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Background: Myopia is heterogeneous with regard to its origin and varies in its course and 
prognosis of sequelae. The lack of criteria does not allow in practice to distinguish among 
different types of the disease.
Purpose: First, to study morphometric parameters characterizing the axial and refractive 
components (the axial length (AL) and corneal refractive power (CRP)) in myopes and 
emmetropes, and; second, to develop the criteria for selecting the ranges for axial, 
refractive, mixed and combinatory myopias based on the statistical analysis of AL and CRP.
Material and Methods: Two hundred and sixty four patients (502 eyes) with various 
severities of myopia (mean myopic refractive error, –2.74 ± 2.41 D) and 78 emmetropes 
(145 eyes) were included in the study. Patients underwent visual acuity assessment 
for distance; autokeratorefractometry; measurement of horizontal pupil diameter and 
horizontal corneal diameter; ultrasonography of the posterior and anterior segments of the 
eye for AL, anterior chamber depth, and lens thickness measurements and pachymetry; and 
uncorrected intraocular pressure (IOP) and IOP corrected for pachymetry measurements.
Results: The objective limits for different types of myopia were calculated based on the axial 
component (AL, 24.3 mm) and refractive component (CRP, 43.86 D). The newly developed 
objective criteria allow for establishing the type of myopia corresponding to axial and 
refractive components on the basis of corneal refractive power and axial length of the eye. 
The proposed modified classification of the types of myopia takes in account the axial and 
refractive components and allows for distinguishing practically among refractive myopia 
(AL ≤ 24.3 mm and CRP > 43.86 D), axial myopia (AL > 24.3 mm and CRP ≤ 43.86 D), 
mixed myopia (AL > 24.3 mm and CRP > 43.86 D), and combinatory myopia (AL ≤ 24.3 
mm and CRP ≤ 43.86 D, similar to emmetropes).
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Introduction
The global prevalence of myopia has been rising 

steadily over the past few decades [1-4]. It is difficult to 
distinguish among different types of the disease, because 
myopia is heterogeneous [5-7] with regard to its origin, 
varies in its course and prognosis of complications, and 
there are no clear criteria for distinguishing among the 
types. For example, a diagnosis of degenerative myopia 
can be established only in the presence of changes in the 
fundus [8, 9]. The onset of refractive myopia is more 
common in early school ages [1, 3, 10] due to increased 
near vision load [11, 12]. Some studies found that eyes 
with larger axial length tend to have flatter cornea (and, 
correspondingly, less corneal refractive power), whereas 
others reported that the more general expectancy of rather 
flat corneas in high myopia was not fulfilled [13, 14]. 
Several studies have shown that myopic eyes have greater 
mean corneal powers than emmetropic eyes; this may be 

mostly due to greater corneal powers being a risk factor for 
youth-onset myopia [15]. When myopia develops, in some 
cases the cornea may undergo a “paradoxical” steepening, 
which accelerates, rather than retards, the development of 
myopia [15].

The literature reflects the idea of refractive myopia 
as myopia with an emmetropic axial length [16]. Schmid 
(2021) [16] characterized two categories of myopia 
(axial myopia and refractive myopia), and distinguished 
four forms of axial myopia. Ludwig and colleagues [17] 
stressed that myopic pathology can affect all regions of the 
retina, though there is currently no classification system 
to distinguish anterior (peripheral) and posterior (macular) 
pathology. They hypothesized that these classifications 
are characterized by distinct demographic and refractive 
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features, highlighting the disparity in types of pathologic 
myopia, and concluded that, high myopia may be divided 
into four distinct subgroups based on the presence and 
location of pathology, which is associated with differences 
in age, gender, race, and refractive error. 

The variety in clinical refraction is caused by a 
combination of a number of anatomical and optical 
parameters of the eye [18-21]. Tron (1947) [21] performed 
biometric measurements of and studied patterns of 
changes in some anatomical and optical parameters in 62 
emmetropic eyes, and distinguished four types of myopia 
(axial, refractive, mixed and combinatory) based on the 
ranges of the anterior length and refractive power in these 
eyes [21].  The absence of objective criteria does not allow 
differentiating between these types of myopia.

The purpose of the study was twofold: first, to 
study morphometric parameters characterizing the axial 
and refractive components (such as the axial length 
(AL) and corneal refractive power (CRP)) in myopes 
and emmetropes, and; second, to develop the criteria 
for selecting the ranges for axial, refractive, mixed and 
combinatory myopias based on the statistical analysis of 
AL and CRP.

Material and Methods
A total of 264 patients (502 eyes; mean age, 18.41 

± 10.14 years) with various severities of myopia (mean 
myopic refractive error under cycloplegic conditions, 
–2.74 ± 2.41 D) were included in this study. Of these, 
178 (338 eyes; 67.33%) were female and 86 (164 eyes; 
32.66%) were male. The control group included 78 
emmetropes (145 eyes; mean age, 23.42 ±18.63 years). Of 
these, 54 (104 eyes; 71.25%) were female and 24 (41 eyes; 
28.75%) were male. 

Patients underwent visual acuity assessment for 
distance; autokeratorefractometry (Accuref–K 9001, Shin 
Nippon), including measurement of actual refractive error 
under cycloplegic conditions, 30 minutes after the pupil 
was dilated with 1% cyclomed; measurement of horizontal 
pupil diameter (keratotopography, РСТ–110, Optopol, 
Poland) and horizontal corneal diameter (KR–8900 Topcon 
and HRK–7000 Huvitz); ultrasonography of the posterior 
and anterior segments of the eye for AL, anterior chamber 
depth (ACD), and lens thickness (CT) measurements 
and pachymetry (Desmin M; Optopol); and uncorrected 
intraocular pressure (IOP) (Reichart–АТ555) and IOP 
corrected for pachymetry (Desmin M) measurements.

Statistical analysis of the morphometric parameters 
of the eyes for the total sample and for the distinguished 
groups was carried out. Median and skewness (A) values 
were calculated in addition to mean and standard deviation 
values. The features of parameter distribution were used as 
the basis for subsequent selection of the methods for testing 
asymmetry hypotheses and analyzing the relationships 
among structural and functional characteristics. Statistical 
analyses were conducted using Microsoft Excel and 
Statistica 12.0 (StatSoft, Tulsa, OK, USA) software.

Results
In this work, we studied ocular morphometric 

parameters (especially mean AL and CRP) in emmetropes, 
because these parameters are key indicators for 
distinguishing among myopic eyes based on the axial or 
refractive component. 

In the group of emmetropes, the refractive error under 
cycloplegic conditions ranged from 0.5 D to +0.5 F, and 
AL, from 22.11 mm to 25.08 mm (Table 1). Statistics 
for ocular morphometric parameters of emmetropes are 
shown in Table. 1.

Fig. 1 shows the histogram of the distribution of corneal 
radius among the group of emmetropes, with a mean value 
of 7.80 ± 0.24 mm. Fig. 2 shows the histogram of the 
distribution of CRP among the group of emmetropes, with 
a mean value of 43.37 ± 1.35 D. In this study, mean corneal 
radius and median corneal radius values for emmetropes 
were equal (Me = 7.80 mm) (Table 1 and Fig. 1). Corneal 
radius was shorter (М ± SD = 7.72 ± 0.27 mm vs 7.72 
± 0.27 mm) and the cornea was significantly steeper (t = 
3.43; p<0.01) in myopes than in emmetropes.

Statistical characteristics of the distributions of ocular 
biometric parameters for myopes were obtained, and, on 
this basis, the features of distributions of ocular biometric 
parameters, axial length (AL) and corneal refractive power 
(CRP), were found.

Table 2 shows statistical parameters (mean, standard 
deviation, median, maximum, minimum and skewness) 
for functional characteristics of ocular structures for 502 
myopic eyes.

CRP was 43.87±1.57 D, with a median value of 43.7 
D (Fig. 3), and minimum and maximum values of 40.0 
D and 51.75 D, respectively (Table 2), for 502 myopic 
eyes. In addition, CRP skewness was larger in myopes 
than in emmetropes (0.61 versus 0.23; Table 2 and Table 
1, respectively).

For the sample of myopic eyes, the distribution of 
CRP was moderately skewed, with larger skewedness 
and median values (0.61 and 43.75 D, respectively), 
than for the sample of emmetropic eyes (0.23 and 43.37 
D, respectively). Mean CRP values for the samples of 
myopic eyes (502 eyes) and emmetropic eyes (145 eyes) 
were 43.86 ± 1.58 D and 43.37±1.35 D, respectively. In 
addition, mean corneal refractive power was statistically 
significantly (t =3.63; p < 0.01), by 0.49 D, larger, and 
the difference between mean and median CRP values was 
smaller, for myopic eyes than for emmetropic eyes.

There was a symmetric distribution of AL values 
for emmetropes (Fig. 4), but not for myopes. Thus, the 
skewness for emmetropes was (–0.03) (Table 1, Fig. 4), 
and 1.21 for myopes (Table 2). The AL ranged from 22.11 
mm to 25.08 mm (Table 1) for emmetropes, and from 
20.91 mm to 30.73 mm (Table 2) for myopes.

Discussion
The fact that corneal curvature and refractive power 

myopic are greater in myopic eyes than in emmetropic 
eyes [13, 15, 22] was confirmed in our study, and could 
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distinguish really steep corneas with greater curvature 
from others. This allows distinguishing the refractive 
component that can affect the development of myopic 
refractive error. In view of the foregoing, a mean CRP 
value of 43.86 D for myopes (with a significant difference 
from that for emmetropes; t = 3.63; p < 0.01) was 
chosen as a cut-off value in order to segregate myopia 
with a refractive component (patients with a CRP ≥ 
43.86 D, which corresponds to CRP > 43.75 D, taking 
in account a measurement increment of 0.25 D for the 
autorefractokeratometer) and myopia without a refractive 
component (patients with a CRP ≤ 43.75 D). The latter 
patients will not have a refractive component affecting the 
development of myopic refraction, because CRP values in 
this group will be normally distributed, and will be close 
to those for emmetropes.

It was found that, for emmetropes, the AL value will be 
within a range of mean AL ± SD (23.7 ± 0.6 mm; i.e., 23.1 
mm to 24.3 mm), with a spread from 22.11 mm to 25.08 
mm (Table 1). These findings are in agreement with those 
of Rykov’s fundamental study [23] on ocular morphometric 
parameters, who demonstrated that, for emmetropes, the 
distribution of AL had a maximum around 22.5-23.5 mm. 
In the current study, 85% of emmetropes had an AL of less 
or equal to 24.3 mm. Since AL values greater than 24.3 mm 
were found to be uncommon in emmetropes, an AL value of 
24.3 mm was chosen as a cut-off value in order to segregate 
myopia with an axial component and myopia without an 
axial component. This is in agreement with the opinion of 
Zhou and colleagues, who believe that axial myopia occurs 
if the length of the eyeball is more than the average length 
of about 24 mm [24]. In the current study, we found that 
the mean AL for 502 myopic eyes was 24.62 mm, which 
was close to the values found by others. In a study by Park 
and colleagues [25], the mean AL for myopic patients aged 
29 to 95 years (41.56 ± 15.70 years) was 24.35 ± 1.49 mm.

In view of the foregoing, an AL value of 24.3 mm and 
a CRP value of 43.86 D that we propose to use as cut-
off values for distinguishing axial, refractive, mixed and 
combinatory myopias, are objective and quite contrary to 
those proposed earlier by Tron [21]. This allows proposing 
a modified classification scheme for types of myopia 
based on CRP and AL parameters characterizing refractive 
and axial components, respectively [26]. This modified 
classification scheme distinguishes among refractive 
myopia (AL ≤ 24.3 mm and CRP > 43.86 D), axial myopia 
(AL > 24.3 mm and CRP ≤ 43.86 D), mixed myopia 
(AL > 24.3 mm and CRP > 43.86 D), and combinatory 
myopia (AL ≤ 24.3 mm and CRP ≤ 43.86 D, similar to 
emmetropes) [27, 28].

Tron [21] proposed an AL value of 22.4 mm to 27.3 
mm and a CRP value of 52.59 D to 64.21 D as cut-off 
values for distinguishing various types of myopia, e.g., 
axial myopia (AL > 27.3 mm and CRP of 52.59 D to 64.21 
D) and refractive myopia (an “emmetropic” AL of 22.4 
mm to 27.3 mm and a CRP value greater than 64.21 D, a 
maximum for emmetropes). 

Tron [21  proposed to use extreme emmetropic values 
of AL (22.4 mm and 27.3 mm) and ocular refractive 
power (ORP; 52.59 D and 64.21 D) as cut-off values for 
distinguishing various types of myopia, e.g., axial myopia 
(AL > 27.3 mm and ORP of 52.59 D to 64.21 D), with the 
ORP value being equal to the sum of the CRP value and 
lens refractive power (LRP) value, and refractive myopia 
(an “emmetropic” AL of 22.4 mm to 27.3 mm and a CRP 
value greater than 64.21 D, a maximum for emmetropes). 
A clinical example from Torn [21] is given below.

For patient No.253, CRP = 48.34 D, LRP = 48.34 D, 
AL = 26.42 mm, refractive error = -12.0 D. The patient 
was classified by Torn as a refractive myope.

We believe that the patient could not be classified as a 
refractive myope, because both the refractive component 
(CRP = 48.34 D) and the axial component [26] (AL 
= 26.42 mm) are involved in the development of this 
myopia. Based on the classification criteria proposed by 
us, the patient should be classified as a mixed myope [27].

In addition, Torn classified the following two cases as 
mixed myopes: patient No. 168 (CRP = 46.35 D, LRP = 
22.52 D, AL = 22.29 mm, refractive error = -15.0 D) and 
patient No. 268 (CRP = 48.98 D, LRP = 19.95 D, AL = 
27.57 mm, refractive error = -15.0 D).

It is well seen from the above two cases that a difference 
in the magnitude of AL was as large as 5.28 mm (for axial 
lengths of 22.29 D and 27.57 mm), and a difference in the 
magnitude of refractive error was as large as 14.5 D (for 
refractive errors of -0.5 D and -15.0 D), although a corneal 
refractive power value was high for both cases (46.35 D 
and 48.98 D).

As opposed to Tron, we used classification criteria 
proposed by us and classified patient No. 168 (CRP = 
46.35 D, AL = 22.29 mm) as a refractive myope, because 
in this case, the AL value corresponds to those related to 
emmetropes and even hypermetropes, and the refractive 
component is involved in the development of this myopia 
[26]. We, however, believe that patient No.268 from a study 
by Tron indeed could be classified as a mixed myope, with 
the involvement of both the axial and refractive components 
resulting in a high myopic refractive error of -15 D. It 
means that there were substantial differences between the 
above two cases from a study by Tron with regard to fundus 
changes, state of the ocular shells, prognosis for the course 
of myopia and potential for sequelae. Consequently, patient 
No. 168 could not be classified as the same type of myopia 
as patient No. 268. These example cases demonstrate 
shortcomings of the previous criteria for distinguishing 
among axial, refractive, mixed and combinatory myopias, 
and the need for applying the new approach to diagnosing 
these types of myopia.

Therefore, the newly developed objective criteria 
allow for establishing the type of myopia corresponding 
to axial and refractive components on the basis of corneal 
refractive power and axial length of the eye. These criteria 
fundamentally change the approach to distinguishing 
among axial, refractive, mixed and combinatory myopias. 
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The proposed modified classification of the types of myopia 
takes in account the axial and refractive components and 
allows for distinguishing practically among refractive 
myopia (AL ≤ 24.3 mm and CRP > 43.86 D), axial myopia 
(AL > 24.3 mm and CRP ≤ 43.86 D), mixed myopia 
(AL > 24.3 mm and CRP > 43.86 D), and combinatory 
myopia (AL ≤ 24.3 mm and CRP ≤ 43.86 D, similar to 
emmetropes). Differential diagnosis among these types of 
myopia will allow a clinician to anticipate the course of 
the disease, changes in the ocular shells and fundus, risk of 
sequelae, and to take appropriate measures for stabilization 
of myopia promptly.
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Table 1. Statistical characteristics for morphometric and functional parameters in emmetropes

Parameters
Statistical characteristics

n M Ме Мin Max σ A

Parameters n M Me Мin Max SD A

Refractive error in the non-dilated pupil 145 –0.29 –0.25 –1.75 1.25 0.51 –0.06

Refractive error under cycloplegic conditions 145 –0.04 0.00 –0.50 0.50 0.35 0.23

Corneal radius, mm 145 7.80 7.80 7.14 8.42 0.24 –0.11

Corneal refractive power, D 145 43.37 43.25 40.25 47.25 1.35 0.23

Corneal diameter, mm 145 11.91 11.88 11.2 12.91 0.33 0.72

Pupillary diameter, mm 145 4.37 4.30 2.50 6.40 0.79 0.17

Corneal thickness, μm 145 559.38 558.00 496.00 639.00 31.83 0.36

Intraocular pressure (IOP), mmHg 145 15.80 15.00 10.00 26.00 3.52 0.62

IOP corrected for pachymetry, mmHg 145 15.40 15.30 9.00 23.10 3.03 0.30

Axial length, mm 145 23.73 23.78 22.11 25.08 0.58 –0.03

Anterior chamber depth, mm 145 3.73 3.77 2.70 4.77 0.27 0.46

Lens thickness, mm 145 3.71 3.67 3.00 4.78 0.28 0.29

Axial vitreous length, mm 145 16.22 16.27 14.85 17.85 0.55 0.15
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Table 2. Statistical characteristics for morphometric and functional parameters in myopes (502 eyes)

Parameters
Statistical characteristics

М σ m Ме А Min Max

Refractive error assessed in the non-dilated pupil –2.74 2.41 0.10 –2.00 –2.81 –19.00 –0.75

Refractive error under cycloplegic conditions –2.60 2.41 0.10 –1.75 –3.09 –19.00 –0.75

Corneal radius 7.72 0.27 0.01 7.74 –0.25 6.54 8.47

Corneal refractive power, D 43.85 1.57 0.07 43.75 0.61 40.00 51.75

Corneal diameter, mm 11.83 0.37 0.01 11.88 –0.24 10.51 13.01

Pupillary diameter, mm 4.43 0.73 0.03 4.50 –0.23 2.20 6.30

Corneal thickness, μm 552.40 33.78 1.50 550.00 –0.05 441.00 643.00

Intraocular pressure (IOP), mmHg 15.73 3.31 0.14 15.00 0.83 10.00 29.00

IOP corrected for pachymetry, mmHg 15.66 2.94 0.13 15.40 0.51 9.00 25.80

Axial length, mm 24.62 1.04 0.04 24.61 1.21 20.91 30.73

Anterior chamber depth, mm 3.88 0.23 0.01 3.92 –0.15 2.95 4.57

Lens thickness, mm 3.66 0.24 0.01 3.67 0.99 3.00 4.78

Axial vitreous length, mm 17.02 1.00 0.04 17.03 0.71 13.60 22.31
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Fig. 1. Histogram for the distribution of corneal radius values in a 
group of 145 emmetropic eyes 

Fig. 2. Histogram for the distribution of corneal refractive power (CRP) 
values (measursed in diopters) in a group of 145 emmetropic eyes 

Fig. 3. Histogram for the distribution of corneal refractive 
power (CRP) values (measursed in diopters) in a group 
of 502 myopic eyes 

Fig. 4. Histograms for distributions of axial length (AL) 
values (measured in millimeters) in a group of 145 
emmetropic eyes and a group of 502 myopic eyes.   

Note:     , myopic AL;     , emmetropic AL


