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Corneal Topography and Soft Contact Lens Fit

Graeme Young*, Cristina Schnider†, Chris Hunt‡, and Suzanne Efron§

ABSTRACT
Purpose. To determine which ocular topography variables affect soft contact lens fit.
Methods. Fifty subjects each wore three pairs of soft lenses in random succession (Vistakon Acuvue 2, Vistakon Acuvue
Advance, Ciba Vision Night & Day), and various aspects of lens fit were evaluated. The steeper base curves of each type
were worn in one eye and the flatter base curves in the other eye. Corneal topography data were collected using a
Medmont E300 corneal topographer (Camberwell, Australia). Corneal curvature, shape factor (SF), and corneal height
were measured over a 10 mm chord and also over the maximum measurable diameter. These were measured in the
horizontal, vertical, steepest, and flattest meridians.
Results. With each lens type, the steeper base curve provided the best fit on the greatest proportion of eyes and the
significant differences in various aspects of fit were noted between base curves. For each lens type, there was no
significant difference in mean K-reading between those eyes best fit with the steeper base curve and those eyes best fit
with the flatter base curve. Two of the lenses showed a positive correlation between centration and horizontal corneal
height (maximum), whereas one lens showed a negative correlation between centration and horizontal SF (SF � e2).
Several lenses showed a positive correlation between post-blink movement and horizontal or vertical corneal SF.
Conclusions. The measurement of corneal topography using current Placido disc instrumentation allows a better
prediction of soft lens fit than by keratometry, but it is not reliable enough to enable accurate selection of the best fitting
base curve. Some correlations are evident between corneal measurements; however, trial fitting remains the method of
choice for selection of soft lens base curve.
(Optom Vis Sci 2010;87:358–366)
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In traditional contact lens teaching, measurements of central
corneal curvature are used to select the appropriate soft lens
base curve. The assumption behind this is that steeper corneas

have greater sagittal height and, therefore, require lenses of greater
sagittal depth, that is, steeper base curve. However, several workers
have pointed out that a variety of ocular dimensions affect ocular
sagittal height, including corneal diameter, corneal asphericity,
and scleral shape, and therefore, K-readings (K) are an oversimplis-
tic predictor of soft lens fit.1–3 Because there is a correlation
between corneal curvature and corneal diameter (flatter corneas
tending to be larger),4 variation in corneal asphericity may have a
greater influence on ocular sagittal height.3 Several studies have
confirmed that the selection of optimal base curve does not corre-
late with central corneal curvature.5–7

Computerized videokeratoscopy allows a more complete char-
acterization of corneal topography than conventional keratometry,
and most instruments provide a measurement of corneal aspheric-
ity. This technique is widely used in the fitting of rigid lenses8 but
has been applied rarely to soft lens fitting. One study attempted to
relate soft lens fitting characteristics with corneal asphericity but
found no correlation.6 However, this study used a low water con-
tent lens in a single design and assessed only a limited range of
variables. Other studies have attempted to relate the success of toric
soft lenses to corneal topography measurements, but these were
concerned primarily with visual performance and threw little light
on the relationships governing basic soft lens fit.9,10 The question
remains, therefore, as to whether current corneal topographers can
be used to facilitate the fitting of soft contact lenses.

Many soft lens brands are available in multiple fittings; however,
with conventional soft lenses, relatively large changes in base curve
are required to affect a clinically significant change in lens fit.11–13

As a result, with a given lens type, different base curve fittings often
show similar fitting characteristics. However, the forces that gov-
ern the lens fit change with material rigidity and lens geometry.
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Because some silicone hydrogel materials have greater rigidity
modulus than conventional hydrogel materials,14 their fit may be
more susceptible to variations in corneal topography. In a recent
study, Dumbleton et al.15 noted a high incidence of edge fluting
with lotrafilcon A lenses (Ciba Vision Night & Day) and con-
cluded that steeper corneas were best fit with the steeper base curve.

The main purpose of this study was to determine whether soft
lens fit can be predicted by measurement of ocular topography
using a Placido disc type topographer. Specifically, the study eval-
uated possible correlations between these ocular topography vari-
ables and various spherical lens fit characteristics. Because multiple
fittings were available, the study also evaluated the effect of base
curve on soft lens fit and whether differences in ocular topography
can explain whether various eyes are best fitted with steeper vs.
flatter base curve lenses.

METHODS

Fifty soft lens wearers were recruited with a distance sphere
requirement in the range �0.50 to �4.50 D and spectacle astig-
matism �1.50 D in both eyes. Potential subjects were excluded
who had significant ocular abnormality or disease including dry
eye. The study was undertaken at two sites with each clinic enroll-
ing half of the subjects. Seven investigators took part and were
pretrained to ensure consistency. Subjects gave written informed
consent, and the study protocol was reviewed by an independent
research ethics committee before starting.

Three lens types were evaluated in the study, each of which was
available in two base curves (Table 1). Each subject was fitted in
random succession with each lens type. Subjects were randomly
assigned to wear the steeper base curve of each design in one eye
and the flatter base curve in the other. The two base curves of a
given lens type were worn simultaneously (i.e., contralaterally).
Subjects were required to have similar mean K and best vision
sphere in their right and left eyes. A maximum difference between
eyes of 0.2 mm mean K was allowed and 1.00 D in sphere power.
The maximum possible difference between eyes of 1.00 D was not
thought to be large enough to result in differences in fit. All three
lens types were available in the power range �1.00 to �4.00 in
0.25 D steps, and the subjects were fitted with lenses of power
closest to their requirement for each eye.

To facilitate masking, the lenses were removed from blister
packs and stored in the glass vials in buffered saline (AMO Lens
Plus saline). Lens vials were relabeled with a code number, and lens
power by an individual was not involved in data collection. Be-

cause the Vistakon lenses incorporate surface markings, which
were sometimes visible to investigators, masking was not complete;
however, the masking of investigators to base curve was preserved.

Ocular Measurements

Corneal topography data were collected using the Medmont
E300 corneal topographer (Camberwell, Australia). This instru-
ment has been shown to have good measurement accuracy16 and
reliability.17 In the tangential curvature display mode, the instru-
ment automatically shows simulated keratometry readings and
corneal shape factor (SF) in the major (i.e., steepest and flattest)
meridians. For the study, these were also measured in the vertical
and horizontal meridians. This is achieved by entering the soft-
ware’s “analysis details” dialogue box and setting it to the desired
meridian.

Corneal asphericity or SF can be expressed using several in-
terchangeable notations.18 The Medmont E300 presents SF as
e2, where e � conicoidal eccentricity, and the SF results given
here use this convention in which a SF of 0 indicates a spherical
surface and a negative value indicates an oblate ellipse.

Corneal height (CH) was measured in the vertical and horizon-
tal meridians across a 10 mm chord, which is the topographer’s
default setting. The width of the CH measurement is limited by
the extent of the mire reflections. However, by manually adjusting
chord setting, it was possible to take CH readings across the max-
imum measurable width (Fig. 1). In the horizontal meridian, on
average, this was 2 mm wider than the default 10 mm setting.
Horizontal visible iris diameter and palpebral aperture were mea-
sured to the nearest 0.1 mm using a slit lamp eyepiece graticule.

Clinical Measurements

After insertion by the investigator, lenses were allowed to settle
for 30 to 45 min. Comfort on settling was graded by the subject
using a 10 cm vertically oriented visual analogue scale. Lens fittings
were assessed using a slit lamp microscope fitted with
an eyepiece graticule. The following four key lens fit variables were
evaluated19:

• Decentration (mm),
• Post-blink movement (PBM) (mm),
• Tightness on push up (%),
• Overall fit acceptance (0 to 5).

Lens centration with respect to the limbus was measured in the
horizontal and vertical meridians and summated to give total de-
centration. The amount of blink induced lens movement or PBM

FIGURE 1.
Ocular measurements. CC, central corneal curvature.

TABLE 1.
Study lens details

Manufacturer
Material

Acuvue Advance
Vistakon

Acuvue 2
Vistakon

Etafilcon A

Night & Day
CIBA Vision
Lotrafilcon A

Water content (%) 47 58 24
Modulus (MPa) 0.43a 0.3b 1.2b

Base curves (mm) 8.30,8.70 8.30,8.70 8.40,8.60
Diameter (mm) 14.0 14.0 13.8

aOsborn and Veys.28

bFonn et al.14
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was measured immediately after a blink with the subject fixating in
the primary-gaze position. The measurement was made by observ-
ing the inferior edge of the lens, and, when necessary, the lower lid
was moved to view the inferior lens edge and was measured in
millimeters to the nearest 0.05 mm using a vertically orientated
eyepiece graticule. Lens tightness on push up was graded by the
ease with which the lens could be displaced upward by digitally
moving the lower lid against the lens edge and was graded on a
continuous scale from 0 to 100. An assessment of 50 corresponded
to optimum tightness, greater than this corresponded to a relatively
tight fit and lower to a relatively loose fit.20 Overall fit was graded
by the investigator on a 0 to 5 scale based on their overall assess-
ment of lens fit.

Data Analysis

Differences in biometry between the steep and flat lens wearing
eyes were compared by the paired t-test or Wilcoxon test for
matched pairs for normal and non-normal data, respectively.

To examine the difference in lens fit between lens types, mixed
model analysis of variance (ANOVA) was used. The ANOVA in-
cluded fixed factors: lens, base curve, lens and base curve interaction,
lens order, and random factors - subject ID and eye nested in subject ID.

As part of the analysis, lens fittings were analyzed to determine
which, if any, of the two base curves gave the best fitting lens. This
assumed that a given lens would show a similar fit in the right and
left eyes of a given subject. The analysis was performed on the basis
of tightness and overall fit acceptance. In the case of tightness, the
fitting showing tightness closest to optimum was deemed the most
successful. With fit acceptance, the fitting graded the highest was
deemed the most successful. Differences between those subjects
best fitted with steeper and flatter base curves were compared by
two-sample t-test, Mann-Whitney U test or Pearson chi-square
test for normal, non-normal, and nominal data. Differences in lens

fit between steeper and flatter base curve were tested using the
paired t-test or Wilcoxon test for matched pairs.

Because there were so many ocular measurements, many of
which correlate with each other, principal component (PC) anal-
ysis was used to reduce the number of variables to a few uncorre-
lated factors. PC analysis is a procedure that transforms a number
of correlated variables into a smaller number of uncorrelated vari-
ables called PCs. The first PC accounts for as much of the variabil-
ity in the data as possible, and each subsequent PC accounts for as
much of the remaining variability as possible. The PCs are linear
combinations of the ocular measurements with optimal weighting.
Regression analysis was then used to examine the relationships
between the comfort and lens fit variables and the PCs; this was
undertaken for each lens type and with the steeper and flatter
fittings being assessed separately. With a large number of statistical
tests, there is an increased risk of erroneous significant findings,
that is, type I errors. However, because the associations were tested
separately with each of the six lenses, this provided replicate con-
ditions against which any significant finding could be judged. In
other words, greater confidence could be given to a given result if
this association was replicated with another lens type or base curve.

Finally, Spearman’s rank correlation coefficients were calculated
for the associations between lens fit and ocular variables high-
lighted by the regression analysis.

The analysis was carried out using the PASW Statistics version
17 (SPSS Inc., Chicago, IL) statistical software. In all the cases, p �
0.050 was taken to indicate a significant difference.

RESULTS

Biometric Data

The baseline biometric data and baseline slit lamp findings are
summarized in Table 2. The mean age of the subjects was 30 � 12

TABLE 2.
Summary of baseline biometric data by lens base curve

Variable Steep eye Flat eye Difference (steep eye � flat eye)

No. eyes 50 50 50

Spectacle refraction
Sphere (D) �2.35 (0.96), �0.50 to �4.25 �2.33 (0.98), �0.50 to �4.25 �0.07 (0.49), �2.50 to 1.00
Cylinder (D) �0.44 (0.28), 0.00 to �1.00 �0.50 (0.30), 0.00 to �1.25 0.05 (0.26), �0.25 to 0.75

Horizontal visible iris
diameter (mm)

11.68 (0.52), 10.5 to 12.9 11.69 (0.53), 10.5 to 12.8 0.00 (0.12), �0.5 to 0.3

K
Flattest (mm) 7.78 (0.26), 7.07 to 8.37 7.79 (0.26), 7.10 to 8.32 �0.01 (0.09), �0.53 to 0.14
Steepest (mm) 7.61 (0.27), 6.70 to 8.13 7.62 (0.27), 6.78 to 8.08 �0.01 (0.11), �0.57 to 0.19

Corneal shape factor
Horizontal 0.43 (0.16), 0.11 to 0.76 0.45 (0.15), 0.14 to 0.86 �0.02 (0.10), �0.32 to 0.20
Vertical 0.13 (0.11), �0.09 to 0.40 0.15 (0.11), �0.03 to 0.44 �0.02 (0.07), �0.19 to 0.11

Corneal height
Horizontal (mm) 2.57 (0.16), 2.26 to 2.91 2.569 (0.16), 2.26 to 2.93 0.004 (0.05), �0.098 to 0.194
Vertical (mm) 2.202 (0.16), 1.46 to 2.47 2.230 (0.18), 1.63 to 2.53 �0.027 (0.14), �0.284 to 0.499

Values are expressed as Mean (SD), range.
A negative difference between eyes indicates a lower value with the eye in the steep lens group.
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years. Slightly more (56%) women were enrolled than men. The
mean spectacle sphere was �2.34 D, and the mean spectacle cyl-
inder was �0.47 D. The ethnicity of subjects was predominantly
white (78%), followed by Asian (16%), Indian (4%), and African
Caribbean (2%).

There were no statistically significant differences between the
eyes wearing the steep vs. flat lenses in relation to refraction or
keratometry, corneal diameter, or other ocular topography mea-
surements. A wide range of corneal shapes was included in the
study and flattest keratometry varied from 7.07 to 8.37 mm (47.40
to 40.25 D). Horizontal visible iris diameter ranged from 10.5 to
12.9 mm.

The mean horizontal CH along the maximum chord was 2.60
mm, which, as expected, was smaller than the theoretical average
total cornea height for the population (3.20 mm).3 The mean
maximum measurable chord was 12.0 mm (SD � 0.26) in the
horizontal meridian and 10.9 mm (SD � 0.43) in the vertical
meridian. This compares with a previous measurement of mean
corneal diameter of 12.9 mm.21

Best-Fitting Base Curve

With each lens type, the steeper base curve was the most suc-
cessful, that is, provided the best fit on the greatest proportion of
eyes. In each case, more than twice as many subjects were best fitted
with the steeper rather than the flatter base curve based on the
overall lens fit acceptance. A number of significant differences in fit

were noted between the steeper and the flatter base curves with
each lens type, and these are summarized in Table 3.

With each lens type, there was no significant difference in mean
K between those subjects best fit with the steeper base curve and
those subjects best fit with the flatter base curve (Figs. 2a to c). This
was the case whether the assessment was based on overall lens fit or
tightness on push up.

Principal Components

The PC analysis reduced the 12 topography variables to 4 PCs
(Table 4). The first PC was most highly correlated with keratom-
etry and CH in both the principal meridians. The second was most
highly correlated with horizontal and flattest SF, the third with
vertical and steepest SF, and the forth PC with palpebral aperture
and vertical CH. In the subsequent regression analysis, these four
PCs were used in the place of 12 topography variables (Table 5).

Comfort

ANOVA found a significant difference with respect to lens type
(F � 23.3, p � 0.0001), but no differences between the base curves
or the interaction between lens type and base curve. The Acuvue
Advance and Acuvue 2 lenses were graded higher for comfort than
Night & Day lenses. The regression analysis showed no significant
correlations between comfort and any of the PCs.

TABLE 3.
Summary of lens fit results

Acuvue Advance Acuvue 2 Night & Day

Variable Steep Flat Steep Flat Steep Flat

No. eyes 50 50 50 50 50 50

Comfort on settling (10 cm VAS)
Mean 8.90 8.85 9.1 9.06 8.06 7.74
SD 1.47 1.48 1.14 1.10 1.97 2.18
Range 3–10 2.4–10 4.8–10 5.7–10 1.3–10 1.3–10

Tightness on push-up (%)
Mean 52.4 48.7 50.0a 47.3 48.8 46.3
SD 11.4 14.0 10.0 12.2 9.0 11.0
Range 30–90 10–90 20–85 10–80 30–80 25–80

Postblink movement (mm)
Mean 0.28 0.29 0.26 0.28 0.35 0.37
SD 0.11 0.14 0.11 0.14 0.13 0.14
Range 0.1–0.6 0.1–0.6 0–0.5 0–0.6 0.2–0.8 0.1–0.7

Total decentration (mm)

Mean 0.47b 0.61 0.42a 0.60 0.25b 0.41
SD 0.45 0.54 0.46 0.55 0.34 0.53
Range 0–2.2 0.1–2.5 0–2.7 0–2.2 0–2.2 0–2.6

Fit acceptance (0–5)
Mean 4.23b 3.92 4.24b 3.94 4.21a 3.91
SD 0.66 1.02 0.74 0.94 0.86 1.13
Range 1–5 0.5–5 1.5–5 1.5–5 1–5 0–5
ap � 0.05 (significant differences between steep and flat base curves by paired analysis).
bp � 0.01 (significant differences between steep and flat base curves by paired analysis).
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Centration

Significant differences were noted between the lens types (F �
12.1, p � 0.0001) and between the base curves (F � 17.4, p �
0.0001). There was no significant interaction between lens type
and base curve. The Night & Day lenses showed significantly less
decentration than the two Acuvue brand lenses. With each lens
type, there was less decentration with the steeper lenses.

The regression analysis showed significant correlations between
centration and PC-2 and PC-4 with the flatter Acuvue 2 lens and
PC-1 with the flatter Night & Day lens. Spearman correlations
confirmed that decentration with the flatter Acuvue 2 lens nega-
tively correlated with horizontal SF: r � �0.37, p � 0.008. The
scatterplot in Fig. 3 shows a trend of greater decentration with a
lower corneal asphericity.

The flatter Acuvue 2 also showed a significant positive correla-
tion between decentration and horizontal CH (maximum chord):
r � �0.50, p � 0.0002. With the flatter Night & Day lenses, for
which decentration was significantly associated with PC-1, Spear-
man showed a significant positive correlation between centration
and horizontal CH (maximum chord), r � �0.30, p � 0.03. The
scatterplot in Fig. 4 shows a trend of greater decentration on the
corneas with greater CH. No other significant findings with the
other lens types were found with the regression analysis.

Tightness and Movement

There were significant differences in the tightness on push up
between the flatter and the steeper lenses (F � 6.0, p � 0.02) and
a difference in PBM between the lens types (F � 18.4, p �
0.0001). The flatter lenses tended to fit looser than the steeper
lenses. The two Acuvue brand lenses showed significantly less
movement than the Night & Day lenses.

Regression analysis revealed the significant correlations between
PBM and PC-2 for all of the steeper lenses and with PC-3 for the
flatter Night & Day lenses(Fig. 5). Spearman showed a significant
positive correlation between movement with Night & Day and
horizontal SF for the steeper fitting (r � �0.28, p � 0.05) and
vertical SF for flatter fitting (r � �0.30, p � 0.04); greater lens
movement was, therefore, associated with a greater corneal asphe-
ricity (Fig. 5). There were no significant correlations with tightness
on push up.

Overall Fit

There was a significant difference in overall fit acceptance be-
tween the flatter and the steeper lenses (F � 15.8, p � 0.0001).
The steeper lenses tended to be graded significantly higher for fit
acceptance than the flatter lenses. This difference was shown with
each lens type.

Regression analysis showed significant correlations between
overall fit acceptance and PC-2 for three of the six lens types: steep
and flat Acuvue 2 and the steeper Night & Day lenses. In each case,
this was confirmed by Spearman rank correlation, which showed
significant positive correlations between lens fit acceptance and
horizontal corneal SF: r � �0.35, p � 0.01; r � �0.44, p �
0.001; and r � �0.28, p � 0.05, respectively. The steep Acuvue 2
lenses also showed a significant correlation between lens fit accep-

FIGURE 2.
a, Acuvue Advance—Box and whisker plot for flattest K for subjects
showing best fitting with steeper and flatter base curve and those showing
no difference (ND). Plots show median, interquartile range, and range. b,
Acuvue 2—box and whisker plot for flattest K for subjects showing best
fitting with steeper and flatter Acuvue 2 base curve and those showing
ND. Plots show median, interquartile range, and range. c, Night & Day—
box and whisker plot for flattest K for subjects showing best fitting with
steeper and flatter base curve and those showing ND. Plots show median,
interquartile range, and range.
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tance and PC-3 and Spearman confirmed a significant positive
correlation with corneal SF in the vertical meridian (r � �0.49,
p � 0.0003). The scatterplot in Fig. 6 of all the flat lens fittings
suggests a trend of poor lens fit on the corneas with less asphericity.

DISCUSSION

The main finding of this study is that the information provided
by corneal topographers such as the Medmont E300 is inadequate
for predicting soft contact lens fit. Although corneal topographers
have proved to be useful in selecting the optimum parameters in
rigid lens fitting, this cannot yet be extended to soft lens fitting,
and, therefore, trial fitting remains the method of choice for the
selection of soft lens base curve. The limited usefulness of current
videokeratoscopes in soft lens fitting is understandable given the
restricted extent of measurement by Placido disc instruments.
Even if these were able to characterize the entire cornea, they would
probably still not provide enough information to predict soft lens
fit as this would fail to take into account the profile of the perilim-
bal sclera. Meier22 has suggested that the cornea-scleral junction
can vary widely in profile. Although most eyes show a smooth
transition between the cornea and the sclera, he estimated that
approximately one third of the eyes show a convex scleral profile,
resulting in a marked cornea-scleral transition and are more likely
to require lenses of flatter base curve. Optical coherence tomogra-
phy can be used to characterize the cornea-scleral junction and
provide the measurements of the whole cornea and, therefore, may
prove more successful in this respect.22

The findings also confirm that, with the lenses tested, the ap-
propriate base curve cannot be predicted from keratometry alone.
This is consistent with the findings of other clinical studies7,8,12,13

and predictions from modeling of corneal topography.1,3 Because

corneal SF has been calculated as the prime ocular variable govern-
ing corneal sagittal height,3 it is not surprising that this parameter
showed more significant correlations than the corneal curvature or
diameter.

The findings with Night & Day seem to contradict those of
Dumbleton et al.15 who suggested that eyes with K steeper than
7.42 mm (�45.5D) require the steeper Night & Day fitting. This
K threshold is relatively steep, and in this study, only 24% subjects
fell within this range. Of these subjects, 42% (5 of 12) either
showed no difference in fit or were best fit by the flatter base curve.
The difference in findings may partly arise from the differences in
methodology. First, they only fitted the steeper lens in those cases
where the flatter lens proved unsuitable, and, second, their assess-
ment of suitability was based on comfort and fit.

Although loose fitting lenses tend to be less comfortable than
tight or optimal fitting lenses, comfort alone is a poor indicator of
lens fit.19 This is undoubtedly because of the wide range of factors
affecting soft lens comfort,26 and it was, therefore, not surprising
to find no correlations relating to comfort.

One of the most consistent correlations between lens fit and
corneal topography was that between centration and corneal sag-
ittal height, which was noted with three of the six lens fittings. The
findings in relation to centration are consistent with those of
Young et al.12 who noted differences in centration with varying
soft lens base curve. This study monitored variation in the corneal
sagittal height, whereas the previous study evaluated the effect of
varying lens sagittal depth. Thus, both studies evaluated the effect
of varying the sagittal difference between lens and eye and found
centration to be the most affected lens fit variable.

Although CH showed a consistent correlation with centration,
it did not correlate with overall fit. This relates to the fact that

TABLE 4.
Principal component matrix

Topography variable

Component

PC-1 PC-2 PC-3 PC-4

Horizontal visible iris diameter �0.28 �0.16 �0.40 0.42
Palpebral Aperture 0.01 �0.04 �0.05 0.88

Keratometry
Flattest �0.96 �0.01 �0.08 0.05
Steepest �0.97 �0.11 �0.02 0.02

Corneal Shape Factor
Horizontal �0.16 0.91 0.22 �0.02
Vertical �0.02 0.18 0.85 0.20
Flattest �0.05 0.95 0.03 0.07
Steepest �0.13 0.01 0.90 �0.04

Corneal height—vertical
10-mm chord 0.95 0.03 �0.22 �0.05
Maximum chord 0.09 0.18 0.32 0.70

Corneal height—horizontal
10-mm chord 0.91 �0.37 0.01 0.00
Maximum chord 0.76 �0.27 �0.03 0.12

Values indicate the rotated factor loadings of topography variables in each PC and key components have been highlighted in bold.
Variables with factor loadings closer to �1 (i.e., further away from 0) show a higher correlation with the associated PC. Components
were considered “key,” if the absolute loading exceeded 0.50.
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centration is a lesser consideration than other factors when consid-
ering the overall fit. In any case, it is a poor correlate of overall fit;
for instance, although an acceptable lens fit might show poor cen-
tration, an unacceptably tight fitting lens might show good centra-
tion. Another consideration is that the assessment of lens fit was
perhaps the most subjective of the lens fit variables and, therefore,
was most prone to inter investigator variability. For this reason, the
determination of best fitting base curve was undertaken using
tightness as well as overall fit acceptance.

It is surprising that there were no correlations between tightness
on push up and any of the corneal topography variables. Lens
tightness is the most sensitive test of lens fit,19 and Martin et al.25

have shown a correlation between the tightness and the forces
holding a lens on the eye. This apparent lack of correlation may be
because of the relationship between corneal topography and tight-
ness being non-linear. Although a range of tightness values were
recorded, most fittings fell within a narrow range close to opti-
mum, suggesting that any relevant ocular parameters have to devi-
ate significantly from the mean to influence tightness.

The correlation of poorer fit with lower SF is consistent with the
correlations to CH. As noted previously, the variations in corneal
SF have the greatest effect on CH with lower SF, resulting in

greater CH. It is curious, however, that although overall fit corre-
lated with SF, there were no correlations with CH. One explana-
tion is that SF may have a closer relation to corneo-scleral profile
than CH. It seems plausible that the corneas with less asphericity
(lower SF) are more likely to show the markedly discontinuous
corneo-scleral junction described earlier, whereas those with
greater asphercity are more likely to show a smooth transition.
Further work is required in this area to determine the relevance of
the corneo-scleral profile to soft lens fit.

Analyses based on correlation have a number of limitations in
trying to understand the relationships between variables. First, a
test of linear correlation may fail to disclose a threshold relation of
the type previously noted with soft lenses. Martin et al.20 noted
that the soft lens movement is constant below a certain threshold
but shows a positive correlation above this threshold. Second, if the
dataset is small in range, there may not be enough variability to
disclose a real association. With some of the fit variables, the range
of measurements was relatively narrow and may explain why cer-
tain correlations were noted with one or two lens types but not all
three.

A number of variables relating to lens parameters were uncon-
trolled. First, a range of lens powers was used; however, previous

TABLE 5.
Summary of regression analysis of PC versus comfort and lens fit variables

Lens Coef

Comfort Centration Tightness Movement
Fit

acceptance

p t p t p t p t p t

Acuvue Advance
Steep PC1 0.98 �0.03 0.83 �0.21 0.27 �1.12 0.43 �0.79 0.36 0.93

PC2 0.17 1.41 0.92 �0.10 0.25 1.16 0.048 2.04 0.085 1.76
PC3 0.55 0.61 0.95 �0.06 0.62 �0.50 0.66 0.45 0.32 1.00
PC4 0.13 1.56 0.92 0.10 0.94 �0.08 0.16 1.44 0.93 �0.09

Flat PC1 0.60 0.53 0.27 1.12 0.81 0.24 0.22 �1.26 0.24 1.18
PC2 0.68 0.42 0.62 0.50 0.51 0.66 0.97 0.04 0.067 1.88
PC3 0.50 0.69 0.19 �1.32 0.42 0.81 0.91 0.12 0.20 1.31
PC4 0.73 0.34 0.25 1.16 0.68 0.41 0.94 �0.08 0.55 �0.61

Acuvue 2
Steep PC1 0.78 0.29 0.56 0.59 0.51 �0.66 0.93 �0.09 0.67 0.42

PC2 0.38 0.89 0.46 �0.74 0.22 1.24 0.037 2.15 0.0015 3.39
PC3 0.53 �0.64 0.21 �1.28 0.53 �0.64 0.74 0.33 0.0086 2.75
PC4 0.46 0.75 0.99 0.01 0.75 �0.32 0.13 1.56 0.61 �0.52

Flat PC1 0.92 0.10 0.075 1.82 0.21 �1.28 0.55 �0.60 0.32 1.02
PC2 0.55 0.61 0.0048 �2.96 0.47 0.73 0.61 �0.51 0.0012 3.45
PC3 0.93 �0.09 0.22 �1.25 1.00 0.00 0.99 �0.02 0.058 1.94
PC4 0.23 1.23 0.010 2.67 0.48 �0.71 1.00 0.00 0.55 �0.60

Focus N&D
Steep PC1 0.19 �1.34 0.57 0.57 0.60 �0.53 0.29 �1.08 0.39 0.86

PC2 0.90 0.13 0.13 �1.54 0.99 0.01 0.037 2.15 0.037 2.15
PC3 0.75 0.33 0.97 0.03 0.24 1.20 0.98 �0.02 0.88 �0.15
PC4 0.55 0.60 0.15 1.47 0.99 �0.01 0.72 �0.36 0.32 �1.01

Flat PC1 0.056 �1.96 0.024 2.34 0.27 �1.11 0.47 �0.73 0.022 �2.37
PC2 0.74 �0.34 0.92 �0.10 0.40 0.84 0.48 0.72 0.89 0.13
PC3 0.78 0.29 0.88 �0.15 0.45 0.75 0.041 2.11 0.45 0.76
PC4 0.41 �0.82 0.52 0.65 0.75 0.32 0.16 1.42 0.52 �0.64

364 Corneal Topography and Soft Contact Lens Fit—Young et al.

Optometry and Vision Science, Vol. 87, No. 5, May 2010



work has suggested that lens fit is unaffected across this relatively
narrow range of powers.12 Second, manufacturing variability may
result in the parameter variations for a given lens type. However,
lens reproducibility studies have shown good manufacturing con-
sistency with modern molding technology.27,28

CONCLUSIONS

The measurement of corneal topography using current Placido
disc instrumentation allows a better prediction of soft lens fit than
by keratometry, but it is not reliable enough to enable accurate
selection of the best fitting base curve. Therefore, trial fitting re-
mains the method of choice for the selection of soft lens base curve.
Some strong correlations are evident between corneal measure-
ments and lens fit, most notably, between corneal sagittal height

and lens centration. However, instruments that provide more
complete characterization of the shape of the ocular surface offer
better hope for understanding these relationships.
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FIGURE 3.
Scatterplot of centration vs. horizontal SF for flatter Acuvue 2 (n � 50).

FIGURE 4.
Scatterplot of centration vs. vertical corneal height for flatter base curve
Acuvue 2 and Night & Day lenses.

FIGURE 5.
Scatterplot of postblink movement vs. corneal SF for steep and flat base
curve Night & Day. Flat base curve was plotted for horizontal SF and steep
for vertical SF.

FIGURE 6.
Scatterplot of overall fit acceptance vs. horizontal corneal shape factor for
all steep base curve lenses (n � 150).
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