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Direct Anthropometry is generally regarded as reliable and convincing approach for studying and analysing facial features. There 
are few studies which demonstrate that photogrammetric methods can be used as an alternative to linear anthropometric 
measurements. As 2D photographs hold practical implications in facial reconstruction, plastic and reconstructive surgeries, 
forensics, security and vigilance it becomes an important task to gather valuable information from 2D photographs. There is still a 
stipulation for more studies that describe clearly the conditions and criteria for comparing both approaches. In the present study an 
attempt has been made to investigate whether reliable data can be obtained by Digital 2D photogrammetry in comparison with 
direct anthropometry. A slight variation was found in Indices calculated from both techniques. Bland – Altman plot depicts all 
indices values in between the 95% limits of agreement except for Nasal index. It can be concluded that both techniques are 
similarly reliable and can replace each other.
Keywords: Anthropometric methods, digital 2D photogrammetry, direct anthropometry, indices, landmarks.  

Measurements on human body are taken between definite surface 
points known as landmarks. There are various landmarks that can 
be located on facial structure of human. Measurements between 
these landmarks are directly or indirectly used for 
metric/morphological identification of face and comparison 
purposes. There are two types of landmarks- Osteometric and 
Somatometric. Osteometric landmarks are considered when 
measurements are to be taken on skeleton and Somatometric 
landmarks are considered when measurements are to be taken on 
living body. Direct measurements include linear measurements 
between two landmarks to study length, breadth, height etc. of 
different parts of head and face whereas indirect measurements 
include calculation of various Indices to study the shape of head 
and face and its parts. Metric measurements can be made by 
direct anthropometric method (Baral et al., 2010; Chhabra et al., 
2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 
2014; Hegazy, 2014; Maina et al., 2012; Ngeow and Aljunid, 
2009; Patil et al., 2011; Porter, 2004; Shrestha et al., 2009; Singh 
and Purkait, 2006; Staka et al., 2012; Wai et al., 2015; Yadav et 
al., 1997) or by using photogrammetric methods such as 2D 
photogrammetry (Fariaby et al., 2006; Farkas et al., 1980; Husein 
et al., 2010; Khan et al., 2012; Kunjur et al., 2006; Ozdemir et al., 
2009; Porter and Doran, 2000; Roelofse et al., 2008) or 3D 
photogrammetry  De Menezes et al., 2010(Fourie et al., 2011; 
Ghoddousi et al., 2007; Lu and Jain, 2004;; Sforza et al., 2011, 
2010, 2009a, 2009b). Method of taking measurements from 
photographs is known as photogrammetry (Malhotra and 
Kanwal, 2017).
2D facial photographs serve very vital role in identification of a 
person. Sometimes in forensic cases the task of identification 
becomes very difficult as the availability of facial photographs 
from the CCTV footages is the only evidences. Hence the 2D 
photogrammetric approach becomes more useful in those cases. 

Since long time experts  have been using standard 
photographs for taking measurements (Photogrammetry) of 
head and face for determination of ethnicity (Fariaby et al., 
2006; Husein et al., 2010; Khan et al., 2012; Kunjur et al., 
2006; Lu and Jain, 2004; Ozdemir et al., 2009; Patil et al., 
2011; Porter, 2004; Roelofse et al., 2008; Singh and Purkait, 
2006), age and gender (Chhabra et al., 2012; Ghosh and 
Malik, 2007; Goel et al., 2015; Guo and Mu, 2014; Kurnia, 
2012; Sforza et al., 2011, 2010, 2009a, 2009b; Zhuang et al., 
2010) for Forensic, industrial or medical purposes like oral 
and maxillofacial surgeries, orthodontic surgeries etc. Much 
valuable information can be extracted from 2D facial 
photographs as facial features show variations due to age, sex, 
race, ethnicity, food habits etc. therefore can be used for 
identification purposes. Some investigators compared 2D 
photogrammetric method with direct anthropometric method 
and concluded that the 2D photogrammetric method is as 
reliable as direct anthropometric method and can be used in 
place of later (Farkas et al., 1980; Franke-Gromberg et al., 
2010; Ghoddousi et al., 2007; Nechala et al., 1999). 
Comparisons made by them were based on the linear 
measurements and the methods of taking photographs were 
not exactly similar. These comparisons were made using 
different methods of comparison. The methods for 
comparisons included manual 2D photogrammetry and 
digital 2D photogrammetry. Also no standard method was 
provided for comparison of photographs with direct 
anthropometric measurements. The aim of this study is to 
assess the reliability of 2D photogrammetry in comparison to 
direct anthropometric method when comparing derived 
Indices from both approaches.
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Measurements on human body are taken between definite surface 
points known as landmarks. There are various landmarks that can 
be located on facial structure of human. Measurements between 
these landmarks are directly or indirectly used for 
metric/morphological identification of face and comparison 
purposes. There are two types of landmarks- Osteometric and 
Somatometric. Osteometric landmarks are considered when 
measurements are to be taken on skeleton and Somatometric 
landmarks are considered when measurements are to be taken on 
living body. Direct measurements include linear measurements 
between two landmarks to study length, breadth, height etc. of 
different parts of head and face whereas indirect measurements 
include calculation of various Indices to study the shape of head 
and face and its parts. Metric measurements can be made by 
direct anthropometric method (Baral et al., 2010; Chhabra et al., 
2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 
2014; Hegazy, 2014; Maina et al., 2012; Ngeow and Aljunid, 
2009; Patil et al., 2011; Porter, 2004; Shrestha et al., 2009; Singh 
and Purkait, 2006; Staka et al., 2012; Wai et al., 2015; Yadav et al., 
1997) or by using photogrammetric methods such as 2D 
photogrammetry (Fariaby et al., 2006; Farkas et al., 1980; Husein 
et al., 2010; Khan et al., 2012; Kunjur et al., 2006; Ozdemir et al., 
2009; Porter and Doran, 2000; Roelofse et al., 2008) or 3D 
photogrammetry  De Menezes et al., 2010(Fourie et al., 2011; 
Ghoddousi et al., 2007; Lu and Jain, 2004;; Sforza et al., 2011, 
2010, 2009a, 2009b). Method of taking measurements from 
photographs is known as photogrammetry (Malhotra and 
Kanwal, 2017).
2D facial photographs serve very vital role in identification of a 
person. Sometimes in forensic cases the task of identification 
becomes very difficult as the availability of facial photographs 
from the CCTV footages is the only evidences. Hence the 2D 
photogrammetric approach becomes more useful in those cases. 
Since long time experts  have been using standard photographs 
for taking measurements (Photogrammetry) of head and face for 
determination of ethnicity (Fariaby et al., 2006; Husein et al., 
2010; Khan et al., 2012; Kunjur et al., 2006; Lu and Jain, 2004; 
Ozdemir et al., 2009; Patil et al., 2011; Porter, 2004; Roelofse et 
al., 2008; Singh and Purkait, 2006), age and gender (Chhabra et 
al., 2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 
2014; Kurnia, 2012; Sforza et al., 2011, 2010, 2009a, 2009b; 
Zhuang et al., 2010) for Forensic, industrial or medical purposes 
like oral and maxillofacial surgeries, orthodontic surgeries etc. 
Much valuable information can be extracted from 2D facial 
photographs as facial features show variations due to age, sex, 
race, ethnicity, food habits etc. therefore can be used for 
identification purposes. Some investigators compared 2D 
photogrammetric method with direct anthropometric method and 
concluded that the 2D photogrammetric method is as reliable as 
direct anthropometric method and can be used in place of later 
(Farkas et al., 1980; Franke-Gromberg et al., 2010; Ghoddousi et 
al., 2007; Nechala et al., 1999). Comparisons made by them were 
based on the linear measurements and the methods of taking 
photographs were not exactly similar. These comparisons were 
made using different methods of comparison. The methods for 
comparisons included manual 2D photogrammetry and digital 
2D photogrammetry. Also no standard method was provided for 
comparison of photographs with direct anthropometric 
measurements. The aim of this study is to assess the reliability of 
2D photogrammetry in comparison to direct anthropometric 
method when comparing derived Indices from both approaches.

         

 

Materials and Method’s

Subjects
Photographs of 50 students (30 Males and 20 Females) aged 
20-30 years were taken in Dr. Harisingh Gour Central 
University, Sagar, Madhya Pradesh, India. Sex and other 
social parameters were excluded for the present analysis. 
Cases of dental and facial reconstructive surgeries and 
subjects with major facial deformities were excluded for the 
present study. Verbal information was given to all subjects and 
informal consent was obtained prior to initiating the study. 

Facial Landmarks and Indices
12 classical facial anatomical landmarks were taken in 
account. These landmarks were taken in both approaches i.e. 
direct anthropometry and 2D photogrammetry except zygion 
as it is not accurately localized in photographs, a new 
landmark photographic zygion (pzy) was taken in 
photogrammetric method instead of zygion as done by 
(Franke-Gromberg et al., 2010). 10 linear measurements were 
taken between these landmarks (Fig. 1a and 1b). 8 indices 
were derived from these linear measurements which were 
studied in both approaches (Table 1).

Direct Anthropometry (APPROACH –A)
A precise sliding calliper was used to take measurements on 
face of each subject. For each subject the 12 landmarks were 
localized by palpation. While taking measurements subjects 
were asked to sit relaxed on a chair with Frankfort plane 
horizontal to the floor. Their hair was tied and hairband was 
used to overcome the interference while taking 
measurements. The subjects were wearing no makeup while 
taking measurements. Similar conditions were followed for 
each and every subject. (Fig. 2)

 

78



Measurements on human body are taken between definite surface points known as landmarks. There are various landmarks that 
can be located on facial structure of human. Measurements between these landmarks are directly or indirectly used for 
metric/morphological identification of face and comparison purposes. There are two types of landmarks- Osteometric and 
Somatometric. Osteometric landmarks are considered when measurements are to be taken on skeleton and Somatometric 
landmarks are considered when measurements are to be taken on living body. Direct measurements include linear measurements 
between two landmarks to study length, breadth, height etc. of different parts of head and face whereas indirect measurements 
include calculation of various Indices to study the shape of head and face and its parts. Metric measurements can be made by direct 
anthropometric method (Baral et al., 2010; Chhabra et al., 2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 2014; 
Hegazy, 2014; Maina et al., 2012; Ngeow and Aljunid, 2009; Patil et al., 2011; Porter, 2004; Shrestha et al., 2009; Singh and 
Purkait, 2006; Staka et al., 2012; Wai et al., 2015; Yadav et al., 1997) or by using photogrammetric methods such as 2D 
photogrammetry (Fariaby et al., 2006; Farkas et al., 1980; Husein et al., 2010; Khan et al., 2012; Kunjur et al., 2006; Ozdemir et al., 
2009; Porter and Doran, 2000; Roelofse et al., 2008) or 3D photogrammetry  De Menezes et al., 2010(Fourie et al., 2011; 
Ghoddousi et al., 2007; Lu and Jain, 2004;; Sforza et al., 2011, 2010, 2009a, 2009b). Method of taking measurements from 
photographs is known as photogrammetry (Malhotra and Kanwal, 2017).
2D facial photographs serve very vital role in identification of a person. Sometimes in forensic cases the task of identification 
becomes very difficult as the availability of facial photographs from the CCTV footages is the only evidences. Hence the 2D 
photogrammetric approach becomes more useful in those cases. Since long time experts  have been using standard photographs for 
taking measurements (Photogrammetry) of head and face for determination of ethnicity (Fariaby et al., 2006; Husein et al., 2010; 
Khan et al., 2012; Kunjur et al., 2006; Lu and Jain, 2004; Ozdemir et al., 2009; Patil et al., 2011; Porter, 2004; Roelofse et al., 2008; 
Singh and Purkait, 2006), age and gender (Chhabra et al., 2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 2014; 
Kurnia, 2012; Sforza et al., 2011, 2010, 2009a, 2009b; Zhuang et al., 2010) for Forensic, industrial or medical purposes like oral 
and maxillofacial surgeries, orthodontic surgeries etc. Much valuable information can be extracted from 2D facial photographs as 
facial features show variations due to age, sex, race, ethnicity, food habits etc. therefore can be used for identification purposes. 
Some investigators compared 2D photogrammetric method with direct anthropometric method and concluded that the 2D 
photogrammetric method is as reliable as direct anthropometric method and can be used in place of later (Farkas et al., 1980; 
Franke-Gromberg et al., 2010; Ghoddousi et al., 2007; Nechala et al., 1999). Comparisons made by them were based on the linear 
measurements and the methods of taking photographs were not exactly similar. These comparisons were made using different 
methods of comparison. The methods for comparisons included manual 2D photogrammetry and digital 2D photogrammetry. Also 
no standard method was provided for comparison of photographs with direct anthropometric measurements. The aim of this study 
is to assess the reliability of 2D photogrammetry in comparison to direct anthropometric method when comparing derived Indices 
from both approaches.

Materials and Method’s

Subjects
Photographs of 50 students (30 Males and 20 Females) aged 20-30 years were taken in Dr. Harisingh Gour Central University, 
Sagar, Madhya Pradesh, India. Sex and other social parameters were excluded for the present analysis. Cases of dental and facial 
reconstructive surgeries and subjects with major facial deformities were excluded for the present study. Verbal information was 
given to all subjects and informal consent was obtained prior to initiating the study. 

Facial Landmarks and Indices
12 classical facial anatomical landmarks were taken in account. These landmarks were taken in both approaches i.e. direct 
anthropometry and 2D photogrammetry except zygion as it is not accurately localized in photographs, a new landmark 
photographic zygion (pzy) was taken in photogrammetric method instead of zygion as done by (Franke-Gromberg et al., 2010). 10 
linear measurements were taken between these landmarks (Fig. 1a and 1b). 8 indices were derived from these linear measurements 
which were studied in both approaches (Table 1).

Direct Anthropometry (APPROACH –A)
A precise sliding calliper was used to take measurements on face of each subject. For each subject the 12 landmarks were localized 
by palpation. While taking measurements subjects were asked to sit relaxed on a chair with Frankfort plane horizontal to the floor. 
Their hair was tied and hairband was used to overcome the interference while taking measurements. The subjects were wearing no 
makeup while taking measurements. Similar conditions were followed for each and every subject. (Fig. 2)

 

Indices
 

Mean of Direct 

Anthropometry

(A)
 

(n=50)
 

Mean of 2D 

Photogrammetry

(B) (n -50) 

Average

(A+B)/2
 

Difference

 (A

-

B)
 

Percent 

 
[(A -B ) /A]*100 

MFI

 

80.0

 

81.4

 

80.700

 

-1.400

 

-1.9

 

PFI

 

128.8

 

130.9

 

129.850

 

-2.100

 

-1.7

 

UFI

 

40.9

 

40.9

 

40.900

 

0.000

 

0.1

 

IOJI

 

75.5

 

72.9

 

74.200

 

2.600

 

3.4

 

IOBI

 

24.0

 

24.8

 

24.400

 

-0.800

 

-3.7

 

NI

 

78.7

 

84.1

 

81.400

 

-5.400 *

 

-7.0

 

FLI

 

19.1

 

19.4

 

19.250

 

-0.300

 

-1.9

 

LI

 

38.5

 

38.8

 

38.650

 

-0.300

 

-1.4

 

# 95% limits of agreement

 

(Bland –

 

Altman analysis)

 

= -5.389 to 3.464

 

Difference 
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Measurements on human body are taken between definite surface 
points known as landmarks. There are various landmarks that can 
be located on facial structure of human. Measurements between 
these landmarks are directly or indirectly used for 
metric/morphological identification of face and comparison 
purposes. There are two types of landmarks- Osteometric and 
Somatometric. Osteometric landmarks are considered when 
measurements are to be taken on skeleton and Somatometric 
landmarks are considered when measurements are to be taken on 
living body. Direct measurements include linear measurements 
between two landmarks to study length, breadth, height etc. of 
different parts of head and face whereas indirect measurements 
include calculation of various Indices to study the shape of head 
and face and its parts. Metric measurements can be made by 
direct anthropometric method (Baral et al., 2010; Chhabra et al., 
2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 
2014; Hegazy, 2014; Maina et al., 2012; Ngeow and Aljunid, 
2009; Patil et al., 2011; Porter, 2004; Shrestha et al., 2009; Singh 
and Purkait, 2006; Staka et al., 2012; Wai et al., 2015; Yadav et al., 
1997) or by using photogrammetric methods such as 2D 
photogrammetry (Fariaby et al., 2006; Farkas et al., 1980; Husein 
et al., 2010; Khan et al., 2012; Kunjur et al., 2006; Ozdemir et al., 
2009; Porter and Doran, 2000; Roelofse et al., 2008) or 3D 
photogrammetry  De Menezes et al., 2010(Fourie et al., 2011; 
Ghoddousi et al., 2007; Lu and Jain, 2004;; Sforza et al., 2011, 
2010, 2009a, 2009b). Method of taking measurements from 
photographs is known as photogrammetry (Malhotra and 
Kanwal, 2017).
2D facial photographs serve very vital role in identification of a 
person. Sometimes in forensic cases the task of identification 
becomes very difficult as the availability of facial photographs 
from the CCTV footages is the only evidences. Hence the 2D 
photogrammetric approach becomes more useful in those cases. 
Since long time experts  have been using standard photographs 
for taking measurements (Photogrammetry) of head and face for 
determination of ethnicity (Fariaby et al., 2006; Husein et al., 
2010; Khan et al., 2012; Kunjur et al., 2006; Lu and Jain, 2004; 
Ozdemir et al., 2009; Patil et al., 2011; Porter, 2004; Roelofse et 
al., 2008; Singh and Purkait, 2006), age and gender (Chhabra et 

Figure 3: Bland-Altman plot for both approaches

al., 2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and 
Mu, 2014; Kurnia, 2012; Sforza et al., 2011, 2010, 2009a, 
2009b; Zhuang et al., 2010) for Forensic, industrial or 
medical purposes like oral and maxillofacial surgeries, 
orthodontic surgeries etc. Much valuable information can be 
extracted from 2D facial photographs as facial features show 
variations due to age, sex, race, ethnicity, food habits etc. 
therefore can be used for identification purposes. Some 
investigators compared 2D photogrammetric method with 
direct anthropometric method and concluded that the 2D 
photogrammetric method is as reliable as direct 
anthropometric method and can be used in place of later 
(Farkas et al., 1980; Franke-Gromberg et al., 2010; 

Ghoddousi et al., 2007; Nechala et al., 1999). Comparisons 
made by them were based on the linear measurements and 
the methods of taking photographs were not exactly similar. 
These comparisons were made using different methods of 
comparison. The methods for comparisons included manual 
2D photogrammetry and digital 2D photogrammetry. Also 
no standard method was provided for comparison of 
photographs with direct anthropometric measurements. The 
aim of this study is to assess the reliability of 2D 
photogrammetry in comparison to direct anthropometric 
method when comparing derived Indices from both 
approaches.

Materials and Method’s

Subjects
Photographs of 50 students (30 Males and 20 Females) aged 
20-30 years were taken in Dr. Harisingh Gour Central 
University, Sagar, Madhya Pradesh, India. Sex and other 
social parameters were excluded for the present analysis. 
Cases of dental and facial reconstructive surgeries and 
subjects with major facial deformities were excluded for the 
present study. Verbal information was given to all subjects 
and informal consent was obtained prior to initiating the 
study. 
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Measurements on human body are taken between definite surface 
points known as landmarks. There are various landmarks that can 
be located on facial structure of human. Measurements between 
these landmarks are directly or indirectly used for 
metric/morphological identification of face and comparison 
purposes. There are two types of landmarks- Osteometric and 
Somatometric. Osteometric landmarks are considered when 
measurements are to be taken on skeleton and Somatometric 
landmarks are considered when measurements are to be taken on 
living body. Direct measurements include linear measurements 
between two landmarks to study length, breadth, height etc. of 
different parts of head and face whereas indirect measurements 
include calculation of various Indices to study the shape of head 
and face and its parts. Metric measurements can be made by 
direct anthropometric method (Baral et al., 2010; Chhabra et al., 
2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 
2014; Hegazy, 2014; Maina et al., 2012; Ngeow and Aljunid, 
2009; Patil et al., 2011; Porter, 2004; Shrestha et al., 2009; Singh 
and Purkait, 2006; Staka et al., 2012; Wai et al., 2015; Yadav et 
al., 1997) or by using photogrammetric methods such as 2D 
photogrammetry (Fariaby et al., 2006; Farkas et al., 1980; Husein 
et al., 2010; Khan et al., 2012; Kunjur et al., 2006; Ozdemir et al., 
2009; Porter and Doran, 2000; Roelofse et al., 2008) or 3D 
photogrammetry  De Menezes et al., 2010(Fourie et al., 2011; 
Ghoddousi et al., 2007; Lu and Jain, 2004;; Sforza et al., 2011, 
2010, 2009a, 2009b). Method of taking measurements from 
photographs is known as photogrammetry (Malhotra and 
Kanwal, 2017).
2D facial photographs serve very vital role in identification of a 
person. Sometimes in forensic cases the task of identification 
becomes very difficult as the availability of facial photographs 
from the CCTV footages is the only evidences. Hence the 2D 
photogrammetric approach becomes more useful in those cases. 
Since long time experts  have been using standard photographs 
for taking measurements (Photogrammetry) of head and face for 
determination of ethnicity (Fariaby et al., 2006; Husein et al., 
2010; Khan et al., 2012; Kunjur et al., 2006; Lu and Jain, 2004; 
Ozdemir et al., 2009; Patil et al., 2011; Porter, 2004; Roelofse et 
al., 2008; Singh and Purkait, 2006), age and gender (Chhabra et 
al., 2012; Ghosh and Malik, 2007; Goel et al., 2015; Guo and Mu, 
2014; Kurnia, 2012; Sforza et al., 2011, 2010, 2009a, 2009b; 
Zhuang et al., 2010) for Forensic, industrial or medical purposes 

like oral and maxillofacial surgeries, orthodontic surgeries 
etc. Much valuable information can be extracted from 2D 
facial photographs as facial features show variations due to 
age, sex, race, ethnicity, food habits etc. therefore can be used 
for identification purposes. Some investigators compared 2D 
photogrammetric method with direct anthropometric method 
and concluded that the 2D photogrammetric method is as 
reliable as direct anthropometric method and can be used in 
place of later (Farkas et al., 1980; Franke-Gromberg et al., 
2010; Ghoddousi et al., 2007; Nechala et al., 1999). 
Comparisons made by them were based on the linear 
measurements and the methods of taking photographs were 
not exactly similar. These comparisons were made using 
different methods of comparison. The methods for 
comparisons included manual 2D photogrammetry and 
digital 2D photogrammetry. Also no standard method was 
provided for comparison of photographs with direct 
anthropometric measurements. The aim of this study is to 
assess the reliability of 2D photogrammetry in comparison to 
direct anthropometric method when comparing derived 
Indices from both approaches.

Materials and Method’s

Subjects
Photographs of 50 students (30 Males and 20 Females) aged 
20-30 years were taken in Dr. Harisingh Gour Central 
University, Sagar, Madhya Pradesh, India. Sex and other 
social parameters were excluded for the present analysis. 
Cases of dental and facial reconstructive surgeries and 
subjects with major facial deformities were excluded for the 
present study. Verbal information was given to all subjects 
and informal consent was obtained prior to initiating the 
study. 

Facial Landmarks and Indices
12 classical facial anatomical landmarks were taken in 
account. These landmarks were taken in both approaches i.e. 
direct anthropometry and 2D photogrammetry except zygion 
as it is not accurately localized in photographs, a new 
landmark photographic zygion (pzy) was taken in 
photogrammetric method instead of zygion as done by 
(Franke-Gromberg et al., 2010). 10 linear measurements were 
taken between these landmarks (Fig. 1a and 1b). 8 indices 
were derived from these linear measurements which were 
studied in both approaches (Table 1).

Direct Anthropometry (APPROACH –A)
A precise sliding calliper was used to take measurements on 
face of each subject. For each subject the 12 landmarks were 
localized by palpation. While taking measurements subjects 
were asked to sit relaxed on a chair with Frankfort plane 
horizontal to the floor. Their hair was tied and hairband was 
used to overcome the interference while taking 
measurements. The subjects were wearing no makeup while 
taking measurements. Similar conditions were followed for 
each and every subject. (Fig. 2)
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