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SYSTEMATIC REVIEW

Frontal sinuses as tools for human identification: a systematic 
review of imaging methods
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The frontal sinuses are potential evidences for human identification because of the inherent 
distinctiveness of their morphology. Over the last decades, several techniques emerged to enable 
the visualization and analysis of the frontal sinuses via bi- and three-dimensional imaging. 
This systematic review aimed to compile different methodological approaches found in the 
scientific literature to contribute to human identification. Three examiners revisited the scien-
tific literature in order to find imaging techniques for the visualization of the frontal sinuses 
applied to human identification. The standard search strings built-up from a PICO question 
identified 404 unique articles in the following databases Medline/Pubmed, Web of Science, 
Scopus, Lilacs and Scielo. Based on eligibility criteria applied during title, abstract and full-text 
reading, the sample reduced to 19 articles. The articles were published between 1987 and 2019 
by research groups from 10 different countries. Computed tomography was used in 37% of the 
techniques, while the remaining (63%) techniques used skull radiographs. The techniques were 
highly heterogeneous and varied between metric analysis, direct image superimposition and 
morphology code-based systems. The authors considered their techniques useful for human 
identification and reported accuracy rates from 13 to 100%. Most of the studies revealed low 
risk of bias. More advantages were related with the techniques based on direct image super-
impositions and three-dimensional visualization. Forensic experts must be aware of the use of 
frontal sinuses for human identification, especially when three-dimensional images are avail-
able as ante-mortem and post-mortem evidences for superimposition and comparison.
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Introduction

Human identification is a complex, systematic and stan-
dardized procedure in the scope of civil and criminal 
law that aims to recover the individual information of 
a victim.1 Personal features known for their distinctive 
aspect are assessed for human identification. Ideally, 
primary means are considered, namely fingerprint, 

dental and genetic analyses.2 The lack of available 
primary evidence, however, justifies the assessment of 
secondary sources of identifying information, such as 
anthropological features and imaging of maxillofacial 
morphology.3

The frontal sinuses (FS) became popular for human 
identification because of their distinctive outline 
among persons. Individual aspects may influence on FS 
morphology, especially stress, masticatory function and 
hormonal changes.4 From an anatomical perspective, 
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the FS consists of bilateral cavities in the frontal bone 
that are only visible through radiographs around the age 
of four. In the early adulthood, nearly the age of 20, the 
frontal sinuses reach the final morphological aspect.5–7

Zuckerkandl, in 1895, highlighted the asymmetric 
and distinctive morphology of the FS.8 Even in mono-
zygotic twins, the FS might be different because after 
final maturation, additional pneumatization may 
occur throughout life.3,9 The reliability of ante-mortem 
/ post-mortem morphological comparisons of the FS 
is confirmed in the forensic field with previous cases 
of human identification.5 The first technique for the 
assessment of FS was described by Schuller (1921), and 
emerged as the initial application of radiographs for 
human identification using FS morphological evidence.10 
Six years later, Culbert and Law (1927) reported the 
first identification case founded on FS analysis.11 Over 
the last 100 years, several techniques were developed, 
increasing the armamentarium of forensic experts and 
bringing performances that are more realistic to the 
forensic practice – in particular, with the rise of three-
dimensional imaging.

Based on the exposed, this systematic literature 
review revisited the existing techniques and compiled 
methodological information to point out to the scien-
tific community the advantages and limitations of FS 
morphological assessment for human identification 
using bi- or three-dimensional imaging of the maxillo-
facial region.

Methods and materials

Search strategy and data sources
Each of the following steps were performed by three 
independent examiners. Study search was performed 
without restriction of the year of publication. Only 
studies in English, Spanish and Portuguese were selected. 
Pubmed, Web of Science, Scopus, Lilacs and Scielo were 
searched as sources of related studies. Combinations of 
Medical Subject Headings (MeSH) and Descriptors 
in Health Sciences (DeCS) were performed using the 
Boolean operators AND and OR to build-up search 
strings. The terms consisted of “human identification” 
and “frontal sinus” (in each of the three languages) 
which were chosen, with the aim of finding studies that 
developed new techniques and methodologies that could 
help the reader to find useful means for the process of 
human identification when the use of the frontal sinus 
is necessary.

Eligibility criteria
The inclusion criteria followed PICO elements, namely 
studies that investigated human FS (P) through bi- or 
three-dimensional images of the skull (I) for the visual-
ization of morphological traits (C) for human identifica-
tion (O). The exclusion criteria consisted of duplicates, 
abstracts from proceedings of conferences, literature 

reviews, studies on age estimation or sexual dimorphism, 
and studies that applied but not necessarily developed 
a technique. Only observational (cross-sectional, case-
control and cohort) studies and technical notes were 
considered as eligible study designs.

Study selection
Duplicates were automatically excluded via Mendeley 
Desktop (Elsevier, Amsterdam, The Netherlands) 
software. The remaining studies underwent a manual 
double-check to search for additional duplicates. The 
identification of studies after the removal of duplicates 
started from an initial analysis of titles. Studies that did 
not fit to the eligibility criteria because of title descrip-
tion were excluded. Abstract reading was performed 
next. Again, exclusions were performed based on eligi-
bility. Studies that did not have abstract were kept for 
the next step. In the final exclusion phase, full-text 
reading was accomplished. Studies excluded during 
this phase were registered in a separate spreadsheet. 
A summary of the eligible studies selected for qualita-
tive analysis was designed in a flowchart according to 
PRISMA guidelines.12 Disagreements between reviewers 
during the selection process were solved by considering 
the majority of opinions (two reviewers against one).

Data extraction
Authorship, year of publication, journal of publication 
and main country of author affiliation were the initial 
data extracted from each eligible study. Sample size and 
its distribution per sex and age were registered, followed 
by the type of image analysis, image device, number 
of examiners and image assessment were investigated 
within the second phase of data extraction. Finally, the 
main outcomes and conclusion of the manuscript were 
extracted.

Methodological quality
The methodological quality of the selected eligible 
studies was assessed by means of Joanna Briggs Institute 
Critical Appraisal Tools (JBI Tool). According to the 
tool, each study had to fulfil eight questions to quantify 
the methodological quality into a score. Positive answers 
could decrease the risk of bias, while negative answers 
increased the risk. Scores up to 49% of positive answers 
suggested “high risk of bias”. Positive answers between 
50 and 69% had “moderate risk of bias”, while studies 
that scored >70% had “low risk of bias”.

Results

The initial search resulted in 403 studies over the five 
electronic databases. One study was added later by 
expert opinion, (totalling n = 404). Nineteen studies 
resulted after study selection following eligibility criteria 
(Figure 1). The studies were published between 198713 
and 2019,14,15 and had as main affiliation institutions 
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in Brazil,16–18 Canada,19–21 Korea,22 United States,23,24 
Finland,25 India,15,26 Italy,14,27,28 Japan,13,29 Switzerland30 
and Turkey31 (Supplementary Table 1, available online 
as supplemental material).

Sample size varied between 1 and 500 subjects aged 
from 15 to 99 years. Image exams included radiographs 
(mostly anteroposterior) and computed tomography. 
The number of examiners varied from one to three. FS 
analysis consisted of metric assessments and qualitative 
morphological assessment (Table 1).

The most relevant results as well as considerations 
on the conclusion were extracted by the examiners of 
this study (Supplementary Table 2, available online as 
supplemental material).

The methodological quality assessment score varied 
between 327 and 813–16,20,21,24,26 points. Most of the limita-
tions consisted of proper description of sample eligi-
bility criteria (Supplementary Table 3, available online 
as supplemental material).

More detailed information from each article was 
made available as online supplemental material in 
Supplementary Tables 1–3.

Discussion

When it comes to the identification of individuals 
through the FS, several methods will emerge in the 
scientific literature. Comparing each one of them and 

Figure 1  Flowchart depicting the study selection process from identification to inclusion in the qualitative analysis.
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choosing for application in practice require time and 
efforts of forensic experts and radiologists. This system-
atic review compiles data from pre-existing literature, 
reports on a summary of scientific evidence and high-
lights convergent and divergent aspects across studies. 
The uniqueness of this study relies on the lack of a 
previous systematic literature review on the existing 
methods for FS analysis in the context of human 
identification. Moreover, the methods were not solely 
presented but depicted based on their advantages, 
disadvantages and limitations. With the increasing 
use of anatomic parameters for human identification, 
this systematic review arises with important inputs to 
support the forensic practice by showing pathways in 
the interface with radiology. Over the time, radiology 
has shown fundamental association with the forensic 
sciences. The possibility of studying the FS by means 
of imaging corroborates the association and triggers 
the present study with timely importance – in a scenario 
with a large spectrum of methods.

As expected, several methods were detected across 
the eligible studies. A prevalence methods based on 2D 
imaging was observed – contrasting with the remaining 
3D methods (37%). More specifically, the 3D methods 
showed cone beam computed tomography (CBCT) as 
the predominant image modality.14,17–19,22,28,31 CBCT is 
known for enabling a detailed visualization of anatom-
ical features, especially dentomaxillofacial ones. By 
assessing FS more reliably through 3D imaging, authors 
have found that the classification of anatomical features 
and/or FS superimposition are feasible options for 
human identification, whether positive or not.14,17 The 
methods based on 2D images were also considered 
useful because of the low cost and the more feasible 
access – especially in developing countries.

Most studies used metric methods. While metric anal-
yses are more objective, given the quantitative outcomes, 
qualitative analyses are possibly more subjective since 
they might depend more on examiners’ experience.31 
Some of the methods,28,31 for instance, were found on 
the analysis using specific features of the sinuses, such 
as: presence or absence of FS, volume, height, width, 
depth, position of the septum, among others. Further 
on, with the use of measurements, codes were created 
for each frontal sinus (using metric and non-metric 
features) – varying from 8 to 21 digits.19,22 The system-
atic search also showed a possibility of implementing 
the FS recognition by means of automatic segmenta-
tion and measurement (and subsequent identification).18 
Another method, proposed by Ribeiro,23 came out inter-
estingly prevalent (mainly detected in Brazilian studies). 
This method, founded on metric analyses, is depicted in 
the scientific literature as a low cost approach for simple 
applicability. According to the study, human identifica-
tion may become especially feasible with the existence 
an image database.

Among the analysed articles, all proposed methods 
are capable of human identification based on the FS. 

Besana and Rogers,21 however, suggested that metric 
analyses are more limited and should not be used for 
human identification purposes (the authors used metric 
and superimposition techniques and detected positive 
outcomes of below 30%). When the studies focused on 
image overlays, the positive outcomes for human identi-
fication increased.17,21 When the analysis was through the 
coded-based methods, it was found that different skulls 
could have equal codes;27 however, the error in positive 
identification would remain still low (according to the 
authors), ranging from 7 × 10−627 to 1.8%.22 Another 
study showed that it is possible to acquire more than 
twenty thousand possible combinations of FS anatomic 
features – corroborating the approach for human iden-
tification.13 In studies that applied measurements of the 
FS, the positive outcomes were mostly positive.15,20,29,31 
Among the 19 studies, 10.5% proposed an automated 
approach for human identification through the FS. 
Out of the studies with automated tools, an error rate 
of 5.82% was detected16 – which was still close to non-
automated analyses.

Few studies reported the values of intra- and interob-
server agreement, however, when these data were avail-
able they were always high,20,28 reaching up to 0.999.28 
These analyses have great relevance and are encour-
aged in every single study because the methods must be 
reproducible for proper application in practice. Some 
studies did not report on identification rate,14,18,19,23–26,28,30 
however, they stated that the probability of having two 
individuals with the same anatomical features of the FS 
is very low.14,19,24,25,28 This persistent lack of information 
and the methodological heterogeneity found made it 
impossible to carry out a meta-analysis in this system-
atic review. Because all studies were observational, the 
assessment of the risk of bias started from zero score 
and increased based on the established criteria. It can be 
seen that the studies scored from 3 to 8, with the sample 
selection criteria (inclusion) being the main negative 
aspect detected.

A core objective of this systematic review was to 
screen the advantages and limitations of the available 
methods for human identification using FS images. In 
order to sum-up and discuss table contents, the advan-
tages and limitations may be understood in the levels: 
At a first level, the general advantages of methods 
founded on the radiographic assessment of the FS were: 
I) the possibility of performing non-invasive analyses 
(because of the inherent image set up); II) the possibility 
of re-analyzing cases because of the digital storage of 
medical files; III) the distinctiveness of the FS itself  that 
could support comparatives analyses; IV) the overall 
good performance of the methods, which were positive; 
and V) the broad range of available evidences collected, 
such as quantitative (metrics of volume, surface and 
linear distances) and qualitative (visual differences 
from superimposition). The general limitations of 
the methods are the need for previous knowledge of 
radiology, the availability of FS images (AM set up), and 
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the time-consuming procedure for image treatment and 
analysis on a virtual scenario. At a second level, specific 
advantages and limitations based on imaging modality 
exists: 2D images are low-cost, familiar to most experts 
and the methods usually require a shorter learning 
curve; on the other hand, 3D images (from CT) are 
more realistic, enable multiplanar navigation and three-
dimensional visualization in detail. At a third level, the 
methods may be compared based on their application. 
Metric analysis are more objective, they might depend 
on specific examiner skills and reliability of the taken 
measurements. Non-metric analysis usually takes into 
account more anatomic information (e.g., superimpo-
sition), but are more subjective and quite intuitive for 
reproducibility. When deciding for a method in practice, 
experts must remember that a large variety of options 
are available and that they can be chosen based on 
experts’ previous knowledge and methods’ performance, 
advantages and limitations known from the scientific 
literature.

This systematic literature showed that some methods 
had more advantages than others, especially the ones 
based on three-dimensional assessment and image 
superimposition. Information of this kind can help on 
the decision-making process in the forensic practice. 
Whenever available, and in case of need for human 
identification supported on FS anatomy, CT might be 
requested and 3D superimposition may be used for more 
detailed visualization and improved forensic reports. CT 
is already in use for the diagnosis and treatment plan-
ning of several clinical conditions. Additionally, the 
visualization of FS anatomy is feasible even when they 
are not the main region of interest during an examina-
tion of maxillofacial conditions (e.g., facial trauma).32 
Evidently, the inclusion of the FS on CT scanning field 
of view (FOV) will depend on the clinical justification. 
The findings of the present systematic review can be 
easily translated to practice. Patients with alterations of 

the FS (pathological or not) may be studied by means 
of CT and have their FS volume, surface and metrics 
compared to health patient anatomy (by means of 3D 
superimposition or not) in a virtual software environ-
ment. For this reason, the methods presented in this 
study also emerge as options for clinicians dedicated to 
find solutions for the clinical practice. Interestingly, the 
CT data requested in the clinical practice will boost the 
source of AM data that can be used in the future for 
human identification.33

This study presents the limitation of selecting only 
observational research. Ideally, randomized clinical 
trials would enable higher evidence outcomes,34 but 
in the forensic sciences (especially when it comes to 
image analysis and human identification), observa-
tional studies are more common. This issue hampers 
a more solid decision for a method in practice. On the 
other hand, this study encourages future studies with 
more standardized protocols and external validation 
- possibly with different examiners and samples. Addi-
tionally, a better description of the sample is a must, 
especially after the low scores of the eligible studies 
during the analysis of the risk of bias.

Conclusion

The eligible studies depicted heterogeneous protocols for 
FS analysis useful for human identification. Computed 
tomography and radiographs of the skull (several tech-
niques for acquisition) were the image modalities of 
choice across studies. Metric (measurements) and non-
metric (coding systems and superimpositions) analysis 
were used. Most of the studies revealed low risk of bias. 
However, sample description was a prevalent limitation. 
Forensic experts must be aware of the use of frontal 
sinuses for human identification, especially when three-
dimensional images are available as evidences for super-
imposition and comparison.
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