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Abstract
Purpose: To compare toric IOL suggestions for power, toric, and IOL alignment between the IOLMaster
700 and Pentacam AXL.

Methods: This single-center retrospective chart review analyzed the charts of 62 patients (n=93 eyes) who
underwent cataract surgery with a toric IOL between January and April 2022. For all patients, preoperative
biometry was measured using both the IOLMaster 700 and Pentacam AXL, followed by IOL calculations
performed on the Barrett Toric Online Calculator. The suggested IOL power and toric were defined as
spherical equivalent power and toric power closest to plano and minimal residual astigmatism,
respectively. Surgeons used lens suggestions as per IOLMaster 700 measurements, with Pentacam AXL
being used as a confirmatory test. Patients with a history of laser refractive surgery, corneal disease, or in
whom cataract density precluded measurements with either device were excluded. The outcome
measures compared between devices were power, toric, and alignment suggestions.

Results: Power suggestions were within ± 0.5D in 94% of the eyes, and were identical in 54%.

Toric suggestions differed by ±1 toric step in 100% of eyes, and were identical in 67%.

IOL alignment suggestions, however, were slightly more variable and differed by ± 5º in 38-55% of eyes.
At one-month post-op, the mean absolute error in spherical equivalent was nearly identical between
devices.

Conclusion: Our results show that IOLMaster 700 and Pentacam AXL show generally similar TORIC
calculations with respect to spherical equivalent and suggested toric power. Small differences in
alignment axis are frequent between the two devices and warrant further study.

INTRODUCTION
Up to one third of patients undergoing cataract surgery have clinically significant astigmatism.[1, 2]
Despite the increasing use and improvements of toric intraocular lens (IOL), methods of astigmatism
corrections still lag behind standard lenses with only 50% of patients achieving < 0.5D of astigmatism
using the Barrett Toric calculator.[3] A number of factors account for this include variability in pre-
operative measurements, effect of the posterior cornea, astigmatic effect of surgical wounds,
intraoperative alignment, and postoperative alignment.[4, 5]

In standard biometry measurements, only the anterior surface of the cornea is measured, and it is
assumed that the cornea’s curvature is uniform.[6–11] Biometry in individuals with astigmatism is
inherently more imprecise due to the imperfect curvature of the cornea.[4, 5] Thus, it is important to
measure both the anterior and posterior surfaces of the cornea accurately. In fact, 76% of cataract
surgery patients using toric IOLs experienced lens misalignment purely due to measurement error.[12] The
effect of minimizing biometry measurement error is crucial for correcting astigmatism. The current gold-
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standard biometry device for cataract surgery is the IOLMaster 700.[6, 13] A new and increasingly popular
biometry device available is the Pentacam AXL which evaluates corneal shape using Scheimpflug
imaging.[14] Many practices have recently begun to use both IOLMaster 700 and Pentacam AXL as it is
thought that repeated measurements using different devices may translate to a more successful
outcome.[4–6]

Previously, studies have compared standard IOL power measurements between Pentacam AXL and
IOLMaster 700, finding small but clinically important differences.[9–11, 15] However, to date no research
has compared toric IOL suggestions by the two devices (ie., power, toric, and alignment). These lens
calculations are critical given the prevalence of concurrent cataract and astigmatism, and the increasing
use of toric IOLs for individuals with astigmatism. This study aims to investigate the agreement between
the values of toric lens parameters as analyzed by these two devices.

METHODS
This study was approved by the Queen’s University Health Sciences and Science Research Ethics Board
(TRAQ #6037380) and conformed with the latest revision of the Declaration of Helsinki.

We conducted a retrospective chart review which enrolled 93 eyes from 62 patients who underwent
cataract surgery and received a toric IOL between January and March 2022. All cataract surgeries were
performed at an out-of-hospital Independent Health Facility comprising 5 surgeons. Surgically induced
astigmatism (SIA) and incision axis were recorded for each surgeon. SIA was 0.25 for four of the five
surgeons, and 0.3 for the fifth surgeon. Incision axis was 190º OD and 10º OS for four of the five
surgeons, and 130 OU for the fifth surgeon. The lens models used by the surgeons were Alcon (Fort
Worth, Texas, USA) Vivity (DFTx15), Alcon PanOptix Multifocal (TFNTx), and Alcon TORIC (SN6ATx).

Our study included patients 18 years or older undergoing cataract surgery with toric IOL with complete
records and no previous ocular history, including laser eye surgery or corneal disease. All patients had
preoperative biometry using both Pentacam AXL and IOLMaster 700, with a scan quality exceeding the
manufacturer recommendation. Written informed consent was obtained from all included participants.

All patients had biometry measurements acquired using both IOLMaster 700 (Carl Zeiss Meditec, Jena,
Germany) and Pentacam AXL (Oculus Optikgeräte GmbH, Wetzlar, Germany). The keratometry data from
both devices was inputted into the ASCRS Online Barrett Toric Calculator and the suggested lens power
(closest to plano), toricity (least amount of astigmatism even if axis flipped), and alignment were
recorded. Additionally, the predicted refractive results based on the actual IOL used were collected. Finally,
a follow-up visit was conducted 4–6 weeks post-operatively to assess the patients’ refractive results.

Our study contained three arms: IOLMaster 700 (using standard as opposed to total keratometry),
Pentacam AXL with predicted posterior corneal astigmatism, Pentacam (P), and Pentacam AXL with
measured posterior corneal astigmatism, Pentacam (M). For each study arm, we compared three primary
outcome measures of IOL suggestions: Lens Power, Toric, and Alignment.
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Although the surgeons ultimately relied on IOLMaster 700 measurements for their IOL selection, we also
compared the predicted refractive error results for each study arm based on the IOL chosen. The purpose
of the post-operative refractive error analysis is descriptive and not comparative.

Data Analysis
Data analysis was performed using SPSS for Mac (Version 28). A Kolmogorov-Smirnov test was
performed to examine the data for distribution normality. The outliers were excluded to ensure statistical
validity. For biometry measurements, means and standard deviations (SD) were calculated, and a paired
t-test was performed to evaluate statistically significant differences in keratometry and refractive data
(continuous variables) between IOLMaster 700 and Pentacam AXL. Pearson correlations were performed
between our primary outcome measures (ordinal variables) to assess their agreement. Figures were
generated using Prism 8 (GraphPad, CA, USA).

RESULTS
Participant characteristics are included in Table 1. A total of 93 eyes from 62 patients were included in
the study. The sample consisted of 27 males (39 eyes) and 35 females (54 eyes). The mean age was 59 
± 10 years. Baseline keratometry data is also available in Table 1. Overall, IOLMaster 700 and Pentacam
AXL showed excellent correlation for all keratometry measurements (Pearson > 0.7 for all parameters).
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Table 1
Patient baseline demographics and biometry parameters

Parameter Value

Eyes (n) 93

Right (n) 42

Male/Female (%) 42/58

Age (years) 59 ± 10

Lens used  

DFT 29

TFNT 53

SA6AT 11

Pre-op Sphere (D) -2.36 ± 4.56

Pre-op Cylinder (D) 1.16 ± 0.87

Pre-op SE (D) -1.78 ± 4.46

Biometry Parameter IOL Master 700 Pentacam AXL Pearson r

AL (mm) 24.07 ± 1.71 24.06 ± 1.70 1.00

ACD (mm) 3.29 ± 0.37 3.31 ± 0.36 0.99

LT (mm) 4.36 ± 0.37 N/A N/A

WTW (mm) 12.09 ± 0.39 11.74 ± 0.39 0.95

Average K (mm) 44.19 ± 1.63 44.12 ± 1.62 0.99

PCA (D) N/A 0.29 ± 0.16 N/A

Notes: Values presented as Mean ± Standard Deviation

Abbreviations: AL: Axial Length; ACD: Anterior Chamber Depth; LT: Lens Thickness; K: Keratometry;
PCA: Posterior Corneal Astigmatism; D: Diopters; SE: Spherical Equivalent

The mean power, toric, and alignment suggestions are presented in Table 2.

 

Table 2 Mean suggestions for IOL power, toric, and alignment using ASCRS Barrett Toric Online
Calculator for all study arms
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  Study Arm Power (D) Toric Alignment (º)

Lens Suggestions IOLMaster 700 18.9 ± 5.4 2.9 ± 1.0 97 ± 54

Pentacam (P) 19.1 ± 5.5 2.8 ± 1.1 98 ± 53

Pentacam (M) 19.1 ± 5.5 2.8 ± 1.0 99 ± 53

Abbreviations: Pentacam (P): Pentacam Predicted PCA ; Pentacam (M) : Pentacam Measured PCA

 

Overall, IOLMaster 700 suggested lower IOL power than Pentacam AXL (18.9 ± 5.4 vs. 19.1 ± 5.5 D,
p<0.001). As demonstrated in Figure 1A, the suggested IOL power was identical between both devices in
54% of eyes. The power suggestions differed by ± 0.5D in 40% of eyes. Thus, IOLMaster 700 and
Pentacam AXL only differed by over 0.5D in 6% of eyes in their IOL power suggestions. The power
suggestions were identical in 100% of cases between both arms of Pentacam AXL.

Toric suggestions also showed excellent correlation between the three study arms (Pearson > 0.81
between arms). The toric suggestions between IOLMaster 700, Pentacam AXL (P) and (M) were not
statistically significant (2.9 ± 1.0 step, 2.8 ± 1.1, and 2.8 ± 1.0, respectively). As demonstrated in Figure
1B, toric suggestions were identical between IOLMaster 700 and Pentacam AXL in 67% and differed by ±
1 step in 33% of eyes when posterior corneal astigmatism was predicted. However, when posterior
corneal astigmatism was measured, toric suggestions were only identical in 57% of eyes and differed by
± 1 step in 43%. Toric suggestions were identical between both Pentacam AXL study arms in only 73% of
eyes. These results are presented in Figure 1.

The differences in toric suggestions showed no correlation with pre-operative astigmatism (Pearson =
-0.13). 

 

IOL alignment suggestions also showed excellent statistical correlation between the three study arms
(Pearson > 0.98 between arms). Alignment suggestions were identical between IOLMaster 700 and
Pentacam (P) in 9% of eyes compared to only 3% of eyes for a comparison with Pentacam (M).
Alignment suggestions differed by ± 3º in 42% of eyes when comparing IOLMaster 700 and with
Pentacam (P), compared to 28% of eyes when compared with Pentacam (M). This is outlined in Table 3.

Table 3 Differences in alignment suggestions between IOLMaster 700 and Pentacam AXL when the
posterior cornea was predicted (P) or measured. Data presented as % of eyes
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Alignment
differences

IOLMaster 700 vs
Pentacam AXL (P)

IOLMaster 700 vs
Pentacam AXL (M)

Pentacam (P) vs
Pentacam AXL (M)

Exactly 0º 9 3 13

± 1º 19 17 35

± 2º 28 27 53

± 3º 42 28 69

± 4º 51 33 84

± 5º 55 38 90

The postoperative refractive outcomes are illustrated in Figure 2. The mean absolute error between
predicted and actual refraction was very similar between IOLMaster 700 and Pentacam AXL, with an error
of ± 0.5D in 82-84% of eyes.

DISCUSSION
This study aimed to compare two commonly used biometry devices used for preoperative measurements
of cataract surgery, namely the IOLMaster 700 and the Pentacam AXL. Given these devices are often
used in combination, we sought to address whether there were any differences between their toric IOL
suggestions for power, toric, and alignment, which could potentially impact surgical outcomes. 

The study found that keratometry data was well correlated between the two devices, and the predicted
refraction error was within 0.5D for both devices in almost 90% of cases. These results are in line with
other studies that have compared these devices.[9,11]

The clinically meaningful IOL suggestions for toric lenses are power, toric, and alignment. For IOL power,
we found an overall 0.2D difference in the suggested IOL power between IOLMaster 700 and Pentacam
AXL. While small, this can translate into a clinically meaningful difference particularly with presbyopia-
correcting IOLs. Secondly, the results from this study showed excellent complementarity in the toric
suggestions between both devices. In fact, toric suggestions were identical in 2/3 cases and were within
1 step in almost all cases when comparing IOLMaster 700 with Pentacam AXL with predicted posterior
corneal astigmatism. The agreement between devices was slightly decreased when the posterior cornea
was measured with the Pentacam AXL, but still yielded excellent complementarity. Finally, the study
found that the alignment suggestions were well statistically correlated (r=0.98). Clinically, however, there
were meaningful differences between the suggestions from both devices. The suggestions were only
identical between both devices in 3-9% of cases, and within a difference of 5º in 38-55% of cases.
Interestingly, the alignment suggestions were better correlated when posterior corneal astigmatism was
measured using Pentacam AXL. This is an important finding as previous studies have shown that
measuring the posterior corneal astigmatism with Pentacam can lead to lower residual astigmatism
prediction errors.[16–18]
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The variability in suggestions for IOL alignment may be attributed to differences in how the two devices
measure the eye, with the Pentacam AXL using Scheimpflug cameras while the IOLMaster 700 emits
infrared lights to calculate the same biometry parameters. Additionally, alignment is also a more variable
outcome, measured on a scale of 0-180, whereas toric is measured in steps, and the range in this study
was 0-7. With that being said, the discrepancy in alignment suggestions is clinically important as each
degree of misalignment results in a 3% reduction in astigmatism correction.[4,5]

Due to the retrospective nature of this study, there are some limitations. This study could not directly
compare the accuracy of each device, limiting its applicability. In fact, the surgeons all used the
IOLMaster 700’s suggestions when planning their surgery (mainly using the Pentacam AXL as a
confirmatory test), preventing us from performing vector analysis and limited the comparison of
outcomes between devices. Additionally, the postoperative refractive data did not include lens alignment,
which is a surrogate measure for surgical success. 

CONCLUSION
In conclusion, this study compared toric IOL calculations between the IOLMaster 700 and the Pentacam
AXL and found that both devices showed statistically excellent correlation for power, toricity, and
alignment suggestions. However, there were potentially clinically meaningful differences in alignment
suggestions. These outcomes improve our knowledge on the complementarity of both devices for toric
IOLs. Future prospective studies are needed to determine which device was more accurate in achieving
astigmatism correction.
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Figures

Figure 1

Differences in power (Figure 1A) and toric (Figure 1B) suggestions between IOLM-700 and P-AXL when
the posterior corneal was estimated (P) or measured (M)

Notes: For the sake of statistical analysis, a toric suggestion of 0 was considered one step away from a
toric suggestion of 2.
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Figure 2

Refractive prediction error between study arms, measured in spherical equivalent (SE)


