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ABSTRACT 

Facial Soft Tissue Thickness (FSTT) plays a crucial role in forensic anthropology, especially for 

reconstructing the features of a face. Over time, various studies focused on the influence of age, sex 

and ancestry on these tissue measurements. By reviewing the literature, we present some insights into 

the application of different approaches for evaluation of FSTT ranging from imaging modalities to 

the traditional measurement and highlight the main results obtained for several populations.  The 

present barriers to adoption of uniform FSTT guidelines and increasing use of FSTT in forensic 

examination are also being explored. With the proper understanding of the FSTT, which varies in 

different populations, improvement of the facial reconstructive techniques can be achieved, and as a 

result, the reliability of forensic identification could be enhanced. 
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Introduction 

Facial soft tissue thickness (FSTT) is an important element in forensic anthropology, especially for 

facial reconstruction of human remains by using the skull (Moritsugui et al., 2022). The accuracy of 

forensic facial reconstructions used for human identification is affected by the thickness of soft tissues 

that overlay the skull (Bulut et al., 2014). FSTT research has been influential in the field of facial 

reconstruction over the years due to its need to create facial reconstructions most lifelike as possible 

(Chung et al., 2015). Although this field has come a long way, there are still gaps in knowledge that 

would benefit from an understanding of age, sex and ancestral influences on FSTT and its variation in 

forensic reconstructions (Ayoub et al., 2019). The ultrasound measurement (Stephan & Preisler, 2018) 

to advanced imaging like magnetic resonance images (MRI) (Sandamini et al., 2018),  computed 

tomography (CT) scans (Chung et al., 2015) are few methodologies have been developed to measure 

the FSTT.  The result of these technological uprising is that one can now get more robust data figures 

and a clear mapping of the variations in tissue thickness across different populations (Bulut et al., 2014; 

Hamid & Abuaffan, 2016). Nevertheless, there is little consensus with respect to standardized guidance 

for the application of FSTT in forensic practice. Outcomes were found to differ by method, origin of 

the sample and population-specific peculiarities. Therefore, the aim of this review is to give an overview 

of the literature on FSTT, with a particular emphasis on the effects of age, sex and ancestry. Besides, 

we consider the approaches taken to validate FSTT and the obstacles that emerges in developing 

standard guidelines for FSTT measurement in forensic anthropology field. This will help in accurate 

and reliable forensic facial reconstruction in forensic identifications and can promote our understanding 

of FSTT. 

Significance of FSTT in forensic anthropology 

In forensic reconstructions, the FSTT has been used to help define facial height and width measurements 

(Kotrashetti & Mallapur, 2016). Soft tissue thickness can give clues in a facial reconstruction and 

developed into face images that would have appeared like the individuals in life (Nilendu & Johnson, 

2023). These reconstructions are crucial to establish the identity of the remains, typically in cases of 

mass disasters i.e flood or tsunamis (Forrest, 2019).  Most of the time, the body are severely decomposed 

and leaving only skeletal remains (Dirkmaat & Cabo, 2016; Forrest, 2019; Sorg, 2019). The facial 

reconstruction obviously will facilitate the identification process in these cases.  

Features are added onto the skull based on average FSTT information and skull morphology (Gupta et 

al., 2015). The thickness variation of tissues from one part of the face to another, i.e. 

forehead/cheeks/nose/chin, alters how the result looks and feels on exposed facial regions (Chen et al., 

2021). Understanding these variations is crucial for forensic anthropologists and the relationship with 

current biological profiles i.e, sex, ancestry and age (Miller, 2018; Spradley & Jantz, 2011).  

Traditional measurement 

Traditional measurement approaches refer to a collection of quantitative and qualitative assessment 

procedures that have been identified as common practices for use in the forensic identification (Kewal 

Krishan, 2013) . In previous works on FSTT, direct measurements from cadaver tests were frequently 

used (Domaracki & Stephan, 2006). While this method is useful, there are several drawbacks, mainly 

attributable to postmortem changes in tissue stiffness and volume (Pasca & Ulasan, 2014). Facial 

anthropometry involves placement of pins on the body’s face then applying a thin measuring gauge 

between the skin surface and an underlying bone point (Perez-Rojas et al., 2011). Although this method 

offers a simple way to obtain data, it is intrusive, and the cadaveric tissues are not similar as in the 

physiological state when living (Pasca & Ulasan, 2014). 

 Imaging Modalities  

As science and technology continued to improve, FSTT measurement technique has been expanded to 

the imaging analysis using computed tomography (CT) and magnetic resonance imaging (MRI) (Chung 

et al., 2015; Yadav & Aggarwal, 2010). This technique provides three dimensional (3D) measurements 

of tissue thickness in living subject better than previous techniques (Kumar & Vijai, 2012; Leth, 2007). 

Apart from its less invasiveness, the imaging can present soft tissue variability more accurately (Tilotta 

et al., 2009). CT scanning has emerged as the reference method primarily because it offers the 



FACIAL SOFT TISSUE THICKNESS (FSTT): A REVIEW OF POPULATION-SPECIFIC FACTORS AND IMPLICATIONS IN FORENSIC 
ANTHROPOLOGY 

 50 

possibility of tissue differentiation and the visualization of both bones and soft tissues (Yadav & 

Aggarwal, 2010). MRI is also helpful, particularly in revealing soft tissues, but it tends to be more 

costly, and certainly more time-consuming than CT (Desroche et al., 2024). Ultrasound has also been 

used for FSTT determination since it is non-invasive, of relatively low cost, and free of side effects, 

thus making it suitable for repeated applications. However, its efficiency is reduced by the level of the 

operator’s experience and the subject’s movement (Pellacani & Seidenari, 1999.; Stephan & Preisler, 

2018). 

3D Scanning 

Newer technologies that have been applied in last few years include three-dimensional (3D) scanning 

and modelling (Bulut et al., 2017; Gupta et al., 2015). These methods enable the production of detailed 

3D skull models and the restoration of the overlying soft tissues (Gupta et al., 2015). With 3D scanning, 

one can make complex reconstructions of the size and the relief of the skull, while FSTT data is 

superimposed virtually for the reconstruction of the facial elements (VanKoevering et al., 2019). This 

approach remains non-invasive, highly accurate, as well as easy to reproduce for forensic purposes 

(Kurkcuoglu et al., 2011). 

Factors Influencing FSTT  

Sex Differences  

There has been much concern in nearly all the research works addressing FSTT with regards to sexual 

dimorphism (Ajwa et al., 2020; Hamid & Abuaffan, 2016; Park et al., 2023). It was also established 

that the average density of the facial soft tissues is higher in males compared to that of females, 

particularly in the lower face areas that include the chin and jaw line (Koudelová et al., 2015). Such 

differences are contributed by the differences in hormonal effects, body composition that reflects 

muscle strength, and fat distribution patterns between male and female (Khosla et al., 2012). More 

insight into variations in FSTT regarding sex could enhance precision in facial reconstructions 

(Dempsey & Townsend, 2001). 

A previous study revealed sex differences in FSTT at various anatomical sites for both sexes. Of all 

these variations, the most distinct were recorded at the lower face and this involves the mandible and 

the mental regions, which were thicker in the male (Alhumadi et al., 2022). Another study involved 

Korean population also showed significance differences in FSTT between different sex. Males 

generally having thicker tissue at all landmarks measured on cone bean computed tomography (CBCT) 

imagings (Park et al., 2023)  Similarly, males were found to have thicker soft tissue in lower regions 

mainly upper, lower lip and chin areas in a study that conducted on Arabic subjects who undergone 

cephalograms for various reasons (Ajwa et al., 2020). These studies concluded that, there is a need to 

incorporate sex-specific FSTT data into forensic reconstructions in order to obtain a correct facial 

estimate. 

 Ancestry  

There are also significant differences between population data of FSTT and people’s ancestry 

(Eggerstedt et al., 2020) Several studies point to the fact that ancestry give effects onto the FSTT. For 

instance, the facial soft tissues of Latin Americans were thicker than African and Asian Americans in 

the population (Eggerstedt et al., 2020) .  Another study has found significant differences in most of the 

FSTT landmarks using cephalograms between black and coloured juvenile age groups, in which black 

children have thinner, soft tissue compared to coloured (Briers et al., 2015).These differences are 

probably genetic, environmental, and in some ways, due to adaptation to climate in the different areas 

of the world (Cunha et al., 2006). In the context of forensic anthropology and for providing accurate 

reconstructions, FSTT and related parameters’ variations between two groups are informative, and so 

is the general knowledge of population differences (Eggerstedt et al., 2020; Wysong et al., 2013).  
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Age variation  

There is ample evidence on the process of aging and the changes in FSTT, where the subject’s age 

decreases the thickness of the tissue in most cases (Wysong et al., 2013). Such decrease is most marked 

in the mid-face area, including the cheeks and particularly the eyes (Kotrashetti & Mallapur, 2016; 

Wysong et al., 2013). The age-related changes which have been identified include skin elasticity loss, 

muscle atrophy and fat pad shift which explains why lean faced persons are commonly observed in 

elder people (Dąbrowska et al., 2018). Knowledge of these changes is important to the forensic 

reconstructions, as faces improve and change over each phase of the life cycle. 

The thickness of facial tissue was revealed to decrease as age increase in a study conducted on Hispanic, 

Non-Hispanic White and Asian population who were divided into young, middle and elder age groups. 

The FSTT measured on MRI was found to be deteriorated at infra-orbital, temporal and cheek regions 

as age increased (Wysong et al., 2013)  In addition, the thickness of tissue at zygomatic region was 

decreased in elder age groups in a study that conducted at Boston, United States (Watanabe et al., 

2015).In contrast, the midfacial regions were revealed to be thicker in elderly Korean population. It has 

been suggested that the thickness was attributed to accumulation of fat pads at that region (Jang et al., 

2015)  According to these findings, it was evident that age must be taken into consideration during the 

reconstruction of faces of old people for more precise identification. 

Barriers to standardizing FSTT guidelines 

Despite advancement in this field, several limitations of this FSTT measurement should be addressed. 

One of them is unstandardized in FSTT measurement approaches associated with studies (Domaracki 

& Stephan, 2006). Researchers consider different modalities like CT, MRI, and ultrasound supported 

by other anatomical features, as tools for FSTT measurements, which could lead to imprecise FSTT 

data collection (Agbolade et al., 2020; Nilendu & Johnson, 2023; Perez-Rojas et al., 2011).  

Moreover, the small sample size and narrow study scope in many of the FSTT studies exposed the data 

to the bias (Cooper & Meterko, 2019). In order for researchers to come up with standards of FSTT that 

can be used on a wider population, larger and more heterogeneous samples are required (Dror & 

Rosenthal, 2008). Standardized guidelines on FSTT will also warrant consideration of population-based 

differences in FSTT because it is not acceptable to reconstruct FSTT of other population groups using 

the mean data of one group only (Dror & Rosenthal, 2008; Eggerstedt et al., 2020; Park et al., 2023).  

Applying FSTT data for the purpose of reconstructions is also exposed to some challenges in forensic 

practice. For instance, there could be cultural issues where, in some communities, it may be 

unacceptable to carry out facial reconstruction, especially if it involves a deceased person (O’Neill & 

Godden, 2009). This example is some of the ethical issues that forensic personnels have to consider 

before proceed with the procedure (Kalliainen, 2010; O’Neill & Godden, 2009) .  

FSTT application in forensic anthropology 

The utilization of FSTT data for human identification is increasingly applied by forensic anthropologists 

in human identification (Kundu et al., 2021; Moritsugui et al., 2022; Saadeh et al., 2020). FSTT data 

can facilitate identifying an individual with respect to their age, sex and ancestry which are critical for 

components of biological profiles (Perez-Rojas et al., 2011). In cases where the skeletal remains are 

incomplete or damaged, FSTT data can be used to reconstruct their face for giving clues on how the 

deceased might be looked (Gupta et al., 2015; Pinheiro & Cunha, 2006). Such information would be 

helpful in cases of severe decomposition, where only skeletal remains are left (Pasca & Ulasan, 2014). 

Additionally, with increasing numbers of expertise in implementing imaging technologies, the FSTT 

measurement becomes more practical to be employed (Chung et al., 2015; Randolph-Quinney et al., 

2011; Sandamini et al., 2018). The shift to digital and 3D modeling applications in the field of forensic 

anthropology will lead to more precise FSTT values for experts to quantify (Yadav & Aggarwal, 2010). 
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Conclusion 

FSTT measurement is a main component for precise facial reconstruction. Appropriate soft tissue depth 

measurement is necessary for reproducible and reliable outcome of facial reconstruction. While the 

collection of FSTT data has become more accurate with improvements in imaging technologies, there 

still remain many concerns to establishing standardized guidelines for forensic practice within this field. 

Due to influence of population specific factors including age, sex and ancestry on FSTT, there is a need 

to calibrate and standardize the forensic reconstructions in respect to the factors. Forensic 

anthropologists can therefore participate in continuous and serial trainings for more accurate forensic 

facial reconstruction.  

Suggestions 

The pursuit of a larger and more diverse data set involving FSTT procedures is necessary for future 

research using advanced imaging techniques, i.e. CT or MRI. The use of a diverse ancestry in 

developing FSTT standards and establishing its validity is preferred, so we would need an effort to be 

made that includes different ancestral groups. Finally, interdisciplinary efforts among anthropologists, 

radiologists and forensic researchers will be essential to further develop FSTT measurement techniques 

as well as apply our results in a real-world forensic context. 
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