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ABSTRACT 

Background: Transorbital ultrasonography is a non-invasive, accessible, and effective imaging modality for ocular biometry, 

particularly valuable for measuring axial length—the distance from the anterior corneal surface to the inner retinal layer. 

Accurate axial length measurement is crucial for calculating intraocular lens (IOL) power, especially in cataract surgery. 

Establishing normative values across age groups is essential for both diagnostic accuracy and surgical outcomes in ophthalmic 

care. 

Objective: To compare the axial length of the eye between young and older healthy adult volunteers using transorbital 

ultrasonography. 

Methods: This comparative cross-sectional study was conducted from January to April 2025 at Fatima Medical Lab, Rahim 

Yar Khan. A total of 50 healthy participants (100 eyes), including 27 males (54%) and 23 females (46%), were recruited and 

divided into two age groups: Group 1 (20–40 years) and Group 2 (41–60 years), with 25 participants in each group. Eye axial 

length was measured using a 9–12 MHz linear transducer on a GE S6 ultrasound system. Each eye was scanned three times, 

and the average value was recorded. Data were analyzed using SPSS version 2025. Independent sample t-tests were applied, 

and p-values <0.05 were considered statistically significant. 

Results: The participants had a mean age of 38.92 ± 11.22 years. The overall mean right eye axial length was 23.05 ± 1.4 mm, 

and the left eye axial length was 23.06 ± 1.6 mm. In Group 1, the right eye axial length averaged 23.40 ± 1.2 mm compared to 

22.80 ± 1.3 mm in Group 2 (p = 0.121). The left eye measurements were 24.09 ± 1.0 mm and 23.90 ± 1.2 mm for Groups 1 and 

2, respectively (p = 0.558), indicating no statistically significant difference. 

Conclusion: This study demonstrates that axial length, as measured by transorbital ultrasonography, shows no significant 

variation between young and older healthy adults, suggesting it remains relatively stable across adulthood in the absence of 

ocular or systemic pathology. 

Keywords: Adult, Eye Axial Length, Healthy Volunteers, Intraocular Biometry, Transorbital Sonography, Ultrasonography, 

Visual Acuity Measurements. 
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INTRODUCTION 

Vision loss and age-related eye diseases represent a significant global public health concern, particularly affecting the aging population 

(1). The most frequent causes of vision impairment include age-related ocular conditions and uncorrected refractive errors. Among these, 

cataract, age-related macular degeneration (AMD), open-angle glaucoma, and diabetic retinopathy (DR) are highly prevalent, especially 

among individuals over 75 years of age, as demonstrated in multiple epidemiological studies (2). These conditions not only impair vision 

but also contribute substantially to the psychological burden experienced by older adults, particularly those aged 65 and above, by 

diminishing their independence and overall quality of life (3). The psychosocial effects of vision loss can include depression, anxiety, 

and reduced social participation, underscoring the importance of early detection and appropriate management. As people age, 

physiological changes within the eye compound the effects of disease. Older adults often experience difficulty in focusing at varying 

distances due to reduced elasticity of the lens, a change that typically begins around the age of 50. This leads to slower accommodation 

and increased visual blurring, particularly for nearby objects (4,5). In the context of cataract surgery, precise intraocular lens (IOL) 

power estimation is vital for optimal postoperative visual outcomes and patient satisfaction (6). To achieve such precision, ocular 

imaging plays a central role. Owing to the superficial anatomical position and cystic nature of the eye, high-frequency ultrasonography 

is ideally suited for ocular imaging, offering a rapid, non-invasive, and cost-effective diagnostic option with minimal contraindications 

compared to magnetic resonance imaging (MRI), particularly in patients with implanted electronic devices like pacemakers (7,8). 

Sonographic assessment of the eye has become a standard practice, especially in cases where direct visualization through funduscopy 

or slit-lamp examination is limited. Traditional ultrasound devices can provide detailed cross-sectional images of the globe, while 

specialized ultrasound biomicroscopy is necessary to visualize anterior segment structures (8–10). Furthermore, A-mode and color 

Doppler sonography are valuable tools in the evaluation of intraocular masses and vascular features (11). Optical axial length, defined 

as the distance from the corneal surface to the internal limiting membrane of the retina, is a critical parameter in ocular biometry. This 

length increases from approximately 16.5 mm at birth to about 23.75 mm in early adulthood, after which it is generally believed to 

remain stable unless influenced by pathological myopic progression (12–14). However, emerging evidence suggests that axial length 

may gradually decline with age, a phenomenon that has not been thoroughly investigated and may have implications for presbyopia and 

other age-related refractive changes (15,16). Given the diagnostic utility and safety profile of sonographic techniques, evaluating axial 

length using transorbital ultrasonography offers a promising approach to studying ocular changes associated with aging. Despite its 

clinical relevance, there is a lack of comprehensive normative data comparing axial length between young and older individuals using 

this modality. Therefore, the present study aims to assess age-related differences in ocular axial length by comparing sonographic 

measurements in young and elderly participants. Additionally, the research seeks to establish a reference range for normal eye axial 

length across age groups, providing a foundation for future clinical applications and research. 

METHODS 

This comparative cross-sectional study was conducted over a period of three months, from January 2025 to April 2025, following formal 

approval from the institutional ethical review committee. A total of fifty healthy adult volunteers were enrolled through convenience 

sampling and stratified into two age groups: 20–40 years and 41–60 years. All participants provided written informed consent prior to 

inclusion in the study. Inclusion criteria required subjects to be healthy individuals without any known ocular pathology, prior eye 

surgery, or systemic conditions that might affect ocular morphology. Individuals with a history of refractive surgeries, ocular trauma, or 

active eye infections were excluded to minimize confounding variables. Data collection was carried out at Fatima Medical Lab, Rahim 

Yar Khan. Each participant was positioned in the supine position with 20–30° elevation of the head and neck to minimize pressure on 

the orbit and to ensure relaxation of the extraocular muscles. Participants were instructed to keep their eyes gently closed and steady in 

the neutral position, avoiding any ocular movements during the procedure. Ocular ultrasonography was performed using a 9–12 MHz 

linear transducer attached to a GE S6 ultrasound system. After application of coupling gel on the closed upper eyelid, the transducer was 

gently placed on the eyelid, directed towards the temporal side, allowing optimal visualization of the globe in transverse section. The 

image was frozen when the maximum transverse diameter of the eyeball was displayed, ensuring alignment of the scan with the visual 

axis. 
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Axial length measurements were obtained in B-mode, defined as the distance from the peak of the anterior corneal surface to the peak 

of the macular retinal surface. The built-in electronic caliper system was used for these measurements. For accuracy, three independent 

readings were taken per eye, and the mean value was recorded as the final axial length. Data were entered and analyzed using SPSS 

version 2025. Quantitative variables such as age and axial length were expressed as mean ± standard deviation (SD), while categorical 

variables such as gender were summarized using frequencies and percentages. An independent sample t-test was applied to compare the 

mean axial length between the two age groups, with a p-value of less than 0.05 considered statistically significant. 

RESULTS 

The study included 50 healthy adult participants, comprising 27 males (54.0%) and 23 females (46.0%). Participants were categorized 

into two age groups: Group 1 (young adults, 20–40 years) and Group 2 (older adults, 41–60 years), with 25 individuals in each group. 

The mean age of participants was 38.92 ± 11.22 years, with the minimum age being 20 years and the maximum 60 years. The axial 

length of the right eye (REAL) in the young group had a mean of 23.41 ± 1.22 mm, whereas the older group had a slightly lower mean 

of 22.83 ± 1.36 mm. Despite this difference, the independent sample t-test revealed no statistically significant difference between the 

two groups (t = 1.578, p = 0.121), and Levene’s test confirmed the assumption of equal variances (F = 0.979, p = 0.328). For the left 

eye axial length (LEAL), the young group exhibited a mean of 24.10 ± 1.01 mm, while the older group had a mean of 23.91 ± 1.22 mm. 

Again, no statistically significant difference was observed between the two age groups (t = 0.590, p = 0.558), with equality of variances 

validated by Levene’s test (F = 1.093, p = 0.301). The findings indicate that while axial length values were marginally higher in the 

younger group for both eyes, the differences did not reach statistical significance. Overall, axial length remained relatively stable across 

the age span of 20 to 60 years. To support the study’s objective of establishing normative axial length values, the combined mean of 

both eyes was calculated for each age group and the overall sample. In the young group (20–40 years), the average axial length across 

both eyes was 23.75 ± 0.49 mm, while in the older group (41–60 years), it was 23.37 ± 0.76 mm. When considering all participants 

collectively, the mean axial length across both eyes was 23.56 ± 0.57 mm. These values provide a practical reference for normal ocular 

axial length in adults aged 20 to 60 years, with minimal inter-eye variability observed within each group. 
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Table 1: Descriptive Statistics of Participants' Age 

N Valid 

 

Missing 

50 

0 

Mean 38.9200 

Std. Deviation 11.21923 

Minimum 20.00 

Maximum 60.00 

 

Table 2: Gender Distribution of Study Participants 

Male 27 54.0% 

Female 23   46.0% 

 

Table 3: Comparison of Right Eye Axial Length Between Age Groups 

Group N Mean Std. Deviation Std. Error Mean 

REAL Young 25 23.4068 1.21948 .24390 

old 25 22.8300 1.36152 .27230 

 

Table 4: Independent Samples t-Test for Right Eye Axial Length Between Age Groups 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

REAL Equal variances 

assumed 

.979 .328 1.578 48 .121 .57680 .36556 -.15821 1.3118 

Equal variances 

not assumed 

  1.578 47.429 .121 .57680 .36556 -.15844 1.3120 

 

Table 5: Comparison of Left Eye Axial Length Between Age Groups 

Group N Mean Std.Deviation Std.ErrorMean 

LEAL Young 25 24.0956 1.01292 .20258 

old 25 23.9084 1.22206 .24441 
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Table 6: Independent Samples t-Test for Left Eye Axial Length Between Age Groups 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. 

(2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

LEAL Equal variances 

assumed 

1.093 .301 .590 48 .558 .18720 .31745 -.45108 .82548 

Equal variances 

not assumed 

  .590 46.40 .558 .18720 .31745 -.45165 .82606 

 

Table 7: The Combined Mean and Standard Deviation of Axial Length (Both Eyes) Across Each Age Group and The Total 

Sample 

Group Mean Axial Length (Both Eyes) SD Axial Length (Both Eyes) 

Young 23.75 mm 0.49 mm 

Old 23.37 mm 0.76 mm 

Combined 23.56 mm 0.57 mm 

 

DISCUSSION 

The current study explored age-related differences in ocular axial length among healthy adults using transorbital ultrasonography, 

focusing on establishing normative reference values and assessing the significance of variation across age groups. The imaging of the 

eye through ultrasound proved to be a valuable, cost-effective, and readily accessible method for repeated assessments, especially in 

bedside or outpatient settings. Ultrasound's ability to detect subtle structural variations in the eye offers great potential for early detection 

of ocular or systemic disease impacts, even in asymptomatic individuals. Participants were categorized into two age groups (20–40 and 

41–60 years), and no statistically significant difference in the axial length of the right or left eye was observed between these groups. 

The mean axial length for the right and left eyes across all participants was relatively consistent, indicating that age within the studied 

range may not significantly influence axial elongation or shortening in the absence of systemic or ocular disease. The findings support 

the notion that axial length remains stable during mid-adulthood in a healthy population, aligning with certain previous literature that 

reported minor or no significant changes in axial length within this age bracket (16,17). However, conflicting evidence from prior 

Figure 1 Mean Left Eye Axial Length by Age Group Figure 2 Mean Right Eye Axial Length by Age Group 
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research has shown varied outcomes. One study reported a consistent increase in axial length with age, estimating a change of 

approximately 0.011 mm per year in older populations (18). Other population-based studies have documented not only a gradual decline 

in axial length but also reductions in anterior chamber depth and vitreous chamber depth, accompanied by an increase in lens thickness 

and corneal flattening with age (19,20). These variations may be attributed to differences in population demographics, imaging 

techniques (MRI vs. ultrasound vs. optical biometry), or broader age ranges, particularly including individuals beyond the age of 60, 

where age-related ocular remodeling becomes more pronounced. 

The strength of the present study lies in its use of non-invasive and portable ultrasonographic imaging, which is suitable for diverse 

clinical settings. Furthermore, the study contributes valuable baseline data on axial length among adults in a South Asian context, where 

region-specific biometric data remain limited. However, some limitations must be acknowledged. The sample size was relatively modest, 

and the study did not extend to participants over 60 years of age, a group in which age-related ocular changes are typically more evident. 

Additionally, the exclusion of biometric parameters such as lens thickness, anterior chamber depth, and corneal curvature limits the 

scope of anatomical interpretation. Future studies are encouraged to employ multimodal imaging approaches, including A-scan 

ultrasonography and optical coherence biometry, and to include wider age ranges, particularly elderly populations. Longitudinal designs 

would further strengthen the understanding of how axial length and related ocular parameters evolve over time. Including systemic 

health variables, such as hypertension or diabetes, could also provide insight into their subclinical impact on ocular structure. Expanding 

such research would not only aid in refining intraocular lens power calculations but also enhance the early detection of age-related ocular 

pathologies. 

CONCLUSION 

This comparative study concludes that axial length, as measured through transorbital ultrasonography, remains relatively stable across 

adulthood in healthy individuals. The absence of significant variation between younger and older age groups suggests that age alone 

may not substantially influence axial elongation in the absence of ocular or systemic pathology. These findings contribute valuable 

baseline data for clinical reference and may enhance the precision of biometric assessments in optometry and ophthalmology. The study 

lays a foundation for future research aimed at understanding ocular structural changes and improving diagnostic and surgical planning 

in adult eye care. 
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