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Purpose: To describe the distribution of angle alpha orientation and magnitude in a large population and to analyze the impact of eye 
laterality, gender, and age on angle alpha.
Setting: EENT Hospital of Fudan University and Shanghai Heping Eye Hospital, 2017–2023.
Design: A retrospective analysis utilizing the iTrace system to examine preoperative angle alpha in patients undergoing cataract surgery.
Methods: Angle alpha orientation and magnitude were collected from 30,705 individuals. The distribution of angle alpha direction 
and the value of its magnitude were analyzed. In addition, the influence of eye laterality, gender, and age on angle alpha was analyzed 
in different subgroups.
Results: The analysis revealed that the binocular angle alpha orientation was predominantly located in the temporal region, followed 
by the nasal region, while the upper and lower regions had a smaller proportion. The average magnitude of angle alpha in the right eye 
was 0.32 ± 0.19 mm, larger than that of the left eye, and this result was consistent in all subsequent subgroup studies. In a subgroup 
analysis categorized by gender, females exhibited significantly larger angle alpha than males. Furthermore, in an age-grouped 
subgroup analysis, a clear tendency was observed that the angle alpha value was increasing with age.
Conclusion: This study analyzed the distribution of angle alpha in a large population and is the first to report the effects of eye 
laterality, gender, and age on angle alpha. These findings enhance ophthalmologists’ understanding of angle alpha and provide a deeper 
perspective for cataract surgical planning.
Keywords: angle alpha, iTrace, cataract

Introduction
● Angle alpha, defined as the intersection between the visual and optical axes, is of critical importance in ophthal

mology, especially in the context of cataract and refractive surgery. Historically, the clinical application of angle 
alpha was constrained due to challenges associated with accurately measuring the optical axis. With the advent of 
high-precision measurement instruments employing Ray-tracing technology, such as iTrace, accurate measurement 
of angle alpha became feasible, leading to its increasing recognition and utilization by clinicians.1 Although the 
angle alpha in iTrace actually represents the linear distance between the center of the visual axis and the central 
vertex of the cornea, which might be different from what other instruments are measured.
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● Recently, it has been reported that angle alpha is an essential parameter in the decision-making process for the 
multifocal intraocular lens (IOL) implantation. This is due to its predictive capacity for postoperative IOL centrality, 
as well as the direction and distance from the optical axis, factors that are crucial for understanding postoperative 
higher-order aberrations and visual quality in cataract patients.2–6 Consequently, the magnitude and orientation of 
angle alpha are not only influential in surgical planning and outcomes but are also critical in determining 
postoperative visual quality and photic phenomena.

● Previous research delving into the range and variations of angle alpha was constrained by a limited sample size.7 

A larger scale can furnish more comprehensive, nuanced data, and aid in a deeper understanding. Therefore, in this 
retrospective study, a large sample of the Asian population, encompassing various ages and genders, was collected 
to investigate the direction and magnitude of angle alpha. This was achieved by utilizing iTrace measurements, with 
the aim of providing deeper insights into the distribution and characteristics of angle alpha, and contributing to the 
improvement of surgical planning and postoperative outcomes.

Materials and Methods
Subjects
All participants scheduled for conventional cataract surgery and who underwent iTrace examinations were included 
between 2017 and 2023 at two investigating sites: the Eye and ENT Hospital of Fudan University and Shanghai Heping 
Eye Hospital in Shanghai. The exclusion criteria were as follows: iTrace reports with over 10 machine-defined failed data 
points for biometric parameters, a history of ocular surgery or trauma, presence of corneal opacity or disease, strabismus, 
nystagmus, or any other ocular pathology, and inability to cooperate with the examination.

Ethical approval for this retrospective study was obtained from the Ethics Committees of both the Eye and ENT 
Hospital of Fudan University and Shanghai Heping Eye Hospital. As this was a retrospective study using de-identified 
patient data, the Ethics Committees waived the requirement for informed consent, in accordance with local regulations 
and the Declaration of Helsinki.

Biometric Measurements
The iTrace aberrometer (Tracey Technologies, Houston, TX, USA) was conducted by experienced technicians in a dimly lit 
room, with the scan area of maximum non-pharmacologically dilated pupil size. To minimize the potential impact of the 
tear film on angle alpha measurements, subjects were instructed to blink vigorously immediately before the measurements 
were taken. The aberrometer captures an iris image through an infrared camera to display the center of the pupil, the center 
of the visual axis, and the center of the limbus (Supplementary Figure 1), Angle alpha is defined by the radial distance 
between the center of the limbus and the visual axis. The mean of three taken measurements per eye is reported.

Statistical Analysis
The patient data were directly exported from the iTrace software. The angle alpha magnitude represents the linear 
distance from the visual axis center to the central vertex of the cornea. The angle alpha direction was calculated as 
a vector angle based on the measured visual axis. The temporal, nasal, superior, and inferior quadrants were defined 
based on the angle alpha direction in each eye along the meridians of 45°, 135°, 225°, and 315°, respectively. In the 
present study, the data were processed, analyzed, and visualized using the R Studio software (Version 4.3.3, R Studio, 
Inc. Boston). Quantitative variables were presented as mean ± standard deviation (SD), while qualitative variables were 
analyzed in terms of absolute number (n) and frequency (%).

Normality was assessed using the Shapiro–Wilk test. For data that did not follow a normal distribution, the Mann– 
Whitney U-test was employed for comparisons of the difference of the mean Angle alpha magnitude between left and 
right eyes in different distribution (superior, nasal, inferior and temporal), while the Wilcoxon Signed-Rank Test was to 
compare the difference of the mean Angle alpha magnitude between left and right eyes in other subgroups. The 
relationships between continuous variables were evaluated using Spearman correlation analysis. A p-value of less than 
0.05 was considered to indicate statistical significance.
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Results
Characteristics
Ultimately, the study comprised a total of 33,634 participants, out of which 32,360 individuals met the inclusion criteria. 
A total of 30,705 patients’ bilateral iTrace examination data were included, which comprised the data from 31,530 right 
eyes and 31,535 left eyes after taking the intersection. Out of the 30,705 patients, 12,358 were male and 18,347 were 
female (accounting for 59.75%). The average age was 47.39, with a range from 10 to 99 years (Figure 1).

Angle Alpha Orientation
In this study, the orientation of angle alpha in each eye was examined. In the right eye, the distribution of angle alpha 
orientation was as follows: superior (130 cases, 0.42%), nasal (3,020 cases, 9.84%), inferior (268 cases, 0.87%), and 
temporal (27,287 cases, 88.87%), with the temporal orientation being predominant. A similar pattern was observed in the 
left eye, with the orientations being superior (118 cases, 0.38%), nasal (4,414 cases, 14.38%), inferior (423 cases, 
1.38%), and temporal (25,750 cases, 83.86%). The analysis revealed that in both eyes, the majority of angle alpha 

Figure 1 Flowchart of Participant Selection.
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orientations were located in the temporal region, followed by the nasal area, whereas the superior and inferior regions 
had fewer occurrences (Table 1). The orientations and magnitudes of angle alpha were depicted in a polar scatterplot 
(Figure 2).

Angle Alpha Magnitude
The angle alpha magnitudes in both right and left eyes displayed notable positive skewness, evidenced by skewness 
values of 0.32 and 0.50, respectively. For the right eye, the mean angle alpha magnitude was 0.31 ± 0.19 mm with 
a median of 0.29 mm. The 25th and 75th percentiles were 0.16 mm and 0.44 mm, respectively (Figure 3a). In contrast, 
the left eye showed a mean magnitude of 0.27 ± 0.18 mm and a median of 0.24 mm, with the 25th and 75th percentiles at 
0.12 mm and 0.38 mm, respectively (Figure 3b).

Normality was assessed using the Shapiro–Wilk test, which indicated that the distribution of Angle Alpha magnitude 
between the left and right eyes did not follow a normal distribution (p < 0.05). A statistically significant correlation was 
observed in the mean Angle Alpha magnitudes between the left and right eyes (Spearman correlation analysis, p < 
0.001). Additionally, a statistically significant difference was found in the mean Angle Alpha magnitudes between the left 
and right eyes (p < 0.001).

Orientational analysis revealed that in the right eye, the angle alpha magnitudes were 0.64 ± 0.11 mm (superior), 0.14 
± 0.15 mm (nasal), 0.60 ± 0.06 mm (inferior), and 0.33 ± 0.19 mm (temporal). In the left eye, the magnitudes were 0.63 ± 
0.12 mm (superior), 0.14 ± 0.14 mm (nasal), 0.59 ± 0.05 mm (inferior), and 0.28 ± 0.18 mm (temporal), as depicted in 
Figure 3c. Notably, the mean angle alpha magnitudes in the temporal and inferior regions were larger in the right eye than 
in the left eye (p < 0.001).

Angle Alpha Magnitude in Gender Subgroup
In the gender-based subgroup analysis, the relationship between gender and angle alpha magnitude of both eyes was explored. 
For females, the mean angle alpha magnitude of the right eye was 0.320 ± 0.195 mm, which was 0.275 ± 0.185 mm of the left 
eye. The mean magnitude of angle alpha in right eyes were larger than that in left eyes (P < 0.001). For males, the mean angle 
alpha magnitude was 0.303 ± 0.193 mm for the right eye and 0.262 ± 0.179 mm for the left eye, showing a significantly larger 
angle alpha magnitude in the right eye as well (P < 0.001). Furthermore, the angle alpha magnitude of both eyes was 
significantly greater in females than in males, with statistical significance (P < 0.001) (Table 2 and Figure 4).

Angle Alpha Magnitude In Age Subgroup
In the age-based subgroup analysis, the mean values and standard deviations of the angle alpha magnitude across eight 
distinct age groups were displayed in Figure 5. A noticeable trend was observed that the angle alpha magnitude in both 

Table 1 The Angle Alpha Magnitude in Different Eye and Orientation Groups

Group No % Mean SD Median 25% 75% p

Right Eye

Superior 130 0.42% 0.635 0.105 0.589 0.572 0.650 0.842
Nasal 3020 9.84% 0.142 0.150 0.097 0.040 0.191 0.176

Inferior 268 0.87% 0.601 0.055 0.579 0.571 0.609 <0.001

Temporal 27287 88.87% 0.328 0.187 0.311 0.185 0.448 <0.001
Total 30705 100.00% 0.313 0.194 0.294 0.161 0.440 <0.001

Left Eye
Superior 118 0.38% 0.626 0.121 0.588 0.573 0.621 0.842
Nasal 4414 14.38% 0.142 0.140 0.102 0.042 0.195 0.176

Inferior 423 1.38% 0.593 0.054 0.574 0.571 0.591 <0.001

Temporal 25750 83.86% 0.284 0.176 0.263 0.150 0.390 <0.001
Total 30705 100.00% 0.269 0.183 0.243 0.124 0.380 <0.001

Note: (P: Right Eye vs Left Eye).
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eyes gradually increasing with age. Furthermore, within each age subgroup, the angle alpha magnitude of the right eye 
remains significantly higher than that of the left eye (Table 3 and Figure 5).

Discussion
Reflecting the current state of knowledge, this study represented the most comprehensive investigation into angle alpha 
globally to date. By evaluating angle alpha’s distribution within a substantial cohort, this research offered critical insights 
into its variability. Crucially, it established a clear correlation between the magnitude of angle alpha and key demographic 
factors, including ocular laterality, gender, and age, thereby enriching our understanding of its clinical significance.

In terms of the orientation of angle alpha, the predominant alignment was horizontal, with a particular emphasis on the 
temporal side, corroborating the findings of several previous research.7,8 However, discrepancies emerged in comparing of the 
magnitude with prior studies, in which the average magnitude of angle alpha was estimated to be around 0.44 and 0.45 mm.7,8

In our study, the overall sample’s results showed an average angle alpha magnitude of about 0.30 mm, which is smaller than 
those observed in other studies. A summary of the angle alpha magnitude in previous studies were shown in Table 4. Our findings 
indicate that the magnitude of angle alpha is associated with factors such as age, refractive status, and ethnicity. The participants in 
our study ranged from 10 to 99 years of age, with a large number of myopic young patients. Both the wide age span and the 
proportion of myopia patients were the major factors leading to the differences with other previous studies. Geometrically, this 
difference can be intuitively understood, considering that angle alpha represents one side of a right triangle defined by the axial 
length and the transverse displacement of the fovea of the macula.8,9 Consequently, patients with high myopia frequently exhibit 
a smaller angle alpha.

Figure 2 Polar scatterplot of angle alpha in both eyes. Locations of angle alpha were clustered around the horizontal line on both sides of corneal light reflection.
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Thus, it can be inferred that ethnic variations might stem from the prevalence of high myopia among different 
populations. Consistent with reports from Chinese research teams, the magnitude of angle alpha measured using iTrace in 
our study was also about 0.30 mm. Conversely, the results from studies of western countries seemed to be noticeable 

Figure 3 Comparative Analysis of Angle Alpha Magnitudes and Orientations in Right and Left Eyes.(A) The distribution of angle alpha magnitudes in the right eye.(B) The 
distribution of angle alpha magnitudes in the left eye.(C) The orientational analysis of angle alpha magnitudes in various anatomical regions (superior, nasal, inferior, temporal) 
of both eyes, comparing the differences in mean magnitudes between these regions. In this figure, “ns” indicates no significance (p > 0.05), and *** indicates p < 0.001.

Table 2 Angle Alpha Magnitude in Gender Subgroup

Group Number % Mean SD Median 25% 75% p

Right Eye

Female 18347 59.75% 0.320 0.195 0.301 0.170 0.447 <0.001
Male 12358 40.25% 0.303 0.193 0.281 0.150 0.429 <0.001

Total 30705 100.00% 0.313 0.194 0.294 0.161 0.440 <0.001

Left Eye
Female 18347 59.75% 0.275 0.185 0.249 0.128 0.386 <0.001

Male 12358 40.25% 0.262 0.179 0.235 0.117 0.374 <0.001

Total 30705 100.00% 0.269 0.183 0.243 0.124 0.380 <0.001

Note: (P: Male vs Female).
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larger. Moreover, our results further confirm the impact of gender on angle alpha, indicating that females tend to have 
a larger angle alpha.

As mentioned above, angle alpha changed with age. The values of angle alpha in the older groups are obviously bigger than 
that in the younger group, which is in line with the results reported in previous studies. The observed increase of angle alpha in 

Figure 4 Gender-Based Comparison of Angle Alpha Magnitudes in Right and Left Eyes. In this figure, *** indicates p < 0.001.

Figure 5 Age-Based Comparison of Angle Alpha Magnitudes in Right and Left Eyes. In this figure, *** indicates p < 0.001.
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elderly individuals may be associated with several typical ocular changes of aging, such as the prevalent presbyopic refractive 
status, which is often accompanied by esotropia;13 the flattening of corneal curvature, which could be a factor potentially 
linked to the natural reduction in eyelid tension;14 and the increase in lens thickness, which might also contribute to this 
variation in angle alpha.15

Table 3 Angle Alpha Magnitude in Age Subgroup

Age Number % Mean SD Median 25% 75% p

Right Eye

10–19 2294 7.47% 0.250 0.162 0.230 0.125 0.345 <0.001

20–29 8111 26.42% 0.252 0.162 0.235 0.125 0.357 <0.001
30–39 4177 13.60% 0.276 0.168 0.261 0.148 0.381 <0.001

40–49 1554 5.06% 0.290 0.183 0.266 0.145 0.408 <0.001

50–59 2272 7.40% 0.350 0.207 0.344 0.181 0.501 <0.001
60–69 5488 17.87% 0.370 0.204 0.365 0.216 0.509 <0.001

70–79 4755 15.49% 0.376 0.204 0.368 0.222 0.516 <0.001

≥80 2054 6.69% 0.379 0.215 0.371 0.218 0.527 <0.001
Total 30705 100.00% 0.313 0.194 0.294 0.161 0.440 <0.001

Left Eye
10–19 2294 7.47% 0.219 0.155 0.195 0.097 0.312 <0.001
20–29 8111 26.42% 0.218 0.152 0.192 0.096 0.310 <0.001

30–39 4177 13.60% 0.231 0.157 0.210 0.108 0.319 <0.001

40–49 1554 5.06% 0.245 0.169 0.215 0.108 0.349 <0.001
50–59 2272 7.40% 0.281 0.185 0.255 0.134 0.405 <0.001

60–69 5488 17.87% 0.323 0.195 0.306 0.171 0.454 <0.001

70–79 4755 15.49% 0.327 0.196 0.311 0.172 0.459 <0.001
≥80 2054 6.69% 0.335 0.209 0.313 0.170 0.476 <0.001

Total 30705 100.00% 0.269 0.183 0.243 0.124 0.380 <0.001

Note: (P: Right Eye vs Left Eye).

Table 4 A Summary of Previous Study of the Angle Alpha Magnitude

Study Year Number of  
Patients/Eyes

Country Mean  
Magnitude (mm)

Addition Instrument

17 A 2019 3382/3382 USA 0.44±0.15 Right-eye iTrace
28 B 2020 15,127/15127 China 0.45±0.21 Right-eye IOL-Master 700

33 2019 29/57 China 0.33±0.14 Both-eyes iTrace

410 2019 73/73 China (Taiwan) 0.33±0.12 Right-eye iTrace
511 2022 111/217  

*/71  

*/146

Switzerland

0.50±0.18  

0.49±0.16

Both-eyes iTrace

64 2021 35/70  

30/60

Austria 0.36±0.18  

0.34±0.16

Both-eye iTrace

76 2019 253/253 USA 0.48±0.17 Right-eye IOL-Master 700
82 2022 79/79 China 0.39±0.14 Both-eye iTrace

95 2021 230/230 China 0.38±0.16 Right-eye CASIA2

1012 2020 70/81 China 0.35±0.14 Both-eye Lenstar LS 900
11# 2023 30,705/61410 China 0.31±0.19 

0.27±0.18

Both-eye iTrace

Notes: A: median 0.44 mm; 25th and 75th percentiles 0.34 and 0.53 mm. B: median 0.42 mm; 25th and 75th percentiles 0.31 and 0.54 mm. 
*: specific patient numbers were not provided in this manuscript. #: This work.

https://doi.org/10.2147/OPTH.S492933                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Clinical Ophthalmology 2025:19 760

Hua et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



In addition, our research firstly reported the influence of ocular laterality on the magnitude of angle alpha. Significant 
disparities were observed between the right and left eyes. The underlying cause of this observation remains ambiguous; 
however, based on scant references, it is conjectured that differences in anatomical structures or biological processes may 
underlie this distinction. For example, nuanced differences pertaining to facial symmetry might be contributing factors.16 

Besides, considering the predominance of right-handed individuals, it is plausible that the right eye is predominantly 
employed for primary visual tasks, potentially impacting specific ocular parameters.14,17

Previous studies have shown that angle alpha seems to be able to predict the tilt of the IOL relative to the visual axis, and 
thus the angle of incidence of the light onto the IOL, which makes it becoming a important predictor of light phenomena and 
patient satisfaction after multifocal IOL implantation.10,12 Therefore, it is crucial to consider the individual variability of 
angle alpha in cataract surgery planning, especially for refractive multifocal IOL implantation. Factors such as ethnicity, 
examination instruments, age, gender and ocular laterality play a key role in this variability. Surgeons should conduct 
a comprehensive examination and evaluation of their patients prior to surgical procedures. The variation in angle alpha 
between the left and right eyes within the same patient underscores the necessity of tailored treatment approaches.

Our results revealed that the binocular angle alpha orientation was predominantly located in the temporal region, 
followed by the nasal region, with smaller proportions in the upper and lower regions. Meanwhile, it is crucial to position 
the optic axis within the distal optic zone when implanting a refractive multifocal IOL to ensure optimal distant vision 
and favorable postoperative outcomes. Therefore, based on our results, in the absence of specific measurements for angle 
alpha and optic axis position, medical institutions can refer to the typical visual axis location in the general population to 
minimize potential negative effects caused by misplacement.

Our study still has several limitations. Firstly, as a retrospective study, there is a degree of selection bias in the 
inclusion of samples. Despite the relatively large sample size, the ocular biometric data drawn from the patients may not 
fully represent the entire population of China. Secondly, this study is based on preoperative measurements taken from 
patients using the iTrace device, without conducting cross-device comparisons. Lastly, this study did not include 
additional ocular biometric parameters beyond angle alpha and analyze their potential associations.

In future research, we aim to investigate angle alpha in a larger sample using different devices and conduct in-depth 
analyses regarding the effects of eye laterality and gender on angle alpha.

In conclusion, after examining a large population in eastern China, the orientation of angle alpha is primarily 
distributed in the horizontal direction, both nasally and temporally. A larger magnitude of angle alpha is associated 
with the right eye, older age, and female gender.
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