .06/ 55 |vifilcon A 4 6 1
Newvue (8.8) 14.0] -3.00/ .06] 55 vifilcon A 4 6 1
Optima FW (8.4) 14.0/ -3.00,.035 39 polymacon 1 6 1
Optima FW 8.7) 14.0{ -3.00 .035 39 polymacon 1 6 1
Optima FW (9.0) 14.0, -3.00 .035 39 Ipol;.'macon 1 6 1
Preference (8.4) 144 -3.00, .07 43 |tetrafilconA | 1 9 3
Preference (8.7) 14.4| -3.00 07 43 [tetrafilcon A | 1 10 2
Proclear (8.2) 14.2| -3.00 .07/ 59 |omafiliconA | 2 6 1
Proclear (8.5) 14.2| -3.00 .07 59 |omafiliconA | 2 6 1
Proclear (88) | 14.2| -3.00| .07 59 |omafilicon A | 2 6 2
Soflens 66 (F/M) | 14.2| -3.00, .10 66 |alphafiiconA 2 6 1
Soflens 66 (S/M) | 14.2| -3.00 10 66 |alphafiiconA 2 6 1
Surevue (8.4) | 140 -3.00 105/ 58 |etafilcon A 4 6 1
Surevue (8.8) | 14.0] -3.00 105 58 |etafilcon A 4 6 1
| |
n=sample size [

Figure 2. Soft lenses in this study
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(smallest sample size is six), only one lot was represented. Ideally, no two contacts would
come from the same lot and lots would all be drawn randomly. It is very possible that one
or two lots may be bad and may not be representative of the whole. However, we
believed that to request that each lens be from a different lot would have required a
detailed explanation to the manufacturer. We believed that if the supplier of the lenses
knew they were going to be in a study of measured parameters that special care to provide
lenses made to specs would taint the samples.

Full sagittal depth and overall diameter was measured using a prototype of the
Hydroscope™ (Figure 3). This hydrophilic lens analyzing device was designed by the late
Michael Wodis, OD, Park Ridge, Illinois. The Hydroscope is battery operated and
measures 8" wide, 10” deep, and 12” high. Parameters are measured with the lens fully
hydrated. The lenses were removed from their packaging and placed in Unisol 4 (Alcon
Laboratories, Ft. Worth, Texas) buffered saline solution for approximately 15 minutes.
Measurements were then taken while the lenses remained submerged in the saline. My
evaluation took about two minutes per lens.

The Hydroscope’s key component is a lens holder which immerses lenses in saline for
measurement. The lower part of the holder is a transparent, variable sized chamber.
Other components are two saline tanks, optics for viewing the lens, and calibrated
mechanisms for remotely contacting and moving the lens while in the chamber.

To use the Hydroscope, the lens is placed concave side down in the chamber of the lens
holder, which is then placed in a small hand held tank containing the saline. The tank and
the lens holder is made of transparent plastic. The tank, now containing the lens holder
and lens, is placed over the instrument’s inspection light. The lens can now be viewed
through the holder’s built-in magnifier. The chamber size is remotely adjusted to the size
of the lens. Care was taken to insure the lens was not inside out and could move freely as
it rested gently on the chamber floor. Diameter is then measured from a calibrated scale to
an accuracy of 0.1 mm. Diameter was measured only once per lens.

The chamber size adjustment centers the concave down lens over a small opening in the
chamber floor. After the diameter is measured the lens holder is then moved to a second
tank at the top of the Hydroscope. The full sagittal depth of the lens is then measured by
raising a probe through the opening in the chamber floor, until the probe just touches the
underneath side of the center of the lens. The height of the probe above the chamber floor
represents the full sagittal depth of the lens® Calibration of the probe was done for each
new brand of lens using a small plastic platform of know sagittal depth. The maximum
calibration adjustment needed was 0.05 mm and many times no adjustment was necessary.
Repeated measurements on the same sample lens typically results in a variation of 0.03
mm.

Power was measured last. The soft lens is removed from the Unisol 4 saline and placed
between two layers of blotting paper. One finger is used to roll over the top of the lens
pressing it gently between the layers once. The lens is removed and placed on the Toricek
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Figure 3. The Hydroscope™ hydrophilic lens analyzing device. The lens holder is to the
right of the scope. The soft lens is placed in the holder and submerged in saline in tank #1
(at base of scope) for diameter measurement. The holder is then removed and submerged
in tank #2 (at top of scope) for sagittal depth measurement.
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lens holder device, also designed by Dr. Wodis. This hand held plastic device holds the
lens in place concave side down over an opening. The lens is then easily held on a Baush
and Lomb lensometer for power measurement. Front vertex power was measured on all
lenses. Within about 30 seconds after the lens is dried power is measured. With proper
dryness, the focusing lines within the lensometer are clear and crisp. Three measurements
were taken on each lens and averaged. Variation between measurements was never more
than 0.12 D.

Care must be taken to measure power within 30 seconds or so after blotting. If the lens is
allowed to dry for several minutes it was found that the power will increase by 0.12 - 0.50
D. A lens measuring -3.00 D could measure up to -3.50 D after drying. If the lens was
too wet, good focusing of the lensometer was not possible. A reblotting was done which
usually resulted in clear, crisp mires,

Diameter, sagittal depth, and power were measured at room temperature monitored at
70°-72°F. The temperature of the eye is approximately 93°F. To see what effect this
higher temperature would have on the lenses 12 Acuvue (2 week) lenses, six at base curve
8.4 and six at 8.8 mm were remeasured at 93°F. Unisol 4 saline was placed in clean glass
jars and placed in a water bath over a hot plate. Temperature rise of the saline was
carefully monitored and adjusted until a uniform 93°F was obtained for 30 minutes. The
Acuvue lenses sat in small glass vials within the Unisol 4 saline for 60 minutes. Enough
saline was then withdrawn to fill the small tanks in preparation for measurement. The lens
was immediately removed from the vial and placed into the tank of 93°F Unisol for
measurement. Both diameter and sagittal depth was measured and recorded within two
minutes. Additional saline (at 93°F) was drawn for each additional lens. The drop in
temperature while the lens is being measured is believed to be minimal,

Probably the major limitations of this study are two. Samples sizes in most cases are small
from a minimum of 6 to a maximum of 30 for any one lens. Secondly, some samples are
all from the same lot. Ideally, each lens studied would have a minimum of 30 samples and
they would be selected randomly from 30 different lots. Time and budget limitations
didn’t allow this.

Results

A statistical analysis of sagittal depth, diameter, and power of the 21 soft lenses was
conducted. A total of 215 samples were analyzed. In addition, the effects of eye
temperature vs. room temperature on the measured parameters were noted on 12 of the
samples. The largest sample size for any one lens was 35, for the Acuvue 1-day, base
curve 8.5. The 1-day Acuvue with base curve 9.0 had 29 samples. Sample size for all
other lenses ranges from 6 to 12 (see Figure 2).

Only the Biomedics 38, Optima FW (formerly Seequence 2) and Preference lenses are
considered low water content, 38, 39, and 43% respectively. These lenses are from FDA
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group # 1. All other lenses in this study are high water content, 55-66% water,
representing FDA groups #’s 2 and 4.

All lenses ordered were labeled power -3.00. Manufacturer’s diameter ranged from 14.0
mm to 14.5 mm. Labeled base curves range from 8.2 mm to 9.0 mm. However, the Fresh
Look base curve is labeled Median and the Soflens66 comes in F/M (flat/median) and S/M
(steep/median). A typical soft lens will come in two or three choices of base curves.
Manufacturer’s center thickness ranges from a low of 0.035 mm for the Optima FW to a
high of 0.105 for the Surevue’s. Most of the lenses are labeled 0.06-0.08 for center
thickness (see Figure 2).

Statistical Analysis Methods

For sample sizes of 30 or larger we can approximate the population standard deviation ¢
by s, the sample standard deviation. Then we can use the Central Limit Theorem to find
bounds on the error of estimate and confidence intervals for the mean ( z).

Because 21 different lenses were studied it would have been unwieldy to analyze and
funds did not permit acquiring 30 samples of each lens. The smallest sample size is six.

To avoid the error involved in replacing o (population standard deviation) by s (sample
standard deviation), i.e. approximating o by s, when the sample size is small (less than 30),
it is necessary to use a new variable called Student’s 7 variable. The ¢ variable and its
corresponding distribution is called Student’s 7 distribution®. Tables are available which
give the values of the 7 variable corresponding to the number of degrees of freedom. The
number of degrees of freedom, d.f., is given by the formula

df =n-1

where # is the sample size used. Each choice for d.f. gives a different 7 distribution.
However, for d.f. larger than about 30, the # distribution and the standard normal z
distribution are almost the same. The graph of a ¢ distribution is always symmetrical about
its mean, which (as for the z distribution) is 0. The main observable difference between a /
distribution and the standard normal z distribution is that a 7 distribution has somewhat
thicker tails.

Critical values of 7 for a ¢ confidence interval can be found in statistics tables. For
instance, ¢, for a 0.95 confidence interval and 5 degrees of freedom is 2.571. The error of
estimate, £, of the sample mean for a ¢ confidence interval is given by
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For example, the Biomedics 38 sample size is 6, therefore d.f is 5, and ¢ for a confidence
level of 0.95 is 2.571. The standard deviation, s, of the sagittal depth of this particular
sample is 0.04 mm. The error of estimate of the sample mean is:

 2571x004

E=——
V6

For sample sizes between about 6 and 10 the error of estimate turns out to be very near
one standard deviation.

= 0.04mm

In the Biomedics 38 example, the mean sagittal depth from the six samples is 3.74 mm.
Combining this with the error of estimate, £, we have a 95% confidence level that the
population mean is between 3.70 and 3.78 mm. In other words,

x-E<u<x+E
where x is the sample mean and y is the population mean.

One can also calculate the distribution of the population within a 95% prediction interval.
The standard error of prediction (§.£.P.) is given by:

S.E.P_zzxs,/u%

The 95% prediction interval of the sagittal depth is then the mean, x, + S.EP. Using the
Acuvue 8.8 as an example, the mean sagittal depth is 3.59 mm with S.E.P. of 0.14 mm.
Selecting another Acuvue from another lot one can predict at 95% confidence that the
sagittal depth will fall between 3.45 mm and 3.73 mm.

Sagittal Depth

Figure 4 shows the mean sagittal depths of the 21 lenses analyzed. Sagittal depth ranges
from a low of 3.46 mm for Proclear (8.8 base curve) to a high of 4.35 mm for Soflens66
(S/M base curve). Error of estimates of the mean ranges from 0.01 mm to 0.08 mm:.
Even considering the largest error of estimate for the smallest sagittal depth, in this case
an error of 0.08 mm for the Surevue (8.8 base curve) with a mean depth of 3.50 mm
represents only a 2.3% error.

Also displayed is the 95% prediction interval. Prediction intervals range from a low of +
0.03 mm for the Newvue 8.8 to +0.22 mm for the Surevue 8.8 and Optima FW 8 4.
Figure 5 illustrates the mean sagittal depth and the 95% prediction interval for the 21 soft
lenses. They are sorted according to increasing sagittal depth.



Soft Lens (BC) Mfr | Mfr | n t [Pl P..  Mean StdDev S.EP.*
Diam | Power 0.95 |High |Low | Sag | Sag |95%P..
conf vl Depth Depth )

Proclear (8.8) 14.2) -3.00| 6] 2571 3.57] 3.35| 346  0.04 0.1
Surevue (8.8) 14.0 -3.00] 6] 2571, 3.72| 3.28| 3.50,  0.08 0.22
Acuvue 1-day (9.0) | 14.2| -3.00 29| 2.048] 3.69 3,394'_ 354 007 0.15
Optima FW (9.0) ' 14.0, -3.00 6 2.571| 3.71 343 357 0.5 0.14
Acuvue 2-wk (8.8) | 14.0| -3.00/12 2.201] 373 345 3.59] 0.06  0.14
Newvue (8.8) | 140/ -3.00, 6/ 2.571| 364 358 361 0.01 0.03
Proclear (8.5) | 14.2] -3.00] 6 2571| 369 357 363 0.02 0.06
Biomedics 38 (8.6) | 14.0, -3.00| 6 2571 3.85 363 374 004 = 011
Surevue (8.4) 140/ -3.00| 6| 2571 393 355 3.74 0.07 0.19
[Acuvue 2-wk (8.4) 140 -3.00/12] 2201 3.86| 364 375  0.05 0.11
Optima FW (8.7) 140 -3.00] 6| 2571 3.84] 3.68] 376  0.03 0.08
Acuvue 1-day (8.5) | 14.2 -3.00{35 2.031 3.93| 3.69 3.81 0.06 0.12
Preference (8.7) ' 144| -3.00/10] 2262 395 3.71| 3.83 0.05 0.12
Proclear (8.2) ' 142| -3.00 6] 2.571| 4.03 365/ 3.84] 0.07 0.19
Biomedics 55 (8.6) = 14.2| -3.00 6 2.571| 3.97 3.75 3.86] 0.04 0.11]
[Newvue (8.4) 14.0) -3.00 6 2571] 4.00 3.78 3.89] 0.04 0.11
Fresh Look (Median) | 14.5| -3.00 12| 2.201| 4.05| 3.77 3.91 0.06 0.14
Optima FW (8.4) | 14.0] -3.00 6 2.571| 4.16] 372 394 008 022
Preference (8.4) 14.4| -3.00) 9| 2.306] 4.06| 3.86 396  0.04 0.10
Soflens 66 (F/M) | 14.2] -3.00| 6| 2.571| 4.20| 388 403 0.06 0.17
Soflens 66 (S/M) 14.2| -3.00] 6] 2571 4.46] 424] 435 0.04 0.11
n=sample size
t=Student's t variable for a 95% prediction interval |
* Standard Error of Prediction. A 95% prediction interval for the

sagittal depth is the mean plus or minus the error of prediction.

Figure 4. Mean sagittal depth and standard error of prediction (95% prediction interval)
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Mean Diameter

Mean diameter of the 21 various soft lenses is shown in Figure 6. The Optima FW (8.7
BC) measured 13.26 mm in diameter on the low end vs. Preference (8.4 BC) which
averaged 14.02 mm. Diameter 1s more difficult to measure with the Hydroscope, and
seems to be more sensitive to human error. The largest error of estimate of the mean
diameter, as calculated by the t distribution, was on the Proclear (8.5 BC) with error of
+0.18 mm, 1.3%. Most error of estimates vary less than 1% from the measured mean
diameter.

The most significant finding in measuring overall diameter is that nearly every lens
measured smaller than the labeling (see Discussion). All means are smaller than
manufacturer’s reported diameter. Most of the lenses measure a few tenths of millimeters
smaller than expected. The exception is the Newvue (8.4) which averaged 13.97 mm vs.
the labeled 14.0. The Newvue (8.8), also labeled 14.0, came in second closest to it’s
manufacturer’s reported diameter, at 13.82 mm.

Power

Figure 7 illustrates mean power and error of estimate of the mean. All lenses were
ordered with a power of -3.00 D. Mean power ranged from -3.23 D (Optima FW 8.4 BC)
to -2.87 D (Soflens66 F/M BC). Fourteen of the lenses averaged less than -3.00D, six
averaged higher, and one, the Proclear 8.8 BC averaged right at -3.00D. Fifteen of the
lenses average within 0.12 D of the manufacturers labeling. The other six lenses are
within 0.25 D of -3.00 D.

Effect of Temperature on Diameter and Sagittal Depth

Twelve Acuvue lenses were studied for the effect of temperature on mean diameter and
mean sagittal depth. Six Acuvues 8.4 BC and six 8.8 BC were measured as part of this
215 total soft contact lens study. These 12 lenses were then remeasured for diameter and
sagittal depth within a saline bath @ 93°F (approximate eye temperature).

Diameter of the 8.4 BC Acuvues averaged 13.53 mm at room temperature vs. 13.58 mm
at eye temperature. The error of estimate i$ 0.10 and 0.12 mm respectively. The 8.8 BC
Acuvues measured 13.57 mm vs. 13.58 mm at the higher temperature. Error of estimates
are 0.27 and 0.13 mm respectively. Although diameter is slightly larger in both Acuvues
the difference 1s within the error of estimate and is statistically insignificant.

Likewise, sagittal depth averages 3.74 vs. 3.76 mm (room temperature vs. eye
temperature) in the 8.4 Acuvues. This .02 mm difference is well within the respective
error of estimates of .04 and .05 mm. Sagittal depth averages 3.54 vs. 3.59 mm in the 8.8



[Soft Lens  Mfr | Mean | % Std Dev Error of
| Diam | Measured difference| Diam Estimate

Diam of Mean Diam
Acuvue 1-day (8.5) | 14.2 13,82 2.7 0.13] 0.05
/Acuvue 1-day (9.0) 14.2 13.85 2.5 0.15 0.06
Acuvue 2-wk (8.4) | 14.0 1351  -3.5 012 0.08
Acuvue 2-wk (8.8) 14.0, 13.61 -2.8 0.23| 0.15
Biomedics 38 (8.6) 14.0 13.48 -3.7 0.04 0.04
Biomedics 55 (8.6) 142  13.92 2.0 0.08 0.08
Fresh Look (Median) 14.5 1399, 35 007 0.04)
Newvue (8.4) 140 1397 -0.2 0.08 0.08
Newvue (8.8) 14.0 13.82 -1.3' 0.10 0.10
Optima FW (8.4) 140 1343 41/ 008  0.08
Optima FW (8.7) 14.0 13.26 -5.3 0.11 0.12
Optima FW (9.0) ~ 140[ 1335 -4.6 0.05 0.05
Preference (8.4) 14.4 14.02 -2.6 0.04 0.03
Preference (8.7) 14.4 13.90 -3.5 0.08 0.06
Proclear (8.2) ~142] 1377 -3.0 0.08 0.08
Proclear (8.5) 14.2, 1358  -4.4 0.17 0.18
Proclear (8.8) 142 1350 4.9 000 0.0
Soflens 66 (F/M) 14.2 13.90 29 0.14 0.15
Soflens 66 (S/M) 14.2 13.98| -5 004 004
Surevue (8.4) 14.0 13.67 2.4 0.12 0.13
Surevue (8.8) 14.0 13.72] 2.0 0.17 0.18

Average -3.0

Figure 6. Mean Diameter, Standard Deviation, and Error of Estimate



Soft Lens | Mfr Mean % | Std Dev| Error of
i | 'Power| Measured | difference Power | Estimate

Power | of Mean

. Power

Acuvue 1-day (8.5) -3.00| -3.15 -5.00 013 0.05
Acuvue 1-day (9.0) -3.00 -3.20| -6.7 0.15 0.06
Acuvue 2-wk (8.4) -3.00 -3.14 -47 015 0.10
Acuvue 2-wk (8.8) -3.00 -3.05 1.7, 0.1 0.07
Biomedics 38 (8.6) -3.00 -3.02 -0.7/ 028  0.29
Biomedics 55 (8.6) -3.00 -3.02 -0.7 005  0.05
Fresh Look (Median) | -3.00 -3.08 27 018 0.11
Newvue (8.4) | -3.00 -3.04 -1.3 017 0.18
Newvue (8.8) -3.00) -3.04 13! 013 0.4
Optima FW (8.4) -3.00 -3.23 -7.7] 0.09 0.09
Optima FW 8.7) | -3.00 -2.98 07 015 0.1}
Optima FW (9.0) -3.00 -3.02 -0.7| 0.09 0.09
Preference (8.4) -3.000  -2.90 33| 042 0.09
Preference (8.7) -3.00 -2.87 4.3 0.13 0.09
Proclear (8.2) -3.00 -3.06 -2.0 0.10 0.10
Proclear (8.5) -3.00 -3.10 -33 0.8 0.19
Proclear (8.8) -3.00 -3.00 00 014 015
Soflens 66 (F/M) -3.000  -2.87 43 011 0.12
Soflens 66 (S/M) -3.00 -2.89 3.7] 012 0.13]
Surevue (8.4) -3.00 -2.98 07| 017 0.18
Surevue (8.8) ~ -3.00 -3.04 -1.3! 013 0.14

Figure 7. Mean Power, Standard Deviation, and Error of Estimate
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Acuvues. This .05 mm greater sagittal depth in the lenses measured at eye temperature is,
again, not statistically significant. Errors of estimate are .03 mm and .06 mm respectively.

Discussion

When SD results are sorted from low to high two distinct breaks in the trend occur (see
Figure 5). The Proclear (diameter 14.2, BC 8.5) has SD 0.11 mm smaller than the next
higher lens, Biomedics 38 (diameter 14.0, BC 8.6). However, the most obvious break in
the trend is between the two lenses with the largest SD. Soflens66 (diameter 14.2, BC
F/M) has SD of 4.03 mm whereas, BC S/M (also diameter 14.2) has a SD of 4.35 mm.
The Soflens66 S/M should fit significantly tighter than any other lens in this study. And
possibly even fit noticeably tighter than the next closest lens, its cousin, Soflens66 F/M.
The S/M version is 0.32 mm larger in SD than the F/M lens.

Recall that a change in SD of at least 0.20 mm is necessary to produce a significant change
in lens fit. Switching to the next steeper or flatter base curve in the same lens will not
always result in a SD difference of 0.20 mm. For instance, the Preference 8.4 measures
only 0.13 mm larger in SD than the flatter 8.7 lens. Or the SD of the Acuvue 8.4 is only
0.16 mm larger than 8.7 lens.

Figure 8 was designed to be an easy guide for the practitioner to check when needing to
change the tightness or looseness of lens fit. This figure shows which lenses should
exhibit significant changes in fit based on 0.20 mm and 0.40 mm changes in SD. For
instance, if the Acuvue 8.4 is too tight on the patient, switching to the Proclear 8.8 or the
Surevue 8.8 should show is more likely to invoke a significant change in fit than just
switching to the Acuvue 8.8. And paradoxically, if the Acuvue 8.4 is a little loose fitting,
one can switch to the Soflens66 F/M, which has a SD 0.28 mm greater. Recall that the
Soflens66, both the F/M and S/M, have the largest SD’s of any lenses in this study. For
large diameter corneas (>13.0 mm) or very steep corneas, which will usually exhibit large
SD’s, the lens of choice is either of the Soflens66 base curves or the Preference 8 4.

What if the doctor fits a Proclear (14.2 diameter, BC 8.8), SD 3.46 mm, and finds too
much movement in the fit? The obvious solution would be to step up to the Proclear 8.5.
However, Figure 8 reveals that this provides only 0.17 mm of additional SD. This change
may very well be too small to be significant to the fit. If the practitioner tries the Proclear
8.2, however, at SD of 3.84 mm, a distinct tightening should be evident.

Just how much difference in SD is there between the two base curves of the most popular
lens on the market? Acuvue 8.4 shows only 0.16 mm more SD than it’s companion,
Acuvue 8.8 (both lenses reported as 14.0 diameter). Is this enough to effect a noticeable
change in fit?
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Lens| Soft Lens (BC) Mfr | Mean Mean Sag Depth Mean Sag Depth | Mean Sag Depth | Mean Sag Depth
# | Diam| Sag ~ 0.2mm 0.2 mm 0.4 mm 0.4 mm
. Depth)  shallower deeper | shallower deeper |
|
1|Acuvue 1-day (8.5) | 14.2 | 3.81 2,4,9,12,17,21 1819 | none 19
2|Acuvue 1-day (9.0) | 14.2 | 3.54 none 1,3,5-8,10,11,13-15,18-20|  none _ 10,13,18,19
~ 3|Acuvue 2-wk (8.4) | 14.0| 3.75 217,21 131819 | none | 19
4 Acuvue 2-wk (8.8) 14.0 | 3.59 none 1,6-8,10,13-15,18,19 | none 1819
__ S5|Biomedics 38 (86) (140374 = 21721 10,13,18,19 | none 18
6 |Biomedics 55 (8.6) | 14.2 | 3.86 2,49,12,16,1721 | 19 17 19
7|Fresh Look (Median) | 14.5 | 3.91 2,4,9,12,16,17,21 19 ~ none | 19
8|Newvue (8.4) 140 | 389 |  2,4,9,12,16,17,21 19 17 19
| 9|Newvue (8.8) | 14.0 | 3.61 ~_ _none 1,6-8,10,13-15,18,19 none 18,19
10|Optima FW (8.4) | 14.0 | 394 | 24,59,12,16,17,20,21 191 247,21 19
11/Optima FW (8.7) | 14.0| 3.76 2,17,21 13,18,19 . _none | 19
~ 12/0ptima FW (9.0) | 14.0 | 357 | none 16-8,1013-151819 |  none | 1819
| 13|Preference (8.4) 14.4 | 3.96 | 2-59,11,12,16,17,20,21 19 2,17,21 _none
14 Preference (8.7) 14.4 | 3.83 24912161721 | 1819 none 19 :
15|Proclear (8.2) 1142 384 2,4,9,12,16,17,21 19 none 19
~ 16|Proclear (8.5) 1142|363 | none 6-8,10,13-15,18,19 none | 18,19
| 17|Proclear (8.8) | 142 | 348 none  |1,35-8,10,11,13-15,18-20 none 6-8,10,13,18,19
18/Soflens66 (F/M) | 14.2 | 4.03 | 1-5,9,11,12,14,16,17,20,21 19 12,4,8,12,16,17,21 none
19|Soflens66 (S/M) 142 | 435 | 1-18,20,21 none 1-12,14-17,2021|  none
| 20/Surevue (8.4) 14.0 | 3.74 21721 | 10,13,18,19 i none 19
21 Surevue (8.8) 14.0 | 3.50 none 1.3,5—6.10.11,13—15,18-20? none 7,10,13,18,19

Figure 8. Soft lens guide for selecting shallower or deeper sagittal depths
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The ever increasingly popular 1-day Acuvue shows a larger difference in SD. The steeper
1-day Acuvue, BC 8.5, is 0.27 mm, larger than the flatter, 9.0 version (both lenses labeled
14.2 diameter).

No surprises in SD were found among any one brand. That is, within any one brand, the
smaller base curve radius had a larger SD. The Biomedics 55 with labeled diameter of
14.2 has a SD 0.12 mm greater than the Biomedics 38 with diameter of 14.0, as expected.
Both lenses are reported to have BC’s of 8.6, but different center thicknesses and water
content. These other parameters may well have a larger effect on fit on the eye than the
slight difference in SD. The Biomedics 38 being low water, center thickness 0.04 mm, vs.
the 55 being high water with thickness of 0.07 mm.

What is not so obvious from manufacturer labeling is differences between brands. For
example, Surevue (14.0, 8.8) has a significantly smaller SD than the Optima FW (14.0,
8.7), 3.50 mm vs. 3.76 mm, respectively. This wouldn’t be predicted from the reported
diameters and base curves. Mathematically, the difference in SD should be only about .06
mm, not the .26 mm measured.

What effect does having small samples of lenses, many times from one lot, have on the
results of this study? To test this potential source of error we evaluated the 1-day Acuvue
8.5 and the Acuvue 8.4. The 1-day Acuvue 8.5 samples came in two lots, sample size of
30 and 5. The Acuvue 8.4 also came in two lots, of 6 each. Following are the results:

Soft Lens Lot# | n | Mean Sag Std Dev | Error of Estimate

__Depth__ Sag Depth| of Mean Sag Deptn|

1-day Acuvue (8.5)|1351620374 30 381 006 | 002
1-day Acuvue (8.5) 1050340771 5 380 | 003 | 004

Acuvue (8.4) 563607 |6 378 | 006 | 006
Acuvue (B4) | 421297 |6 374 | 004 0.04

If all we had were the 5 samples of the 1-day Acuvue we would predict a2 mean sagittal
depth of 3.80 mm with an error of estimate of the mean of 0.04 mm. Measuring the 30
sample lot we find a mean of 3.81 mm, well within the error of estimate calculated.
Likewise, the Acuvue 8.4 (lot # 563607) with sample size 6 predicts a mean sagittal depth
of 3.78 mm with an error of estimate of 0.06 mm. The second lot, also of size 6, measure
3.74 mm, again within the calculated error of estimate. These examples show that
measuring mean sagittal depth from just one lot and calculating errors of estimate is valid
using the t distribution as discussed in the statistics section of this study.

It’s highly unlikely that all of the 21 various lenses would each average less than the
manufacturer’s labeled diameter. One would expect a normal distribution about the
manufacturer’s diameter. This can possibly be explained through the diameter
measurement technique. The lens is placed in saline within the lens holder tank. The small
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tank is then held at about a 10° angle to the horizontal, down towards the operator, as the
centering tabs are remotely operated manually. The centering mechanism slowly closes in
around the lens until they just touch the outer edge of the lens. Because of the 10° tilt the
lens is resting slightly on the lower side of the centering pieces. This could cause a slight
bow in the lens and result in a smaller diameter measured.

It’s interesting that the three lenses measuring smallest in diameter are all Optima FW’s,
This happens to be the lens with the thinnest center thickness, .035 mm as reported by the
manufacturer. The next smallest measured average diameter is the Biomedics 38 which is
also the next thinnest (center thickness .04 mm). These two brands are both low water
(39 and 38%, respectively), FDA Group #1, lenses.

The power of a soft lens is a little more difficult to obtain than with rigid gas permeable
lenses. The dryness of the lens must be just right to get a clear focus within the
lensometer. Care must be taken to not let the lens dry too much or readings higher in
minus will result. Power consistency, as well as consistency in diameter and SD, is
important to the practitioner and patient alike. 71% of the lens brands tested measured
within .12 D of their -3.00 label (Figure 7). The remainder, 29%, were within .25 D of -
3.00. Most patients will not notice a .12 D change in their prescription. Some patients
will notice a lens power off by .25 D and, therefore, this group of lenses we find to be
insufficient in power accuracy.

Conclusions

Sagittal depth values can aid the practitioner in soft contact lens fitting. Relying on K’s
alone for selecting a soft lens, although widely practiced, is likely to result in more refits
and customer dissatisfaction. Referral to a table of sagittal depth values, such as in this
report (Figure 8), may help to explain why certain lenses fit as they do. For large and/or
steep corneas, the Soflens66 brand might be fit first to vault the large ocular sagittal
height. Both Soflens66 base curves (F/M, S/M) have the largest sagittal depths, 4.0 - 4.4
mm range, in this study of 21 various lenses. Small and/or flat corneas might accept a lens
with a relatively small sagittal depth such as the Proclear (8.8), Surevue (8.8), or the 1-day
Acuvue (9.0) which range from about 3 45 to 3.55 mm.

Overall diameter, which affects the sagittal depth, was consistently measured smaller than
the manufacturer’s label. This may be dueto the measurement technique or to a possible
bias in manufacturing.

Power was found to be consistent. Most brands showed accuracy to within 0.12D. A
rise in temperature to 93°F, reported temperature of the eye, from room temperature was
found to have no significant effect on diameter or sagittal depth. It’s effect on power was
not measured. Clinicians and researchers can measure these two parameters with some
confidence knowing that their measurements aren’t changing significantly due to
temperature while on the eye.
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