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Purpose: To compare the subjective manifest astigmatism to the corneal topographic astigmatism in patients with keratoconus.
Methods: This retrospective study included data of 230 keratoconic eyes of 115 patients. Topographic corneal astigmatism (TA),
which was measured by pentacam, was compared and correlated to manifest refractive cylinder (MRC) in terms of power, axis, vector
components, and mean vector. The difference between TA and MRC was correlated to the maximum keratometric reading (Kmax) and
the thinnest pachymetry location (TL), as indicators of keratoconus severity.
Results: There was a significant positive correlation between MRC power and TA power (p < 0.001; r = 0.58). TA power was significantly
higher than MRC power (p < 0.001). A significant correlation was present between the axis of TA and MRC (r = 0.73; p < 0.001) with the
axis of the MRC tending to be more vertical (more against the rule) than the axis of TA. The vector difference between TA and MRC is
correlated to the Kmax (p < 0.001; r = 0.62) and TL (p < 0.001; r = 0.3).
Conclusions: A significant difference is present between TA and MRC in keratoconic eyes, the power of MRC tends to be less and
the axis tends to be more vertical than those of TA; this difference increases as keratoconus becomes more advanced.
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Introduction
Keratoconus is one of the leading causes of visual impairment worldwide.1 Its main therapeutic modalities include
corneal cross-linking, intracorneal ring segments, penetrating, and lamellar keratoplasty.2–4

Due to presence of irregular corneal astigmatism and high-order aberrations, accurate refraction is usually difficult in
keratoconus patients.5 Eyes with keratoconus have approximately five to six times higher order aberrations than normal
eyes, particularly vertical coma.6,7 Accurate refraction with measurement of best-corrected visual acuity is of paramount
importance in keratoconus as it is crucial for decision-making, glasses prescription, and monitoring of disease progres-
sion. Furthermore, proper identification of cylinder power and axis is essential for planning intracorneal ring segments
and toric intraocular lens implantation in suitable candidates.8

Objective refraction was found to be different from subjective manifest refraction in keratoconic eyes. In
clinical practice, depending on the subjective trial alone could be difficult and time consuming, particularly in
uncooperative patients. Identifying an objective tool to help guide the subjective trial makes it easier, quicker,
and repeatable. Considering the fact that manifest refractive astigmatism is the sum of both corneal and lenticular
astigmatism with the superadded effect of corneal higher-order aberrations,9 topographic astigmatism measured
using the rotating Scheimpflug camera could provide a suitable starting point to initiate the subjective manifest
refraction. The aim of this study is to compare topographic corneal astigmatism to subjective manifest astigma-
tism in keratoconic eyes and the impact of keratoconus severity on any disparities between those two methods.
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Materials and Methods
This retrospective cross-sectional single-center observational study was carried out at the Department of Ophthalmology,
Tanta University Eye Hospital, Tanta, Egypt. The study adhered to the tenets of the Declaration of Helsinki and was
approved by the Institutional Review Board of Tanta University Faculty of Medicine. Based on the retrospective and the
observational nature of the study, obtaining informed consent from the study participants was not required by the ethics
committee. All patients’ data were deidentified to keep confidentiality and privacy.

The retrospective reviews included the records of 115 patients diagnosed with keratoconus at our hospital during the
period from January 2017 to December 2021.

Inclusion criteria included patients with keratoconus diagnosed at any age. The diagnosis of keratoconus was
based on clinical examination and corneal tomography (Pentacam HR; Oculus Optikgeräte, Wetzelar, Germany).
Exclusion criteria included patients with previous corneal or lenticular surgery, cataract, corneal scarring, patients
using hard contact lenses, patients with advanced keratoconus, and patients with concomitant ocular surface
disorders.

Manifest refraction was performed, one eye at a time, by the same physician (WA) in dim illumination using
a manual minus-cylinder phoropter (Reichert, Inc., New York. USA) and an automatic chart projector (ACP-8.
Topcon Corp., Tokyo, Japan). The values of cycloplegic refraction obtained using retinoscopy or patient’s
previous glasses prescriptions were used as a starting point in all subjective trials. The Donder’s method10

was used to determine the manifest refraction. First, the strongest plus lens or the weakest minus lens that offers
the patient the best visual acuity was used. After adjusting the power of the spherical lens, subjects were asked
to rotate the axis knob of the cylindrical lens on the phoropter till they get the sharpest vision in order to fine-
tune the cylinder axis. Finally, the minus cylinder power was increased or decreased according to the effect on
visual acuity.

Corneal tomography was performed to all subjects using a rotating Scheimpflug camera (Pentacam HR; Oculus
Optikgeräte, Wetzelar, Germany). The quality status (QS) detected by the machine had to be OK for all maps included in
the study. The data extracted from the maps included K1, K2, topographic astigmatism (power and axis), Kmax, and the
thinnest location on the pachymetry map.

Topographic astigmatism (TA) and manifest refractive cylinder (MRC) were compared and correlated in terms of power,
axis, and vector analysis. The vector components were calculated using previously described equations:11,12 X = C x cos (2A);
Y = C x sin (2A), where “X” is the X-axis component of astigmatism, “Y” is the Y-axis component of astigmatism, “C” is the
cylinder power, and “A” is the cylinder axis.

Vector difference between TA and MRC was calculated, and the mean vector of TA and MRC was calculated for right
eyes and left eyes separately using Alpins vector analysis.11,13

All data collected in the study were entered into an electronic database via Microsoft Excel 2016 (Microsoft Corp.,
Redmond, WA). Statistical analysis was performed using the Statistical Package for Social Sciences software (SPSS.
IBM Corp., Armonk, New York. USA) Version 16. Numerical variables were reported as Mean ± Standard Deviation
(SD). Correlations were examined with Pearson’s correlation coefficient and Spearman rank correlation test. The
Wilcoxon signed-rank test was used to test the difference between the two groups. A P value less than 0.05 was
considered statistically significant.

Results
This study included 230 eyes of 115 patients, criteria of studied cases included age, visual acuity, manifest and
topographic astigmatism, maximum k reading (Kmax), and thinnest pachymetry location (TL), and they are reported
in Table 1.

There was a statistically significant positive correlation between MRC power and TA power (r = 0.58;
p < 0.001, Spearman correlation test) (Absolute agreement Interclass correlation coefficient ICC = 0.72)
(Figure 1). Topographic astigmatism (TA) power was significantly higher than MRC power (p < 0.001) with
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a mean difference of 0.66 ± 1.72 diopter. Additionally, there was a significant correlation between the TA and the
mean difference between TA and MRC (r = 0.56; p < 0.001, Spearman correlation test).

As regards the astigmatism axis, a significant correlation was present between the axis of TA andMRC (r = 0.73; p < 0.001,
Spearman correlation test) (Absolute agreement Interclass correlation coefficient ICC = 0.47). The axis of theMRC tends to be
more vertical (more against the rule) than the axis of TA (Figures 2 and 3).

There was a significant difference between TA and MRC as regards X and Y components of vector analysis (Table 2); the
vector difference between TA and MRC (VD) is correlated to the Kmax (r = 0.62; p < 0.001, Spearman correlation test)

Table 1 Criteria of Studied Cases

Mean ± SD Range

Age (years) 27 ± 7.7 10 to 51

UCDVA (logMAR) 0.68 ± 0.5 0 to 2

CDVA (LogMAR) 0.19 ± 0.2 1 to 0

Spherical equivalent (D) −2.47 ± 3 −17 to 2.25

MRC (D) 2.36 ± 1.75 0 to 9

TA (D) 3.02 ± 1.97 0 to 12.6

Km (D) 46.9 ± 4.2 40.3 to 64.5

K max (D) 53.7 ± 6.97 42.5 to 79

Thinnest location (um) 451 ± 45 325 to 578

Abbreviations: CDVA, corrected distance visual acuity; Km, mean keratometry readings;
Kmax, maximum keratometric reading; MRC, manifest refractive cylinder; SD, standard
deviation; TA, tomographic astigmatism; UCDVA, uncorrected distance visual acuity.

Figure 1 Correlation between power of topographic corneal astigmatism and manifest refractive astigmatism.
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Figure 2 Correlation between axis of topographic corneal astigmatism (TA) and manifest refractive astigmatism (MRC).

Figure 3 Polar plot of astigmatism power and axis of studied cases; right eyes (OD) above and left eyes (OS) below.
Abbreviations: TA, topographic astigmatism (blue triangles); MRC, manifest refractive cylinder (red triangles) showing more vertical orientation of MRC in comparison of TA.
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(Figure 4) and TL (r = 0.3; p < 0.001, Spearman correlation test). Multivariate regression analysis shows a significant correlation
between VD and Kmax (Coefficient = 0.21; p < 0.0001), but not the thinnest location (Coefficient = 0.002; p = 0.49).

Discussion
The cornea is responsible for about two-thirds of ocular refractive power, that is why the manifest astigmatism is
expected to correlate to the corneal astigmatism.14 However, unlike normal corneas, keratoconic corneas have irregular
astigmatism. Consequently, the relationship between the topographic corneal astigmatism and the manifest astigmatism is
complicated by the higher order aberrations resulting from the corneal ectasia. The principal findings of this study were
that the MRC power is supposed to be less than the TA power, the axis of the MRC tends to be more vertical (more

Table 2 Difference Between Axis of Tomographic Astigmatism (TA) and Manifest Refractive Cylinder
(MRC) and Results of Vector Analysis

OD P-value* OS P-value*

TA axis (degrees) 62 ± 53 0.052 125 ± 48 <0.001

MRC axis (degrees) 66 ± 44 100 ± 48

X (Topographic) 0.71 ± 2.36 <0.001 0.97 ± 2.46 <0.001

X (MRC) −0.94 ± 1.85 −0.82 ± 2.04

Y (Topographic) 1.92 ± 1.74 0.009 −1.93 ± 2.22 <0.001

Y (MRC) 1.26 ± 1.75 to1.2 ± 1.86

TA Mean vector (diopters) 1.80 axis 29 Difference vector 1.83 axis 150 Difference vector

MRCMeanvector (diopters) 1.25 axis 61 1.7 axis 98 1.29 axis 120 1.65 axis 352

Note: *Wilcoxon signed-rank test.
Abbreviations: OD, right eyes; OS, left eyes; MRC, manifest refractive cylinder; TA, tomographic astigmatism; X and Y, the horizontal
and vertical components of astigmatism after vector analysis.

Figure 4 Correlation between Kmax (D) and vector difference between topographic and manifest astigmatism.
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against the rule) than the axis of TA, and this disparity in power and axis increases when the keratoconus is more
advanced.

These findings could be explained by coma aberration that was found to refract as astigmatism.15 During subjective
refraction, the resultant MRC power and axis will be a sum of two components: the astigmatism and the coma. In
keratoconus, there is a high incidence of vertical coma resulting in astigmatism that tends to be against the rule. This is
a finding of this study that the MRC axis tends to be more vertical than the TA axis that is relatively oblique. In Zhou’s
small case series of irregular corneas, they found that vertical coma influenced manifest refractive cylinder by reducing
the effect of (WTR) corneal astigmatism and increasing the effect of against-the-rule (ATR) astigmatism.15 This shift was
also described in this study, with MRC being more vertical (ATR).

Another explanation is that the K readings of the pentacam represent the astigmatism of only the central 3 mm of the
corneal that may not be representative of the effective corneal astigmatism.16 This may point to the need to revise our concept
about simulated keratometry, which represents the power of the central 3 mm of the cornea only, if it is really the functional
or effective corneal power or we have to go more peripheral, particularly in keratoconic corneas. Additionally, this concept
was noted in a study that reported a relation between the axis of peripheral corneal astigmatism (8 mm rather than central
3 mm) in keratoconic corneas and postoperative astigmatism after deep anterior lamellar keratoplasty.17 A previous study in
non-keratoconic eyes reported reduction in the power of peripheral corneal astigmatism in comparison to central corneal
astigmatism.18 Another study reported the same results, with more difference between central and peripheral astigmatism in
patients with against the rule, oblique and high astigmatism.19 A comprehensive study of corneal, central and peripheral,
anterior, and posterior astigmatism, and the impact of corneal changes on optical performance in keratoconic eyes is therefore
recommended to develop a more accurate strategies for visual rehabilitation procedures.

The more advanced the cone, the more the impact of high order aberration on the manifest refraction. That is why readings
of autorefractors are usually not accurate.20 Pentacam TA despite showing disparity with MRC, a good correlation still could
be found particularly in less advanced cases. Among the benefits that can be obtained from these results is finding a relation
between TA and MRC in advanced keratoconus, for such cases using the TA power and axis unmodified for glasses
prescription, intracorneal ring segment planning, biometry calculation or toric IOL orientation may be deceiving. Any
procedure for visual rehabilitation in keratoconic eyes should certainly consider correction of manifest rather than topographic
astigmatism if it is a corneal procedure or neutralizing this manifest astigmatism in a lenticular procedure.

The concept behind correlating the topographic to MR is to understand how the KC eye sees and how to best
compensate for the error. Rendering the keratoconus patient with useful vision independent of rigid contact lens or
keratoplasty is the pinnacle of success of keratoconus subjective refraction.

Our study has some limitations including its retrospective design, with the possibility of selection bias, and lack of
assessment of high order aberrations which have impact on vision and refraction in eyes with keratoconus.

Conclusion
The topographic astigmatism (TA) should not be used unprocessed in decision-making or glasses prescription as it
demonstrated difference in power and axis in comparison to MRC, with MRC tending to be less in power and more
vertical in the axis in comparison to TA; this disparity becomes more evident as the keratoconus becomes more
advanced. These findings may help clinicians to use the TA as a guide to help in finding the MRC based on the relation
between both and to obtain more accurate refraction in patients with keratoconus.

Disclosure
The authors report no conflicts of interest in this work.
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