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Purpose: To evaluate the difference between the preoperative marking methods for 
toric intraocular lens (IOL) implantations using an image-guided system (IGS) and the 
manual marking method in the same eye.
Patients and Methods: In this retrospective case series, 82 patients (101 eyes) who 
underwent cataract surgery using both manual and IGS (VERION, Alcon  Laboratories) 
marking were enrolled. First, preoperative reference marks were placed at 6 o’clock and 3 or 
9 o’clock position under slit-lamp biomicroscope in the outpatient department using the 
manual method. Using the reference unit of IGS, the ocular surface data were captured and 
overlaid. The difference was then measured (preoperative axis misalignment). In the operat
ing room, the orientation of the steep meridian of the manual method was determined based 
on this reference mark under the surgical microscope. Just before surgery, the digital degree 
gauge of IGS was overlaid on the ocular surface, and the difference was then measured (total 
axis misalignment). We calculated the intraoperative axis misalignment by subtracting 
preoperative axis misalignment from the total axis misalignment.
Results: Mean absolute preoperative, intraoperative, and total axis misalignment values 
were 3.87±3.95 degrees, 5.46±4.42 degrees, and 4.98±4.49 degrees, respectively. In preo
perative, intraoperative, and total misalignment, the ratios of 10 degrees or greater were 10 
(14.7%), 12 (17.6%), and 20 (19.8%) eyes, respectively.
Conclusion: The manual method that determines the fixed position of the toric intrao
cular lens (IOL) may cause large misalignment compared with the IGS, suggesting that 
using manual method could sometimes result in a large misalignment of toric IOL 
implantation.
Keywords: cataract surgery, image-guided system, steep meridian, manual method

Plain Language Summary
IGS reportedly has a small advantage compared to the manual marking method for 
deciding the position of steep meridian for toric lens implantation with respect to 
UDVA and misalignment of toric lens from previous studies. We noticed a difference 
between the two methods was sometimes bigger than we thought. So we decided to 
operate this study, to measure how difference of the misalignment between the two 
methods in the same eye. We find that a difference of more than 10 degrees between 
the two methods was sometimes found in misalignment in outpatient department and 
intraoperative misalignment on surgical table, indicating that the IGS advantage is 
larger than previously thought. It is necessary to be cautious about deciding the 
position of steep meridian by manual method. At a minimum the IGS has an advantage 
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in deciding the steep meridian when implanting toric lenses. 
In this experiment, all the toric lenses were implanted 
according to the meridian decided by IGS. Some cases 
showed some extent of residual astigmatism and refractive 
errors, suggesting that not only lens power calculating for
mula error but also the postoperative change of power and 
axis orientation of steep meridian of cornea may affect the 
surgery outcome.

Introduction
Implantation of the toric intraocular lens (IOL) in the 
appropriate position is a key factor for accurately correct
ing astigmatism during cataract surgery.1–4 It has been 
reported that a misalignment of 3 degrees from the 
intended meridian results in an approximately 10% 
decrease in the astigmatism-correction effect, and 
a misalignment of 30 degrees results in a complete loss 
of this effect.5–7 Image-guided systems2,8–10 were devel
oped for accurate implantation of toric IOLs. The use of 
these expensive devices for implanting toric lenses, in 
place of the manual method, remains controversial.2,11

We hypothesized that the manual method of determining 
the steep meridian angle introduces errors that result in mis
alignment of the toric IOL when compared with the IGS 
method. However, previously published reports did not 
demonstrate any large differences in effectiveness between 
the image-guided system and manual methods, and visual 
acuity outcomes from the two methods are comparable.2,11 

These previous reports calculated the toric IOL misalignment 
from the intended meridian and compared it between the two 
methods. The final toric IOL misalignment and visual acuity 
are affected by many factors, including postoperative IOL 
rotation, toric IOL calculator error, and the accuracy of the 
preoperative examination. For this reason, it seems difficult 
to compare the error between the manual method and the 
image-guided system in two groups that comprise different 
patients. Therefore, we decided to conduct a study comparing 
the steep meridian positions calculated by the two methods, 
in the same eye.

Generally, when the steep meridian is determined by 
the manual method, the reference point is marked in the 
outpatient department, and the steep meridian is then 
determined from the reference point in the operating 
room. There are thus two steps in the manual method. 
The purpose of this study was to evaluate the axis mis
alignment in each stage, clarify the cause of the error, and 
eventually reduce the errors seen with the manual method.

Patients and Methods
This retrospective clinical study comprised 101 eyes of 82 
cataract patients (Table 1) who underwent cataract surgery 
with toric IOL insertion (Acrysof IQ toric, SN6AT 
models, Alcon Laboratories) from October 2015 to 
December 2018. The inclusion criteria included patient 
monitoring for longer than a month after surgery, with 
corneal astigmatism over than 1.25 D. Eyes with 
a history of other ocular diseases, except for refractive 
error and cataracts, were excluded, as were eyes with 
intraoperative or postoperative complications. Of the 101 
eyes, SN6AT3 IOL was implanted in 27 eyes, SN6AT4 
IOL in 45 eyes, SN6AT5 IOL in 24 eyes, and SN6AT6 
IOL in 5 eyes. This study was approved by the ethical 
review board (Chukyo Medical Ethical Board, UMIN- 
Clinical Trials Registry ID: 000037098) and was con
ducted in accordance with the Declaration of Helsinki. 
All surgeries were performed at the Ohashi Eye Center 
in Sapporo, Japan. Written opt-out method was used as an 
alternative to informed consent.

Visual and Refractive Outcomes
The manifest spherical equivalent, total astigmatism, cor
neal astigmatism, uncorrected distant visual acuity 
(UDVA), corrected distant visual acuity (CDVA), and rota
tional error of toric IOL axis were evaluated preopera
tively and 1 month after surgery. The postoperative 
position of toric IOL was measured using retro- 
illumination image of the anterior segment optical coher
ence tomography (OCT), which can show the mark of 
a flat meridian of a toric lens. The difference between 

Table 1 Preoperative and Postoperative Refractive and Visual 
Outcomes (n=101)

Variables Preoperative Postoperative

Age (years) 73.7±11.3 –

Spherical equivalent (D) −1.43±4.29 −0.54±3.00

Corneal astigmatism (D) −1.93±0.70 −1.76±0.78
Uncorrected distance visual 

acuity (log MAR)

0.81±0.45 0.26±0.34

Corrected distance visual acuity 
(log MAR)

0.34±0.31 −0.02±0.13

Axial length (mm) 24.21±1.78 –
Target refraction (D) −0.91±1.23 –

Manifest astigmatism (D) −2.34±1.31 −0.73±0.45

Note: Data are presented as mean ± standard deviation. 
Abbreviations: D, diopter; log MAR, logarithm of minimum angle of resolution; 
SD, standard deviation.
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the intended axis and implanted toric IOL axis was defined 
as a rotational error of toric IOL.

The visual acuity was measured using a decimal visual 
acuity chart and converted to the logarithm of the mini
mum angle of resolution (log MAR) units.

Toric Axis Marking Method
The three-point method was performed as a preoperative 
manual steep axis marking, in line with previous 
reports.1,12–14 The patient was observed under a slit- 
lamp biomicroscope and asked to look straight ahead. 
First, preoperative reference marks were placed with 
a surgical marking pen at the 6 o’clock and either the 3 
o’clock or 9 o’clock positions under a slit-lamp 

biomicroscope (Figure 1A). The ocular surface data 
were captured by the reference unit of the image-guided 
system (VERION, Alcon  Laboratories) and overlaid with 
a digital degree gauge (Figure 1B). Then, the difference 
between 6 o’clock manual reference position and 270- 
degree position determined using the image-guided sys
tem (IGS) was measured in the outpatient department. 
Using the same IGS data, the steep meridian was deter
mined based on this reference mark on the operating 
table, using a surgical degree gauge (Mendez Degree 
Gauge, Asico) and axial marker (Figure 1C). The steep 
meridian of the IGS was then overlaid on the same eye 
just before starting surgery (Figure 1D). We compared 
the difference between the steep meridian made by the 

Figure 1 Measurement of preoperative axis misalignment and total axis misalignment. (A) Manual marking was performed using a surgical pen at three points. The red 
arrow shows the reference point (6 o’clock position) and the red arrow heads show the 3 and 9 o’clock positions. (B) Manual marking at the 6 o’clock position was 
compared with the 270-degree position (the red arrow) determined using the digital degree gauge of IGS (preoperative axis misalignment). (C) The position of the steep 
meridian of the manual marking was decided based on the reference mark using manual degree gauge on the operating table. (D) The position of steep meridian of IGS 
(green dashed line) was overlaid on the same eye just before starting surgery. The differences between them were compared (total axis misalignment).
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manual method and that made by the IGS in the surgical 
room (Figure 1C and D).

Surgeries
A single experienced surgeon (TO) performed phacoemul
sifications and toric IOL implantations through a 2.4-mm 
single plane temporal corneal incision. After removing the 
cataract, toric IOL was implanted according to the steep 
meridian, as decided by IGS.

Power Calculation and Selection of the 
Toric IOL Models
Ocular biometry was measured with an optical coherence 
biometer (IOL Master, Carl Zeiss), and the SRK/T formula 
was used for IOL power calculation with the A constant of 
119.0 for the toric IOL. The target postoperative spherical 
equivalent was determined on the basis of the patient’s 
request. The toric IOL style with respect to the toric power 
of the IOL and the axis location was determined using the 
online AcrySof toric IOL calculator. The keratometric 
power was measured using anterior segment OCT 
(CASIA SS-1000, TOMEY), and it was applied into the 
online AcrySof toric IOL calculator to determine the IOL 
power and style.

Evaluation of Steep Meridian 
Misalignment
The following were evaluated:

1. The difference of the reference point axes between 
the 6 o’clock position determined by the manual 
method and the 270-degree position determined by 
IGS (preoperative axis misalignment) was mea
sured. When the 270-degree mark could not be 
observed well by a reference unit, the cases were 
excluded (n=33).

2. The differences in the steep meridian misalignments 
between the manual method and IGS at the operat
ing table (total axis misalignment) were measured.

3. Intraoperative axis misalignment was calculated by 
subtracting the preoperative axis misalignment from 
the total axis misalignment. Clockwise axis misa
lignment was defined as positive, and counterclock
wise axis misalignment as negative.

4. The correlation between the preoperative axis mis
alignment, intraoperative axis misalignment, and 
the total axis misalignment was also measured.

Statistical Analysis
Since the data did not have a Gaussian distribution, nonpara
metric Mann–Whitney U-test was used to compare the two 
groups. Spearman’s rank correlation was applied to analyze the 
correlations between each step of misalignment. A p value less 
than 0.05 was considered statistically significant. SPSS 
(Version 19, IBM Corp.) was used for all statistical analyses.

Sample size calculations were carried out using the 
G*Power software (Heinrich Heine, Düsseldorf University, 
Düsseldorf, Germany) by specifying input parameters includ
ing the standard deviation, effect size, and type 1 error.15

Results
Visual and Refractive Outcomes
The CDVA in all eyes was better than 20/20. The UDVA was 
better than 20/20 in 28 eyes (53.8%), and better than 18/20 in 
36 eyes (69.2%). The average manifest astigmatism decreased 
from −2.34±1.31 D to −0.73±0.45 D (Table 1), mean absolute 
rotational error of IOL axis was 3.28±2.98 degrees (N=99).

Evaluation of Misalignment Error
Table 1 summarizes the outcomes following cataract surgery. 
Among 101 eyes, preoperative axis misalignment was mea
sured in 68 eyes. In 33 eyes, the position of the steep meridian 
could not be determined because the ink marked with the 
surgical pen had faded, and the reference unit in the outpatient 
department could not be detected due to the limited resolution 
of the reference unit. For these reasons, preoperative axis 
misalignment in the outpatient department was not measured 
in 33 eyes. However, in the operative suite, the 6 o’clock 
position of the reference point was detected under the micro
scope in all 33 cases. In these cases, the 3, 6, and 9 o’clock 
positions were used as reference points during surgery. 
Nineteen eyes (27.9%) showed identical position (less than 
1-degree difference; Figure 2A and B), 41 eyes (60.3%) 
showed less than 5 degrees of difference, but 10 eyes 
(14.7%) showed a difference greater than or equal to 10 
degrees (Figure 2C and D). The mean absolute preoperative 
axis misalignment was 3.87±3.95 degrees (Figure 3A).

Next, the total axis misalignment was measured in 101 
eyes. The absolute mean total axis misalignment was 4.98 
±4.49 degrees (N=101; Figure 3B). Twenty-four eyes 
(23.8%) showed an identical position (difference less than 1 
degree; Figure 2A and B), 53 eyes (52.5%) showed less than 5 
degrees of difference, and 81 eyes (80.2%) showed 1–9 
degrees of difference. However, 20 eyes (19.8%) showed 
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a difference greater than or equal to a 10-degree difference 
(Figure 2C and D).

Next, based on the total axis misalignment and preo
perative axis misalignment, the intraoperative axis misa
lignment (the total axis misalignment – preoperative axis 
misalignment) was calculated, and it was 5.46±4.42 
degrees (Figure 3C).

There was no correlation between preoperative axis 
misalignment and total axis misalignment (P=0.13; 
Figure 4A). Similarly, there was no significant correlation 
between the intraoperative axis misalignment and the total 
axis misalignment (P=0.38; Figure 4B). However, there 
was a significant correlation between the intraoperative 
axis misalignment and preoperative axis misalignment 
(R=0.31, P<0.01; Figure 4C).

Discussion
According to an anonymous American Society of Cataract 
and Refractive Surgery (ASCRS) survey conducted in 
2017,16 60% of doctors agreed that a 5-degree toric IOL 
axis misalignment is significant, and several papers have 
shown that a 10-degree difference can significantly affect 
the quality of vision.5,17,18

In this study, the toric IOL axis was adjusted using the 
IGS during surgery. The difference between the mean 
intended axis and the implanted toric IOL axis was 3.28 
±2.98 degrees, which indicates that the IGS can help 
implant the toric IOL in the correct position.

In this study, 19.8% of cases showed a total axis mis
alignment greater than 10 degrees (Figure 3B), suggesting 
that the manual method and IGS could each indicate 

Figure 2 Representative cases with no significant or significant difference between manual method and IGS. (A and B) This case shows less than 1-degree misalignment. 
(C and D) This case shows more than 10 degrees misalignment. The red dashed line (A, C and D) shows steep meridian decided by manual method, the green dashed 
(B and D) line show steep meridian decided by IGS.
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largely different axes on the same eye, which definitely 
affect postoperative refractive outcomes. The reference 
points (6 o’clock position in the manual method and 270- 
degree position in the IGS) differed by more than 10 
degrees in 14.7% of the cases (Figure 3A). When the 
position of the reference point is decided under slit-lamp 
biomicroscopy in the outpatient department, the Bell phe
nomenon as well as eye movements sometimes cause 
a large misalignment; this is because there is no fixation 
target for patients in the manual method, which makes it 
very difficult to manually mark the accurate 270-degree 
position.

In our study, 17.6% of cases showed intraoperative axis 
misalignment greater than 10 degrees (Figure 3C). When 
the position of steep meridian is decided in the operating 
room, it is also technically difficult to place a degree gauge 
on the center of the eye. This is because the size of the 
eyes varies between patients and because the cornea is not 
a perfect circle. Since one scale of the degree gauge is 10 
degrees, fine adjustment is technically difficult. In 

addition, the ink marks are wide, and it can be difficult 
to determine which location is accurate.

Several previous studies have compared manual and 
IGS methods for toric IOL axis alignment.2,11,19–21 These 
papers are based on clinical comparative studies where 
two groups of patients were compared. In one group of 
eyes, the manual method was used for deciding the posi
tion of the steep meridian of the cornea. In the other group 
of eyes, IGS was used for deciding the position of the 
steep meridian of the cornea. After surgery, visual acuity, 
residual astigmatism, and the misalignment between the 
intended meridian of the cornea and the toric IOL axis 
mark were compared. Their results showed a small advan
tage for IGS compared to the manual method. 
Postoperative change of IOL position, measurement accu
racy of corneal steep meridian, and errors of IOL power 
calculation formula can affect the outcome of surgeries, 
and therefore these factors may conceal the difference 
between these two methods. As Panagiotopoulou 
mentioned,22 IOL design, material, inadequate removal 

Figure 3 Distribution of axis misalignments between the manual method and IGS. (A) Preoperative axis misalignment (3.87±3.95 degrees), (B) total axis misalignment (4.98 
±4.49 degrees), and (C) intraoperative axis misalignment (5.46±4.42 degrees) are shown.
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of the ocular viscosurgical devices (OVDs) from the bag 
postoperatively, the long AL, the unsuitable size and cen
tration of capsulorhexis may also affect the stability of the 
IOL. On the other hand, one report showed23 large differ
ence in the horizontal axis decided by manual method and 
image-guided system (Calisto). They found that manual 
method could result in an error, which was an average 4.7 
degree difference compared to image-guided system. Our 
results were similar to this report. However, in addition to 
the preoperative value, we also evaluated the intraopera
tive misalignment and the intended meridian misalignment 
between the two methods.

One of the causes of the prediction error in the post
operative astigmatism axis is the prediction error of surgical 
induced astigmatism (SIA). We applied −0.1 D for SIA 

(temporal incision 2.4 mm) and the mean corneal astigma
tism changed from −1.93D ±0.7 to −1.76±0.78D after sur
gery (Table 1). However, axis of corneal astigmatism varied 
a lot more than we expected. 85% showed less than 10 
degrees but 15% showed more than 10 degrees. Especially 
patients with small astigmatism tended to show a large 
change (T3 and T4 model (n=69): 15% more than 10 degree) 
(T5 and T6 model (n=28): 2% more than 10 degree) (data not 
shown). This may be in part due to some errors of kerat
ometer, but further investigation is necessary. Recent techni
ques have made it possible to measure refractive error with 
an intraoperative aberrometer before implanting an IOL dur
ing surgery. Since there is a limit to the prediction of the 
postoperative astigmatism axis including SIA, intraoperative 
measurement may become important in the future.

Figure 4 Correlation analyses between each misalignment. (A) No statistically significant correlation between preoperative axis misalignment and total axis misalignment of 
the cornea (p=0.13). (B) No significant correlation between total axis misalignment and intraoperative axis misalignment (p=0.38). (C) A significant correlation between 
intraoperative axis misalignment and preoperative axis misalignment (R=0.31, p<0.01).
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The IGS has two advantages. First, IGS has a fixation 
target within the system. We can use the same angle coor
dinates of another machine like a keratometer. Secondly, 
IGS can overlay the digital degree gauge at the operating 
table on the same position of the ocular surface in the out
patient department as a reference unit. In the operating 
room, an assistant can always double check the location of 
the digital degree gauge using the photos of the reference 
unit on the screen of the surgical pilot of IGS. If 
a misalignment is found, adjustment can be made to the 
accurate position of the intended meridian.

Initially, we expected that the greater the preoperative 
axis misalignment, the greater the final total axis misalign
ment. Similarly, we expected that if the intraoperative axis 
misalignment is large, the final total axis misalignment 
would also be large. However, there was no correlation 
between the preoperative axis misalignment and the total 
axis misalignment (Figure 4A). In addition, there was no 
correlation between the intraoperative axis misalignment 
and total axis misalignment during surgery (Figure 4B). 
However, there was a significant weak correlation between 
preoperative axis misalignment and intraoperative misa
lignment (Figure 4C). This may be attributable to the 
fact that there are common factors that affect both intra- 
and preoperative axis misalignment. We speculated that 
the fixation status of the patient and the anatomical factors 
of the eye, such as corneal diameter, may influence the two 
misalignments. However, because the correlation was not 
so strong, another unknown factor may be involved.

Through this study, we learned that to reduce the 
misalignment in the manual method, a slit-lamp photo 
should be taken after marking to check if the 270-degree 
position is correct or not; if there is a misalignment, we 
should adjust it before we put the degree gauge on 
intraoperatively. Moreover, the placement of the degree 
gauge itself may also cause misalignment. To reduce this 
misalignment, it is important to place the degree gauge at 
the correct position. This may be achieved by instructing 
the patient to stare at a fixation light in the center of the 
microscope to decide the correct position of the degree 
gauge before placement. In addition, we used a Mendez 
gauge, which has three steps for marking. A Barrett dual 
axis toric marker, which has two-step marking, may also 
be helpful.24

This study has several limitations. First, we retrospec
tively studied cases of simultaneous use of manual mark
ing and IGS shortly after introducing IGS to the clinic. 
The research was also conducted by a single surgeon at 

a single center. Randomized, large multi-center studies 
comparing the manual method and IGS are required to 
validate our findings. The IGS was used to finally adjust 
the position of the toric IOL. During IGS, there were cases 
where the intended axis and the achieved axis of a toric 
IOL were significantly different. It is possible that there 
was an error in measurement using the IGS or the IOL 
rotated after surgery. Further detailed research is required 
to elucidate why this could happen.

Ocular axis was determined based on the three mark
ings performed using the manual method, but there is an 
axis registration method that was reported to be superior to 
the simple manual method.25 After approximately marking 
the horizontal axis in the spine position on the operating 
table, they used a video-keratoscopy to measure the axis of 
this reference mark in the sitting position. If there is 
a misalignment, they adjust this horizontal axis and begin 
surgery. This method may have an advantage over the 
manual method because they can reduce the horizontal 
axis misalignment. This method should be compared 
with the simple manual method and also with IGS in the 
future.

Conclusion
The meridian determined by manual markings sometimes 
differs greatly from that determined by IGS in the same 
eye, suggesting that using the manual method could some
times result in a large misalignment of toric IOL implanta
tion. Therefore, IGS has an advantage at least for 
implanting toric IOL to the intended steep meridian, com
pared to the manual method. Further studies are required 
to clarify the cause of preoperative/intraoperative axis 
misalignment.

Abbreviations
CDVA, corrected distant visual acuity; IGS, image-guided 
system; IOL, intraocular lens; log MAR, logarithm of the 
minimum angle of resolution; OCT, optical coherence 
tomography; UDVA, uncorrected distant visual acuity.
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