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ABSTRACT: Forensic imaging is recognized as a vital tool in forensic practice mostly reflected by the wide use of post-mortem
imaging in death investigations. With the surge of forensic imaging applications and research in recent years, many forensic
subdisciplines have adopted this tool as a scientific investigation method, including forensic anthropology. Sex estimation is one of
the key assignments in forensic anthropology along with age, ancestry and stature estimation. Traditionally, this assignment is done
with non-metric macroscopic examination and metric analysis performed by forensic anthropologists. Today, forensic imaging
serves as an auxiliary tool that adds to traditional methods and brings sex estimation to a dynamic era. The purpose of this article
is to review forensic imaging methods in forensic anthropology sex estimation with a focus on skull and pelvic structures, aiming
to provide insights into the best practices and prospective research directions.
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1. Introduction

Forensic imaging is the use of images to explain and document findings for forensic and medico-legal purposes.
The various methods of forensic imaging mainly include X-ray, computed tomography (CT), magnetic resonance
imaging (MRI), augmented minimally invasive techniques through CT and MRI such as angiography and biopsy, and
three-dimensional (3D) surface scanning, as an adjunct or alternative to the traditional invasive autopsy [1,2]. In recent
years, post-mortem imaging has been widely used in death investigations [3], indicating forensic imaging is a method
of choice in practice. With the surge of forensic imaging applications and research, many forensic subdisciplines have
adopted it as a scientific investigation method, including forensic anthropology [4].

Forensic anthropology examines human remains or other conditioned bones and tissues to estimate the biological
profile comprising sex, age, stature and ancestry of unknowns, estimate postmortem interval (PMI) and provide opinions
regarding the circumstances surrounding death [5,6]. As an essential part of forensic anthropology casework, sex
estimation requires foremost consideration in the examination of skeletal remains [7]. Traditionally, forensic
anthropologists conduct non-metric macroscopic examination and metric analysis on the skull, pelvic, or other skeletal
structures to undertake this task. The current practice of the Standard for Sex Estimation in Forensic Anthropology
(ANSI/ASB Standard 090) [8] also emphasizes a morphologically-based or mathematically-based scientific manner for
estimating sex. While there is evidence that the pelvis is the most accurate skeletal region for estimating sex, most
forensic and biological anthropologists will also use skull traits to complement pelvic indicators, or in situations where
the pelvis is unavailable for analysis or gives confusing signals [9]. Given the popularity of forensic imaging in scientific
investigations, there has been growth in the application of forensic imaging, especially CT imaging to sex estimation
[10]. However, the role of forensic imaging in sex estimation has not been fully revealed probably due to the variety of
methods, the complexity of the skeletal traits, and other reasons such as the unique working conditions of specific
imaging methods. Additionally, the ANSI/ASB Standard 090 does not include any forensic imaging methods. To shed
light on best practices and prospective research directions, it is imperative to give an overview of the role of forensic
imaging and discuss its advantages, limitations and potential in sex estimation.
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2. Methods

A detailed search of imaging method applications to forensic sex estimation was conducted through Google Scholar,
PubMed Central®, and Elsevier ScienceDirect® databases for the 10 years prior to April 2024. The search was carried
out by entering the keywords “X-ray/CT/MRI /surface scanning/ultrasound”, “sex estimation”, and “skull/pelvis”.
Exclusion criteria were as follows: articles not written in English; articles referring to sex estimation on the other
structures other than the skull or pelvis; articles not referring to X-ray, CT, MRI, surface scanning, or ultrasound imaging
methods; and articles referring to other biological profile estimations but not sex estimation except skull surface
scanning-related articles because there was no sex estimation specific skull surface scanning reported. After a primary
screening followed the exclusion criteria, a secondary selection was conducted to exclude articles repetitively referring
to the same imaging methods that have been well-reported in other studies. Then, the remaining research articles on the
subject were collected, analyzed and descriptively outlined as in Results. Several studies on pelvic and skull traits
published before 2014 were cited to help with the concept understanding of this review. A variety of relevant articles
were referred to support the review findings and discussion. The online open tool Sketchfab [11] was used to indicate
skull and pelvic morphological traits.

3. Results
3.1. X-Ray and Sex Estimation

Radiographic images were measured using KLONK image measurement software tool with linear, angular
measurement to estimate sex based on gonial angle, width, and breadth of the ramus of the mandible; it was found that
the best parameters of sex dimorphism were coronoid height, condylar height, and projective height of ramus, and
breadth measurements were not significant dimorphic in the studied Indian population [12]. By using ImageJ5 software®,
foramen magnum length and bizygomatic breadth were selected among 5 variables along with maximum cranial base
length, maximum cranial breadth and foramen magnum breadth by discriminant function procedure; the results showed
the precision was between 86.4% and 88.6% in the determination of sex, with the accuracy of 85.7% to male and 87.2%
to female in contemporary Colombian population [13]. While glabella is considered to be a promising trait in non-
metric sex estimation, nasion-sella-glabella (NSG), sella-glabella-nasion (SGN), and glabella-nasion-sella (GNS)
angles on lateral cephalograms as an angular metric analysis method for sex estimation has received attention. By
measuring these angles in the Indonesian group, the results showed that male adults had smaller NSG and SGN angles
but a bigger GNS angle than female adults [14]. In a cross-sectional and descriptive-analytic study to determine the
anthropometric characteristics of ilium for sex estimation in 180 Iranian population, the highest accuracy for sex
estimation was related to the height of ilium with an accuracy of 77% [15]. Through textual analysis of pelvic
radiographs, a set of textural features of the identified fourteen distinct regions of interest were calculated by using
pyRadiomics in Python and the results suggested the femoral neck and ischium regions exhibited distinctive
characteristics between sexes [16].

3.2. CT and Sex Estimation
3.2.1. Sex Estimation Based on Skull Structure CT Imaging

In the non-metric macroscopic examination, 5 skull traits nuchal crest, mastoid process, supra-orbital margin,
supra-orbital ridge/glabella, and mental eminence are observed from lateral and frontal views (Figure 1) to study sexual
dimorphism. A study [17] demonstrated that 3D modeling of volumetric cranial CT images had a strong ability to
estimate sex based on the same 5 skull traits scoring system, with over 98% accuracy in the estimation of males and the
glabella as the most effective morphological trait. Four morphometric traits (Figure 1B) were studied by a fully automatic
algorithm applied on 3D models and further processed by computer vision and machine learning algorithms; the sex
estimation results yielded correct classification performance over 91% for the entire selected 156 Greek samples [18].
A similar study has been done in Turkey; the results showed that the most significant sexual dimorphism was observed
in the glabella and the nuchal crest was considered not as significant as other traits [19].

In skull metric analysis, it is recommended to locate the landmarks and take measurements between landmarks [20]
to study sexual dimorphism. Morphometry of the mandibular was measured via CT imaging by measuring the angles
to estimate sex, the results showed the accuracy was 67%, with 66.7% in males and 67.3% in females [21]. A study
revealed that a complete mandible metric analysis by CT imaging had the correct classification rate of 90.8% and a
cross-validation accuracy of 89%, the incomplete mandible metric analysis’s correct classification and cross-validation
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accuracy rates were much lower [22]. Some CT imaging studies have demonstrated effective skull metric analyses by
measuring the distances between different landmarks. Existing CT images of Tunisians were analyzed by ASIR™
software in a General Electric™ workstation to provide reference sex estimation data in the population. By placing 37
landmarks on 3D CT skull images, 27 inter-landmark distances were defined. Results showed that male values were
greater than female in all measurements; a six-variable model produced 85.9% sexing accuracy with —0.97% sex bias,
and a nine-variable model reached the maximum classification accuracy of 90% with —2.9% sex bias were established
as population-specific reference data [23]. CT imaging measuring methods were also used in establishing specific
craniofacial reference parameters in the Brazilian [24], Gujarati [25], Turkish [26] and other populations [27,28]. The
results all suggested the population-specific sexual dimorphic parameters, such as mastoid process showed good sexual
dimorphism in Brazilian skulls; a combination of maximum cranial length, bimaxillary breadth and morphological
facial height provided an accuracy of 88.7% in the Gujarati population. An innovative approach utilized cranial CT
scans from the French [29] and Czech [30] populations to test sex estimation from exocranial meshes based on the form
and shape color scale analyses; the result suggested the accuracy rate in form analysis exceeded 90% and the accuracy
rate in shape analysis was around 80%. The reliability of the exocranial meshes method was tested on contemporary
and ancient Egypt populations, the contemporary Egypt sex estimation accuracy was almost 90% for form and shape
but ancient Egypt sex estimation showed the accuracy rate was lower than 70% [31]. The convolutional neural networks
(CNN) were established to learn the sexual dimorphism of skulls by being trained on images that were virtually
reconstructed from hospital CT scans [32] and postmortem CT images [33]; the established CNN by hospital images
showed 95% accuracy, whereas the postmortem CT images generated CNN showed 93% accuracy in sex estimation.

Regardless of the population-specific sexual dimorphism, some studies pointed out the population-inclusive sex
estimation possibilities from skull CT scans. The non-metric 5 skull traits were studied in Asian groups including
Japanese, Thai, and Filipino individuals [34]; the statistical models did not yield any significant results when the
populations were included, and the univariate and multivariate models’ efficacy on the Filipino sample indicated that
they could be applied to other East and Southeast Asian populations. A study [35] found that in situations where ancestry
was not determined, population-inclusive assigned-sex estimation models can be utilized in place of population-specific
models by combining metric and non-metric methods.

Figure 1. Simulated human skull 3D reconstruction in lateral and anterior views with highlighted five sexual traits. (A) lateral view
of simulated human skull 3D reconstruction. (B) bule wireframe of A with four traits; arrow 1 indicates Nuchal Crest; arrow 2
indicates Mastoid Process; arrow 3 indicates Supra-Orbital Margin; arrow 4 indicates Supra-Orbital Ridge/Glabella. (C) Anterior
view of simulated human skull 3D reconstruction. (D) blue wireframe of C with Mental Eminence trait (arrow 5). The simulation
was generated by using Sketchfab software. Original 3D model credits: Ruslan Gadzhiv.
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3.2.2. Sex Estimation Based on Pelvic Structure CT Imaging

Ventral arc (VA), subpubic contour (SC), and the medial aspect (MA) of the ischiopubic ramus (Figure 2) have
been considered to be the most accurate morphological traits for pelvic sex estimation for a long time [36]. They are
often used as non-metric pelvic sexual dimorphism traits in sex estimation. Postmortem CT image data was used to
establish virtual bone models for pelvic traits study [37]. The results showed that the established virtual-dry bone pairs
ranged from moderate to almost perfectly agreed scores. The same research group then tested the non-metric traits VA,
SC and MA, the other traits recommended by iscan and Derrick [38], and Bruzek [39], as well as the metric traits sciatic
notch (SN), composite arch (CA) and inferior pelvis (IP); the results suggested the non-metric traits methods were prone
to errors due to the inherent subjectivity [40]. A recent study proposed that concerning the skeletal sample’s
unprofessionally preserved situation and carnivore scavenging, more traits including the ventral pubis (VP), dorsal
pubis (DP), greater sciatic notch (GSN), pelvic inlet (PI), ischium, and acetabulum should be examined in pelvis related
sex estimation. Based on the CT image scanning of the above 6 traits from 862 individuals, a CNN was developed for
sex estimation. Results of this study showed that the CNN models trained with the VP, DP, GSN, and Pl images
achieved excellent results with all the prediction metrics over 0.9 [41].

Pelvic metric analysis usually includes angle, the measurements of distances between landmarks [42], the shape of
pelvic bones, and reference line measurements [43]. Pelvic CT image data was obtained in the Malaysian population,
and subpubic angles of pelvises on CT images were measured by Stratovan Checkpoint; the results showed that the
subpubic angle in males was 68.6°+7.6<and in females was 87.4°%6.5°[44]. Similar studies have been done in
Japanese [45] and Western Australian [46] populations to establish the population-specific sex estimation reference
data. Portuguese population-specific osteometric models for the estimation of sex with 32 Euclidean distances between
anatomic landmarks and 6 angles of the pelvis were performed by CT imaging method to present the web application
and decision support system CADOES [47], the algorithms generated high-accuracy models ranging from 85% to 92%
with only 3 variables; and from 85.33% to 97.33% with all 38 variables. The diagnose sexuelle probabiliste (DSP)
which was developed by Murail, Brizek [48] based on 10 measurements taken on the os coxae, and the ischio-pubic
index (IP1) which was developed by Schultz [49] were studied on dry bones and CT generated 3D models to compare
the measurement efficiency in real and virtual environments. Although some landmarks and measurements were not
easy to assess, the study [50] pointed out that quantitative, measurements-based methods appeared to fare better in
virtual environments than previously investigated non-metric CT imaging methods [51]. By seeking the supporting
method to improve the estimation accuracy, the Fourier transform (FT) was used to analyze the shape of the subpubic
line (SL) and the right greater sciatic notch area line (GSNAL) of the pelvis to estimate sex in postmortem CT images.
The FT and CT combined methods showed an accuracy of over 98% in sex estimation [43].

Figure 2. Simulated human pelvis 3D reconstruction in the anterior view and right coxal bone 3D reconstruction in the oblique
view with highlighted three sexual traits. (A) anterior view of simulated pelvis 3D reconstruction; arrow 1 indicates ventricle arc;
arrow 2 indicates subpubic contour. (B) oblique view of simulated human right coxal bone 3D reconstruction; arrow 3 indicates
medial aspect. The simulation was generated by using Sketchfab software. Original 3D model credits: Biological anthropologist
Terrie Simmons-Ehrhardt’s.

3.3. MRI and Sex Estimation

Head MRI and CT scans were performed on males and females in Northwest Indian adults with facial tissue
thickness (FSTT) as the measurable parameter to estimate sex, both scans showed sexual dimorphism at most
craniofacial landmarks with an accuracy rate of 96% and 85% in MRI scan and CT scan, respectively [52]. Head MRI
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was performed on healthy living individuals to estimate sex by measuring the width, height, and depth of the maxillary
sinus; the results showed that males had a statistically significant difference in both the volume and dimensions of their
maxillary sinus compared to females and the left maxillary sinus volume had the highest percentage of sexual
dimorphism in the studied population [53]. Skull thickness and scalp-to-cortical distance measurements on MRI images
from the open-source Alzheimer’s Disease Neuroimaging-Initiative [54] were studied to estimate sex, the results
suggested male participants tended to have thicker skulls than female participants, albeit this difference was not
statistically significant [55]. To the author’s best knowledge, the application of the MRI imaging method to sex
estimation based on pelvic structure has not been reported.

3.4. Ultrasound and Sex Estimation

Ultrasound was used with FSTT to estimate sex in Slovakia’s population [56]. This study used a noninvasive
General Electric LOGIQe R7 ultrasound equipment to quantify FSTT using 17 facial anthropometric landmarks. The
findings showed that the zygomatic and eye regions in females and the mouth region in males had higher mean values
of FSTT. There were 2 significant landmark FSTT differences between males and females, regardless of sex or BMI;
but 12 landmarks showed changes when age and BMI were taken into account.

3.5. Surface Scanning and Sex Estimation

In an earlier study, the NextEngine Desktop 3D scanner was used by two operators with their respective protocols
on 5 skulls to conduct surface area and volume measurements; the result showed the 3D laser scanners were valuable
tools for measuring human skulls recovered from forensic and archaeological contexts [57]. Fresh cadaver heads were
also scanned with different methods including 3D surface scanning, CT scanning and 3D stereo-photogrammetry
system; the mean, standard deviation and reliability of 3D surface scanning on 21 soft issue measurements suggested
that it is sufficiently accurate and reliable in the fresh cadaver head measurements [58]. CT scanning and 3D surface
scanning were performed on one skull to compare the reproducibility of these two methods; the result indicated that
surface scanning yielded a higher reproducibility than CT scanning [59].

There is more evidence of 3D surface imaging application to sex estimation based on pelvic structure. To examine
the accuracy of 3D surface scanning combined with CT imaging trained and tested CNN models, the same research
group [41] used a handheld 3D surface scanner to scan 105 real pelvises and the accuracy of 3D surface scanning
combined with CT imaging (focusing on VP, DP and GSN) trained and validated CNN models; the results obtained
satisfactory accuracies above 95% on the VP and DP images compared to the GSN with 73.3% [60]. Two surface
scanning devices, the laser scanner NextEngine 3D Ultra HD and the HP 3D Structured Light Scanner PRO S2 were
used on os coxae to estimate the sex via DSP; although the structured light technology seemed to be more accurate than
the laser technology due to it captures slightly more detail, there was not a significant effect on the estimate of the sex under
optimal scanning settings [61]. A subsample of 39 pelvises was 3D surface scanned to compare observations with dry bone
and CT data in the previously mentioned non-metric and metric study [40]; the 3D surface scan and CT comparison yielded
a higher agreement than the 3D surface scan and dry bone comparison and CT and dry bone comparison.

4. Discussion

Radiology is used as a general documentation method for skeletal remains [62]. When performing the macroscopic
examination and metric analysis to estimate the sex, it is practical to utilize X-ray image measurement software tools
to facilitate the placing of landmarks on skeletal structures. In cases of fleshed remains, X-ray plays a critical role in
visualizing landmarks and semi-landmarks that are not readily accessible in traditional metric and non-metric analyses
[63]. Based on the advantages of landmark locating and metric analysis functions assisted by available processing
software, sex estimation is often done by measuring the various parameters of the skull [12-14] and pelvis [15,16].
Metric analysis is the main focus of the X-ray imaging application to sex estimation based on skull and pelvic sexual
dimorphism. The X-ray imaging skull sexual dimorphism studies suggest that parametric measurements by X-ray can
effectively assist in specific populations and have the potential to provide the most accurate parameter(s) for sex
estimation. In the X-ray imaging pelvic structure studies, although no convincing accuracy rate was found, the non-
parametric textural analysis holds the potential to serve as an approach for sex estimation when the pelvic structure is
highly fragmented. With the advantages and potentials of X-ray imaging addressed, conversely, the limitation of
overlapping bony structures may lead to bias due to difficulties in finding accurate measurements on the two-
dimensional (2D) cephalometric analysis [22] should be noticed as well.
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Unlike the direct data capture function of digital radiography, CT scans take a sequence of radiographs from all
possible angles, and data are combined to create cross-sectional images that can be stacked to create a 3D reconstruction
of the scanned object using algorithms [62]. Thanks to the cross-section and 3D reconstruction functions of CT, it has
become the most frequently used imaging method in sex estimation in the past decade. Non-metric examination and
metric analysis are both common practices in the CT imaging application to sex estimation based on skull and pelvic
structures. Due to the anatomical location, the 5 traits on the skull should be observed without any scalp or soft tissue
interferences. When the skull is fleshed, the traditional macroscopic examination requires tissue removal which presents
a risk of damaging the traits. The representative non-metric studies [17-19] imply that CT imaging provides excellent
supplemental and alternative to traditional macroscopic examination when there is a high risk of damaging skull traits
during the removal of soft tissue on the skull in sex estimation. This advantage provides the rationale to recommend CT
as a supplemental method to the traditional macroscopic examination of skull traits at the current stage. From the metric
analysis perspective, angle measurement approaches [21,22] convey that although the glabella and mandible are
considered sexually dimorphic, the metric analysis of the angles on the individual traits or bones, especially when the
structure is incomplete may provide a reference but not a convincing accuracy rate for sex estimation. The metric
analyses based on the distances between landmarks [23-28,32] indicate the advantages including the ability to perform
inter-landmark distance measurements as they are difficult to access in traditional metric analysis and 2D cephalometric
analysis; the inter-landmark distance measurement ability of CT complements the traditional metric examination and
may be adopted as a complementary method in current practice. The innovative metric analyses [29-31] based on the
exocranial mesh studies on cranial form and color scales provide the computed sex examination ability on the whole
cranial surface, as well as separate structures when the internal or other cranial structures are not available in multiple
contemporary populations. Sex estimation could be accomplished even on partial cranial remains when the skull is
fragmented or not fully discovered as there are population-specific sexual dimorphic parameters identified; the
possibility of using CNN in sex estimation casework when there is a disagreement by traditional methods; the potential
of utilizing existing CT imaging data to establish population-specific sexual dimorphism reference data. Given the
reality that most metric analysis references were established on the basis of specific populations, for example, U.S.
Whites, U.S. Blacks, medieval Nubians, and Arikara Native Americans [64], the population-inclusive sex estimation
[34,35] provides an idea for sex estimation when the ancestry is unclear or unable to be estimated.

The non-metric studies [37,40,41] in pelvises by CT imaging method put forward the following: pelvic traits study
that solely depends on CT imaging data does not provide a convincing accuracy rate in sex estimation; however, when
more traits from the various locations of a pelvis are included in the scanning and CNN is employed, the power of CT
imaging in sex estimation is assuring. From the metric analysis perspective, considering the subpubic angle is a reliable
metric parameter in sex estimation [20,36], the subpubic angle CT imaging metric analyses [44-46] imply that clinical
images in a specific population are excellent sources for population-specific subpubic angle sex estimation reference
data establishment. Taken the recent representative distance measurement metric studies [43,47,50,51] together, there
is no strong evidence to support that metric analysis solely assisted by CT has an acceptable accuracy rate in sex
estimation, but when it is used with FT of the reference line measurements, the accuracy rate is encouraging. Although
the role of CT imaging in sex estimation encompasses obvious advantages, some considerations are present. Most
studies especially the population-specific reference data establishment adopted existing living individuals’ images,
which may not be suitable for metric analysis in postmortem sex estimation. Human remains lack soft tissue, which is
different from living individuals’s body environment composition. This disparity suggests data acquired from existing
living individuals’ images may not be applied to sex estimation directly[33]. In addition, the limited access to facilities
equipped with required CT imaging technology and the relatively high expense of CT scanning may be prohibitive for
many practitioners, and access to specialist computer software and familiarity in working with 3D datasets are
prerequisites for working with CT images [62].

MRI utilizes a strong magnet to pass radio waves through the body, whereupon the protons respond to the energy
and produce detailed images of bodily structures including blood vessels, nerves, and soft tissues [65]. Among its
functions, MRI presents a means for quantitative evaluation of the volume and dimensions of organ/structure soft tissue
and its components [66,67]. MRI also accommodates the need for the non-radiation necessity for forensic purposes on
living persons [3]. The application of this specific imaging technology is more common in cases involving living. The
representative studies [52,53,55] on skulls regarding sex estimation were based on living individuals’ MRI images.
Another non-invasive and non-radiation imaging technique that utilizes the soft tissue characteristic and applies to living
individuals’ sex estimation is ultrasound [68]. Although ultrasound waves do not travel well through air or bone which
suggests it is not a common method of sex estimation on human remains when it is incorporated with FSTT [56], it
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provides an excellent solution for age estimation in living individuals based on facial tissue thickness, especially when
MRI is difficult to access. In fact, FSTT was utilized with CT imaging [69] to serve the same role before it was employed
with MRI or ultrasound.

Surface scanning is also a non-invasive and non-ionizing imaging method to capture the color, shape, texture and
volume information of a 3D object. Surface scanners can be handheld or stationary. They use active light projections to
render complex geometry, sharp corners and edges and other morphological characteristics for 3D images or models
production of the object being scanned [70]. With the features of low cost, portability, surface texture captions, and
reproducibility, surface scanning manifests its application feasibility in the skull [71] and pelvis [60] reconstructions
which lay the foundation for its application to sex estimation. Despite the fact that relevant studies [57-59] on 3D
surface scanning of skulls do not reflect its specific application to sex estimation, its strong metric analysis ability and
high reproducibility advocate a high potential of this method to serve as an optional method for sex estimation based
on skull structure when the complex CT imaging facility is not available. Other evidence[40,60,61] demonstrates the
feasibility of using 3D surface imaging in sex estimation based on the pelvic structure, with high accuracy when
employing CNN in the non-metric examination. At the current stage, only the reliability of the 3D surface scanning
method in the metric analysis is promising due to the lack of reported accuracy. Also, its difficulty in scanning and
collecting the internal morphometry and density of bones with an irregular morphology [72] is another limitation that
should be considered in the application.

In forensic anthropology, the often-encountered body conditions are decomposed or skeletonized and they do not
reflect the soft tissue texture, volume and many other features as in living individuals. Different from other imaging
techniques that work well with human remains, MRI and ultrasound hold soft tissue-oriented functions. Also thanks to
their ionizing radiation-free feature, MRI and ultrasound serve their role in living individuals’ sex estimation other than
in the postmortem context. However, while they are useful tools for sex estimation especially when FSTT is employed,
traditional methods such as DNA analysis should always be used to confirm the estimation.

5. Conclusions and Prospects

The application of forensic imaging to sex estimation research and practice has grown dramatically in recent years.
Common forensic imaging methods are applied to sex estimation with CT being the most favored in the last decade.
Although extensive advantages have been identified, the adjunct role of forensic imaging to traditional sex examination
carried out by forensic anthropologists through non-metric macroscopic examination and metric analysis cannot be
changed due to its limiting factors at the current stage. Therefore, the rationale for adopting the mature imaging method
CT as a supplemental method of traditional morphologically-based or mathematically-based scientific manner in
ANSI/ASB Standard 090 is adequate. The development of neural network architectures such as CNN with high
performance in computer vision-related tasks is the most encouraging path to unlock the potential of forensic imaging
in sex estimation. Considering some limiting factors such as the large data set requirement for CNN establishment, and
forensic anthropologists’ limited access to imaging facilities, a resource and data-sharing program including facility,
research, training and funding resources can be initiated to coordinate and optimize resources and data utilization. In
addition, open forensic imaging and anthropology resources such as the New Mexico Decedent Image Database
(NMDID) [73], the Subadult Virtual Anthropology Database (SVAD) [74], the American Association of Orthodontists
Foundation (AAOF) Database [75] can be accessed for sex estimation studies by requests or direct downloads.
Moreover, the exploration and adoption of peer-reviewed web-based graphical user interfaces such as (hu)MANid [76]
serve as a complementary tool to assist in sex estimation after the metric and morphoscopic data are obtained by dry
bone forensic imaging data; the interfaces potentially provide researchers with the foundation to establish a similar tool
that incorporates statistical modification to estimate sex from non-dried bone imaging data.
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