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INTRO DUC TIO N

Early studies1–4 established that ocular biometric pa-
rameters can vary widely between individuals and that 
strong correlations exist between these parameters, in 
both emmetropes and ametropes. However, as refractive 
errors are caused by a mismatch between these param-
eters, different correlations are found in each refractive 

group.5 In particular, the influence of variations in axial 
length on refractive error has been clearly established,6–8 
but the importance of differences in corneal power, for 
example, is less clear, with some studies confirming9–11 
and others12,13 not showing a significant influence. 
Similarly, while some reports have shown that the ante-
rior chamber depth (ACD) is generally deeper in myopes 
than in hypermetropes,10,11,14 other authors were unable 
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Abstract
Purpose: To present a paraxial method to estimate the influence of variations in 
ocular biometry on changes in refractive error (S) at a population level and apply 
this method to literature data.
Methods: Error propagation was applied to two methods of eye modelling, referred 
to as the simple method and the matrix method. The simple method defines S as 
the difference between the axial power and the whole-eye power, while the matrix 
method uses more accurate ray transfer matrices. These methods were applied to 
literature data, containing the mean ocular biometry data from the SyntEyes model, 
as well as populations of premature infants with or without retinopathy, full-term 
infants, school children and healthy and diabetic adults.
Results: Applying these equations to 1000 SyntEyes showed that changes in axial 
length provided the most important contribution to the variations in refractive 
error (57%–64%), followed by lens power/gradient index power (16%–31%) and the 
anterior corneal radius of curvature (10%–13%). All other components of the eye 
contributed <4%. For young children, the largest contributions were made by vari-
ations in axial length, lens and corneal power for the simple method (67%, 23% and 
8%, respectively) and by variations in axial length, gradient lens power and anterior 
corneal curvature for the matrix method (55%, 21% and 14%, respectively). During 
myopisation, the influence of variations in axial length increased from 54.5% to 
73.4%, while changes in corneal power decreased from 9.82% to 6.32%. Similarly, 
for the other data sets, the largest contribution was related to axial length.
Conclusions: This analysis confirms that the changes in ocular refraction were 
mostly associated with variations in axial length, lens and corneal power. The rela-
tive contributions of the latter two varied, depending on the particular population.
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to confirm this finding.15,16 Though seemingly contradic-
tory, this discrepancy between studies arises from differ-
ences in the range of refractive error being considered. 
Consequently, to understand the variations within a pop-
ulation's refractive error, one must know the variability of 
its ocular biometry.

Although these observations are for adult eyes, they are 
especially important in developing or pathological eyes, 
where the relative contributions of the biometric com-
ponents will be somewhat different from those found in 
adults. The newborn eye, for example, undergoes marked 
biometric changes during eye growth17,18 that are intercon-
nected in a complex way that has to be just right to achieve 
emmetropia.19 One example is the dynamic adaptation of 
crystalline lens power to axial length during homeostatic 
eye growth, the failure of which may lead to the develop-
ment of myopia.20,21 But just as there are large variations in 
biometry between individuals of any age,22,23 the method 
by which the adult refractive error is reached is unique for 
each eye.22,24 In other words, the refractive state of an eye 
at any time is the result of its growth history, which is typi-
cally not known during clinical examination. It is therefore 
more practical to study the origins of refractive error at a 
population level, while keeping in mind the specific bio-
metric variability.

To this end, we propose an alternative approach to in-
vestigate the contributions of and interactions between 
ocular biometric parameters to the variations in refractive 
error using the principles of error propagation. Similar 
methods have been used to identify successfully sources 
affecting the outcome of cataract surgery25–27 and to de-
termine how minor changes in ocular biometry affect the 
overall refractive error.28 This analysis is implemented as 
either a set of two lenses, representing the cornea and the 
lens, or as ray transfer matrices.29 After an initial assess-
ment of the method using synthetic test data, the method 
was applied to biometric data derived from the literature 
to determine how the ocular components contribute to 
the refractive errors of children at different ages, as well 
as adults, full-term infants, premature infants with or 
without retinopathy of prematurity (ROP) and adults with 
diabetes.30–35

M ETH O DS

Error propagation

Error propagation is a well-known method used in engi-
neering to estimate the compounded uncertainty of a pa-
rameter f that is calculated from several other parameters 
x1, …, xN, each with an uncertainty Δx1, …, ΔxN. Typically, 
these uncertainties are measurement errors or the stand-
ard deviation of the population. The magnitude by which 
each parameter xk influences f(x1, …, xN) is then given 
by its uncertainty multiplied by the partial derivatives as 
follows36:

In the context of eye models, parameters xk refer to axial 
length, corneal power, ACD, corneal thickness, lens thick-
ness, lens power, etc., while the function f represents the 
spherical refractive error S. Uncertainties Δxk represent the 
standard deviations of parameter xk.

Note that the compounded uncertainty calculated 
using Equation (1) will likely be larger than one would find 
if the values for f were measured directly.37 This is not a 
problem for the current analysis, because we are inter-
ested in the relative contributions of each xk and Δxk to 
Δf rather than the value of Δf itself. These were estimated 
as follows:

All partial derivatives were calculated manually and vali-
dated using the MATLAB symbolic toolbox (R2022a, mathw​
orks.​com).

Simple method

The first paraxial method to determine refractive error 
from ocular biometry starts from the observation that 
spherical refractive error S is the difference between the 
axial power Pax and whole eye power Peye. Both powers can 
be expanded as follows38:

for which the definitions of all parameters are pro-
vided in Table 1 and Figure 1. These include clinically 
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Key points

•	 The distribution of the refractive error is deter-
mined by variations in the ocular dimensions, 
but the importance of each contribution re-
mains unclear.

•	 The contribution of each individual refractive 
component to the refractive error can be esti-
mated by means of error propagation.

•	 Variations in ocular refraction are mostly associ-
ated with axial length, lens and corneal power, 
but their relative contribution varied depending 
on the examined population.
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available parameters, such as axial length L, total 
corneal power Pc and total anterior chamber depth 
(ACDtot), as well as the estimated refractive index of 
the humours n. The principal plane positions (ppeye2,  
ppc2 and ppl1) are more difficult to determine clini-
cally; so instead, age-based regressions were used.38 
Because age is not a variable in the error propagation, 
these age-based principal plane positions will behave 
as constants in the analysis. The refractive index n, 
determined by the salt and protein concentrations 
in the humours, presents little variation between 
individuals.39,40

The formulas needed to calculate the error propagation 
can be derived by applying Equation (1) to the parameters 
in Equation  (3). Considering the three principal points as 
constants, this gives the following:

with
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T A B L E  1   Overview of the biometric parameters and paraxial calculations used, derived from the Navarro eye model29 and age-based 
regressions.38

Symbol Unit Calculation/value Description

CCT mm 0.540 Central corneal thickness

ACD mm Measured/Taken from eye model ACD (excl. corneal thickness)

ACDtot mm Measured/Taken from eye model ACD (incl. corneal thickness)

LT mm Measured/Taken from eye model Lens thickness

L mm Measured/Taken from eye model Axial length

nair − 1.000 Refractive index of air

nc − 1.376 Refractive index of the cornea

ns − 1.3726 Refractive index of the lens surface

nl − Measured/Taken from eye model Equivalent refractive index of the lens

n − 1.336 Refractive index of the ocular humours

rca mm Measured/Taken from eye model Anterior on-axis corneal radius of curvature

rcp mm 0.821.rca Posterior on-axis corneal radius of curvature

Pca D
(

nc − nair
)

∕ rca Anterior corneal curvature

Pcp D
(

n − nc
)

∕ rcp Posterior corneal curvature

Pc D Pca + Pcp − 0.001 .Pca .Pcp .CCT∕nc Total corneal power

rla mm Measured/Taken from eye model Anterior on-axis lens radius of curvature

rlp mm Measured/Taken from eye model Posterior on-axis lens radius of curvature

Pla D
(

nl − n
)

∕ rla Anterior lens power

Plp D
(

n − nl
)

∕ rlp Posterior lens power

Pl D Pla + Plp − 0.001 ⋅ Pla ⋅ Plp ⋅ LT∕nl Total lens power

Ps D Pla + Plp − 0.001 ⋅ Pla ⋅ Plp ⋅ LT∕ns Surface power of the lens

PG D Pl − Ps Contribution of gradient-index (GRIN) structure to lens power

ppc2 mm −0.057 Position of second corneal principal pointa

ppl1 mm 5.809–0.697·exp(−0.211·Age) Position of first corneal principal pointa

ppeye2 mm 0.392·exp(−0.181·Age)–2.4·10−3·Age + 2.093 Position of second ocular principal pointa

Note: Age in years.
Abbreviations: ACD, anterior chamber depth; D, dioptres.
aWith respect to the anterior corneal apex.
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4  |      INFLUENCE OF VARIATIONS IN OCULAR BIOMETRY

These expressions are used for the simple method es-
timate of the influence of biometric variations on the 
changes in S.

Matrix method

One can also describe the eye in the form of a paraxial ray 
transfer matrix Meye,29 of which the constituent equations 
can be filled into an error propagation analysis. This method 
is more accurate than the previous one but requires more 
parameters, such as the corneal and lenticular radii of cur-
vature, the gradient index power of the lens, the refractive 
indices and the thicknesses of all the optical media (Table 1). 
Matrix Meye consists of four elements ABCD that represent 
how the position and angle of a light ray is altered when 
passing through the optical system, calculated through a 
series of matrix multiplications representing the ray's refrac-
tions and translations. Here, the contributions of the cornea 
and anterior chamber are incorporated in matrix M, while 
the gradient index of the crystalline lens requires a special 
matrix LGRIN. Hence, the eye can be described as follows:

with A the dilation, B the disjugacy, C the divergence and D 
the divarication; each a 2 × 2 submatrix that alters a different 
aspect of the passing beams of light. A and D do not have 
units, while B is in units of length and C is in dioptres.41 The 
components of LGRIN are given by the following:

with PG the contribution of the gradient index to the lens 
power, calculated as the difference between the total lens 
power Pl and the lens surface power Ps (Table 1). The compo-
nents of M are as follows:

Matrix elements A and C in Equation  (4) can then be 
used to estimate the position of the principal plane on the 
image side with respect to the anterior corneal apex as 
follows:

Meanwhile, the power of the entire eye is given by the 
following:

with feye2 the focal distance on the image side. The full ex-
pressions for A and C are provided in Appendix S1.

From this, the refractive error can be calculated as 
follows:
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(6)ppeye2 = CCT + ACD + LT + (A − 1)∕C

(7)Peye =
n

feye2
= n ⋅ C

F I G U R E  1   Principal planes and focal lengths, with rca and rcp the anterior and posterior corneal radii of curvature, rla and rlp the anterior and 
posterior lenticular radii of curvature, nair, nc, n and nl the refractive indices of the air, cornea, ocular humours and the lens, and ppc1, ppl1 and ppeye2, 
the positions of the first cornea, first lenticular and second ocular principal points with respect to the corneal apex.

 14751313, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/opo.13318 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [15/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  5FARZANFAR et al.

Error propagation for this method can be achieved by 
filling Equation (7) into (1), resulting in the following:

The resulting expressions of the 12 partial derivatives are 
lengthy and provided in Appendix S1. Expression (9) will be 
used for the error propagation analysis of the matrix method.

Data

To test both methods on a realistic and complete data set, 
a set of 1000 SyntEyes was first used; stochastically gener-
ated biometric data sets of the eye with average values and 
variations that match those in the general population be-
tween 20 and 60 years of age.30 Since SyntEyes provide all 
parameters required for either error propagation method, 
they form an ideal demonstration platform for these meth-
ods before applying them to clinical data.

Next, several data sets from the literature were consid-
ered. The first, from Mutti et al.,31 provides longitudinal bi-
ometry data for a group of children between 3 months and 
6.5 years of age, allowing an understanding of changes in 
the contributions during emmetropisation and early ho-
meostasis. As this data set provides information for both 
the lenticular radii of curvature and refractive index, both 
error propagation methods may be applied. A second data 
set, by Twelker et al.,32 is a cross-sectional cohort of school-
children between 6 and 14 years of age, with an increasing 
prevalence of myopia. This allows the assessment of how 
developing myopia is reflected in the biometric changes. 
Here, the biometric data were averaged over the separated 
values for boys and girls that were provided.

An additional analysis compared the biometric con-
tributions to refractive error in premature infants with or 
without ROP, examined longitudinally between 32 and 
52 weeks of postmenstrual age.34 Premature eyes have 
shorter axial lengths, shallower anterior chambers and 
more highly curved corneas than those of full-term in-
fants,42differences that become more considerable as the 
severity of ROP increases. As the number of participants 
was relatively small, no analysis by ROP stage could be per-
formed. Here, lens power was estimated using Bennett's 
method.43,44 The data of full-term infants between 0 and 

3 days of age, presented by Axer-Siegel et al.,33,45 were also 
considered.

Finally, since the lenticular biometry of diabetic eyes is 
considerably different from that of healthy eyes,35 the con-
tributions of the ocular parameters to the refractive error 
of 74 participants with Type 1 diabetes were compared to 
those in 64 age-matched controls.

The values of all required parameters and their standard 
deviations are given in Appendix S2 for all data sets. Since 
real data sets are often incomplete and typically lack the 
necessary information about the refractive indices of the 
ocular media, the indices of the Navarro eye model46 were 
used to supplement the real data where needed.

R ESULTS

Test data

Applying both methods to 10 sets of 1000 SyntEyes leads 
to the contribution percentages shown in Table  2. The 
largest contributions are given by the variations in axial 
length L, lens power Pl and corneal power Pc for the simple 
method (56.87%, 31.51% and 10.30%, respectively), and by 
L, the contribution of the gradient-index (GRIN) structure 
to lens power (PG) and the anterior corneal curvature rca for 
the matrix method (63.62%, 16.30%, 12.94%, respectively). 
The contributions of the variations in the principal plane 
positions using the simple method (i.e., the position of sec-
ond ocular principal point (ppeye2), the position of the sec-
ond corneal principal point 

(

ppc2
)

 and the position of the 
first corneal principal point (ppl1)) were very small (0.50%, 
0.22% and 6.79∙10−5%, respectively).

Children

The contributions of the biometric components shown in 
Figure 2 were obtained by applying both error propagation 
methods to the children's data from Mutti et  al.31 Again, 
the largest contributions were given by the variations in 
axial length, lenticular and corneal power for the simple 
method (67%, 23% and 9%, respectively), and by the axial 
length, gradient lens power and the anterior corneal cur-
vature for the matrix method (55%, 21% and 14%, respec-
tively). The percentage estimates provided by the matrix 
method agreed overall with the equivalent parameters in 
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6  |      INFLUENCE OF VARIATIONS IN OCULAR BIOMETRY

the simple method, albeit with higher contributions from 
the variations in corneal power and ACD at the expense of 
the contribution from axial length.

Influence of myopia

In the children's data from Twelker et  al.,32 myopisation 
caused the contribution of axial length to increase from 
54.5% to 73.4%, while the contribution from the changes 
in lens and corneal power decreased from 35.2% to 19.94% 
and from 9.82% to 6.32%, respectively (Figure 3). This sug-
gests that during normal refractive development, the 

percentage contributions from the variations in ocular bi-
ometry to the changes in S are generally stable, but this is 
disrupted by myopisation.

Full-term and pre-term infants

The contributions from the variations in ocular biometry 
in pre-term infants,34 both with and without ROP, using 
the simple method are shown in Figure  4. The curves 
seen in children without ROP fluctuated considerably, 
while the contributions from axial length and lens power 
were about equal. The full-term children tested by Axer-
Siegel and colleagues33,45 showed very similar results. 
The fluctuations in Figure  4a are likely due to the large 
standard deviations resulting from the relatively small 
population size and the fact that the lens power was cal-
culated rather than measured, leading to compounded 
uncertainty.

Diabetes

Applying the simple method to the data of healthy adults 
and adults with diabetes,35 clear differences are seen 
(Figure 5). Unlike the healthy adults, for the diabetic group, 
lens power made a considerably larger contribution to the 
refractive error than the cornea. Regardless, axial length 
variations still provided the greatest contribution to refrac-
tive error for both of these groups.

D ISCUSSIO N

This work applied error propagation analysis to simple and 
matrix representations of the eye to determine how ocular 
biometric differences affect the distribution of the refrac-
tive error. The SyntEyes data showed that both methods 

F I G U R E  2   Contributions of the variations in ocular biometry to the changes in refractive error using the Mutti et al.31 data for: (a) the simple 
method and (b) the matrix method. Symbols are defined in Table 1.

T A B L E  2   Average contribution of the variations in the individual 
parameters to changes in refractive error for both methods based on 10 
runs of 1000 SyntEyes (symbols defined in Table 1).

Parameters
Simple 
method Parameters

Matrix 
method

L 56.87% L 63.62%

Pl 31.51% PG 16.30%

Pc 10.30% rca 12.94%

ACDtot 0.65% ACD 3.63%

ppeye2 0.50% ppeye2 −

ppl1 0.22% ppl1 −

ppc2 6.79∙10−5% ppc2 −

n 0.04% n 0.04%

LT − LT 1.30%

rlp − rla 0.67%

rla − rlp 0.65%

ns − ns 0.63%

rcp − rcp 0.30%

nc − nc 0.015%

CCT − CCT 0.01%

Note: Standard deviations over the 10 runs were all <0.01%.
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      |  7FARZANFAR et al.

assess different but related aspects of ocular biometry 
(Table 1), with axial length variations being responsible for 
about two thirds of the differences in refractive error, fol-
lowed by changes in the lens power (16%–31%) and anterior 
corneal radius of curvature (10%–12%). This is comparable 
to the data for the control group of healthy adults35 seen in 
Figure 5, which had corresponding values of 57.3%, 25.4% 
and 15.4%, respectively. However, the relative importance 
of corneal and lens powers differs between populations 
and data sets. To this end, both methods were applied 
to several data sets, including SyntEyes, which contained 
every parameter required, as well as clinical data sets for 
children and adults of different ages having a range of ocu-
lar conditions.

Applying the simple method to the longitudinal bio-
metric data of children between the ages of 3 months 
and 6.5 years from Mutti et al.31 showed that during em-
metropisation and early homeostasis, the contributions 
from variability in axial length, lens power and corneal 
curvature were comparable to those found using the sim-
ple method in adults (Figure 2a). For the matrix method, 
the contribution from variations in axial length was lower 
than for adults (±53% instead of 64%), while the varia-
tions in the anterior corneal radius of curvature in young 
children were higher than the corneal power in adults 
(±20% vs. 8.5%). Similar differences were seen for ACD 
(5%–9% vs. 3%; Figure  2b). Considered longitudinally, 
only very mild increases in the corneal contributions and 
mild decreases in the lenticular (simple method) and 
ACD contributions (matrix method) could be observed. 
This stability of the contributions is especially remark-
able considering the large biometric changes that occur 
during this period. Myopia disrupts this stability, how-
ever, as can be seen in the longitudinal data of school 
age children by Twelker et  al.32 With increasing myopia 
prevalence, the contribution of lens power gradually 

decreased from 35% to 20%, while that of axial length 
increased from 54% to 73%. This is to be expected as my-
opia is typically associated with excessive axial growth.

Another group exhibiting altered refractive develop-
ment are premature infants, many of whom develop ROP. 
Overall, pre-term infants tend to have shorter axial lengths 
with a shallower anterior chamber compared with full-term 
infants at the same gestational age.47 In pre-term infants, 
this could result in high degrees of myopia later on, often 
driven by the cornea and lens rather than axial length, as 
would likely be the case in full-term individuals,48 and ROP 
tends to exacerbate these effects.49 A previous study34 
reported that as ROP progresses, consistent decreases 
in axial length and ACD are observed. The occurrence of 
myopia varies across different stages of ROP, suggesting 
a potential link. These findings highlight the complex na-
ture of refractive development in premature infants and 
emphasise the need for management strategies specific 
to different ROP stages. Regarding the pre-term data pre-
sented by Cook et  al.,34 changes in axial length and lens 
power seemed to contribute equally to the refractive error 
(Figure 4). However, this result may not be reliable as the 
differences in ocular biometry between pre-term and full-
term eyes become more manifest with age, coupled with 
the fact that the lens power was calculated from average 
data for a relatively small population compared with pre-
vious cohorts. So, while a greater contribution from lens 
power variations is plausible in pre-term children,49 this 
observation needs to be confirmed with additional data.

Finally, the biometric variations in the diabetic group 
are substantially different from those in the control group, 
most notably with regard to the dimensions and power of 
the crystalline lens35 and especially in those having an early 
onset of the disease.50 This difference is reflected in the rel-
ative effects of variations in lens and corneal power, with a 
considerably larger contribution from lens power changes 
in diabetic eyes (Figure 5). These lenticular changes are in-
duced, in part, by the aqueous, which undergoes a rapid 
drop in glucose concentration during hypoglycaemia. As 
the aqueous and lens interact through osmosis, an ex-
change of water occurs between them, depending on the 
patient's glycaemic state, which in turn affects the refrac-
tive index of the lens and thus the refraction of the eye.51

Similar error propagation methods have been used in 
previous studies, but mostly to assess how measurement 
errors from biometry devices affect intraocular lens (IOL) 
calculations and surgical outcomes.25–27 In those studies, 
the uncertainty regarding corneal power measurements 
formed the greatest source of error, along with estimates 
of the postoperative IOL position,25,27,28 depending on the 
power calculation formula being used. In a similar context, 
Ribeiro et  al.28 varied the individual dimensions of the 
Liou and Brennan eye model to determine corresponding 
changes in overall refractive error using ray tracing soft-
ware. For phakic eyes measured with an optical biometer 
and considering the Monte Carlo process using the mea-
surement errors of the device, variations in anterior corneal 

F I G U R E  3   Biometric contributions to variations in refractive error 
from the Twelker et al.32 data using the simple method. Symbols are 
defined in Table 1.
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asphericity most affected refractive error (36.1%), fol-
lowed by the anterior radius of curvature (28.0%), corneal 
thickness (11.0%) and lens thickness (8.9%). Meanwhile, in 
pseudophakic eyes, the most important contributor by 
far was the postoperative ACD (76.8%). While interesting, 
the Ribeiro et  al.28 analysis did not consider the existing 
correlations between the biometric parameters, which 
would have overestimated the resulting refractive errors.52 
Moreover, as the Monte Carlo process was considered over 
the range of measurement errors of an optical biometer, 
these percentage contributions should not be compared 
with the current results. Finally, in a classic study, Hirsch 

and Weymouth53 attempted to predict refractive error 
using multiple regression analysis, reporting a contribution 
of approximately 47% from changes in axial length, while 
some 24% and 7% were due to variations in corneal radius 
of curvature and ACD, respectively. The remaining 22% 
was assumed to be variations in crystalline lens curvature, 
refractive indices of the media and measurement errors.53 
These values are somewhat different from the current 
findings, probably because they did  not include the lens 
power. Also, Olsen et al. used a strictly statistical approach 
to investigate the correlation between refractive error and 
ocular refractive components. Their findings revealed a 
significant correlation between ocular refraction and not 
only axial length but also lens and corneal power.1

This analysis has some limitations. The most import-
ant is the sensitivity to large variability in standard de-
viations, which in turn is determined by the number of 
participants, and as for the IOL power analyses described 
above, by the measurement errors of the biometer being 
used. This is especially evident in the fluctuating values 
for calculated lens powers from the Cook et  al.34 and 
Axer-Siegel et al.33,45 data sets (Figure 4a), compared with 
the lens power values measured with a custom phakom-
eter for a much larger data set by Mutti et al.31 (Figure 2). 
In practice, however, there are only a limited number 
of biometry systems on the market, having about the 
same level of repeatability, so using a sufficiently large 
data set (e.g., 50 eyes per data point) should minimise 
this issue. Another limitation is the unavailability of the 
posterior corneal radius in most of the data sets consid-
ered here, necessitating the estimate of rcp = 0.821.rca 
given in Table  1, which was previously derived38 from 
Oculus Pentacam (penta​cam.​com) data of 4953 Iranian 
school children with a mean age of 9.74 ± 1.68 years that 
included both the anterior and posterior corneal radii. 
This method is preferred over the use of a keratometric 

F I G U R E  4   Contributions of the variations in ocular biometric components using the simple method to the changes in refractive error from the 
Cook et al.34 data for: (a) pre-term infants without retinopathy of prematurity (ROP) and the full-term data by Axer-Siegel and colleagues33,45 and (b) 
the Cook et al. data for pre-term infants with ROP. Symbols are defined in Table 1.

F I G U R E  5   Contributions of ocular biometric components to the 
change in refractive error using the simple method for normal and 
diabetic adult groups. L is the axial length, Pl the lens power, Pc the 
corneal power, ACDtot, the total anterior chamber depth (including 
corneal thickness) and n the refractive index of the ocular humours.
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index, as most indices tend to overestimate the actual 
total power,54,55 and it allows more accurate thick lens 
calculations. Another limitation of the present study is 
the use of age-based regressions to estimate the position 
of the principal planes with the simple method, rather 
than their full calculation. This choice was motivated by 
the fact that calculation and inclusion would have led to 
far more complicated equations for the simple method 
than strictly necessary. On the other hand, the matrix 
method is more accurate and mathematically complete 
as it considers all relevant parameters, and unlike the 
simple method, does not make any assumptions about 
the principal plane position at the expense of increased 
complexity. Here too, a simplification with fixed principal 
points was considered using ppeye2 as a variable instead 
of Equation  (6), but while this simplified the refractive 
error formula, it did not do much to simplify the partial 
derivatives and therefore was abandoned. Hence, as the 
matrix method was more accurate and complete, it was 
preferred over the simple method. Although it may be 
limited by the need for parameters that are currently dif-
ficult to obtain, such as the lens radii of curvature, new 
technologies are continuously being introduced that will 
help to overcome these issues. In the meantime, the sim-
ple method can provide a reliable first-order estimate.

Diabetes can affect the ocular components, particu-
larly the aqueous humour and the lens, thereby producing 
changes in refractive error. In poorly controlled diabetes, 
fluctuations in the properties of the aqueous humour 
can rapidly impact internal refraction, leading to varia-
tions in vision. Additionally, diabetes can gradually affect 
the lens, potentially causing longer term changes in lens 
curvature.35,50

In conclusion, this work proposed two methods for es-
timating the contribution of variations in ocular biometric 
components to the resulting refracting error within a pop-
ulation. About 50%–65% of these refractive error changes 
are determined by variations in axial length, and to a lesser 
degree by variations in lens and corneal power. The latter 
two appear to vary in importance, depending on the mea-
suring equipment being used and the population being 
considered.
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