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Abstract 

Background Human face is complex and intricate structure, with several features that are unique to each individual 
and can be taken as an identity pass in this mortal world. The facial profile of an individual holds materialistic value 
and is crucial for human identification. Present study aims to investigate the influence of sex and age of an individual 
on the soft tissue thicknesses (FSTT) at midline facial landmarks estimated on MRI scans.

Methods Facial soft tissue thickness was estimated at 20 midline landmarks on the MRI scans of 120 (57 male; 63 
female) anatomically normal Northwest Indian adult subjects (18–70 + years age-group). Age and sex dependent vari-
ations in tissue thicknesses at different landmarks were estimated using statistical software IBM SPSS Statistics 23.

Results The results of the study yielded that most of the midline landmarks had higher values in males 
than in females indicating observable sexual dimorphism in FSTT values in this facial region, statistically significant 
differences were also noted in soft tissue thickness estimates of different age-groups, showing increasing or decreas-
ing trend with age. The mid-facial landmarks like mid-philtrum, supra-dentale, incisor superius, and labile inferius 
displayed highly significant p values.

Conclusions Present study results were in tandem with the findings of previous studies; males and younger age-
group individuals were having higher tissue thickness values than the females and older individuals, respectively. 
The highest soft tissue estimates were obtained for the middle age subjects and the most aged individuals had 
the least midline soft tissue thickness values. These results can have significant forensic anthropological repercussions 
in attempting facial approximations on unknown skulls and identification of unknown individuals from still images, 
photographs or videos.
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Background
The human face, the key aspect of an individual’s 
identity, has long captivated the imagination of foren-
sic investigators. Face prediction from an unknown 
skull is a widely accepted forensic investigation tool, 
used in  situations when identification of skeletonized 
human remains from other means becomes very dif-
ficult (if not impossible). Facial approximation is a 
method to recreate likeness of an individualistic face 
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based on application/knowledge of tissue thicknesses, 
cranial dimensions, musculature design, and the over-
lying skin layers. Forensic anthropologists utilize the 
standard methods and techniques formulated/devel-
oped in physical anthropology for the identification 
of such unidentified human remains (Ubelaker et  al. 
2019). Over time, the role of forensic anthropologists 
has become crucial in identification of deceased from 
the sites of mass disasters, natural calamities, war or 
war-related conflicts, terrorist massacres, or political 
genocide etc., where heaps of unidentified cadavers 
or skeletal remains have been reported (Krogman and 
Iscan 1986). Forensic anthropologists utilize a vari-
ety of methods from their armament towards human 
identification strategies, especially when the primary 
identification methods like dactyloscopy, odontological 
comparisons, and DNA profiling fail to identify indi-
viduals, either due to lack of antemortem information 
or inability to perform DNA analysis owing to contami-
nation and severe putrefaction of the body (De Greef 
et  al. 2006; Starbuck and Ward 2007). Under all such 
circumstances, forensic facial approximation comes to 
the rescue of forensic anthropologists to prevent the 
inadequacy among the league of conventional methods 
(Wilkinson 2008).

Facial approximation technique relies upon the ana-
tomical knowledge about one of the most important bio-
logical structures of the human body, i.e., face. Forensic 
anthropologists need to have an understanding of vari-
ous cranial characteristics and average facial soft tissue 
thickness values to obtain accurate facial approximations. 
Facial features of the individuals belonging to a particular 
region are considered to be the manifestations of interac-
tions between genetical and environmental characteris-
tics available to them (Wilkinson et al. 2006).

The study of facial soft tissue thickness becomes an 
important aspect that aids in the understanding of crani-
ofacial characteristics of various populations and contrib-
utes to the accuracy of the resultant facial approximation 
models (Panenkova et  al. 2012; Lodha et  al. 2016). To 
achieve more accurate facial appearance, a link is estab-
lished between facial soft tissue, starting from the surface 
of the skin to the most superficial surface of the under-
lying bone using predefined anthropological landmarks. 
Factors such as age, sex, BMI, ponderal status, population 
of origin, corpulence, dietary status, disease condition, 
physical activity, obesity status, as well as ecological, geo-
graphical, racial, and habitual conditions of an individual 
can significantly influence the facial soft tissue estimates 
and the complex anatomy of facial skeleton (Rhine and 
Campbell 1980; Wilkinson 2005; De Greef et  al. 2006; 
Domaracki and Stephan 2006; Ruiz 2013). These differ-
ences necessitate the establishment of normative values 

of tissue depth standards for the individuals of two sexes 
and belonging to different population and age-groups to 
enable efficient forensic facial approximations.

In the contemporary world, every other person is 
adamant about becoming a part of the latest facial aes-
thetic trend. The lack of definitive facial beauty standards 
around the globe demands an in-depth facial analysis for 
undertaking simple orthodontic treatments to special 
reconstructive procedures of the face (Bazmi and Zahir 
2013). Professionals preoccupied with facial aesthetics 
are concerned with different diagnostic and treatment 
planning. But greater reliance and emphasis on soft tis-
sue estimates remain the same among orthodontists to 
maxillofacial surgeons (Auger and Turley 1999; Bashour 
2006; Naini et  al. 2006; Bazmi and Zahir 2013).  Having 
access to reference data can have a beneficial influence 
on multiple disciplines. From plastic surgeons treating 
craniofacial deformities to forensic scientists undertaking 
the task of facial reconstruction. The knowledge of facial 
soft tissue thickness can also be useful for accurate por-
traying of the historically significant figures or d remod-
elling the archaeological samples for the purpose of facial 
approximation of the such unidentified individuals (Lee 
and Shin 2020; Lee et  al. 2020). Facial soft tissue thick-
ness data along with virtual anthropology tools can help 
locate the missing data for approximation and the pro-
cess of human facial recognition (Guyomarc’h et al. 2018; 
Coutinho-Nogueira et  al. 2019; de Moraes et  al. 2022). 
The knowledge of facial soft tissue thickness is not only 
useful for developing facial recognition systems but it is 
also useful for locating in-depth penetration of malignant 
or non-malignant facial tumors, non-ablative dermal 
laser therapy, and establishment of dento-facial physi-
ognomies. The FSTT estimations are crucially useful not 
only for forensic anthropologists performing craniofacial 
identifications but also to the experts of diverse medical 
and dental disciplines like maxillofacial surgeons, ortho-
dontists, plastic surgeons, anatomists, orthopedicians, 
ophthalmologists, otolaryngologists, and dermatolo-
gists who work with facial anatomies of their subjects on 
almost daily basis (Kaur et al. 2017).

Owing to technological advancements over the past 
few decades, numerous techniques have been devised to 
measure facial soft tissue thickness. Different techniques 
have come into the picture which may vary from direct 
measurement methods like knife puncture and needle 
puncture to indirect measurement methods involving 
digital imaging techniques such as radiographs, ultra-
sound, computed tomography (CT), magnetic resonance 
imaging (MRI), and cone-beam computed tomography 
(CBCT) (Guyomarc’h et  al. 2012; Sipahiolu et  al. 2012; 
De Donno et  al. 2019; Gietzen et  al. 2019; Meundi and 
David 2019). However, all methods used for estimating 
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soft tissue thickness have a fair share of advantages and 
disadvantages. While invasive and earlier techniques like 
needle puncture are better suited for measuring cadavers 
whereas modern non-invasive techniques provide in vivo 
consistent and robust facial soft tissue thickness data.

To avoid the risk of radiation exposure, non-ionizing 
imaging techniques such as ultrasound and magnetic 
resonance imaging (MRI) provide a safer alternative for 
obtaining soft tissue estimates. Although in ultrasound, 
tissue compression is possible and difficulties in scanning 
a surface parallel to a skeletal surface can pose a chal-
lenge in visualizing a surface.

Many studies reported that the greater accuracy offered 
by MRI makes it a promising technique for determin-
ing facial soft tissue depths measurements as compared 
to other methods (Sahni et  al. 2002, 2008). MRI is one 
such modality that is not only being widely used for clinal 
diagnosis but also offers a wide range of applications for 
forensic purposes. It can be used for forensic anthropo-
logical identifications, craniofacial trauma analyses, facial 
soft tissue depth estimations, and post-mortem MRI 
(PMMR) to name a few (Bolliger and Thali 2015).

MRI-based soft tissue estimates with reproducible, 
accurate, and hazardless characteristics involve the pos-
sibility of creating large soft tissue datasets (Hillewig 
et al. 2013). Besides, MRI offers a high spatial resolution 
of soft tissues with good contrast and non-compression 
of soft tissues during measurement. For evaluation of 
facial soft tissue estimates, among the non-invasive and 
no-contact methods, the use of MRI was specifically ini-
tiated in forensics to do away with the shortcomings of 
CT (Khatri et al. 2017). As MRI offers a greater accuracy 
factor than CT images for obtaining soft tissue depths 
(Aulsebrook et al. 1995). Besides, a detailed depiction of 
muscular atrophies and soft tissue with structural fea-
tures can be generated through MRI. As a radiological 
modality, MRI allows for greater virtual- manipulation, 
simulation, and segmentation of the bone whilst preser-
vation. Key favourable features like lack of direct contact 
and no risk of radiation exposure make MRI a promising 
tool for carrying out the daunting task of forensic identi-
fication. Thus, making the images ethically acceptable for 
determining the soft tissue depths.

Globally, numerous studies have been conducted to 
create a soft tissue thickness database for different eth-
nicities. Traces of population-specific identities are 
manifested in soft and hard tissues as anthropological 
differences (Gupta et  al. 2015). Hence, facial soft tis-
sue estimates play an instrumental role for both clini-
cal and scientific purposes. But for the purpose of 
craniofacial approximation soft tissue estimates present 
an instrumental role. The present study will contribute 
to the development of a more standardized approach for 

undertaking forensic facial approximation with greater 
accuracy and reliability in forensic investigations.

Therefore, the study of age and sex-dependent vari-
ation in midline facial soft tissue thickness estimates 
measured on MRI scans of Northwest Indian subjects 
have a consequential impact for the purpose of crani-
ofacial approximation. The present study sample has a 
diverse population background and aims to establish 
normative values for the midline facial soft tissue thick-
ness estimates for both the sexes. The use of MRI scans 
as the radiologic modality in the study provides allows for 
establishing an accurate and comprehensive method for 
understanding the variation in facial soft tissue thickness 
in the population under study. The study aims to con-
tribute to the knowledge pool of human facial soft tissue 
depth standards by investigating the Northwest Indian 
population for different midline anatomical landmarks in 
both sexes using MRI scans. The main objectives of the 
study included:

• To estimate age and sex-dependent variations among 
different midline facial soft tissue estimates.

• To highlight age-related changes (facial aging) in soft 
tissue thickness at various midline facial landmarks.

• To compare the results of the present study with 
other national and international studies.

Methods
Sampling strategy
The present study was conducted to estimate the average 
values of facial soft tissue thickness at universally defined 
twenty mid-line facial landmarks of Northwest Indian 
adult individuals with a purpose to quantify age- and 
sex-related differences in the tissue thicknesses at these 
landmarks. For this purpose, present study considered 
the MRI scans of 120 Northwest Indian (57 males and 63 
females) adults between the age range of 18–70 + years.

The individuals included in present study were referred 
by their doctors for MRI scanning of the brain/head 
region due to certain diagnostic and therapeutic reasons 
like prolonged headache or migraine as the causal con-
cerns. For this purpose, the consultant radiologists at the 
Atulya Healthcares and Radiodiagnostic Center, Chandi-
garh (India), helped in recruiting the ‘anatomically nor-
mal’ individuals for this study prior to their MRI scan, 
through their voluntary participation in the study who 
reported to the diagnostic centre at their own for scan-
ning of their head/face region as advised by their treat-
ing physician. The radiologist helped in reviewing the 
MRI records of the potential participants and excluded 
any case that did not meet the inclusion criteria of the 
present study and it was continued until a sample size of 
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120 MRI scans of anatomically normal individuals was 
obtained.

The selection criteria focused on including MRI 
scans of only those individuals who were interpreted 
as anatomically ‘normal’. The term ‘anatomically nor-
mal’ means those individuals who having normal facial 
contour/anatomy, having no major facial anomalies or 
deformities that could affect the facial soft tissue thick-
ness estimations. The exclusion criteria focused on 
identifying individuals having any gross maxillo-facial 
disfigurements, post-operative head or orthodontic 
injuries, skin oedema, soft tissue masses, soft tissue 
trauma. congenital or pathological abnormal face profile 
or having some facial metallic implants (surgical) were 
ignored for inclusion in this study. Besides, individuals 
associated with certain occupation or anything leading 
to gross facial disfigurement were not included in this 
study. Such cases were continuously excluded according 
to the exclusion criteria until the targeted sample size of 
120 MRI scans was fulfilled Table 1.

Imaging and data analysis process
For each participant, a similar pre-structured proforma 
was maintained consisting of age, sex, and midline facial 
soft tissue thickness estimates at pre-defined facial land-
marks. These soft tissue thickness estimates were meas-
ured as the distance between specific landmarks on the 
bone relative to the surface of the soft tissue part visible 
on each scan. As the hard tissue is visible as a thin dark 
line and the overlying soft tissue appears bright, making 
the task of measuring the superficial soft tissue thickness 
possible by differentiating between them.

The T1-weighted sagittal images were used to meas-
ure the 20 craniofacial midline landmarks on the MRI 
scans of each subject. MPR sequence was used for 
this purpose, as it shows good anatomical details and 
fat tissue. These T1 weighted images were obtained 
in Digital Imaging and Communications in Medi-
cine (DICOM) format for each participant. The tissue 
thickness estimates were obtained using Osirix soft-
ware. The positioning of the midline landmarks was 
selected on MRI scans of each subject on the basis of 
the standard definitions as listed in Table 2. (Kolar and 
Salter 1997; Frakas 1981; Buikstra and Ubelaker 1994; 
Farkas et al. 2002; Wilkinson 2004). Subject positioning 
can impact the imaging process as the position of the 
head and body of subjects can have direct bearing on 
the MRI scans which can in turn effect the soft tissue 
thickness values. Therefore, all the MRI scans obtained 
for this study were taken in the supine position. The 
subjects were lying on their backs with their heads ori-
ented in in such a way that they were looking straight 
up so that their Frankfurt horizontal plane (FH plane) 

was oriented approximately vertically. Such a position-
ing ensured that the facial soft tissue thickness don’t get 
distorted under the influence of gravity. The subjects 
were also instructed to maintain a relaxed facial expres-
sion with eyes and mouth naturally closed during the 
imaging process.

Measurement process
During the analysis, measurements on about 20 midline 
points were taken on the mid-sagittal plane. As men-
tioned earlier, FSTT is the distance between the land-
marks on the bone relative to the surface of the soft 
tissue. The required bony landmark is located on the hard 
tissue and then a perpendicular line from the bony land-
mark is extended outwards to meet the corresponding 
facial skin surface. The length of the perpendicular line 
from the bone to the junction with the skin surface will 
be regarded as the equivalent FSTT of that landmark. The 
FSTT value recorded is the Euclidean distance between 
the bony landmark and its homologous cutaneous land-
mark (Sandamini et al. 2018). In case of landmarks where 
it was difficult to take measurements perpendicular to 
bone, the direct method was used, i.e., it measures a dis-
tance between one point on bone and the other point on 
skin. The midline facial landmarks were selected keeping 
in mind the facial mid-sagittal section and the reliable 
positioning of these chosen landmarks on the MRI scans. 
Furthermore, the midline landmarks were selected based 
on the previous facial radio-imaging studies. The MRI 
scans of the subjects were later on divided by sex into 
four age groups as group 1 (18 to 34 years), group 2 (35 to 
45 years), group 3 (46 to 55 years), and group 4 (56 years 
and above).

Imaging specifications
The MRI scans of the subjects were obtained on Siemens 
Espree 1.5  T wide bore whole body MR Scanner, ‘Mag-
netom Espree’ with the FoV (Field of view) = 230–250, TR 
(Total resolution) = 1390–10,000  ms, Matrix = 256 × 256, 
Slice thickness = 1 mm, TE (total enhancement) = 219 ms, 
Slabs = 70–90, slices/slab = 75 to 90, Distance factor (dif-
ference between per slab) = 50% (MRI Scanner) Somatom 
Definitions 64 Dual Source.

Statistical analysis
The data obtained from 120 MRI scans were organized 
in an excel spreadsheet and descriptive statistical analysis 
was performed like mean, standard deviation, independ-
ent t-test for establishing a reliability level of 95% using 
IBM SPSS Statistics 23. ANOVA was used to compare 
the mean values between sexes and age groups. Pearson 
correlation coefficient ‘r’ was computed to determine the 
effect size of the sample. Inter and intra observer error 
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was calculated for each midline facial soft tissue esti-
mate. This paper attempts to present a table of average 
facial soft tissue thickness as measured using MRI images 
along with age-related changes and sexual differences. 
Although, an attempt has been made to determine the 
relationship between age and sexual dimorphism with 
facial parameters.

Results
The facial soft tissue thickness was measured at well-
defined midline facial landmarks on the MRI scans 
(Fig.  1 generated using Radiant Viewer Software). The 
results of the present study are presented in Tables  3, 
4, 5, 6, 7, and 8 and diagrammatically represented 
in Figs.  2, 3, and 4. The results presented in Table  4 
show the mean tissue thickness estimated in two sexes 
from midline landmarks using MRI scan as the imag-
ing modality. It was found that almost all craniofacial 

variables showcased evidently visible sexual dimor-
phism. General descriptive statistics were computed 
for each landmark, and the differences between mean 
values for males and females were compared using an 
independent t test. Among all the variables considered, 
statistically significant sex-specific differences were 
found in tissue thickness measurements in pooled aged 
groups at 17 anatomical points on MRI images. Major-
ity of these mid-facial landmarks displayed highly sig-
nificant sexual dimorphism between the sexes. On 
average, male subjects had greater soft-tissue thick-
ness at almost all points which can be attributed to the 
inherent difference in the skull morphology between 
both the sexes. Each measurement was repeated three 
times and their average value was taken as the FSTT 
value. For estimating the inter and intra observer 
errors, the tissue thickness values were estimated at 
different times, respectively. No significant error was 
found in any of these two types of observations. The 
MRI scans taken from the single instrument were used 
for estimating the facial soft tissue thickness estimates. 
The Pearson correlation coefficient ‘r’ was computed to 
determine the effect size of the samples with respect 
to the relationship between different facial soft tissue 
thickness estimates (Table  9). The correlations were 
moderate to strong when it came to most of the mid-
line facial landmarks. But relatively lower correlations 
were mainly found in the mid-facial region suggesting 

Table 1 Sample distribution by sex and age group

Group no Sex Male Female Total
Age group

Group 1 18 to 34 years 20 24 44

Group 2 35 to 45 years 15 16 31

Group 3 46 to 55 years 11 13 24

Group 4 56 years and above 11 10 21

Total 57 63 120

Table 2 Definition of midline landmarks

SR. no Midline landmark Definition

1 Vertex Most superior point of the skull

2 Metopian Midline point on the frontal bone where the elevation of the curve is greatest

3 Supraglabella Most anterior point of the forehead, above the glabella in the mid-sagittal plane

4 Glabella Most prominent point between the supra orbital ridges in the mid-sagittal plane

5 Nasion Midpoint of maximum convexity between the nose and forehead in midsagittal plane

6 Rhinion The anterior tip of the nasal bone

7 Pronasale The most protruding point at the tip of the nose

8 Subnasale Midpoint of the columella base below the nasal spine

9 Midphiltrum A point centered between the nose and mouth in the midsagittal plane

10 Supradentale Center, at the maxilla, between the upper central incisors, at the cement-enamel junction level

11 Incisor superius The intersection of the mid-sagittal plane with labial fissure

12 Infradentale Center, in the mandible, between the lower central incisors, at the cement-enamel junction level

13 Labile superius Midpoint of the vermilion border of the upper lip

14 Labile inferious Midpoint of the vermilion border of the lower lip

15 Supramentale Deepest midline point, in the groove above the mental eminence

16 Pogonion Most anterior midline point on the mental eminence of the mandible

17 Supragnathion Most antero-inferior midline point of the mental eminence between pogonion and gnathion

18 Gnathion Most inferior median point of the mental symphysis

19 Opisthocranion Most prominent posterior point overlying the occipital bone, which produces the greatest head length from glabella

20 Inion Median point between the apices of the superior nuchal lines and at the base of the external occipital portuberance
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relative ambiguity in the soft tissue thickness in these 
regions. The results suggest that facial soft tissue thick-
ness generally are influenced by similar types of genetic 
or environmental factors.

The midline facial soft tissue thickness values of 120 
individuals of both sexes were categorized into four 
age groups based on their midline values. The calcu-
lated mean, standard deviation, maximum, minimum, 
and ranges of the estimated midline points are shown 
in Tables  10, and 11, 12. It is evident from these tables 
that the average midline soft tissue thickness estimates 
for both males and females are greater in groups 1 and 
3. Group 4 estimates of midline soft tissue thickness, 
however, justifies that with increasing age the soft tis-
sue thickness values shows a decreasing trend. Further-
more, it is evident from the current data that the facial 
soft tissue thickness estimates for the mid-face region 
are greater than those for the upper face. The alternating 
increasing and decreasing pattern with facial soft tissue 
thickness estimates among the four-age groups could be 
due to the variation in deposition of fat with aging.

To compare the estimates of midline soft tissue thick-
ness between the four age groups, a one-way ANOVA 
test was conducted on both sexes. These results indicate 
that there is a direct correlation between the midline 
facial soft tissue estimates and increasing age in females. 
Especially, as displayed by mid-facial midline landmarks 
like mid-philtrum, supra-dentale, incisor superius, labile 
superius and labile inferius with significant p-values. In 
males, except for six, significant p-values were obtained 
for the majority of midline landmarks. Despite this, only 
pronasale landmark displayed a highly significant result.

In the present study, it was possible to identify age-
related differences that were consistent across male and 
female age groups. Female facial soft tissue values tend to 
exhibit an alternating increasing and decreasing pattern 
with age. Except for landmarks like subnasale and mid-
philtrum, the majority of the midfacial landmarks exhib-
ited alternatingly increasing FSTT values, with group 4 
exhibiting the lowest mean values. On the other hand, in 
case of males, the mean values for most of the midline 

Fig. 1 Facial soft tissue thickness measured at different anatomical landmarks on the midsagittal section of MRI scan of 68 years old male subject
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Table 3 Tissue depth mean values for males and females: (e) between males and females

Sr. no Midline point Male (n = 57) Female (n = 63)

Mean S.D Range Minimum Maximum Mean S.D Range Minimum Maximum

1 Vertex 7.61 1.47 6.47 4.52 10.99 7.50 1.21 4.98 5.00 9.99

2 Metopian 5.37 1.35 5.11 3.32 8.43 5.04 1.40 6.43 2.72 9.15

3 Supraglabella 5.47 1.05 4.76 2.87 7.63 4.85 1.14 5.33 2.59 7.92

4 Glabella 6.66 1.36 5.85 3.82 9.67 6.16 1.43 6.41 3.91 10.32

5 Nasion 6.76 1.59 7.07 3.47 10.54 5.62 1.54 6.98 3.27 10.25

6 Rhinion 3.10 1.01 5.91 1.52 7.43 2.40 0.59 2.71 1.42 4.13

7 Pronasale 5.87 1.37 5.66 3.06 8.73 5.27 1.31 9.04 2.71 11.75

8 Subnasale 10.23 2.84 13.46 5.04 18.49 7.43 1.81 7.94 3.69 11.63

9 Midphiltrum 11.23 1.83 8.72 6.88 15.60 8.83 1.65 7.02 6.07 13.09

10 Supradentale 10.18 1.99 9.99 6.41 16.40 8.39 1.68 8.52 4.40 12.92

11 Incisorsuperius 6.39 1.93 11.90 2.99 14.90 5.50 0.81 3.57 3.62 7.19

12 Infradentale 8.88 1.69 8.87 4.64 13.50 7.53 1.26 5.70 4.68 10.38

13 Labile superius 11.19 2.17 9.62 6.59 16.21 9.51 1.84 8.23 4.90 13.13

14 Labile inferious 10.61 1.93 8.82 7.08 15.90 9.33 1.86 7.90 6.57 14.47

15 Supramentale 10.14 1.80 9.20 6.30 15.50 8.65 1.92 10.09 2.61 12.70

16 Pogonion 11.72 2.51 9.90 6.80 16.70 10.03 1.95 9.91 5.09 15.00

17 Supragnathion 8.77 1.89 9.68 5.02 14.70 7.25 1.66 9.04 4.16 13.20

18 Gnathion 6.59 1.50 6.91 3.89 10.80 5.82 1.35 6.73 3.47 10.20

19 Opisthocranion 7.34 1.87 9.01 4.11 13.12 6.54 1.46 5.59 3.84 9.43

20 Inion 7.72 1.94 7.16 4.24 11.40 7.28 1.98 9.38 3.92 13.30

Table 4 Tissue depth mean values for males and females: (a) between age-group: 1 (18–34 years)

Sr. no Midline point Male (n = 20) Female (n = 24)

Mean S.D Range Mini Max Mean S.D Range Minimum Maximum

1 Vertex 8.07 1.46 6.34 4.65 10.99 7.67 1.07 4.48 5.51 9.99

2 Metopian 5.63 1.35 3.96 3.87 7.83 4.84 0.97 3.83 3.04 6.87

3 Supraglabella 5.49 0.75 2.47 4.47 6.95 5.08 1.23 5.18 2.75 7.92

4 Glabella 6.43 0.97 3.36 4.72 8.08 6.17 1.44 6.30 4.02 10.30

5 Nasion 6.84 1.42 5.66 4.51 10.17 5.61 1.40 6.44 3.27 9.71

6 Rhinion 2.62 0.64 2.43 1.52 3.95 2.28 1.40 2.71 1.42 4.13

7 Pronasale 5.27 1.20 4.62 3.06 7.68 5.12 1.64 9.04 2.71 11.75

8 Subnasale 10.86 3.11 11.98 6.52 18.49 7.99 1.57 6.25 5.12 11.37

9 Midphiltrum 11.19 1.33 5.48 8.73 14.21 9.75 1.60 6.56 6.53 13.09

10 Supradentale 9.77 1.52 5.05 7.24 12.29 9.20 1.56 7.63 5.29 12.90

11 Incisorsuperius 5.74 1.20 4.61 2.99 7.60 5.89 0.68 2.39 4.80 7.19

12 Infradentale 8.12 1.17 4.03 6.27 10.30 7.30 1.26 4.99 5.09 10.01

13 Labile superius 11.21 1.82 7.06 7.64 14.70 10.70 1.49 6.08 6.98 13.06

14 Labile inferious 10.42 1.48 5.75 7.65 13.40 9.81 1.84 7.67 6.80 14.47

15 Supramentale 9.87 1.59 4.97 7.47 12.44 8.75 1.67 6.81 5.64 12.45

16 Pogonion 11.46 2.38 9.30 6.80 16.10 10.28 1.64 6.58 7.54 14.12

17 Supragnathion 7.97 1.75 6.88 5.02 11.90 7.22 1.45 6.01 4.45 10.43

18 Gnathion 6.11 1.03 3.52 4.42 7.94 5.85 1.40 6.59 3.61 10.20

19 Opisthocranion 7.65 1.93 7.97 5.15 13.12 6.57 1.25 4.43 4.53 8.96

20 Inion 7.28 1.87 7.04 4.24 11.28 7.54 1.88 7.26 4.85 12.11
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Table 5 Tissue depth mean values for males and females: (b) between age-group: 2 (35–45 years)

Sr. no Midline point Male (n = 15) Female (n = 16)

Mean S.D Range Minimum Maximum Mean S.D Range Minimum Maximum

1 Vertex 7.22 1.09 3.46 5.24 8.69 7.09 1.09 4.64 5.12 9.76

2 Metopian 5.12 1.17 3.82 3.32 7.14 4.65 1.37 4.03 2.72 6.75

3 Supraglabella 5.51 0.92 3.28 4.35 7.63 4.83 0.78 2.59 3.53 6.12

4 Glabella 6.69 0.80 2.70 5.02 7.72 5.93 0.93 2.80 4.10 6.90

5 Nasion 7.27 1.69 6.05 4.49 10.54 5.02 0.99 3.25 3.32 6.57

6 Rhinion 3.15 0.94 2.98 1.99 4.97 2.33 0.47 1.75 1.74 3.50

7 Pronasale 6.04 1.42 4.85 3.87 8.73 5.19 1.07 3.79 3.24 7.03

8 Subnasale 10.74 3.16 12.46 5.04 17.49 7.44 2.16 7.00 4.63 11.60

9 Midphiltrum 12.02 1.70 5.17 9.47 14.66 9.04 1.38 4.59 6.57 11.20

10 Supradentale 11.08 1.53 5.66 6.74 12.40 7.98 1.50 4.97 6.24 11.21

11 Incisorsuperius 6.73 1.38 4.63 3.75 8.38 5.39 0.80 2.42 4.26 6.68

12 Infradentale 9.62 1.83 7.50 4.64 12.10 7.45 1.08 3.41 5.81 9.22

13 Labile superius 12.37 1.93 6.42 9.04 15.46 8.96 1.51 6.24 6.90 13.10

14 Labile inferious 11.56 1.76 7.40 7.98 15.38 8.69 2.01 7.82 6.58 14.40

15 Supramentale 10.34 1.64 5.80 7.83 13.63 8.18 1.52 4.95 5.29 10.20

16 Pogonion 12.50 1.86 6.03 9.54 15.57 9.62 1.71 6.87 6.12 13.00

17 Supragnathion 9.21 1.41 4.24 7.13 11.40 6.97 1.67 6.25 4.65 10.90

18 Gnathion 6.92 1.69 5.01 4.75 9.76 5.76 1.33 4.83 4.33 9.16

19 Opisthocranion 7.24 2.03 7.26 4.63 11.90 6.28 1.52 5.27 3.84 9.11

20 Inion 7.57 1.43 5.25 5.21 10.50 7.21 1.52 4.77 4.97 9.74

Table 6 Tissue depth mean values for males and females: (c) between age-group: 3 (46–55 years)

Sr. no Midline point Male (n = 11) Female (n = 13)

Mean S.D Range Minimum Maximum Mean S.D Range Minimum Maximum

1 Vertex 8.32 1.75 5.68 4.52 10.20 7.97 1.40 4.64 5.00 9.64

2 Metopian 6.02 1.68 5.02 3.41 8.43 5.78 1.98 6.22 2.93 9.15

3 Supraglabella 5.66 1.21 3.32 3.77 7.09 4.99 1.39 4.39 2.67 7.06

4 Glabella 7.60 1.55 4.20 5.47 9.67 6.59 1.39 4.96 3.92 8.89

5 Nasion 6.96 1.50 5.00 4.17 9.17 6.22 2.32 6.66 3.59 10.30

6 Rhinion 3.92 1.29 4.65 2.78 7.43 2.56 0.66 2.45 1.48 3.93

7 Pronasale 7.21 0.99 2.93 5.55 8.48 5.67 1.16 3.72 3.24 6.96

8 Subnasale 10.23 2.00 6.63 6.67 13.30 7.09 1.79 5.78 4.32 10.10

9 Midphiltrum 11.89 2.13 6.87 8.73 15.60 7.89 1.46 5.65 6.15 11.80

10 Supradentale 10.99 2.91 9.80 6.60 16.40 8.05 1.41 5.08 6.22 11.30

11 Incisorsurperius 7.86 3.12 10.10 4.83 14.90 5.07 0.81 2.36 3.62 5.98

12 Infradentale 9.70 1.80 5.78 7.72 13.50 7.88 1.23 4.04 6.34 10.40

13 Labile superius 11.21 2.54 9.17 7.04 16.21 9.34 1.50 5.19 6.91 12.10

14 Labile inferious 10.80 2.75 8.82 7.08 15.90 10.10 1.62 5.30 7.30 12.60

15 Supramentale 11.17 2.10 6.96 8.54 15.50 8.81 2.28 7.50 5.20 12.70

16 Pogonion 13.09 2.90 7.64 9.06 16.70 10.50 2.65 8.83 6.18 15.00

17 Supragnathion 10.17 2.10 7.38 7.33 14.70 8.17 2.10 8.69 4.51 13.20

18 Gnathion 7.26 1.80 6.71 4.09 10.80 6.29 1.29 4.57 4.57 9.14

19 Opisthocranion 8.19 1.59 5.66 4.59 10.30 6.85 1.75 5.42 4.01 9.43

20 Inion 9.36 2.02 5.74 5.66 11.40 7.54 2.99 9.38 3.92 13.30
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Table 7 Tissue depth mean values for males and females: (d) between age-group: 4 (over 56 years)

Sr. no Midline point Male (n = 11) Female (n = 10)

Mean S.D Range Minimum Maximum Mean S.D Range Minimum Maximum

1 Vertex 6.61 1.06 3.33 5.20 8.53 7.09 1.32 3.90 5.39 9.29

2 Metopian 4.58 0.79 2.23 3.76 5.99 5.14 1.21 3.88 3.31 7.19

3 Supraglabella 5.16 1.50 4.58 2.87 7.45 4.14 0.87 2.52 2.59 5.11

4 Glabella 6.10 1.97 5.34 3.82 9.16 5.93 2.09 6.15 3.91 10.10

5 Nasion 5.71 1.55 4.70 3.47 8.17 5.79 1.13 3.35 4.39 7.74

6 Rhinion 3.07 0.95 3.05 1.75 4.80 2.58 0.48 1.28 1.91 3.18

7 Pronasale 5.36 1.00 2.97 3.82 6.79 5.24 1.01 3.36 3.97 7.34

8 Subnasale 8.38 1.95 6.22 5.28 11.50 6.52 1.53 5.35 3.69 9.04

9 Midphiltrum 9.58 1.54 5.67 6.88 12.55 7.55 0.83 2.78 6.07 8.84

10 Supradentale 8.89 1.43 4.89 6.41 11.30 7.57 1.99 5.37 4.40 9.77

11 Incisorsuperius 5.65 1.33 4.81 4.16 8.97 5.36 0.86 3.01 4.09 7.10

12 Infradentale 8.42 1.57 5.39 5.99 11.40 7.72 1.57 4.71 4.68 9.39

13 Labile superius 9.51 1.80 5.91 6.59 12.50 7.75 1.74 6.32 4.90 11.22

14 Labile inferious 9.50 1.41 4.62 7.58 12.20 8.30 1.28 3.83 6.57 10.4

15 Supramentale 9.31 1.74 5.50 6.30 11.80 8.95 2.64 8.29 2.61 10.9

16 Pogonion 9.72 1.96 6.15 6.94 13.10 9.42 1.95 6.50 5.09 11.59

17 Supragnathion 8.24 1.73 5.79 5.04 10.83 6.58 1.11 3.83 4.15 7.99

18 Gnathion 6.33 1.47 4.92 3.89 8.81 5.22 1.25 3.59 3.47 7.06

19 Opisthocranion 6.05 1.17 4.02 4.11 8.14 6.51 1.57 5.14 3.89 9.03

20 Inion 7.12 1.92 5.61 4.67 10.30 6.44 0.99 2.98 5.21 8.19

Table 8 Statistical analysis of facial soft tissue thickness variation between males and females (Independent t test)

* p < .05
** p < .001

Midline PTS Male (n = 57) Female (n = 63) t test with 
significance

Mean ± S.D Max Min Range Variance SEM Mean ± S.D Max Min Range Variance SEM

Vertex 7.61 ± 1.47 11.00 4.52 6.47 2.17 0.20 7.50 ± 1.21 9.99 5.00 4.99 1.47 0.15 0.480

Opisthocranion 7.34 ± 1.87 13.10 4.11 9.01 3.50 0.25 6.54 ± 1.46 9.43 3.84 5.59 2.12 0.18 2.577*

Supraglabella 5.47 ± 1.05 7.63 2.87 4.76 1.10 0.14 4.85 ± 1.14 7.92 2.59 5.33 1.30 0.14 3.081*

Glabella 6.66 ± 1.36 9.67 3.82 5.85 1.85 0.18 6.16 ± 1.43 10.30 3.91 6.41 2.04 0.18 1.982*

Metopian 5.37 ± 1.35 8.43 3.32 5.11 1.82 0.18 5.04 ± 1.40 9.15 2.72 6.43 1.95 0.18 1.336

Nasion 6.76 ± 1.59 10.50 3.47 7.07 2.52 0.21 5.62 ± 1.54 10.30 3.27 6.98 2.37 0.19 3.995**

Rhinion 3.10 ± 1.01 7.43 1.52 5.91 1.03 0.13 2.40 ± 0.59 4.13 1.42 2.71 0.35 0.07 4.548**

Pronasale 5.87 ± 1.37 8.73 3.06 5.66 1.88 0.18 5.27 ± 1.31 11.80 2.71 9.04 1.73 0.17 2.416*

Subnasale 10.23 ± 2.84 18.49 5.04 13.46 8.05 0.38 7.43 ± 1.81 11.60 3.69 7.94 3.29 0.23 6.360**

Midphiltrium 11.23 ± 1.83 15.60 6.88 8.72 3.35 0.24 8.83 ± 1.65 13.10 6.07 7.02 2.71 0.21 7.519**

Labile superius 11.20 ± 2.17 16.21 6.59 9.62 4.71 0.29 9.51 ± 1.84 13.10 4.90 8.23 3.38 0.23 4.543**

Labile inferius 10.61 ± 1.93 15.90 7.08 8.82 3.72 0.25 9.33 ± 1.86 14.50 6.57 7.90 3.46 0.23 3.667**

Incisorsuperius 6.39 ± 1.93 14.90 2.99 11.90 3.74 0.26 5.50 ± 0.81 7.19 3.62 3.57 0.66 0.10 3.246*

Supradentale 10.20 ± 1.99 16.40 6.41 9.99 3.97 0.26 8.39 ± 1.68 12.90 4.40 8.52 2.83 0.21 5.267**

Infradentale 8.88 ± 1.69 13.50 4.64 8.87 2.85 0.22 7.53 ± 1.26 10.40 4.68 5.70 1.58 0.16 4.940**

Pogonion 11.70 ± 2.51 16.70 6.80 9.90 6.31 0.33 10.03 ± 1.95 15.00 5.09 9.91 3.80 0.25 4.069**

Supragnathion 8.77 ± 1.89 14.70 5.02 9.68 3.57 0.25 7.25 ± 1.66 13.20 4.16 9.04 2.75 0.21 4.669**

Gnathion 6.59 ± 1.50 10.8 3.89 6.91 2.25 0.20 5.82 ± 1.35 10.20 3.47 6.73 1.81 0.17 2.951*

Supramentale 10.14 ± 1.80 15.50 6.30 9.20 3.24 0.24 8.65 ± 1.92 12.70 2.61 10.10 3.70 0.24 4.385**

Inion 7.72 ± 1.94 11.4 4.24 7.16 3.77 0.26 7.28 ± 1.98 13.30 3.92 9.38 3.91 0.25 1.234
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facial soft tissue thickness tended to thicken with age and 
then decrease for the samples of group 4. For both male 
and female subjects, group 3 had the thickest values for 
the majority of landmarks, indicating that middle-aged 
people have the thickest FSST values. In contrast, group 
4 had the lowest values, indicating that the majority of 
midline landmarks tend to thin with age. These differ-
ences could not be directly correlated with age but per-
haps be an impact of BMI-related changes.

Discussion
The creation of a facial soft tissue database offers a wide 
range of practical applications beyond the expertise of 
forensic anthropologists. Having access to such a data-
base can have a multitude of applications for biological 
and medical fields such as forensic, anthropology, archae-
ology, cosmetic surgery, oral medicine, orthodontic treat-
ment, and various other diagnostic purposes (Wang et al. 
2016). Facial soft tissue thickness varies due to number 
of factors like age, sex, ancestry, nutritional status, BMI, 
etc. In the present study, the focus was on determining 
the effect of age and sex on the midline facial soft tissue 
thickness of the Northwest Indian subjects. Our facial 
morphology is an amalgamation of complex interaction 
between the inherited and environmental factors. Con-
sidering the diverse background of India and its popula-
tion, numerous variations can be seen among the people 
belonging to different regions of the country.

The FSTT values obtained in the present study were 
compared with other studies conducted on different pop-
ulations as well as a similar population sample. Due to 
the difference in ethnicity, the data obtained from other 
international studies cannot be used for forensic facial 

approximation purpose of the native Indian population. 
However, the technique employed and data classification 
method are significant. Comparing the Northwest Indian 
population of the past with that of the present generates 
useful information due to the similarity of the two popu-
lations. The prevalence of higher FSTT values in males 
compared to females was the prevalent finding across all 
studies compared to the results of the present study. This 
sexual dimorphism was verified with the presence of sta-
tistically significant difference between the midline facial 
soft tissue thickness values of the present study as well.

Two MRI studies on the same heterogeneous popula-
tions sample of Northwest Indian subjects have been 
reported (Sahni et al. 2002, 2008). In a preliminary MRI-
based study of 60 Northwest Indian subjects, Sahni et al. 
(2002) discovered statistically significant sex and side dif-
ferences in facial tissue thickness at specific landmarks. In 
2008, Sahni et al. measured FSTT at 29 standard anthro-
pological landmarks of 300 MRI scans (173 males and 
127 female) and found a significant correlation between 
body mass index (BMI) and FSTT in both sexes. When 
the midline values of the present study were compared to 
the previous Northwest Indian study, the mid-philtrum 
proved to be the distinguishing factor between the two. 
Previous Northwest Indian study produced higher values 
for mid-philtrum, supragnathion, and gnathion midline 
landmarks in both sexes. Among females, however, there 
were additional exceptions for the soft tissue values of the 
nasion, mid-philtrum, labile superius, and labile inferi-
ous. Sahni et al (2008) reported a significant correlation 
between BMI and FSTT values among the individuals of 
two sexes belonging to the geographical area considered 
in present study. Such a correlation was also investigated 

Fig. 2 Tissue depth mean values for males and females: a between males and females
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among the individuals of present study; however, its dis-
cussion is beyond the scope of this article and will be 
communicated later on separately.

Chen et  al. (2011) estimated craniofacial soft tissue 
thickness and nasal profile of 425 Chinese adults of the 
Han population between the age range of 17–60  years 
using MRI scans. In the upright position (following the 
Frankfurt Horizontal plane), MRI images were acquired 
at 31 anatomical landmarks and 4 nasal profile param-
eters. The study revealed that males had significantly 
higher FSTT values than females at the majority of land-
marks. Males and females exhibited a highly significant 
correlation between nasal profile and nasal measure-
ments. Both characteristics demonstrated a significant 

correlation with age, which has important implications 
for forensic identification. In both the sexes, the aver-
age values of soft tissue thickness at almost all the points 
in the Chinese Han population were found to be lower 
than the present study. Except for midfacial landmarks 
like subnasale, labile superius, labile inferius, and supra-
mentale where Han population exhibited greater values 
in comparison to present study. In females, additional 
exceptions were demonstrated by the rhinion landmark, 
where both populations displayed equal values, and the 
mid-philtrum, where Han values were higher than pre-
sent study values.

Eftekhari-Moghadham et  al. (2020) investigated the 
facial soft tissue thickness estimates of the Lur and Arab 

Fig. 3 One-way ANOVA analysis of facial soft tissue variation between four-age groups of females

Fig. 4 One-way ANOVA analysis of facial soft tissue variation between four-age groups of males
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population of southwest Iran. This cross-sectional study 
was conducted on 100 Iranian adults between the ages of 
18 and 50. Using certain sagittal, axial, and coronal sec-
tions of the MRI images, soft tissue thickness estimates 
were calculated. Utilizing Stata 14 software, the statistical 
analysis was evaluated. This study revealed a significant 
correlation between estimates of soft tissue thickness 
and other parameters such as gender, BMI, and ethnic-
ity in Southwest Iran. This study also identifies the Mid-
philtrum (MID) as a distinguishing feature of the male 
sex. In addition, when the results of South-west Iranian 
samples were compared to those of the present study, 
with the exception of mid-philtrum, labile superius, labile 
inferius, supramentale, and supragnathion, all other 
FSTT values were higher in the present study sample.

Sipahiolu et  al. (Sipahioğlu et  al. 2012) measured nine 
midline points to determine the age-related variation in the 
soft tissue thickness values of both sexes. The measurement 
analysis revealed that age-related changes were observed 
at four midline points in males. Age-related thickening of 
soft tissues in females was only statistically significant at the 
mental eminence. In addition, the Turkish population with 
varying BMIs has statistically significant thicknesses at four 
midline facial points, namely the glabella, nasal end, mental 
eminence, and beneath the chin.

Johari et  al. (2017) investigated the facial soft tis-
sue thickness estimations of Iranian adults aged 18 to 
76  years. They measured 12 landmark points in the 
midline region of 179 participants. These statistically 
significant differences were examined using the Mann–
Whitney and Kruskal-Willis tests. According to the study, 
for the majority of landmarks, males tend to have greater 
soft tissue thickness values than females. It was found 
that in normal-weight and overweight groups, a signifi-
cant difference was found in all landmarks as soft tissue 
thickness displayed a positive correlation with BMI. The 
rise in BMI values in Iranian population was linked with 
subsequent increase in soft tissue thickness values indi-
cating a significant relationship between the soft tissue 
thickness values and BMI.

Sandamini et  al. (2018) measured 23 anthropological 
landmarks on adult Sri Lankans using MRI images. For 
this study, 223 MRIs and 20 MRIs of volume were col-
lected from subjects aged 20 to 59. The gender-based 
analysis of this study revealed that men have higher FSTT 
values than women in the midline region. However, the 
area around the cheeks shows comparatively higher soft 
tissue values in young women than in young men.

It is pertinent to state that all the studies included in 
the present research focused on scanning the subjects 
in the supine position. Although, much research has 

Table 10 Statistical analysis of facial soft tissue thickness variation between four age-groups of females

Sr. no Midline point Group 1: (18–34 years) Group 2: (35–45 years) Group 3: (46–55 years) Group 4: (56 years 
above)

p value

Mean S.D Mean S.D Mean S.D Mean S.D

1 Vertex 7.67 1.07 7.09 1.09 7.97 1.40 7.09 1.32 0.143

2 Metopian 4.84 0.97 4.65 1.37 5.78 1.98 5.14 1.21 0.139

3 Supraglabella 5.08 1.23 4.83 0.78 4.99 1.39 4.14 0.87 0.162

4 Glabella 6.17 1.43 5.93 0.93 6.59 1.39 5.93 2.09 0.620

5 Nasion 5.61 1.40 5.02 0.99 6.22 2.32 5.79 1.13 0.211

6 Rhinion 2.28 0.66 2.33 0.47 2.56 0.66 2.58 0.48 0.389

7 Pronasale 5.12 1.64 5.19 1.07 5.67 1.16 5.24 1.01 0.675

8 Subnasale 7.99 1.57 7.44 2.16 7.09 1.79 6.52 1.53 0.149

9 Midphiltrum 9.75 1.60 9.04 1.38 7.89 1.46 7.55 0.83 0.000**

10 Supradentale 9.20 1.56 7.98 1.50 8.05 1.41 7.57 1.99 0.021*

11 Incisor superius 5.86 0.68 5.39 0.80 5.07 0.81 5.36 0.86 0.025*

12 Infradentale 7.30 1.26 7.45 1.08 7.88 1.23 7.72 1.57 0.561

13 Labile superius 10.70 1.49 8.96 1.51 9.33 1.50 7.75 1.74 0.000**

14 Labile inferious 9.81 1.84 8.69 2.01 10.05 1.62 8.30 1.28 0.032*

15 Supramentale 8.75 1.67 8.18 1.52 8.81 2.28 8.95 2.64 0.722

16 Pogonion 10.28 1.64 9.62 1.71 10.55 2.65 9.42 1.95 0.395

17 Supragnathion 7.22 1.45 6.97 1.67 8.17 2.10 6.58 1.11 0.103

18 Gnathion 5.85 1.40 5.76 1.33 6.29 1.29 5.22 1.25 0.312

19 Opisthocranion 6.57 1.25 6.28 1.52 6.85 1.75 6.51 1.57 0.784

20 Inion 7.54 1.88 7.21 1.52 7.54 2.99 6.44 0.99 0.487
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Table 11 Statistical analysis of facial soft tissue thickness variation between four age-groups of males

Sr. no Midline point Group 1: (18–34 years) Group 2: (35–45 years) Group 3: (46–55 years) Group 4: (56 years 
above)

p value

Mean S.D Mean S.D Mean S.D Mean S.D

1 Vertex 8.07 1.46 7.22 1.09 8.32 1.75 6.61 1.06 0.011*

2 Metopian 5.63 1.35 5.12 1.17 6.02 1.68 4.58 0.79 0.051

3 Supraglabella 5.49 0.75 5.51 0.92 5.66 1.21 5.16 1.50 0.720

4 Glabella 6.43 0.97 6.69 0.80 7.60 1.55 6.10 1.97 0.049*

5 Nasion 6.84 1.42 7.27 1.69 6.96 1.50 5.71 1.55 0.082

6 Rhinion 2.62 0.64 3.15 0.94 3.92 1.29 3.07 0.95 0.006*

7 Pronasale 5.27 1.20 6.04 1.42 7.21 0.99 5.36 1.00 0.000**

8 Subnasale 10.86 3.11 10.74 3.16 10.23 2.00 8.38 1.95 0.102

9 Midphiltrum 11.19 1.33 12.02 1.70 11.89 2.13 9.58 1.54 0.002*

10 Supradentale 9.77 1.52 11.08 1.53 10.99 2.91 8.89 1.43 0.012*

11 Incisor superius 5.74 1.20 6.73 1.38 7.86 3.12 5.65 1.33 0.010*

12 Infradentale 8.12 1.17 9.62 1.83 9.70 1.80 8.42 1.57 0.012*

13 Labile superius 11.21 1.82 12.37 1.93 11.21 2.54 9.51 1.80 0.008*

14 Labile inferious 10.42 1.48 11.56 1.76 10.80 2.75 9.50 1.41 0.052*

15 Supramentale 9.87 1.59 10.34 1.64 11.17 2.10 9.31 1.74 0.082

16 Pogonion 11.46 2.38 12.50 1.86 13.09 2.90 9.72 1.96 0.005*

17 Supragnathion 7.97 1.75 9.21 1.41 10.17 2.10 8.24 1.73 0.007*

18 Gnathion 6.11 1.03 6.92 1.69 7.26 1.80 6.33 1.47 0.154

19 Opisthocranion 7.65 1.93 7.24 2.03 8.19 1.59 6.05 1.17 0.039*

20 Inion 7.28 1.87 7.57 1.43 9.36 2.02 7.12 1.92 0.014*

Table 12 Comparison of Present study FSTT values with other studies

Sr. no Midline point North-West Indian (Sahani, 
2009)

Chinese population (Chen, 
2011)

South-West Iran (Eftekhari-
Moghadham, 2019)

Present study 2022

Male Female Male Female Male Female Male Female

Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D Mean S.D

1 Vertex 3.53 0.42 3.64 0.42 5.97 1.00 6.04 1.12 – – – – 7.61 1.47 7.50 1.21

2 Metopian – – – – – – – – – – – – 5.37 1.35 5.04 1.40

3 Supraglabella 3.44 0.36 3.57 0.4 3.98 0.71 3.59 0.60 – – – – 5.47 1.05 4.85 1.14

4 Glabella 5.18 0.66 5.24 0.74 5.43 0.71 5.32 0.56 4.35 1.19 4.66 0.89 6.66 1.36 6.16 1.43

5 Nasion 5.86 0.65 5.76 0.76 4.44 0.67 4.15 0.66 6.06 1.55 4.88 1.19 6.76 1.59 5.62 1.54

6 Rhinion 2.07 0.11 2.03 0.11 2.64 0.52 2.40 0.58 2.08 0.63 2.05 0.71 3.10 1.01 2.40 0.59

7 Pronasale – – – – – – – – – – – – 5.87 1.37 5.27 1.31

8 Subnasale – – – – 11.85 1.43 10.64 1.17 – – – – 10.23 2.84 7.43 1.81

9 Midphiltrum 11.84 1.19 10.68 1.56 10.35 1.2 9.04 1.03 14.79 1.85 12.2 1.97 11.23 1.83 8.83 1.65

10 Supradentale – – – – – – – – – – – – 10.18 1.99 8.39 1.68

11 Incisor superius – – – – 5.50 1.24 5.14 1.17 – – – – 6.39 1.93 5.50 0.81

12 Infradentale – – – – – – – – – – – – 8.88 1.69 7.53 1.26

13 Labile superius 10.44 1.21 10.01 1.13 11.75 1.62 10.52 1.23 11.04 1.73 9.1 1.36 11.19 2.17 9.51 1.84

14 Labile inferious 11.56 0.96 11.07 1.23 12.48 1.30 11.13 1.21 11.00 1.73 9.62 1.73 10.61 1.93 9.33 1.86

15 Supramentale 8.80 1.04 8.65 1.10 10.35 1.19 9.33 1.09 10.25 1.69 9.55 1.61 10.14 1.8 8.65 1.92

16 Pogonion – – – – 9.42 1.62 9.12 1.52 – – – – 11.72 2.51 10.03 1.95

17 Supragnathion 8.95 1.22 8.85 1.22 – – – – 11.75 2.17 10.83 1.84 8.77 1.89 7.25 1.66

18 Gnathion 7.47 1.13 6.65 1.15 5.57 1.03 5.36 1.01 5.84 1.53 4.86 1.37 6.59 1.5 5.82 1.35

19 Opisthocranion 5.96 0.87 5.81 0.87 4.35 1.01 4.33 0.96 – – – – 7.34 1.87 6.54 1.46

20 Inion 7.01 0.79 6.75 0.82 5.19 1.39 4.62 1.14 – – – – 7.72 1.94 7.28 1.98
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been conducted with the subjects in the supine posi-
tion, we cannot deny the affect it has on the facial soft 
tissues due to the gravity. To justify this statement, a 
few different lines of evidence need to be considered. 
Among these, the anatomical reasons happen to be 
the foremost important which suggests that gravity 
could have an impact on facial tissues during scan-
ning. In upright or standing position, facial soft tissue 
thickness is oriented under the impact of gravity in a 
particular direction. However, in supine position, the 
direction of gravity has the potential to shift the tissue 
or settle them in a different direction. Some researchers 
have investigated the impact of body position on facial 
appearance and a few of them have been listed.

Bulut et  al. (2017) compared the facial morphology 
of live subjects obtained with the help of 3D scanners 
in upright and supine positions. Data of 3D face scans 
were collected using 3D Laser scanner in upright and 
supine position from 44 volunteers aged 22–49  years 
with normal BMI index. Volumetric analysis of the 
obtained face scan was done by 3D morphometric sur-
face comparison between upright and supine position. 
Keeping upright position as reference frame surface to 
surface comparison was performed which resulted in a 
continuous color map. The study showed that change 
in pose produces 2–10  mm soft tissue thickness vari-
ations around the buccal region, masseteric region and 
the nasolabial region of the face. Finally concluding that 
84% of the face being within ± 2  mm of error between 
the supine and upright 3D surfaces and thereby the 
data collected in supine positions are acceptable within 
minimal error.

Stephan and Preisler, (2018) study provided the in vivo 
facial soft tissue standards for adult Australians of Euro-
pean origin. Facial soft tissue data was collected from 
64 living adult Australians using B-mode ultrasound 
system at 14 anatomical landmarks along with details 
of height, weight, and BMI index. The data was further 
categorized into two sub groups, group one having 52 
subjects aged 18–30 years (excluding one subject due to 
extremely large BMI) and group two having 11 subjects 
aged 37–74 years. The measurements were taken in both 
upright and supine positions. For reference 6, previous 
facial soft tissue thickness data sets of adult Austral-
ian cadavers were collected which were measured using 
needle-puncture method. The results showed that the 
in vivo ultrasound data are like needle puncture data on 
cadavers but high measurement errors in both the cases. 
Posture effect did not exist in terms of significance except 
only two landmarks which exhibited a > 1  mm change 
with highest variations in mid-ramus landmarks. The 
posture did not show the different between positions of 

data collection but the values vary with the method of 
measurement adopted.

Finally, it is worth mentioning that many imaging 
studies do take body position into account when ana-
lyzing facial soft tissue thickness estimates. But this 
impacts the facial asymmetry related features more 
which is beyond the scope of the present study. The 
studies mentioned above also indicate that error range 
between the supine and upright position is within the 
minimal error range.

The relationship between soft tissue thickness and 
skull size, has not been explored in the present study. 
But it is important to mention that few population-
specific factors like hormonal, genetic, nutritional and 
environmental/climatic differences may affect the skull 
size in males and females differentially, along with 
the facial soft tissue thickness estimates in two sexes. 
Future research should focus on exploring the relation-
ship between skull size and FSTT values in both the 
sexes.

Although MRI is a costly imaging modality, it pro-
vides excellent anatomical characteristics for distin-
guishing between the soft tissue and hard tissue details 
of various organs being imaged. MRI’s use in obtaining 
a database based on the thickness of facial soft tissue 
is limited due to the time take procedure and high cost 
involved. All these factors contribute to the paucity of 
existing literature on facial soft tissue thickness data-
bases based on MRI. In most forensic cases where only 
the skull is retrieved from the site, though MRI is not 
the technique that can be utilized for digitalising the 
bone, as CT scans or surface scanning (laser grammetry 
and photogrammetry) are the preferable and accurate 
techniques to undertake this task, however, it can con-
tribute towards facial approximation of such unknown 
skull/s to provide investigative leads in the case. Sec-
ondly, MRI technique is costly one compared to other 
radio-diagnostic modalities and is used in some excep-
tional cases only.

Consequently, it can be concluded that the results 
of the present study are consistent with the find-
ings of other studies indicating that the FSTT values 
of males tend to be higher than those of females at 
nearly all points. Rhinion yielded the thinnest val-
ues, whereas pogonion yielded the thickest values for 
both sexes. The present Northwest Indian samples 
had the thickest soft tissue measurement in the mid-
face region. The absence of information regarding 
the subjects’ BMI is the only limitation of this study. 
Differences in the values of soft tissue thickness 
when compared to other studies can be attributed to 
the population-specific or secular changes that have 
occurred over time.
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To successfully apply facial soft tissue thickness for 
facial recognition, population-specific tissue depth 
standards are required. Therefore, future research 
should include a larger sample size and take into 
account confounding factors such as BMI, bilateral 
landmarks, nutrition status, and facial skeletal type to 
determine the effect of these variables on facial soft tis-
sue depth estimates.

Conclusions
With the development of technology, the forensic facial 
approximation techniques have also evolved overtime. 
The advent of newer radio-imaging techniques has made 
the task of estimating facial soft tissue thickness albeit a 
less tedious task than before. The present study was con-
ducted with the aim of evaluating and determining the 
facial soft tissue thickness estimates of Northwest Indian 
population while highlighting the age-related and sex-
related changes in the soft tissue thickness values. The 
results of the present study were in tandem with the find-
ings of previous studies. It was observed from the present 
samples that males presented higher soft tissue estimates 
than females. Furthermore, highest soft tissue estimates 
were obtained for the middle age people. The group 4 
cases, the most aged individuals group, had the least 
midline soft tissue thickness values.

The significance of such a database lies in understanding 
the facial characteristics of the Northwest Indian popula-
tion and might be potentially helpful in the forensic facial 
approximation process. As a result of secular change over 
time, the midline facial landmarks estimated in the present 
study demonstrate greater tissue depth standards com-
pared to previous research conducted on the same popula-
tion pool. However, the role of other factors like changes 
in nutritional status, climatic factors, BMI and aesthetic 
treatments in the FSTT variations cannot be ruled out and 
thus needs to be further investigated with larger dataset.

In addition to forensic anthropology, the facial soft tis-
sue thickness values obtained in the present study may 
have a variety of other applications. It may be useful not 
only for forensic anthropologists performing craniofacial 
identifications, but also for experts from a variety of med-
ical and dental disciplines who interact with the facial 
anatomies of their subject on regular basis for delivering 
facial aesthetic or medical care to their subjects through 
the means of facial profile manipulation. The way for-
ward is to conduct a comprehensive study based on facial 
soft tissue estimates for the Indian population. Hence, 
further research in the field must be encouraged so as to 
build database of soft tissue estimates that can be corre-
lated with other radio-imaging modalities-based studies 
to develop acceptable standards.
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