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Abstract

Background: Recent technological advances, such as 3D laser scanning, digital photogram-
metry and virtual autopsy, have significantly reshaped the acquisition and interpretation of
scientific evidence in criminal proceedings. These tools enable highly detailed visualiza-
tions that can enhance factual understanding while also introducing potential cognitive
biases for judges. This study aims to assess the legal, epistemological and forensic im-
plications of 3D virtual reconstruction as evidence, examining its admissibility, scientific
robustness, and associated risks within contemporary criminal trials. Methods: An interdis-
ciplinary methodology was applied, integrating criminal procedural law, forensic medicine,
digital forensics and legal epistemology. The study includes doctrinal analysis, a review
of the literature from the last decade, Italian and comparative case law, and evaluation of
European forensic guidelines (particularly ENFSI). Direct observation of laboratory prac-
tices and technical assessment of reconstruction tools were conducted to evaluate scientific
validity, repeatability, traceability and transparency. Results: The findings reveal that 3D re-
construction provides high metric accuracy, durable digital preservation of the crime scene
and improved communication of complex dynamics to the court. It allows experts to test
alternative hypotheses, reducing ambiguity in technical explanations. Nevertheless, several
critical issues emerged: the persuasive power of highly realistic imagery, dependence on
non-transparent software processes, potential vulnerabilities in the chain of custody for
digital data, and the absence of a unified Italian regulatory framework governing digital
scientific evidence. Conclusions: 3D virtual reconstruction constitutes a powerful but
epistemologically complex form of scientific evidence. Its probative value depends on
transparent methodology, verifiability and strict compliance with adversarial safeguards.
The study underscores the need for national technical standards, clear admissibility criteria
and specialized training for legal professionals. A coherent regulatory framework is essen-
tial to ensure that digital technologies enhance, rather than distort, the pursuit of truth in
criminal justice.

Keywords: 3D reconstruction; virtual autopsy; scientific evidence; criminal proceedings;
forensic law; digital technologies; fair trial

1. Introduction

The relationship between science and law has long been marked by profound epis-
temological tension. While legal reasoning is oriented toward certainty and the need to
reach definitive conclusions, scientific inquiry is inherently grounded in doubt, provisional
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hypotheses, and continuous revision. This divergence becomes particularly evident in
criminal proceedings, where the judicial obligation to issue a clear and unequivocal verdict
clashes with the probabilistic and evolving nature of technical-scientific knowledge. As
several scholars have noted, the courtroom becomes one of the most critical arenas in which
these two rationalities must coexist and interact [1-4].

In recent years, this tension has been intensified by the progressive incorporation of
digital and virtual technologies into forensic practice. Tools such as 3D laser scanners,
advanced photogrammetry software, and artificial intelligence systems for crime-scene
analysis have reshaped the very landscape of evidentiary reconstruction [5-8]. Their
use challenges traditional conceptions of procedural truth, which have historically been
rooted in verbal testimony and documentary evidence. The judicial process must now
confront three-dimensional, immersive visualizations that present factual scenarios with
unprecedented immediacy and persuasive power [9].

Unlike traditional textual or photographic evidence, digital scientific reconstructions
do not merely describe an event, they show it. Their visual impact can elicit emotional
and cognitive responses capable of influencing judicial perception and, consequently, the
assessment of guilt or innocence. This potential shift in how evidence is understood
underscores the necessity for the judiciary to develop reliable standards for evaluating such
material. Without robust methodological safeguards, visual suggestion may risk taking
precedence over logical and probative reasoning, thereby undermining the guarantees of
a fair trial.

Virtual crime-scene reconstruction represents a natural evolution of traditional foren-
sic documentation techniques. By integrating 3D laser scanning, digital photogrammetry,
three-dimensional modelling, and augmented reality, it is now possible to produce metri-
cally accurate and highly detailed representations of the physical environment in which
a criminal event unfolded [10]. These technologies not only preserve evidence digitally
but also allow for dynamic simulations of different reconstruction hypotheses, provid-
ing experts with a more rigorous and objective basis for their analyses. However, some
reconstructions also carry an associated error.

Yet, in the legal domain, the central question is not the sophistication or technical po-
tential of these tools. Rather, the focus lies on their epistemological and procedural reliabil-
ity [11]. Scientific evidence, according to well-established legal doctrine and jurisprudence,
must be grounded in a recognized experimental method, validated by the relevant scientific
community, and replicable under controlled conditions. In the absence of these criteria,
virtual reconstructions risk being regarded merely as illustrative aids without autonomous
evidentiary weight. Their probative value would thus be significantly diminished.

This study seeks to address these challenges by pursuing four main objectives:

e Toanalyze the legal foundations governing the use of virtual reconstructions in crimi-
nal proceedings, with particular reference to Articles 189-190 of the Italian Code of
Criminal Procedure and the overarching principles of the fair trial;

o  To explore the epistemological implications associated with the introduction of digital
technologies into the formation and evaluation of evidence;

e To examine Italian and comparative case law concerning the admissibility, method-
ological scrutiny, and evidentiary weight of 3D reconstructions;

e  To identify the ethical and professional issues that arise from employing immersive
visual representations within courtroom settings.

The aim of the study is to assess whether 3D crime-scene reconstruction can be
considered a scientifically reliable form of evidence and effectively used in Italian criminal
proceedings. In particular, the research examines whether this tool meets the criteria
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of repeatability, verifiability, and criteria for falsifiability, as well as the guarantees of
a fair trial.

2. Materials and Methods

The analysis undertaken in this study adopts an inherently interdisciplinary perspec-
tive, reflecting the composite nature of virtual crime-scene reconstruction, which sits at
the crossroads of multiple scientific and legal domains. Criminal procedure provides the
framework for defining the admissibility and evidentiary weight of digital reconstructions,
while forensic medicine and the broader forensic sciences contribute the methodological
foundations necessary to validate their technical reliability. Digital forensics plays an
equally essential role, providing tools for managing, preserving, and processing digital
data, and ensuring that virtual models remain authentic while the chain of custody is
meticulously maintained. Finally, legal epistemology offers the conceptual lens through
which the nature of evidentiary reasoning, the construction of procedural truth, and the
epistemic status of digital visualizations can be properly understood.

It should be specified that the present study does not involve experimental activity
or the autonomous production of original three-dimensional reconstructions. Rather,
it is primarily configured as a critical last decade review of legal, forensic and technical
literature, combined with doctrinal analysis and case-law examination. A literature research
was conducted using the keywords “3D technologies,” “forensic science,” and “scientific
evidence,” focusing on publications from the last ten years. The search was performed on
Scopus and PubMed, in order to identify the most recent developments and applications of
3D technologies within the forensic science field.

The inclusion criteria were: (1) articles published in peer-reviewed scientific journals,
(2) publications written in English, and (3) studies addressing the application or evaluation
of 3D technologies in forensic science, including forensic medicine, forensic anthropology,
forensic odontology, crime-scene reconstruction, and forensic imaging; (4) studies published
between January 2016 and December 2025; (5) studies evaluating technologies such as 3D
scanning, photogrammetry, 3D printing, virtual reconstruction, or computer-assisted 3D
modelling; and (6) articles with full-text availability.

Exclusion criteria included: (1) conference abstracts, editorials, letters, and book chap-
ters; (2) studies not directly related to forensic applications; (3) articles focused exclusively
on non-forensic medical or industrial uses of 3D technologies; (4) duplicate publications;
and (5) studies lacking sufficient methodological details or outcome data.

Articles that were not directly related to forensic applications of 3D technologies were
excluded from the review.

The initial search yielded 52 results. Titles and abstracts were screened to assess their
relevance to the research topic. After applying the inclusion and exclusion criteria and
reviewing the full texts, a total of 18 articles were selected and included in the final analysis.
In addition, a hand search of the reference lists of the selected articles was performed
to ensure the completeness of the information and to minimize the risk of overlooking
additional relevant publications related to the topic.

Moreover, in order to contextualize the operational dimension of the technologies
discussed in scientific sources, a non-participatory observational activity was carried out
at the Department of the Forensic Police in Rome-Italy. This observational component
made it possible to examine, in their ordinary application, the main tools and workflows
used in digital crime-scene reconstruction, without any direct acquisition, processing, or
experimental validation of data by the author.
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Consequently, the assessment of the scientific reliability of the technologies consid-
ered in this study is grounded in published protocols, international guidelines, and peer-
reviewed literature rather than in original experimental results.

To capture the complexity of this intersection, the methodology integrates several
complementary approaches. First, doctrinal analysis and review of judicial decisions,
particularly recent developments in evidentiary law and the jurisprudence of the European
Court of Human Rights, provide the normative foundation for assessing digital evidence.
This is combined with non-participatory direct observation of 3D reconstruction practices
currently employed in leading Italian forensic laboratories, including those operated by
LABANOF [12] and the Forensic Police [13]. A comparative dimension further enriches
the study, drawing on the experience of common law jurisdictions such as the United
States and the United Kingdom, where digital simulations and virtual reconstructions have
long been admitted as demonstrative tools in court. Finally, a technical examination of
the software most commonly used for digital modelling, simulation, and visualization,
ranging from photogrammetry and laser scanning platforms to rendering programmes and
virtual autopsy technologies, allows for a critical assessment of the scientific soundness of
these methods. Therefore, the study adopted a triangulation approach integrating legal
analysis, forensic technical assessment and observational evidence. Legal doctrine, case
law and European forensic standards were first analyzed to identify the normative and
epistemological requirements for the admissibility and reliability of digital evidence (while
acknowledging the existence of alternative interpretations and the evolving nature of the
relevant case law). These requirements were then used as analytical criteria for evaluating
3D reconstruction technologies and laboratory practices. Finally, findings from the technical
assessment and direct observation were compared with the legal framework to identify
areas of convergence, strengths and regulatory gaps.

The aim of the study is to assess whether 3D crime-scene reconstruction can be
considered a scientifically reliable form of evidence and effectively used in Italian criminal
proceedings. In particular, the research examines whether this tool meets the criteria of
repeatability, verifiability, and falsifiability, as well as the guarantees of a fair trial.

This inquiry draws on a wide range of normative and jurisprudential sources. The
analysis considers Articles 189 and 190 of the Italian Code of Criminal Procedure, which
regulate atypical evidence and set the parameters for the evaluation of scientific proof,
as well as Article 111 of the Italian Constitution, which enshrines the principles of adver-
sarial proceedings and due process. At the supranational level, Article 6 of the European
Convention on Human Rights provides the broader framework of fair-trial guarantees
applicable to all forms of evidence. Additional guidance is drawn from European technical
standards and recommendations in the field of digital and computer forensics, including
ENFSI guidelines and other sectoral protocols [14].

The case-law corpus examined includes decisions of the Italian Court of Cassation that
have addressed the admissibility and probative value of 3D reconstructions, together with
judgments on simulations used in the investigation of traffic collisions, homicides, and
impact dynamics. Comparative reference is also made to the Daubert standard developed
in the United States, which constitutes a well-established benchmark for assessing the
scientific validity of expert testimony and technical evidence [15].

From a technological standpoint, the study considers the principal tools currently
employed in virtual reconstructions. Among these, 3D laser scanners play a crucial role,
using structured-light technology to capture millions of spatial data points and generate
highly accurate point clouds that allow for exhaustive and precise documentation of the
scene. Digital photogrammetry, relying on multiple photographs processed through corre-
lation algorithms, offers an alternative and particularly versatile method for reconstructing
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objects, bodies, or surfaces that are difficult to scan directly. Modelling and rendering
software, such as RealityCapture, 3D Studio Max. (see Figure 1), enables data cleaning,
post-processing, and the creation of dynamic simulations. In parallel, virtual autopsy
systems integrate high-resolution CT and MRI imaging with three-dimensional modelling
of the human body, allowing for the non-invasive analysis of internal injuries and providing
both technical advantages and ethical benefits.

D T I T r————
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Figure 1. Reconstruction of the scene obtained using 3D representation software (3D Studio Max ver. 6).

To assess the scientific nature of digital reconstructions, the study applies three princi-
pal analytical criteria. The first concerns scientific validity: techniques must be grounded
in recognized and peer-reviewed methodologies, consistent with ENFSI protocols, ISO
standards, and established forensic literature. The second criterion is repeatability and
verifiability, requiring that digital models be open to independent scrutiny through access
to original data, the possibility of replicating measurements, and full traceability of all
modifications. The third relates to the transparency of the workflow: every stage of the
reconstruction process, from data acquisition to modelling choices and simulation hypothe-
ses, must be thoroughly documented. Without such transparency, digital evidence risks
losing both credibility and probative integrity.

3. Results
3.1. Practical Applications of Virtual Reconstruction

The analysis reveals that three-dimensional reconstruction is now employed across
a wide range of forensic and judicial contexts. In cases of homicide and assault, 3D
modelling is used to reconstruct the relative positions of individuals, determine shooting
angles, analyze bullet trajectories, and study weapon dynamics. These reconstructions
offer a more nuanced and accurate interpretation of the sequence of events, often clarifying
elements that traditional documentation techniques may leave ambiguous [16].

In the field of road traffic collisions, virtual models make it possible to reconstruct colli-
sion dynamics with high precision, enabling experts to estimate vehicle speeds, trajectories,
and the spatial positioning of those involved at the moment of impact [17,18].

Virtual autopsies represent another significant application. Through post-mortem
CT imaging, investigators can identify bony fractures without resorting to dissection,
reconstruct bullet trajectories within the body, and compare alternative reconstruction
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hypotheses with a greater degree of objectivity than is typically achievable through conven-
tional autopsy procedures [19-21].

From a technical perspective, the main advantage lies in the non-destructive and
repeatable nature of the examination. Unlike traditional dissection, which irreversibly
alters the body, virtual autopsy allows for the digital preservation of the cadaver and
enables repeated re-analysis over time. Moreover, as previously noted, it allows for highly
precise 3D reconstruction of bony fractures, bullet trajectories, and internal injuries, thereby
reducing the risk of information loss associated with manual intervention or tissue decom-
position [22,23].

From an ethical perspective, the most evident benefit concerns respect for bodily
integrity. Virtual autopsy avoids or significantly reduces invasive dissection, which may be
relevant for cultural, religious, or family-related sensitivities [24]. Furthermore, it limits
bodily exposure and physical manipulation, thereby reducing the psychological impact
on operators and better preserving the dignity of the deceased. In some cases, it may also
reduce the number of unnecessary invasive autopsies when radiological data are already
sufficiently informative [25,26].

From an epistemological standpoint, it enhances the possibility of verification and
hypothesis comparison: different experts can re-examine the same raw data, making the
process more controllable and potentially more transparent than direct observation, which
is partly non-reproducible.

In summary, the advantage of virtual autopsy lies in its ability to improve the quality,
reproducibility, and transparency of forensic analysis (technical dimension), while simulta-
neously reducing invasiveness and enhancing respect for the body (ethical dimension).

Moreover, in complex crime scenarios such as explosions, fires, or structural collapses,
3D reconstruction allows for a comprehensive and integrated visualization of the event
(Figure 2). This holistic view facilitates interpretation by providing judges and investigators
with a clearer understanding of spatial relationships and causative mechanisms that would
otherwise be difficult to conceptualize [27].

. \

I

Figure 2. Example of 3D scene modelling.

3.2. Advantages Identified

Several key advantages emerge from the use of virtual reconstruction.

First, metric precision and digital preservation ensure that the crime scene can be
revisited and re-examined long after the physical evidence has degraded or disappeared.
The permanence and accuracy of digital documentation overcome the intrinsic volatility of
traditional evidentiary materials [28,29].
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Second, visual communication significantly enhances judicial comprehension. The
ability to present dynamic, three-dimensional representations of complex events helps to
bridge the cognitive and linguistic gap that often separates technical experts from judges,
making the evaluative process more transparent and accessible [30,31].

Third, the possibility of comparing multiple hypotheses represents a major benefit.
Modern software allows experts to model and test alternative scenarios, such as different
bullet trajectories or collision dynamics, thus supporting a more rigorous and intellectually
honest form of evidentiary reasoning.

3.3. Forensic Issue

From a forensic perspective, several studies have observed that close-range photogram-
metry and optical surface scanning represent mature and scientifically grounded tools
for post-mortem documentation [32-35]. The production of high-resolution, metrically
accurate, life-size three-dimensional surface models enables comprehensive preservation of
the external condition of the body, allowing subsequent measurements, re-evaluations, and
expert assessments without further manipulation of the remains. This feature significantly
strengthens evidentiary preservation and aligns with the principles of repeatability and
independent verification that characterize reliable forensic methodologies.

However, the probative robustness of such digital reconstructions does not depend
solely on their technical accuracy. The post-processing phase, as image alignment, mesh
generation, and data cleaning, introduces elements of discretionary human intervention
that may affect transparency and reproducibility if not properly documented. Moreover,
as in many other areas involving the application of emerging technologies to medical
and forensic science [36], known technical limitations persist, such as difficulties in scan-
ning reflective or hair-covered surfaces [37], which necessitate a methodologically cau-
tious approach. Therefore, while these technologies constitute highly valuable forensic
documentation tools, their integration into criminal proceedings requires standardized
acquisition protocols, full traceability of raw data, and clear documentation of the en-
tire workflow [38,39]. In the absence of such safeguards, 3D reconstructions risk being
perceived not as fully autonomous scientific evidence, but rather as demonstrative aids
possessing persuasive force that may exceed their methodological transparency [40].

Other authors have investigated that, in addition to documenting the external con-
dition of the body, three-dimensional photogrammetry and virtual visualization offer
significant advantages in the assessment of injuries and damage [41,42]. Traditional foren-
sic photography, still widely used today, especially in the evaluation of biological damage,
inherently reduces three-dimensional structures to a two-dimensional plane, resulting
in potential loss of spatial information and approximations in estimating lesion dimen-
sions [43]. In contrast, 3D models allow precise and repeatable measurements of lesion size,
surface area, and morphological characteristics, supporting more objective evaluations of
both biological and aesthetic damage [44,45]. Moreover, such models can be examined and
analyzed even after healing or decomposition, enabling subsequent expert assessments, in-
cluding those performed by other consultants, and facilitating independent verification [46].
Immersive visualization in virtual reality further enhances the understanding of lesion
morphology, although measurement accuracy is slightly lower than that obtained with ded-
icated photogrammetric software [47,48]. Overall, the integration of 3D photogrammetry
and virtual visualization strengthens both technical documentation and the evidentiary
quality of forensic analyses, particularly in evaluating injury severity, quantifying damage,
and preparing medico-legal reports [49].
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4. Discussion

3D virtual reconstruction introduces a profound transformation in the way criminal
proceedings acquire, preserve, and interpret scientific evidence. Unlike traditional forms of
documentation, which describe or depict events in a static manner, virtual reconstruction
shows the event through highly immersive and dynamic models. This shift brings a new
evidentiary language into the courtroom, one that is neither purely verbal nor simply
documentary, as with conventional photography, but instead visual, spatial, and immersive,
endowed with strong evocative and persuasive potential [50-52].

The use of virtual reconstruction thus combines three distinct dimensions:

e  Scientific rigour, derived from advanced acquisition tools and precise data collection;

e  Simulation capacity, allowing experts to reproduce and test alternative dynamics;

e  Perceptual impact, which may significantly influence the cognitive processes of judges
and factfinders.

Given this hybrid nature, virtual reconstruction cannot be assimilated either to tra-
ditional forms of evidence or to a mere illustrative aid. It requires its own evaluative
framework and methodological safeguards.

Although virtual reconstruction originates from real and measurable data, it is in-
evitably shaped by a series of interpretative operations, algorithmic processing, geometric
interpolation, modelling choices, and even manual corrections. This raises a fundamental
epistemological question: does the reconstruction directly represent the data, or does it
present an interpretation of the data?

According to authoritative legal doctrine, virtual reconstruction should be classified
as interpretative scientific evidence, analogous to ballistic analysis or forensic pathology.
It is based on empirical data but structured through technical hypotheses and inferential
reasoning [53].

This interpretative nature exposes judges to the so-called “realism fallacy,” whereby
visually detailed content is perceived as more truthful or accurate simply because it appears
realistic. Yet aesthetic realism does not guarantee scientific validity. For this reason, the
assessment of virtual reconstruction must rely on methodological transparency rather than
the persuasive quality of the images produced.

From a legal standpoint, virtual reconstruction qualifies as atypical evidence under
Article 189 of the Italian Code of Criminal Procedure. It is admissible insofar as it respects
adversarial principles, is relevant to the case, and demonstrates sufficient scientific re-
liability. Italian courts generally accept 3D reconstructions when they are produced by
qualified experts, accompanied by comprehensive methodological explanations, supported
by original raw data, and not relied upon as the sole incriminating element.

For example, in a homicide case involving a firearm, the reconstruction may be used
and admitted to clarify the shooting dynamics. In practice, a forensic ballistics expert
digitally reconstructs the scene by indicating the positions of the victim and the defendant,
as well as the possible bullet trajectories, based on objective data such as crime-scene
measurements, cartridge case analysis, and autopsy reports.

The reconstruction is considered admissible only if the way it was constructed is
clearly explained, the methodology is transparent and reproducible, the underlying data
are available and verifiable, and it can also be independently reviewed by the defence.

Furthermore, research in cognitive psychology underscores the potential dangers
of immersive visuals. Realistic images tend to be perceived as more credible, are more
easily retained in memory, and produce an immersive effect that may reduce critical
distance [50,54].

Therefore, the main critical issues are represented by: (a) the risk of visual suggestion,
whereby high graphic realism may lead judges to overestimate the reliability of the recon-
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struction, attributing to it a degree of veracity that is not fully supported by the underlying
data; (b) dependence on software, as many elaborations rely on “black box” algorithms that
are not fully accessible or externally verifiable, raising concerns regarding transparency
and controllability of the reconstruction process [27,28]; (c) chain-of-custody problems,
since altered, insufficiently documented, or inadequately protected files may expose digital
evidence to risks of both accidental and intentional manipulation; and (d) the lack of Italian
regulatory standards, as the Italian legal system still lacks a comprehensive framework
governing digital evidence and 3D reconstructions, resulting in interpretative uncertainty
and potential inconsistencies in judicial practice.

This is particularly problematic in criminal trials, where judges may be influenced by
graphic quality rather than scientific substance, reconstructions may appear definitive even
when hypothetical, and simulations may embed interpretative assumptions that are not
explicitly disclosed.

To mitigate these risks, it is essential to distinguish between different types of reconstructions:

e  Descriptive reconstructions, which faithfully document the spatial context;

e  Demonstrative reconstructions, which visually support a technical explanation;

e  Scenic or immersive reconstructions, which recreate the event in a highly realistic,
narrative-like format.

Only the first two categories carry legitimate evidentiary value, whereas the third
raises significant concerns regarding undue influence and potential bias.

The probative value of any virtual reconstruction depends on the transparency of
its methodological workflow. Experts must provide access to raw data (such as point
clouds, photographs, CT or MRI files), specify the software and versions employed, doc-
ument data-cleaning procedures, articulate the reconstruction hypotheses adopted, and
indicate margins of uncertainty. Without such documentation, the reconstruction cannot be
independently verified and consequently loses scientific credibility.

Comparative legal systems offer useful guidance regarding the admissibility and eval-
uation of virtual reconstructions. In particular, they emphasize the need for methodological
transparency, disclosure of the underlying data and software tools, documentation of all
processing steps, assessment of error rates, and the possibility of independent review by
opposing parties. These safeguards are intended to ensure that digital reconstructions
remain scientifically reliable, reproducible, and compatible with the requirements of due
process and adversarial proceedings [55-78].

In the United States, the Daubert standard requires that the potential for falsifiability
should be known (and preferably, found to be absent or very low), and that the error
rate is known (should be absent or very low), that the methodology be accepted within
the scientific community, and that it have undergone peer review. 3D reconstructions are
admitted as demonstrative evidence only when they satisfy these criteria [79,80]. Likewise,
other jurisdictions require digital reconstructions to be comprehensively documented and
capable of independent verification before they can be admitted as evidence in court.

In the United Kingdom, the Criminal Procedure Rules mandate that digital scien-
tific evidence be produced by qualified experts, supported by a clear methodological
explanation, and free from prejudicial bias [81].

Across Europe, ENFSI guidelines emphasize proper digital acquisition, rigorous
documentation, and stringent chain-of-custody protocols.

Italy aligns with these principles but still lacks a specific normative framework regu-
lating digital and 3D evidence. This regulatory vacuum results in heterogeneous judicial
practices and interpretative inconsistencies. There is a clear need for national legislation to
establish minimum standards for 3D acquisition, documentation requirements, criteria for
admissibility, and mandatory training for judges, lawyers, and experts [34]. Such reforms
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would promote uniformity, strengthen defence rights, reduce the risk of manipulation, and
enhance the probative value of virtual reconstructions within criminal proceedings.

In fact, in the forensic medical field, the use of 3D photogrammetry and virtual reality
would significantly improve the documentation and assessment of injuries compared
to traditional photography. Their use would allow for more precise, repeatable, and
verifiable measurements, support the objective quantification of biological and aesthetic
damage, and enable subsequent reviews by other experts. Although slight differences in
accuracy may exist between VR systems and dedicated software, these technologies could
enhance transparency, reproducibility, and the evidentiary robustness of forensic medical
analyses [82-84].

5. Conclusions

Virtual reconstruction represents one of the most significant transformations in the
landscape of contemporary criminal evidence. It introduces a new mode of observing and
analyzing events, combining technologically sophisticated data acquisition with highly
impactful visual communication. This dual dimension, scientific and perceptual, reshapes
traditional evidentiary paradigms and challenges long-standing assumptions about how
facts are established in court.

The findings of this study indicate that 3D reconstruction possesses considerable
probative potential. It enhances the clarity of expert explanations, facilitates dialogue
between technical specialists and judges, and enables more transparent evaluation of
competing hypotheses. At the same time, its use entails substantial risks: susceptibility to
visual suggestion, reliance on opaque or proprietary software, and dependence on operator
expertise. These vulnerabilities highlight the need for dedicated and coherent regulation,
an area in which Italy continues to exhibit notable gaps.

More broadly, virtual reconstruction compels the legal system to reconsider several
foundational concepts. It raises questions about the very meaning of procedural truth in an
era where immersive simulations coexist with traditional testimony and documentary evi-
dence. It reshapes the role of judges, who must now engage with highly technical materials
and assess their reliability through appropriate methodological criteria. It also necessitates
renewed attention to adversarial safeguards in digital contexts and prompts a re-evaluation
of what qualifies as “scientific” evidence, shifting the focus from the persuasiveness of the
visual outcome to the soundness of the underlying method.

Addressing these challenges requires legislative intervention. Italy urgently needs
a comprehensive regulatory framework capable of governing the acquisition, processing,
and use of 3D reconstructions in criminal proceedings. Such a framework should include:

e  Technical standards, encompassing recognized protocols for 3D acquisition, certified or
verifiable software systems, and mandatory documentation to ensure reproducibility;

e Interdisciplinary training, enabling judges, lawyers, and experts to acquire basic
scientific literacy and competently evaluate digital evidence;

e  Transparent admissibility criteria, ideally aligned with standards similar to the Daubert
factors, to ensure methodological reliability;

e Harmonization with European guidelines, promoting stable adherence to ENFSI
recommendations and fostering cross-jurisdictional consistency;

e Safeguards against visual suggestions, such as methodological warnings, explicit
annotation of hypothetical elements, and cautious use of fully immersive or narrative-
style reconstructions.

Virtual reconstruction is poised to become increasingly prevalent in criminal trials. Its
future effectiveness will depend on the legal system’s capacity to maximize its scientific
value, minimize distortive cognitive effects, and integrate it within a clear, transparent,
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and methodologically rigorous regulatory framework. Only under these conditions can
technological innovation genuinely serve the pursuit of justice.

6. Limitations

The present study presents some intrinsic limitations, particularly related to the nature
of literature review and the omission of emerging critical issues. The assessment of the
scientific reliability of 3D reconstructions is based exclusively on secondary sources without
the production of original data or autonomous experimental analysis, which exposes it
to risks of incompleteness: the available literature may not capture recent evolutions or
unresolved controversies, such as discrepancies between theoretical protocols and practical
applications. The study does not address emerging critical issues such as cybersecurity
vulnerabilities in data acquisition. Such omissions suggest the need for future integrations
with empirical analyses and interdisciplinary perspectives on digital security.
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