
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Liang et al. BMC Ophthalmology           (2024) 24:59 
https://doi.org/10.1186/s12886-024-03342-8

BMC Ophthalmology

†Gang Liang and Jia-Yan Kai contributed equally as co-first authors.

*Correspondence:
Chen-Wei Pan
pcwonly@gmail.com
1Department of Ophthalmology, the Affiliated Hospital of Yunnan 
University, Kunming, China
2Department of Ophthalmology, The Second People’s Hospital of Yunnan 
Province, Kunming, China
3School of Public Health, Suzhou Medical College of Soochow University, 
199 Ren Ai Road, Suzhou 215123, China
4Department of Ophthalmology, the First Affiliated Hospital of Dali 
University, Dali, China

Abstract
Background Several studies have previously reported the normal values of corneal volume (CV) in various 
populations, whereas little is known about the CV distribution in healthy young Chinese adults. Our study aimed to 
investigate the distribution of CV and its relationships with other ocular biometric parameters among healthy young 
Chinese adults.

Methods A total of 1645 eyes from 1645 students at Dali University in Yunnan Province, China, were analyzed. 
Pentacam was used to measure CV. Central corneal thickness (CCT) and biomechanically corrected intraocular 
pressure (bIOP) were evaluated by Corvis-ST. Other biometrical parameters, including axial length (AL), keratometry, 
and white-to-white (WTW) distance, were measured using IOL Master.

Results The mean age of the study population was 19.01 ± 0.92 years, and 68.81% of them were women. The CV 
was normally distributed in the whole sample, with a mean value of 61.23 ± 3.22 mm3. CV and CCT were significantly 
smaller in the Yi ethnic group than in the Han ethnic group (p < 0.01). CCT (coefficient: 0.085; p < 0.001) and 
keratometry (coefficient: 0.422; p < 0.001) were positively correlated with CV, while AL (coefficient: -0.204; p < 0.001), 
WTW distance (coefficient: -0.236; p < 0.001) and bIOP (coefficient: -0.06; p < 0.001) were inversely associated with CV.

Conclusions Our study provides an age-specific distribution of CV among healthy young Chinese adults. CCT, 
keratometry, AL, WTW distance and bIOP were important factors associated with CV.
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Background
With the increasing application of refractive surgical pro-
cedures in recent years, corneal tomography, which char-
acterizes the shape of the cornea, has become of critical 
importance in predicting postoperative outcomes [1]. 
Knowledge of the normal values of tomographic indi-
ces could provide valuable information for clinicians in 
screening surgery candidates.

Corneal volume (CV) is a useful tomographic param-
eter that reflects both the topographical and pachymet-
ric properties of the cornea simultaneously [2]. Modern 
tomography systems such as Pentacam have enabled the 
calculation of CV in 3-, 5-, 7- and 10-mm diameter zones 
[3]. As it is a numerical value, it could be statistically ana-
lyzed to assess corneal integrity. In addition, the CV indi-
rectly reflects the physiological function of the cornea 
[4]. An abnormal CV may give clues to corneal ectasia, 
corneal edema or other corneal disorders [5]. It has been 
proposed to be helpful not only in presurgical screening 
[6] but also in monitoring postoperative complications 
such as keratoconus and other ectatic changes [3]. There-
fore, it is essential to have a normal range of CV to dis-
criminate normal corneas from abnormal corneas.

The normal values of CV have been previously inves-
tigated in various populations [3–7]. However, little 
is known about the CV distribution in young Chinese 
adults, who are the largest population of refractive sur-
gery candidates worldwide [8]. The aim of the present 
study was to investigate the distribution of CV and its 
determinants among healthy young Chinese adults.

Methods
Study design and participants
The participants of this cross-sectional study were stu-
dents at Dali University in Yunnan Province, which is 
home to the largest ethnic group in China. All 2698 fresh-
man entering the college in 2021 were initially invited. 
They were provided with a standardized questionnaire 

collecting demographic information (e.g. ethnicity) and 
medical histories. Exclusion criteria were (1) over 26 
years old and (2) with eye disease (e.g., keratoconus, glau-
coma, retinal detachment, and acute infection) or with 
laser corneal refractive surgery history. Ultimately, 1645 
students were included for further analysis. Detailed 
information on the sampling procedures and quality con-
trol has been previously described [9].

Ocular examinations
The CVs of all participants were measured using the Pen-
tacam tomographer (Oculus, Wetzlar, Germany), which 
could provide three-dimensional images of participants’ 
anterior segment with a rotating Scheimpflug camera [3]. 
According to the quality specification index provided by 
the Pentacam software, only images with good quality 
were considered valid. The CV contained within 10-mm 
diameter discs was calculated and used for analysis.

Axial length (AL), keratometry, anterior chamber 
depth (ACD), and white-to-white (WTW) distance 
were measured by IOL Master (Carl Zeiss Meditec AG, 
Jena, Germany). Central corneal thickness (CCT) and 
biomechanically corrected intraocular pressure (bIOP) 
were evaluated by Corvis-ST (CST, Oculus, Wetzlar, 
Germany). bIOP was adjusted for age, corneal thick-
ness and other corneal biomechanical parameters and 
had improved accuracy. Refractive error was assessed by 
noncycloplegic refraction. Both eyes of each subject were 
examined, but only the data of the right eye were ana-
lyzed, as there was a high correlation of biometrical indi-
ces between the right and left eyes (Pearson correlation 
coefficient = 0.973). Each of the variables was measured 
twice for both eyes and the mean value was calculated 
and used in the analysis.

Statistical analysis
Descriptive statistics are presented as the mean ± stan-
dard deviation (SD). Paired t tests and analysis of 

Table 1 General characteristics of the 1645 participants
Total Men, n = 513, 31.19% Women, n = 1132, 68.81%

Parameters Mean ± SD Range Mean ± SD Range Mean ± SD Range p
Age, year 19.01 ± 0.92 15.69 to 24.41 19.06 ± 0.87 15.95 to 22.58 18.98 ± 0.95 15.69 to 24.41 0.02
CV, mm3 61.23 ± 3.22 50.50 to 72.80 61.00 ± 3.18 52.80 to 72.80 61.33 ± 3.24 50.50 to 71.90 0.003
AL, mm 24.85 ± 1.21 21.23 to 34.59 25.25 ± 1.28 21.23 to 34.29 24.67 ± 1.13 21.55 to 34.59 < 0.001
SE, D -3.69 ± 2.37 -12.38 to + 1.38 -3.46 ± 2.49 -11.00 to + 1.00 -3.80 ± 2.31 -12.38 to + 1.38 < 0.001
Keratometry, diopter 42.91 ± 1.52 29.85 to 47.87 42.34 ± 1.58 29.85 to 46.23 43.17 ± 1.43 34.47 to 47.87 < 0.001
ACD, mm 3.62 ± 0.24 2.62 to 4.52 3.70 ± 0.25 2.62 to 4.52 3.59 ± 0.23 2.67 to 4.27 < 0.001
WTW, mm 12.10 ± 0.39 10.80 to 13.80 12.22 ± 0.37 11.00 to 13.20 12.04 ± 0.38 10.80 to 13.80 < 0.001
CCT, micron 542.78 ± 31.81 293.00 to 651.00 544.02 ± 31.93 422.00 to 651.00 542.22 ± 31.75 293.00 to 643.00 0.27
bIOP, mmHg 17.45 ± 3.03 10.50 to 51.50 17.17 ± 3.06 11.00 to 31.00 17.58 ± 3.01 10.50 to 51.50 0.001
Significance was tested using t tests

SD = standard deviation; CV = corneal volume; AL = axial length; SE = spherical equivalent; ACD = anterior chamber depth; WTW = white to white; CCT = central corneal 
thickness; bIOP = biomechanically corrected intraocular pressure
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variance (ANOVA) were performed to make compari-
sons between different groups. The distribution of CV 
was evaluated by the Shapiro‒Wilk (SW) test. Locally 
weighted scatterplot smoothing (LOWESS) was utilized 
to explore the relationships between each ocular factor 
and CV. Smooth curves were fitted using local weighted 
regression to reveal the changing trend of data. Univari-
ate and stepwise multivariate linear regression were both 
adopted to explore the associations between CV and 
other variables. The statistical significance level was set at 

0.05. All statistical analyses were performed using SPSS 
17.0 and Stata 16.0.

Ethical issues
The present study was approved by the Ethics Commit-
tee of Affiliated Hospital of Yunnan University (approval 
number [No.2022-K050]) and was performed following 
the tenets of the Declaration of Helsinki. All participants 
were told of the brief contents of the research and gave 
informed consent before inclusion.

Fig. 1 Distribution of corneal volume (mm3) in the whole sample and by sex

 



Page 4 of 7Liang et al. BMC Ophthalmology           (2024) 24:59 

Results
Among the 1645 included participants, 1132 (68.81%) 
were women, and the mean age was 19.01 ± 0.92 years. 
CV and other ocular biometrical properties of all subjects 
are summarized in Table  1. The mean CV in the whole 
sample was 61.23 ± 3.22 mm3. The mean CV was smaller 
in men (61.00 ± 3.18 mm3) than in women (61.33 ± 3.24 
mm3), and the difference was statistically significant 
(p = 0.003). Figure 1 demonstrates the distribution of CV 
separately for men, women and all individuals. The CV 
was normally distributed in both women and the whole 
sample (SW p > 0.05), while the distribution of CV in men 
was slightly positively skewed (skewness = 0.326, kurto-
sis = 0.241, SW p = 0.02).

The distribution of CV stratified by ethnicity is shown 
in Supplemental Table S1. The Han, Yi, Nakhi, Bai, Dai, 
Zhuang and Miao ethnic groups were analyzed separately, 
whereas the others were combined as “other minori-
ties”. Han and Yi adults accounted for 75.32% (n = 1239) 
and 9.18% (n = 151) of the whole sample, respectively. 
Although no significant difference in CV between ethnic 
groups was observed by ANOVA (F = 1.619, p = 0.12), the 
mean CV in the Yi ethnic group was significantly smaller 
than that in Han adults (p = 0.003). Furthermore, we com-
pared other biometrical properties between Han and Yi 
adults in Table  2 and found that CCT was also signifi-
cantly thinner in Yi adults (p = 0.004).

Table 3 shows the results of univariate and multivariate 
linear regression. Keratometry and CCT were positively 
correlated with CV, while AL and WTW distance had 
significant negative relationships with CV (p all < 0.001). 
Higher bIOP was associated with increased CV in the 
univariate linear regression model (β = 0.251, p < 0.001). 
However, in the multivariate linear regression model, CV 

was inversely associated with bIOP (β = -0.06, p < 0.001). 
CCT had the largest standardized regression coefficient 
(β = 0.199, p < 0.001). Moreover, we compared the CV 
between subjects with different refractive statuses, and 
no significant difference was observed.

Discussion
The present study investigated the normative values of 
CV and explored its associated factors among healthy 
young Chinese adults. As an abnormal CV is possibly 
suggestive of keratoconus or other forms of ectasia [5, 
6], our findings may aid in preoperatively identifying 
patients with these eye conditions who are not suitable 
for refractive surgeries due to high risk of postoperative 
complications such as progressive ectasia [10, 11]. 

The mean CV for all eyes was 61.23 ± 3.22 mm3 in the 
present study. A mean CV of 60.1 ± 3.5 mm3 was reported 
by a study conducted among young Iranian adults with 
an average age of 29.3 years [12]. Hashemi et al. [4] found 
a mean CV of 57.92 mm3 in an elderly population older 
than 60, which was much smaller than our result. The age 
distribution of the participants could probably explain 
these discrepancies since aging was identified as a factor 
associated with CV reduction [4]. Therefore, it is neces-
sary to establish age-specific standards to better differen-
tiate normal corneas from abnormal corneas.

Compared with the Han ethnic group, we found signifi-
cantly smaller CVs in the Yi ethnic group. Considerable 
discrepancies in various aspects between the two ethnic 
groups, such as lifestyle, culture and religion, could have 
contributed to the difference in CV. Thus, the CV may be 
related to ethnicity to some extent. However, there was 
no significant difference in CV between Han adults and 
the other minorities, which could be because the small 
sample of other minorities (fewer than 100 people per 
ethnic group) has limited the statistical power.

Based on the Lowess curves and the results of linear 
regression, CCT was found to be positively associated 
with CV. The study by Hashemi et al. [4] reported similar 
findings among elderly individuals, in which the decrease 
in CV accompanying thinning corneal thickness was 
considered age-related, and the correlation was specu-
lated to be the result of increased corneal stiffness with 
age. However, the association between CV and CCT in 
the present study could hardly be attributed to the physi-
ological change during the aging process because the age 
gap between the participants was too small (mostly aged 
between 18 and 20). The underlying mechanism is still 
unclear. Interestingly, except for CV, CCT was the only 
metric in which a significant difference was observed 
between Han and Yi adults and had the largest standard 
regression coefficient. These findings further confirmed 
the strong correlation between CCT and CV.

Table 2 Comparisons of ocular biometrical properties between 
the two major ethnic groups
Variable Ethnic group p 

valueHan (n = 1239, 
75.32%)

Yi (n = 151, 
9.18%)

CV, mm3 61.31 ± 3.24 60.49 ± 3.20 0.003*
AL, mm 24.85 ± 1.21 24.86 ± 1.03 0.93
SE, D -3.72 ± 2.38 -3.56 ± 2.37 0.43
Keratometry, diopter 42.93 ± 1.56 42.76 ± 1.39 0.18
ACD, mm 3.63 ± 0.24 3.64 ± 0.24 0.47
WTW, mm 12.11 ± 0.94 12.11 ± 0.37 0.99
CCT, micron 543.54 ± 32.16 535.50 ± 31.53 0.004*
bIOP, mmHg 17.47 ± 3.01 17.19 ± 3.13 0.28
* p < 0.01; Significance was tested using t tests

CV = corneal volume; AL = axial length; SE = spherical equivalent; ACD = anterior 
chamber depth; WTW = white to white; CCT = central corneal thickness; 
bIOP = biomechanically corrected intraocular pressure

Lowess curves were fitted to assess the relationships between CV and other 
ocular biometrical indices. (Fig.  2) The CV tended to increase with increasing 
CCT and keratometry. In contrast, CV had a continuous downward trend with 
AL and WTW distance
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AL and WTW distance were found to be signifi-
cantly negatively associated with CV, which is consis-
tent with previous findings [4, 7]. It has been proposed 
that in myopia patients with a longer AL, the decrease 
in CV may be attributed to the lower corneal thickness 
[7]. However, a study by Price et al. showed that there 

was no correlation between CCT and AL [13], and the 
issue remains controversial. Another possible explana-
tion is that the WTW distance tends to be longer with 
axial elongation, and the cornea would be stretched 
with flatter keratometry [4, 14]. Consequently, the cor-
nea would be of denser tissue, which contributes to the 

Table 3 Association of corneal volume with other variables in univariate and stepwise multivariate linear regression models
Variable Univariate Multivariate

β coefficient 95%CI p β coefficient 95%CI SRC p
Age, year -0.090 (-0.259, 0.079) 0.30
Sex 0.326 (-0.010, 0.663) 0.06
Ethnicity -0.012 (-0.086, 0.062) 0.74
SE, D 0.024 (-0.041, 0.090) 0.47
ACD, mm -0.592 (-1.232, 0.048) 0.07
AL, mm -0.398 (-0.525, -0.270) <0.001 -0.204 (-0.278, -0.130) -0.077 <0.001
Keratometry, diopter 0.483 (0.383, 0.583) <0.001 0.422 (0.362, 0.481) 0.199 <0.001
WTW, mm -0.331 (-0.516, -0.145) <0.001 -0.236 (-0.334, -0.139) -0.061 <0.001
CCT, micron 0.083 (0.080, 0.086) <0.001 0.085 (0.083, 0.088) 0.842 <0.001
bIOP, mmHg 0.251 (0.201, 0.301) <0.001 -0.060 (-0.089, -0.032) -0.057 <0.001
CI = confidence interval; SRC = standardized regression coefficient; AL = axial length; SE = spherical equivalent; ACD = anterior chamber depth; WTW = white to white; 
CCT = central corneal thickness; bIOP = biomechanically corrected intraocular pressure

Fig. 2 Lowess curves demonstrating the relationships between corneal volume and (A) central corneal thickness, (B) axial length, (C) keratometry, and 
(D) white to white distance. AL = axial length; WTW = white to white; CCT = central corneal thickness. All the subjects were included in the analysis. The 
solid black line is the fitting result of Lowess regression
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reduction in CV [4]. Further studies are warranted to 
prove the interrelationship between these ocular bio-
metrical parameters.

There was a positive association between CV and 
bIOP in the univariate analysis, but the relationship 
was reversed after controlling for other biometrical 
parameters. The results suggest that increased bIOP 
may result in a decrease in CV. This may be due to the 
higher IOP increasing the stress on the corneal tissue 
and hence decreasing the CV with denser tissue. The 
study by Jin et al. [7] also reported that CV was smaller 
in corneas with high myopia, whereas we found no 
significant difference between the mild or moderate 
myopic group and the high myopic group. This may 
be because they defined high myopia as AL ≥ 26  mm, 
while we defined high myopia according to the SE.

To our knowledge, this is the first study to provide 
normal CV values among healthy young Chinese 
adults. However, there are some limitations of our 
study. First, the cross-sectional design of the study 
made us unable to detect corneal changes with age. 
Second, there may be selection bias because the par-
ticipants were all students from the same university, 
and young adults of the same age not attending school 
were not included. Third, myopia was diagnosed using 
noncycloplegic refraction, which may not be accurate.

Conclusions
In conclusion, our study investigated the distribution 
of CV and explored its related factors among healthy 
young Chinese adults. Flatter keratometry values and 
thinner CCT were significantly associated with smaller 
CV. AL, WTW distance and bIOP had a significant 
inverse association with CV. The findings could prob-
ably be used as references for identifying suspect 
patients with corneal ectasia in clinical settings. Fur-
thermore, the correlation of the CVs measured by 
Pentacam with those calculated using sim K and Q val-
ues is worthy of investigation in the future studies. In 
order to improve the sensitivity to detect early ectatic 
changes, it is also of great interest to explore how pos-
terior cornea indices relate to the CV. Additional stud-
ies are needed to investigate these issues.
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