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ABSTRACT
Background:  The face has been widely investigated using professionally taken frontal and lateral 
photographs, however, there is a lack of studies of non-professional facial photographs. It is not known 
if they could be suitable for facial analysis. The analysis of non-professional photographs could allow the 
performance of cost- effective longitudinal studies.
Aim: To determine if non-professional photographs could be used for a reliable analysis of facial features.
Subjects and methods:  The frontal profiles of 18–21-year-olds (35 males, 39 females) were measured 
by direct anthropometry, in addition, professional photographs were taken and non-professional 
photographs were obtained. Anthropometric landmarks were superimposed on those photographs. The 
indices calculated on the basis of the measurements of direct anthropometry and both types of 
photographs were compared.
Results:  The comparison of the measurements of direct anthropometry and professional photographs 
showed no difference between 14 out of 25 male and 10 out of 25 female facial indices (p > 0.05) after 
comparing the results of direct anthropometry with those of non-professional photographs, no difference 
was found in 8 out of 25 male and 7 out of 25 female indices. These indices were mostly composed of 
vertical parameters and eye measurements.
Conclusion: Vertical facial dimensions and eye measurements may not only be used interchangeably for 
both facial photographs and direct anthropometry, but may also be suitable for objective and reliable 
facial analyses.

Introduction

Facial studies are beneficial for health care professionals in 
terms of planning treatment and assessing its outcomes in 
aesthetic surgery or orthodontics (Harrar et  al. 2018; Vucic 
et  al. 2019; Amezua et  al. 2022). They are also useful for the 
evaluation of craniofacial anomalies (Cho et  al. 2015; Tanaka 
et  al. 2021). Research on human faces facilitates the identifi-
cation of morphological facial features relevant for forensic 
facial identification (Yeung et  al. 2015; Caplova et  al. 2017; 
Weiliang et  al. 2021; Nadeem et  al. 2022). Most importantly, 
facial studies are beneficial for anthropologists and auxolo-
gists as such investigations provide knowledge of how faces 
change during certain times (Özkoçak & Özdemir, 2018; Lee 
et  al. 2019; Patcas et  al. 2022).

There is a broad spectrum of cross-sectional studies on 
the faces of adult populations related to facial ageing 
(Mydlová et  al. 2015; Windhager et  al. 2019; Velemínská  
et  al. 2021). However, there is a lack of research on facial 
development in children and adolescents. Many studies of 

the faces of children are cross-sectional (Krimmel et  al. 2015; 
Koudelová et  al. 2019; Kumar et  al. 2019). Data collection 
from the same individuals is time- consuming, therefore, 
there are only few longitudinal studies of children’s faces 
(Wen et  al. 2017; Launonen et  al. 2023).

The analysis of two-dimensional (2D) images is a conve-
nient, non-invasive, time-saving and low-cost approach, there-
fore, it is often used in facial studies (Moreton & Morley, 2011; 
Flores et  al. 2019; Machado et  al. 2019; Ayaz et  al. 2020). The 
face has been widely investigated using professionally taken 
frontal and lateral photographs (Raschke et  al. 2015; 
Packiriswamy et  al. 2016; Cai et  al. 2019). So far, studies on 
non-professional photographs are limited. There are studies on 
facial recognition, age estimation and facial attractiveness that 
have been carried out using non-professional photographs 
(Srisraluang & Rojnueangnit, 2021; Moradinejad et  al. 2022). 
However, there is a lack of studies that could answer the ques-
tion if it is possible to use non-professional photographs from 
personal archives for facial analysis. This can not only help to 
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monitor the dynamics of facial growth and ageing, but can 
also save time in carrying out this type of longitudinal study.

The aim of this study was to clarify if non-professional 
photographs could be used for an objective and reliable 
analysis of facial features. For this purpose, the facial indica-
tors obtained from direct anthropometry, professional and 
non-professional photographs were compared.

Subjects and methods

Study design

A study comparing three methods of facial measurements was 
carried out. Inclusion criteria were defined as follows: individu-
als of 18–21 years of age without facial anomalies, traumas or 
cosmetic facial surgeries. The study sample included the par-
ticipants whose faces were measured by direct anthropometry, 
who were additionally professionally photographed and who 
provided non-professional photographs of their frontal faces. 
All the participants consented to the conditions of the study. 
Personal data were anonymised, an identification code was 
assigned to each participant. The investigation was part of the 
EC project ISEC (JLS/2007/ISEC/451) “Automated age estima-
tion and identification of juvenile victims on pedopornographic 
contents”. The study was approved by the Lithuanian Bioethics 
Committee (Approval No. 6B-09-264).

Study sample calculation

There were no analogous studies found to borrow means 
and standard deviations for effect size calculation to calculate 
the sample size. Therefore, a similar study comparing three 
groups of evaluation of facial attractiveness was followed as 
an example for the sample size (Moradinejad et  al. 2022). The 
sample size in the mentioned study was 32 subjects divided 
into three groups. Thus, a similar sample size was selected for 
our study, that is 35 males and 39 females. This sample size 
has been estimated using UCSF Sample Size Calculators 
(University of California, San Francisco, USA) (Kohn 2024). The 
effect size for the two-group analytic study was calculated 
using the T statistic (with a non-centrality parameter): with 
the alpha of 0.05, β = 0.2, the present study (35 males and 39 
females) demonstrated 80% power to detect an effect size of 
E = 3.412.

Direct anthropometry measurements

The facial measurements of 35 males and 39 females aged 
18-21 years old were taken in millimetres using the standard 
methodology of direct anthropometry according to Farkas 
(Farkas, 1994). Martin-type instruments (GPM – Siber Hegner, 
Zurich) were used, including an anthropometer, a sliding 
calliper, and a small spreading calliper. The participants were 
seated with their head positioned in the Frankfort 
Horizontale. The measuring technique was standardised 
between three investigators. The results of this exercise 
were compared to avoid intra- and inter-observer differ-
ences. The intra- and inter-observer errors varied between 

±1 mm for the measurements including landmarks demar-
cated by skeletal structures, such as gnathion or subnasale 
and ±3 mm for the measurements including landmarks that 
were difficult to palpate, such as pupillare. In total, ten cra-
niofacial measurements were recorded. Sellion landmark (the 
most posterior point of the frontonasal contour in the mid-
line of the base of the nasal root (Katina et  al. 2016)) can be 
more precisely determined than nasion, therefore, selion was 
chosen instead of nasion.

Taking professional photographs

Frontal digital photographs were taken of the faces of the 
same young adults while seated, with a homogeneous light 
background applied to the photographs. The head of the 
participants was positioned in the Frankfort Horizontal plane 
(Santos et  al. 2017). The facial expression was neutral, eyes 
opened (no eyewear), and hair did not cover the face and 
ears (including no beard or moustache).

The facial point sellion of each subject was chosen as the 
focus point. The landmark sellion was used since it has been 
identified in previous studies that nasion is difficult to target 
in the indirect craniofacial soft tissue investigation (Bahşi 
et  al. 2021). The camera was positioned at 1.5 metres from 
the focus point.

Provision of non-professional photographs

All the participants also provided non-professional photo-
graphs of their frontal faces, taken at the age range from 18 
to 21 years, at the same age they were measured by direct 
anthropometry. The non-professional photographs, as the 
professional ones, included the photographs with a neutral 
facial expression, eyes opened (no eyewear), and hair not 
covering the face and ears.

Placing anthropometric landmarks on photographs

Anthropometric landmarks were manually placed on all the 
facial images using an open-source software ImageJ (Figure 1).  
Other studies have confirmed that the frontotemporale land-
mark is not accurately placed on photographs and is the 
most difficult landmark in terms of its reliability, and is also 
rarely visible on photographs (Cummaudo et  al. 2013; 
Machado et  al. 2019). Therefore, it was not selected as one of 
the facial parameters in our study.

Measuring facial parameters in photographs

The distances between the two landmarks of both profes-
sional and non-professional photographs were measured in 
pixels. The measurements in pixel, a non-dimensional param-
eter, allowed a comparison of facial indices between both 
types of photographs considering the fact that the quality 
and the distance from the camera to the subject varied for 
non-professional photographs. In total, ten facial parameters 
were measured (Table 1).
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Firstly, a pilot study was performed to check the reliabil-
ity of the measurements of the photographs. Ten profes-
sional photographs were measured three times by the main 
investigator during 24-hour intervals. The intra-observer 
agreement was calculated using the intraclass correlation 
coefficient. It was found as excellent − 0.999. Then the same 
ten photographs were additionally measured by two other 
investigators. The inter-observer agreement was excellent − 
0.994. All the investigators were experienced in facial metric 
research. After this exercise, all the photographs (profes-
sional and non-professional) were measured by the main 
investigator.

Calculation of facial indices

The relationship between two facial parameters was evalu-
ated by calculating facial indices. The measurements taken by 
direct anthropometry were recorded in millimetres and the 
measurements from photographs were taken in pixels, there-
fore, facial indices were a convenient method to compare all 
three types of measurements.

The indices were calculated by dividing one facial dimension 
(usually a smaller one) by another facial dimension (usually 
larger, or vertical if the numerator was horizontal) and multi-
plied by 100. In total, 25 facial indices were calculated (Table 2).

Statistical analysis

The distribution of the data was checked using the Shapiro- 
Wilk test of normality. It revealed that the data were not nor-
mally distributed, therefore, the non-parametric Mann-Whitney 

Table 1.  Descriptions of craniofacial measurements with landmark definitions 
obtained in this study.

Measurement (landmark 
abbreviations) Measurement description

1. Face width (zy-zy) Maximal distance between the most lateral points 
of the cheekbones

2. Morphological face 
height (se-gn)

Distance between the most posterior point of the 
frontonasal soft tissue contour in the midline 
of the base of the nasal root the most 
anterior-inferior mid-point of the chin

3. Interpupillary 
distance (pu-pu)

Distance between the centre of the right and left 
pupils with eyes focused straight ahead

4. Intercanthal width 
(en-en)

Distance between the points at the most medial 
corners (intersection of upper and lower 
eyelid) of the right and left eye fissure

5. Biocular width 
(ex-ex)

Distance between the points at the most lateral 
corners (intersection of upper and lower 
eyelid) of the right and left eye fissure

6. Nose width (al-al) Distance the most lateral points on the right and 
left wing of a nose

7. Labial width (ch-ch) Distance between the right and left corners of 
the labial commissure

8. Physiognomic upper 
facial height (se-sto)

Distance between the most posterior point of the 
frontonasal soft tissue contour in the midline 
of the base of the nasal root and the midpoint 
of the labial fissure with mouth closed

9. Nose height (se-sn) Distance between the most posterior point of the 
frontonasal soft tissue contour in the midline 
of the base of the nasal root and the point at 
the midline of the nasal base where the nasal 
septum and the skin surface of the upper lip 
meet

10. Lower face height 
(sn-gn)

Distance between the point at the midline of the 
nasal base where the nasal septum and the 
skin surface of the upper lip meet and the 
most anterior-inferior mid-point of the chin

Figure 1. L ocalisation of anthropometric landmarks on non-professional photo-
graph (personal photograph of the author, 21 years of age).

Table 2. L ist of facial indices calculated.

Indices containing 
intercanthal width

Indices containing 
biocular width

Indices containing 
interpupillary 

distance
Other 

indices

en-en/al-al al-al/ex-ex al-al/pu-pu al-al/ch-ch
en-en/ch-ch ch-ch/ex-ex ch-ch/pu-pu al-al/se-gn
en-en/ex-ex pu-pu/ex-ex pu-pu/se-gn al-al/se-sn
en-en/pu-pu se-sto/ex-ex pu-pu/zy-zy al-al/se-sto
en-en/se-gn pu-pu/se-sto ch-ch/se-sto
en-en/zy-zy ch-ch/se-gn
en-en/se-sn se-gn/zy-zy
en-en/se-sto se-sto/zy-zy
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U test was applied to compare the medians between different 
types of measurements (direct anthropometry vs professional 
photographs, direct anthropometry vs non-professional photo-
graphs, and professional photographs vs non-professional pho-
tographs) for males and females separately. The interquartile 
range (IQR) was reported. All statistical tests were performed 
with the SPSS® 21.0 software package (IBM®, New York, USA). 
The level of statistical significance was set at 5% (p < 0.05).

Results

The indices derived from direct anthropometry, professional 
photographs and non-professional photographs were compared.

Comparison of indices derived from direct 
anthropometry and professional photographs

The indices that did not differ statistically between profes-
sional photographs and direct anthropometry (p > 0.05), and 
were the same for males and females included pu-pu/se-gn, 
se-sto/ex-ex, en-en/pu-pu, en-en/se-sn, ch-ch/se-gn, en-en/
se-sto, en-en/se-gn, pu-pu/se-sto (Table 3). Moreover, in 
males only six indices (ch-ch/pu-pu, ch-ch/ex-ex, ch-ch/se-sto, 
en-en/al-al, en-en/ch-ch, al-al/se-sn) did not differ (p > 0.05) 
while in females only two (en-en/ex-ex, al-al/se-gn).

Thus, the indices of direct anthropometry and professional 
photographs that did not differ statistically mostly contained 
vertical parameters and eye measurements. None of these 
indices contained bizygomatic width.

Comparison of indices derived from direct 
anthropometry and non-professional photographs

There were five indices that did not differ both in males and 
females (p > 0.05) (pu-pu/se-gn, se-sto/ex-ex, ch-ch/se-gn, 
en-en/ch-ch, ch-ch/pu-pu) (Table 4). In addition, no signifi-
cant difference was found between three indices only in 
males such as ch-ch/se-sto, en-en/al-al, al-al/ch-ch (p > 0.05). 
Two indices did not differ only in females –en-en/se-sn and 
al-al/se-gn.

Most indices that did not differ when comparing direct 
anthropometry to non-professional photographs included 
vertical parameters and eye measurements, none of the indi-
ces included bizygomatic width.

Comparison of indices derived from professional and 
non-professional photographs

In total, seven of 25 (28%) indices did not differ (p > 0.05) 
both in male and female professional and non-professional 
photographs (pu-pu/se-gn, al-al/pu-pu, al-al/ex-ex, se-sto/
zy-zy, en-en/ch-ch, pu-pu/se-sto, pu-pu/ex-ex) (Table 5). In 
addition to the indices which were the same in males and 
females, one index (en-en/al-al) did not differ only in females 
(p > 0.05) and 9 (ch-ch/pu-pu, al-al/se-sto, al-al/ch-ch, al-al/
se-gn, se-sto/ex-ex, se-gn/zy-zy, al-al/se-sn, pu-pu/zy-zy, 
ch-ch/se-gn) only in males.

No clear tendency was seen after matching the indices 
between professional and non-professional photographs con-
taining all possible measurements.

Table 3.  Comparison of medians of facial indices in females and males between those calculated from direct anthropometry and from professional 
photographs.

Index

Males Females

Professional 
photographs median 

(IQR)
Direct anthropometry 

median (IQR)
Mann Whitney U 

Test p-value

Professional 
photographs median 

(IQR)
Direct anthropometry 

median (IQR)
Mann Whitney U 

Test p-value

al-al/ch-ch 76 (72-80) 72 (68-76) <0.01 76 (75-79) 68 (63-71) <0.001
al-al/ex-ex 42 (41-44) 39 (37-41) <0.001 40 (39-42) 36 (35-39) <0.001
al-al/pu-pu 59 (57-63) 56 (53-59) <0.01 58 (55-61) 53 (50-57) <0.001
al-al/se-gn 32 (30-34) 30 (28-32) <0.01 32 (31-33) 29 (28-31) 0.08
al-al/se-sn 70 (67-74) 69 (64-73) 0.35* 71 (68-73) 67 (64-71) <0.01
al-al/se-sto 50 (47-51) 47 (44-50) 0.02 50 (48-52) 46 (44-49) <0.001
ch-ch/ex-ex 56 (52-59) 55 (52-58) 0.28 53 (51-55) 55 (53-58) 0.02
ch-ch-/pu-pu 79 (74-83) 79 (76-82) 0.86 76 (72-79) 79 (75-84) <0.01
ch-ch/se-gn 42 (39-44) 42 (39-44) 0.68 42 (40-44) 43 (41-46) 0.08
ch-ch/se-sto 65 (62-71) 67 (62-70) 0.85 65 (63-69) 67 (65-73) 0.03
en-en/al-al 86 (82-91) 88 (84-96) 0.06 90 (84-95) 100 (89-102) <0.001
en-en/ch-ch 65 (61-69) 65 (61-67) 0.56 67 (64-72) 65 (61-69) 0.02
en-en/ex-ex 36 (35-37) 35 (34-37) 0.04 36 (35-36) 35 (34-36) 0.22
en-en/pu-pu 51 (49-53) 50 (49-53) 0.66 51 (50-52) 51 (49-53) 0.65
en-en/se-gn 27 (27-28) 27 (25-28) 0.25 29 (27-30) 28 (26-29) 0.25
en-en/se-sn 60 (56-65) 60 (57-67) 0.45 63 (60-67) 65 (61-68) 0.2
en-en/se-sto 43 (41-46) 42 (41-44) 0.73 45 (43-47) 44 (43-47) 0.63
en-en/zy-zy 27 (25-28) 22 (21-23) <0.001 26 (25-28) 22 (21-23) <0.001
pu-pu/ex-ex 71 (70-72) 69 (68-70) <0.001 70 (69-71) 69 (68-70) 0.04
pu-pu/se-gn 53 (52-54) 53 (51-55) 0.32 56 (54-58) 55 (53-58) 0.34
pu-pu/se-sto 83 (80-87) 83 (81-86) 0.93 88 (83-91) 87 (83-90) 0.75
pu-pu/zy-zy 53 (50-54) 43 (41-44) <0.001 51 (50-52) 43 (42-44) <0.001
se-gn/zy-zy 98 (94-102) 82 (77-85) <0.001 93 (89-96) 79 (76-82) <0.001
se-sto/ex-ex 86 (81-88) 83 (79-86) 0.12 80 (77-83) 80 (77-82) 0.54
se-sto/zy-zy 62 (59-66) 51 (49-54) <0.001 59 (57-61) 50 (48-52) <0.001
*Bold – statistically significant values (indices which did not differ).
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Discussion

So far, there have been many cross-sectional facial studies, facial 
beauty studies or studies that investigate age estimation from 
faces and face recognition (Machado et  al. 2019; Velemínská 
et  al. 2021; Nadeem et  al. 2022; Jung et  al. 2024). However, to 

our knowledge, this is the first study that compares the param-
eters obtained from direct anthropometry to those measured 
on photographs in an attempt to determine if non-professional 
photographs are suitable for a reliable facial analysis.

Our study showed that there was no difference in more 
than half of the facial 18-21 year-old male and almost half of 

Table 4.  Comparison of medians of facial indices in females and males between those calculated from direct anthropometry and from non-professional 
photographs.

Index

Males Females

Non-professional 
photographs median 

(IQR)
Direct anthropometry 

median (IQR)
Mann Whitney U 

Test p-value

Non-professional 
photographs median 

(IQR)
Direct anthropometry 

median (IQR)
Mann Whitney U 

Test p-value

al-al/ch-ch 74 (71-78) 72 (68-76) 0.08* 74 (70-76) 68 (63-71) <0.001
al-al/ex-ex 42 (41-45) 39 (37-41) <0.001 41 (39-45) 36 (35-39) <0.001
al-al/pu-pu 61 (57-64) 56 (53-59) <0.01 59 (55-62) 53 (50-57) <0.001
al-al/se-gn 32 (30-33) 30 (28-32) <0.01 33 (31-34) 29 (28-31) 0.18
al-al/se-sn 72 (69-79) 69 (64-73) 0.03 73 (69-78) 67 (64-71) <0.001
al-al/se-sto 50 (48-54) 47 (44-50) <0.01 53 (50-55) 46 (44-49) <0.001
ch-ch/ex-ex 58 (54-61) 55 (52-58) <0.01 57 (53-60) 55 (53-58) 0.05
ch-ch-/pu-pu 82 (76-86) 79 (76-82) 0.11 81 (76-86) 79 (75-84) 0.25
ch-ch/se-gn 43 (41-45) 42 (39-44) 0.07 44 (43-46) 43 (41-46) 0.18
ch-ch/se-sto 69 (63-74) 67 (62-70) 0.07 72 (69-76) 67 (65-73) 0.02
en-en/al-al 89 (85-94) 88 (84-96) 0.53 92 (87-97) 100 (89-102) 0.01
en-en/ch-ch 66 (63-72) 65 (61-67) 0.08 67 (61-71) 65 (61-69) 0.29
en-en/ex-ex 39 (37-40) 35 (34-37) <0.001 37 (35-39) 35 (34-36) <0.001
en-en/pu-pu 54 (52-56) 50 (49-53) <0.001 54 (52-56) 51 (49-53) <0.001
en-en/se-gn 29 (28-30) 27 (25-28) <0.001 30 (28-32) 28 (26-29) <0.01
en-en/se-sn 65 (61-70) 60 (57-67) <0.01 66 (62-71) 65 (61-68) 0.22
en-en/se-sto 46 (44-48) 42 (41-44) <0.001 48 (45-52) 44 (43-47) <0.001
en-en/zy-zy 29 (28-30) 22 (21-23) <0.001 28 (27-31) 22 (21-23) <0.001
pu-pu/ex-ex 71 (70-72) 69 (68-70) <0.001 70 (69-71) 69 (68-70) 0.03
pu-pu/se-gn 53 (52-54) 53 (51-55) 0.31 56 (53-58) 55 (53-58) 0.49
pu-pu/se-sto 86 (82-88) 83 (81-86) 0.05 90 (85-93) 87 (83-90) 0.03
pu-pu/zy-zy 53 (51-55) 43 (41-44) <0.001 53 (51-55) 43 (42-44) <0.001
se-gn/zy-zy 101 (96-106) 82 (77-85) <0.001 96 (92-102) 79 (76-82) <0.001
se-sto/ex-ex 83 (80-87) 83 (79-86) 0.72 77 (76-82) 80 (77-82) 0.27
se-sto/zy-zy 63 (59-65) 51 (49-54) <0.001 60 (57-62) 50 (48-52) <0.001
*Bold – statistically significant values (indices which did not differ).

Table 5.  Comparison of medians of facial indices in females and males between those calculated from professional and non-professional photographs.

Index

Males Females

Non-professional 
photographs median 

(IQR)

Professional 
photographs median 

(IQR)
Mann Whitney U 

Test p-value

Non-professional 
photographs median 

(IQR)

Professional 
photographs median 

(IQR)
Mann Whitney U 

Test p-value

al-al/ch-ch 74 (71-78) 76 (72-80) 0.28* 74 (70-76) 76 (75-79) <0.01
al-al/ex-ex 42 (41-45) 42 (41-44) 0.45 41 (39-45) 40 (39-42) 0.11
al-al/pu-pu 61 (57-64) 59 (57-63) 0.63 59 (55-62) 58 (55-61) 0.22
al-al/se-gn 32 (30-33) 32 (30-34) 0.83 33 (31-34) 32 (31-33) <0.001
al-al/se-sn 72 (69-79) 70 (67-74) 0.11 73 (69-78) 71 (68-73) 0.04
al-al/se-sto 50 (48-54) 50 (47-51) 0.27 53 (50-55) 50 (48-52) <0.01
ch-ch/ex-ex 58 (54-61) 56 (52-59) 0.03 57 (53-60) 53 (51-55) <0.001
ch-ch-/pu-pu 82 (76-86) 79 (74-83) 0.08 81 (76-86) 76 (72-79) <0.001
ch-ch/se-gn 43 (41-45) 42 (39-44) 0.1 44 (43-46) 42 (40-44) <0.001
ch-ch/se-sto 69 (63-74) 65 (62-71) 0.03 72 (69-76) 65 (63-69) <0.001
en-en/al-al 89 (85-94) 86 (82-91) 0.02 92 (87-97) 90 (84-95) 0.25
en-en/ch-ch 66 (63-72) 65 (61-69) 0.15 67 (61-71) 67 (64-72) 0.3
en-en/ex-ex 39 (37-40) 36 (35-37) <0.001 37 (35-39) 36 (35-36) <0.01
en-en/pu-pu 54 (52-56) 51 (49-53) <0.001 54 (52-56) 51 (50-52) <0.001
en-en/se-gn 29 (28-30) 27 (27-28) <0.001 30 (28-32) 29 (27-30) 0.04
en-en/se-sn 65 (61-70) 60 (56-65) <0.01 66 (62-71) 63 (60-67) <0.01
en-en/se-sto 46 (44-48) 43 (41-46) <0.001 48 (45-52) 45 (43-47) <0.001
en-en/zy-zy 29 (28-30) 27 (25-28) <0.001 28 (27-31) 26 (25-28) <0.001
pu-pu/ex-ex 71 (70-72) 71 (70-72) 0.21 70 (69-71) 70 (69-71) 0.68
pu-pu/se-gn 53 (52-54) 53 (52-54) 0.87 56 (53-58) 56 (54-58) 0.96
pu-pu/se-sto 86 (82-88) 83 (80-87) 0.06 90 (85-93) 88 (83-91) 0.06
pu-pu/zy-zy 53 (51-55) 53 (50-54) 0.13 53 (51-55) 51 (50-52) <0.01
se-gn/zy-zy 101 (96-106) 98 (94-102) 0.06 96 (92-102) 93 (89-96) 0.01
se-sto/ex-ex 83 (80-87) 86 (81-88) 0.21 77 (76-82) 80 (77-83) 0.05
se-sto/zy-zy 63 (59-65) 62 (59-66) 0.61 60 (57-62) 59 (57-61) 0.5
*Bold – statistically significant values (indices which did not differ).
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the female indices calculated by direct anthropometry and 
those obtained by measuring professional photographs,. An 
overall difference is expected between the indices derived 
from direct measurements and the indices derived from pho-
tographs, particularly the indices derived from measurements 
that require the palpation of landmarks, as one limitation of 
image analysis is the inability to directly assess soft tissue 
(Moreton & Morley, 2011).

Most indices (94.1%) that did not differ between direct 
anthropometry and non-professional photographs included 
vertical parameters and eye measurements such as the dis-
tance between the points at the most medial and lateral 
corners of the eyes and between pupils; the distance bet
ween the base of the nasal root and the mid-point of the 
chin; the distance between the base of the nasal root and 
the midpoint of the labial fissure; the distance between the 
point of the nasal base and the mid-point of the chin.

Thus, it could be stated that vertical facial dimensions 
(morphological facial height, physiognomic upper facial 
height, nasal height) and eye measurements (intercanthal 
width, interpupillary distance, biocular width) may be used 
interchangeably between direct anthropometry and profes-
sional and non-professional photographs and may be suit-
able for facial analysis using non-professional photographs.

The results of our study showed that of the indices showing 
no differences between those obtained on the basis of direct 
anthropometry and two types of photographs, none contained 
bizygomatic width. Also, our pilot study that had been carried 
out before measuring all the photographs revealed that the 
measurements of bizygomatic width taken by three investiga-
tors differed the most. This can be explained by the lack of a 
precise location of zygion landmark on the photographs. 
According to the study conducted by Campomanes-Álvarez 
et  al. 39 operators located facial landmarks on photographs, the 
frequency of landmark location was studied together with their 
dispersion (Campomanes-Álvarez et  al. 2015). It was found that 
zygion was one of the most difficult landmarks to locate. 
Another study also investigated inter- and intra-observer disper-
sions related to the facial landmark identification on photo-
graphs and suggested that zygion landmark is not accurately 
placed on photographs (Cummaudo et al. 2013) which is consis-
tent with the results of our study.

Our study showed that more facial indices that did not 
differ were found in males, compared to females. Additionally, 
less of the female indices contained labial width (distance 
between the right and left corners of the labial commissure) 
in contrast to males – one-third in females vs two-thirds in 
males. More errors occurring when registering indicators for 
women than for men may be due to the sexual dimorphism 
of facial appearance. Males are known to have more angular 
faces than females (Mydlová et  al. 2015). This may have 
allowed for more accurate placement of landmarks in the 
male photos. Similarly to the findings of our study, another 
study found that 50% of male facial indices on X-rays and 
photographs did not differ, compared to 33.3% of women 
(Budai et  al. 2003).

In addition, our study compared the indices derived from 
professional photographs versus non-professional photographs. 

Matching indices varied, no clear tendency was seen. The indi-
ces included many parameters that were different after they 
had been measured by direct anthropometry and both types 
of photographs e.g. bizygomatic width, also more times 
included labial width and nose width. Therefore, we found out 
the parameters that could be used interchangeably between 
different types of photographs but not between direct anthro-
pometry and photographs. These results could be beneficial in 
forensic science such as in cases of missing children when only 
non-professional photographs are available. However, we have 
not found any studies on the validity of professional versus 
non-professional photographs, with which our results could be 
compared.

To our knowledge only two studies analysed facial param-
eters obtained from direct anthropometry in comparison to 
professional photographs of the same individuals (Guyot 
et  al. 2003; Cascos et  al. 2023). One study revealed that 10 
out of 14 indices did not differ between the two methods 
(Guyot et  al. 2003). Of these, most of the indices included 
vertical measurements (upper face height, lower face height, 
mandibular height, and upper lip height), which are analo-
gous to our study and suggest that these parameters may be 
suitable for face analysis using photographs. However, these 
measurements were of the lateral face. In other studies, pho-
tographs were compared not only by means of direct mea-
surements, but also with results obtained from a 3D scanner 
(Cascos et  al. 2023). The 2D method using photography was 
found to be inaccurate for facial soft tissue reconstruction, 
contrary to our study.

There are also studies comparing cephalometric measure-
ments with direct anthropometry or photography (Budai 
et al. 2003; Zhang et  al. 2007). One study compared measure-
ments obtained by direct anthropometry on the lateral faces 
of women and men with cephalometric (taken from X-ray) 
measurements (Budai et  al. 2003). Vertical measurements 
obtained by both methods were found to be similar when 
compared to their normative data in healthy populations, 
suggesting similarity to the results of our study.

Another study also compared facial measurements from 
X-rays with photometric ones, and found that linear measure-
ments were reliably measured from facial photographs 
(Zhang et  al. 2007). Vertical measurements obtained by both 
methods were found to be similar when compared to their 
normative data in healthy populations, suggesting similarity 
to the results of our study. Nevertheless, the aforementioned 
studies only assessed lateral faces, and horizontal face mea-
surements, such as eye measurements, which were reliable in 
our study, were not investigated.

Our study included only the 18-21 age group. Two other 
cross-sectional studies comparing facial measurements from 
direct anthropometry and professional photographs included 
a population older than 18 years (Cascos et  al. 2023) and 14 
participants between the ages of 5 and 38 years (Guyot et  al. 
2003). A comparative study of the three measurement meth-
ods in other age groups would be useful, e.g. for adults and 
the elderly, to find out whether the appropriate indicators for 
facial analysis from non-professional photos would be the 
same as for the 18-21-year-old group.
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This study provides unique results, as to our knowledge no 
studies have so far compared measurements taken on a living 
person to those taken on professional and non-professional 
photographs. As mentioned above, the results of our study 
may be particularly important for anthropological longitudinal 
studies of long-term facial dynamics, such as growth and age-
ing, when only non-professional photographs are available. 
Longitudinal studies are usually time-consuming, but the use 
of non-professional photographs can reduce time costs. The 
results are also important for forensics, where uncontrolled 
images are part of case work. Additional practical applications 
of the results may include collaboration with computer scien-
tists to improve automated facial recognition systems.

Conclusions

Facial indices which consisted mainly of vertical facial dimen-
sions (morphological face height, physiognomic upper facial 
height, nose height and lower face height) and eye measure-
ments (intercanthal width, biocular width, interpupillary dis-
tance) did not differ between direct anthropometry and 
professional and non-professional photographs. This shows that non- 
professional photographs of young individuals can be used 
for face analysis based on these parameters. They can be 
used interchangeably between facial anthropometry and 
both types of photographs, providing a relatively objective 
analysis of the facial peculiarities using non-professional pho-
tographs to investigate age-related dynamics in young peo-
ple and may be particularly suitable for longitudinal facial 
studies.
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