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Abstract. – The clinical and rehabilitation val-
ue of gait analysis is remarkable and indisput-
able and poised to grow as technological ad-
vancements unfold. This article aims to shed 
light on the advances in how gait is assessed, 
enabling those who have suffered an injury im-
pairing their motor skills to be diagnosed more 
accurately and efficiently as well as to compare 
the hallmarks of rehabilitative and forensic gait 
analysis. The authors have conducted an analy-
sis of relevant papers (published between 1967 
and 2020) from a medicolegal perspective, cit-
ed in PubMed, MEDLINE, Cochrane Library, EM-
BASE, and available recommendations for the 
legal application of such techniques. Moreover, 
considering the use of gait analysis as a forensic 
tool, this study broadens the scope of research 
by including search engines, legal databases, 
and court filings (DeJure, Lexis Nexis, Justia) 
between 2000 and 2022. The instrumental as-
sessment of movement (Gait Analysis) has come 
to constitute an essential analytical tool for the 
biomedical sector to objectively and accurately 
assess human movement and posture. The arti-
cle is also aimed at elaborating differences and 
similarities between clinical and forensic gait 
analysis. When it comes to the forensic applica-
bility of gait analysis and its evidentiary value, 
however, there is a pressing need for a review 
of its scientific basis. Therefore, it is necessary 
to conduct a thorough evaluation of its use in le-
gal practice, as stressed in scientific literature 
and surveys. It is of utmost importance to high-
light the procedural and assessment standards 
currently applied to forensic gait analysis, to 
evaluate its strengths and weaknesses, and to 
achieve standardized guidelines based on broad 
scientific consensus.
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Introduction

The instrumental assessment of movement (Gait 
Analysis) is currently an essential analytical tool 
for the biomedical sector, in order to produce objec-
tive and precise evaluations of human movement 
and posture1. The biomechanical instrumental 
characterization of the various components of the 
movement (i.e., space-time, kinematics, kinetics, 
and surface electromyography, sEMG), as well as 
their variations with respect to a normal situation, 
are highly relevant in the clinical and research field 
for the diagnosis of particular conditions including 
one of the systems involved (neurological, muscu-
loskeletal)2, as well as for the prognosis and ther-
apeutic approach, as well as for their follow-up3. 
Biomechanical research must include a multidisci-
plinary approach enabling movement analysis, in 
order to determine the different components that 
generate it in order to provide a clinically relevant 
interpretation4-6. A biomechanical analysis must be 
able to: describe the movement, regardless of the 
forces that cause it, in terms of displacement, speed 
and linear and angular acceleration (kinematics); 
study the forces which generate and oppose the 
movement itself (kinetics); characterize the activa-
tion of the final muscle effector that generates the 
movement (surface electromyography)7. In addi-
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tion, it should be emphasized that the use of these 
systems in the clinical setting is currently very ori-
ented towards evaluating the follow-up of various 
types of patients who exhibit gait or movement 
changes8 (e.g., neurodegenerative diseases9). Given 
the characteristics of the previously defined mea-
surement system, other areas beyond rehabilitation 
could also benefit from an objective measurement 
of human movement. Among such areas, the fo-
rensic one could use the quantitative information 
that defines a pathological pattern deriving from 
traumas of various nature, and therefore be useful 
to clarify and quantify the damage and identify in-
dividuals in criminal investigations. 

Gait Analysis for Rehabilitation 
Purposes

Gait analysis is usually performed using a Mo-
tion Analysis Lab consisting of infrared cameras 
(8 infrared HD digital cameras with acquisition 
frequency of 100 fps); such cameras capture the 
trajectories of the markers, thus allowing the cal-
culation of angular variations of each joint. The 
analytical process relies on two force platforms 
that record the 3 components of the reaction force 
to the ground, the coordinates of the Pressure 
Center (CoP) and the torque; such data combined 
with the kinematic data make it possible to cal-
culate the moments and powers articular. An 
EMG Wireless System has been used, relying on 
at least 8 wireless probes with an acquisition fre-
quency of 1000 Hz. Such probes are miniaturized 
and wireless, and do not alter the patient’s natu-
ral movements. The electromyographic signal is 
synchronized with the kinematics and kinetics 
and allows to evaluate not only the activation of 
the muscle, but also the precise instant in which 
it occurs during the movement. Video recording 
relies on 2 high-definition cameras and real time 
visualization of the patient’s movements, taken 
simultaneously from different points of view and 
synchronous with the other signals. In addition, 
the process requires a data-station that receives, 
integrates, synchronizes, and re-elaborates all 
the signals coming from the connected devic-
es and software applications dedicated to gait 
analysis and to the evaluation of the movements 
of the body districts. The protocol used for gait 
analysis is the DAVIS protocol, which allows for 
the analysis of the human path from a kinematic 
and dynamic point of view and at the same time, 
for the evaluation of the electrical activity of the 

muscles involved in the movement. The protocol 
requires the positioning on the body of the sub-
ject of 22 spherical markers, of which 4 mounted 
on a rigid bar: 3 on the trunk, 3 on the pelvis, 3 
on each thigh, 3 on each leg and 2 on each foot. 
This protocol is used to perform assessments con-
cerning the movement of the lower limbs, pelvis 
and trunk10,11. Gait analysis is centered around 
measurement procedures grounded in measur-
able standards, which are introduced, analyzed, 
and interpreted, from which conclusions about 
the subject (health, age, size, weight, speed, etc.) 
can be drawn. The fundamental phases and meth-
odologies of the gait analysis process have been 
detailed in Table I.

Forensic Gait Analysis on the Rise 
as a Contributing Identification 

Factor and Differences with 
Clinical Gait Analysis

Forensic gait analysis is the assessment, com-
parison and of analysis gait-related features and 
traits to be used in criminal inquiries. Essentially, 
forensic gait analysis may be defined as a contrib-
uting factor to the identification process rather than 
an identification method itself. It should be in fact 
noted that the individualization of certain human 
gait has not yet been fully substantiated scientifi-
cally; hence gait may not be ascribed to a given 
individual with absolute certainty. Therefore, fo-
rensic gait analysis may be a valuable tool and sig-
nificantly contribute to the accurate comparison of 
criminals recorded while walking, running on sur-
veillance closed circuit television (CCTV), or com-
mitting a crime, such as a robbery, burglary, as-
sault, murder, and so on. There may also be civil 
cases where the way somebody walks may be rele-
vant to the proceedings. Clearly, clinical gait anal-
ysis differs from forensic gait analysis as the data 
gathered through the former are planned, and the 
whole process is conducted under idealized condi-
tions (e.g., lighting and camera positioning), with a 
cooperative subject (often partially undressed to 
remove the masking effect of clothing) and per-
forming a standardized task (walking in a particu-
lar direction, in an open environment at a particu-
lar pace). Patients often have specific impairments 
which result in a gait pattern which is substantially 
different from the range of variation expected in 
the general population. Even though a direct com-
parison is not straightforward, this generally means 
that the forensic gait analyst has potentially greater, 
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Objectives Fundamental features and measurement 
modalities

Temporal/spatial It entails the calculation of speed, the length 
of the rhythm, pitch

Stopwatch and marks on the ground;
Walking on a pressure mat;
Range laser sensors scanning a plane a few centimeters 
above the floor;
Inertial sensors and  software to interpret 3D; 
Gyroscopes and 3D accelerometric data10.

Kinematics Chronophotography is the most 
fundamental method for recording 
movement. 
Strobe lighting at known frequency has been 
used in the past to aid in the analysis of gait on 
single photographic images. 
Video recordings from single or multiple cam-
eras can also be used to gauge joint angles and 
speed variations. 
Such a method has been developed along with 
analysis software tools, which can significant-
ly streamline the analysis process and allow 
for three dimensional measurements2, 3. 

Passive marker systems, generally relying on reflective 
balls or other reflective markers can accurately mea-
sure movements via multiple cameras (typically five to 
twelve) utilizing high-powered strobes (typically red, 
near infrared or infrared) with matching filters to record 
the reflection from body markers. 
Markers need to be placed on selected locations, bony 
landmarks, according to biomechanical models, in order 
to track feet, legs, pelvis, and trunk motions.
The angle and time delay between the original and re-
flected signal are thus recorded and analysed, leading to 
the triangulation of the marker in space.
Three dimensional trajectories from these markers are 
then outlined and ascribed identification labels. Joint 
angles from the relative marker positions of the labeled 
trajectories are then identified via computer model. 
Active marker systems are somewhat similar to the 
passive markers but have an advantage arising from 
individual markers working at predefined frequencies, 
which makes them identifiable. Hence, no post-process-
ing of marker locations is required, though the systems 
tend to be less tolerant for out-of-view markers than the 
passive systems. Inertial systems based on MEMS iner-
tial sensors, biomechanical models, and sensor fusion 
algorithms do not rely on cameras. These full-body or 
partial body systems can be used indoors and outdoors 
regardless of lighting conditions 7-10.

Markerless 
gait capture

Markerless gait capture systems utilize one or 
more color cameras or 2.5D depth sensors (i.e. 
Kinect) to directly calculate the body joint po-
sitions from a sequence of images; 
Such a system allows for non-invasive human 
gait analysis in a natural setting without the 
need for any attached marker; 
Thus, the applicability of human gait measure-
ment and analysis techniques can be simplified 
by considerably reducing preparation time, 
and achieve accurate motion assessment in all 
kinds of applications. 

The video-based motion capture with monocular cam-
era or multiple camera studio is currently the most wide-
spread markerless system; 
Nowadays, the depth sensor-based gait analysis for clin-
ical applications appears to be increasingly widespread; 
Since depth sensors can measure the depth information 
and provide a 2.5D depth image, they have effectively 
simplified the task of foreground/background subtrac-
tion and significantly reduced pose ambiguities in mon-
ocular human pose estimation2, 3, 7-10.

Pressure 
measurement

Systems relying on pressure measurement are 
effective at gauging and measuring gait by 
providing insights into pressure distribution, 
contact area, center of force movement and 
symmetry between sides and additional infor-
mation, mostly according to:
Force; 
Timing;
Spatial parameters. 

Different methods for assessing pressure are available, 
like a pressure measurement mat or walkway (longer 
in length to capture more foot strikes), as well as in-
shoe pressure measurement systems (where sensors are 
placed inside the shoe); 
Many pressure measurement systems integrate with ad-
ditional types of analysis systems, like motion capture, 
EMG or force plates to provide a comprehensive gait 
analysis. Kinetics, i.e. the study of the forces involved 
in the production of movements, and the study of pat-
terns of muscle activity during gait (dynamic electro-
myography) are also key elements of the gait analytical 
process8-10.

Table I. Essential aspects constituting the gait-analysis process.
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still unsolved, and unregulated challenges to ad-
dress than does clinical gait analysis; consequently, 
it should not be assumed that results from clinical 
gait analysis can necessarily be acquired and used 
for forensic purposes12. Reliance on forensic gate 
analysis still has a rather mixed international re-
cord. For more than 15 years, forensic gait analysis 
has been used to collect evidence in criminal cases 
in the United Kingdom and for over 10 years in 
Denmark. On the other hand, in the Netherlands, 
gait analysis has only rarely been performed in the 
past 20 years, although two recent criminal cases 
renewed interest in the topic in the country. Foren-
sic gait analysis is an often-overlooked piece of vi-
sual evidence in America, despite its relatively 
widespread use in the UK. In addition to helping to 
compare a perpetrator caught on CCTV video to a 
suspect, forensic gait analysis may even show that 
the same individual was involved in two or more 
criminal acts in different locations and/or at differ-
ent times. Tying (or untying) an unknown culprit 
caught on video to more than one criminal act may 
be useful in helping to solve different cases or link 
them together. Nowadays, the widespread use of 
video cameras all over the world for the surveil-
lance of businesses and properties very often re-
sults in criminals being recorded on video while 
walking or running from the crime scene, or in the 
criminal act itself. Obviously, using forensic gait 
analysis or gait comparison entails the presence of 
a suspect. Investigators should be aware that the 
criminal captured on CCTV may have visited the 
crime scene earlier in the day or in the days prior to 
the criminal act; earlier footage may in fact reveal 
the suspect. Should a person of interest be identi-
fied in earlier video footage, the gait of the person 
of interest and the criminal can be analyzed and 
compared. In the United States the way in which a 
person walks has been the subject of courtroom 
testimony since 1908. In a case occurred in Texas, 
USA, a robbery victim testified that even though 
the perpetrator was not recognizable, the victim 
knew him by his voice and “his walk”13. Nowa-
days, analysts and experts worldwide tend to rely 
on a stepwise approach to analyzing how a perpe-
trator walks (forensic gait analysis) and then trans-
pose and compare such an approach to the suspect 
walking characteristics. The process starts with 
forensic analysts evaluating the video footage with 
the criminal and suspect walking in order to deter-
mine whether the surveillance footage is usable to 
perform a forensic gait analysis. Then, forensic gait 
analysis and comparison of the way a criminal 
walk (or moves or runs) on video (CCTV) may be 

used to help rule in or out suspects, and investiga-
tors could greatly benefit from obtaining surveil-
lance video of suspects14. Should investigators 
make an arrest based at least in part on how the 
suspect walks, an expert analysis of the suspect’s 
gait may be valuable in terms of helping the courts 
reach a conclusion that the criminal caught in the 
surveillance video and the suspect walk with simi-
lar gait features (if that is indeed the case). Defen-
dant attorneys may therefore choose to have their 
client’s gait analyzed by an expert in cases where 
they believe that it differs from that of the perpetra-
tor caught on tape. The admissibility of evidence 
obtained through gait analysis has recently come 
under criticism in Canada. The main concerns 
highlighted by Edmond and Cunliffe14 are mostly 
centered around the validity, reliability, and evi-
dentiary value of forensic gait analysis. Moreover, 
the relative inability of courts to properly assess the 
expertise of expert witnesses, and hence the value 
of their conclusions, also presents a substantial set-
back. Still, it is worth specifying that the authors 
have drawn their conclusions based on only two 
cases15. The investigative value of gait recognition 
for the purpose of forensic analysis stems from the 
fact that gait can be detected and recorded from a 
distance, even by low-resolution cameras, unlike 
other biometric traits, which require far greater 
proximity and clarity16. Furthermore, an undis-
puted advantage of relying on gait recognition is its 
non-invasive nature, which does not necessarily 
need the individual to be cooperative with the ac-
quisition process. Hence, by virtue of such fea-
tures, gait analysis is particularly well-suited 
whenever direct contact with the perpetrator is not 
available. In addition, since the purpose of any re-
liable biometric system is to be as thorough as pos-
sible in order to reduce the possibility of any adul-
teration or forgery the acquisition and analysis of 
gait-related features based on human motion, is the 
only likely identification methodology that can be 
relied upon when covert surveillance is required. 
Thus, gait analysis is arguably far better-suited to 
forensic investigations than other biometric-based 
traits linked to the presence at a crime scene, which 
can be concealed or disguised with relative ease; 
the gait pattern is in fact not concealable, as perpe-
trators have to walk or run from the scene. From 
the standpoint of recognition, gait analysis has 
more computational complexities than other bio-
metric standards, because it requires a sequence of 
images from video footage instead of just one for 
analysis17 (a single frame may be enough for facial 
recognition). However, since the gait cycle (from a 
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recognition perspective) is made up of mostly re-
petitive stages18, the process of recognition results 
somewhat simplified19. A standardized gait pattern 
for normal walking people was attained in 1964, 
through medical investigations conducted by Mur-
ray20, and ultimately focused on gait patterns for 
pathologically abnormal patients. Such experimen-
tal studies were carried out on sixty people, be-
tween 20 and 65 years of age. Each individual was 
instructed to walk for a repeated number of trials. 
For the collection of gait data, special sets of mark-
ers were attached on every subject. Murray20 con-
cluded that gait in humans is made up of 24 distinct 
components, making the gait pattern unique for 
every person if all gait movements are taken into 
account. Reportedly, the motion patterns related to 
the pelvic and thorax regions presented a high de-
gree of variability among different individuals. 
Furthermore, Murray20 pointed out that the ankle 
rotation, pelvic motion, and spatial displacements 
of the trunk embed the subject individuality due to 
their consistency at different trials. In 1977, a sem-
inal study was published21, which substantiated the 
possibility of identifying people by gait through 
the observation and analysis of mobile lights in-
stalled on the joints’ positions. Although, there are 
a great deal of studies centered around gait in the 
literature for medical use, with a few referring to 
the identifiable and distinguishable nature of gait 
patterns, none of them is closely related to the auto-
mated use of gait for recognizing individuals 
through biometrics. The gait measurements and 
results introduced by Murray20 will be greatly ben-
eficial to the development of systems based on au-
tomated gait biometric. However, the extraction of 

gait characteristics patterns has proven complex 
using computer vision methods. An automated vi-
sion-based system for human identification via in-
dividual gaits is conceived to focus on and extrap-
olate gait characteristics and peculiarities with no 
need to resort to markers or specific sensors for the 
gathering of evidential matter. To that end, an ordi-
nary video camera linked to a special vision-based 
software is all that is needed. Markerless motion 
capture systems are suited for applications where 
the placement of sensors or markers on the individ-
ual is not feasible, such as in forensic investiga-
tions. Typically, the gait biometric system is consti-
tuted by two main components: 1) a hardware 
platform for data acquisition (this can be a single 
CCTV camera or distributed network of cameras); 
2) a software platform for data processing and rec-
ognition. The architecture of the software side for 
gait biometric system has three fundamental pil-
lars: 1) detection and tracking of the subject, 2) fea-
ture extraction and 3) classification stage22. The 
admissibility of evidence obtained from gait analy-
sis is still controversial; this issue was raised in the 
United Kingdom over ten years ago and is still be-
ing addressed.   

Forensic Gait Analysis in Court: 
Valuable Tool with a Few Caveats

Gait analysis with its investigative potential has 
already led to noteworthy results in cases where 
positive identification was not an option based 
on conventional indicators. In a recent case han-
dled by the Metropolitan Police of London, there 

Most relevant factors liable to influence one’s gait Gait-influencing dynamics

Footwear It can bring about gait pattern variability, increased hip move-
ment, longer or shorter stride length; fatigue, impacting the 
gait cycle and pace via energy depletion of energy24;

Sex It can be identified through gait patterns23, 24;

Speed  It is well-known how gait patterns reflect fluctuations between 
normal walking patterns and running patterns23-25;

Illness/pathological conditions Health-related factors constitute rather common elements in-
fluencing gait characteristics, as in cases of neurodegenerative 
diseases, e.g. Parkinsonian gait26, Huntington’s disease-linked 
choreiform gait, rheumatoid diseases, festinant gait, shuffling 
gait, scissors gait27, 28;

Age It can majorly affect gait patterns, considering how walking 
largely depends on muscular strength variations, in turn affect-
ed as people grow older28.

Table II. Relevant elements likely to shape gait peculiarities.
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was a number of assaults and robberies against 
women walking on a short pathway alongside an 
underground station in one of London suburbs23. 
The same crime had reportedly been perpetrated 
several times at the same location and with sim-
ilar dynamics. The chief suspects were the same 
members of an organized criminal youth gang, 
aged 17 to 20. Various CCTV cameras covering 
the crime scene were operating at the time. Two of 
them were pointing towards the entrances of the 
subway, while two others recorded both views of 

the walking pass alongside the station. The police 
provided a set of videos in order to find further in-
vestigative elements through gait analysis. CCTV 
footage from all cameras for the crime scene at 
two different days was made available to the Im-
age Processing Research group at the Universi-
ty of Southampton. The police provided another 
video of a suspect, a member of the gang being 
recorded while being held at the police custody. 
The video was recorded at a 2 frames per second 
rate and 720× 576 resolution. In a video dated 4th 

Defendant, Case Specifics, Location/Court of Law Outcome

John Saunders (2000), The Old Bailey Central Criminal Court, 
London, UK. Consultant Podiatrist Haydn Kelly was able to 
identify jewellery thief John Saunders as the person who had 
attempted a robbery, from earlier police surveillance footage.

 Although Saunders was wearing two pairs of pants, gloves 
and a face mask, Kelly ultimately concluded that roughly 
five per cent or less of the British population had gait-related 
mechanics similar to the suspects. The evidentiary value of 
that conclusion made it possible to convict the perpetrator, 
a career criminal who had committed a string of robberies 
across Surrey30.

Mijailo Mijailovic (2004), Supreme Court of Sweden. The 
case involved the assassination of Swedish Minister for For-
eign Affairs Anna Lindh, who was stabbed to death at the NK 
department store in Stockholm, on 10th September 2003. 

Facial comparison, as well as gait and body measurements, 
were gauged and evaluated between the accused and a person 
of interest (obtained from surveillance footage) – and con-
tributed to the conviction of the defendant31, 32. 

Undisclosed identity, Noerager, Denmark (2004): an incident 
involving a bank robbery which was handled by the Unit of 
Forensic Anthropology at the University of Copenhagen. As 
the police investigators noticed, the perpetrator exhibited a pe-
culiar gait pattern, and turned to gait experts for consultations. 
The police were instructed to carry out a covert recording of 
the suspect walking pattern from the same angle as the surveil-
lance recordings in order to draw a meaningful comparison. 

The gait analysis eventually produced several matches be-
tween the perpetrator and the suspect as an outward rotated 
feed and inverted left ankle during the stance phase. Further 
posture analysis using photogrammetry highlighted similar-
ities between the two recordings, including a restless stance 
and anterior head positioning. Some discrepancies were 
observed during the analysis, including a wider stance and 
slightly leaned forward trunk, with elevated shoulders. That 
was suspected to be due to the sense of high alertness and 
anxiety while committing a crime. Based on the analysis 
that was conducted, a statement was issued to the police re-
garding the identity, although such methods do not have the 
same degree of confidence and reliability as well-established 
methods such as fingerprints, facial recognition or DNA. The 
findings were subsequently presented in court and the suspect 
was convicted of robbery, with the court stressing the value 
of gait analysis as a forensic tool33.

R v Otway (2011). The defendant appealed against his con-
viction for the murder of 25-year-old, who was shot dead in 
Wythenshawe, UK, in August 2006, objecting to the expert ev-
idence. The evidence was from a podiatrist who studied CCTV 
footage; comparing CCTV of Mr O. at a garage and CCTV of 
Mr O. from the police station. 

Evidence stemming from the defendant’s gait analysis was 
compared to reference sequences. It was criticized by the de-
fense, however, that there were no statistical database and no 
scientific basis of the method as support for its inclusion. The 
appeal filed on such grounds was ultimately rejected and gait 
analysis was declared admissible34.

Mohammed Hashi (2014), London’s Appeal Court. The de-
fendant, who had been found guilty of murder, challenged his 
conviction.  

 The CCTV was not clear enough for facial recognition, so 
the prosecution had to rely on expert consultancy. The evi-
dence thus produced found considerable similarities existed 
between the walking gait of the male caught on CCTV cam-
eras and the police station footage showing the defendant. 
The Court of Appeal referred to gait analysis as a “develop-
ing science”; still, it approved of the evidence being allowed 
in the trial, as the jury (given there was also a contradictory 
defense expert report) was able to weigh all the issues35,36.

Table III. Gait analysis-related criminal cases.
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by Birch et al38, leading forensic gait analyst and 
member of the UK-based Chartered Society of 
Forensic Sciences, which was published in the 
Science and Justice Journal, showed how expe-
rienced analysts were able to link suspects to the 
crime scene with a 71% degree of accuracy15,39-41. 
As a study of scientific literature suggests12-47, var-
ious approaches have been used for assessing gait 
in the forensic setting. The computer vision ap-
proach is based on algorithms designed to achieve 
automated gait recognition from video footage. 
The algorithm system can identify and analyze 
gait features and draw comparisons between per-
petrators and suspects; it is a highly automated 
process, with limited intervention by human op-
erators, or none. In observer-based methods, on 
the other hand, human operators acting as gait 
analysts systematically observe, evaluate and rate 
the presence or absence of certain gait features 
and compare these between perpetrators and sus-
pects. The latter approach has been used in sev-
eral criminal cases42, and the widespread use of 
CCTV has evolved alongside the potential of fo-
rensic scientific analysis (the UK has the highest 
number of cameras per capita in Europe). A 2016 
paper published in the Journal of Forensic Sci-
ences pointed out that gait patterns analysis from 
CCTV footage, coupled with photogrammetry, 
were relevant, albeit challenging, forensic tools43. 
In order to buttress that point, the authors tested 
the feasibility of 3D reconstructions for forensic 
gait analysis and found considerable interobserv-
er variability in data interpretation. Relying on 
biometric evidence in criminal investigations and 
trials is certainly of utmost importance for its ev-
identiary value. Still, it is worth bearing in mind 
that the current state of biometrics-based foren-
sics is still evolving, and not yet well-established. 
Forensic CCTV footage is a fundamental element 
to criminal investigations and law enforcement in 
the modern era.

 
Conclusions

There is no denying that the clinical and reha-
bilitation value of gait analysis is remarkable and 
poised to grow as technological advancements 
unfold. In fact, both the equipment and the meth-
odology for gait analysis has substantially devel-
oped and evolved over recent years. The advances 
in how gait is assessed, as well as the innovative 
tools and techniques used to correct and restore 
normal gait, make it possible for those who have 

April 2008, two gang members wore helmets to 
cover their faces while riding a motorcycle. A fe-
male passer-by came walking through the subway 
where they followed her from behind along the 
path. As soon as she entered the station, she had 
her purse snatched, with such violence that she 
fell and was dragged on the ground24. The assail-
ants then took off on a motorcycle. In a different 
CCTV footage recorded the following day, the 
same crime was committed by similar looking 
perpetrators on a motorcycle. The police eventu-
ally succeeded in identifying the alleged culprits. 
Nonetheless, no facial recognition is usually pos-
sible in such instances, due to the low-resolution 
images and the fact that the perpetrators often 
conceal their faces. Such cases are rife, hence the 
need to further develop valuable innovative tech-
nologies such as gait biometric analysis. Overall, 
the proposed method for gait analysis from video 
sequences acquired from CCTV cameras relies 
on Instantaneous Posture Matching (IPM). 

Medical and psychological studies24-29 con-
firmed that the act of natural walking is carried 
out in uniquely different ways for each individual. 

Furthermore, the multiple internal as well as 
external factors liable to affect gait characteris-
tics cannot be overlooked. The very act of walk-
ing is frequently not a fully “conscious” behavior, 
but rather essentially spontaneous. Table II briefly 
maps out the chief relevant features which deter-
mine gait peculiarities.

Given the unique traits of each individual’s 
gait, as well as contributing identifying factors, 
limbs position and walking patterns are recogniz-
able in every phase of the movement; the kine-
matic properties of the human body can therefore 
be effectively used for identity matching between 
different videos.

Forensic gait analysis may even prove help-
ful in the assessment of height and gender, body 
weight, and in cases where a series of footprints 
or gait patterns are available for analysis, assess-
ment as to the number of people involved through 
the analysis of step length30. 

Table III summarizes five noteworthy criminal 
cases where gait analysis played a role in estab-
lishing the facts and identifying (or excluding) the 
suspects as culprits31-37.

When it comes to the forensic applicability of 
gait analysis and its evidentiary value, there is a 
pressing need for a review of its scientific basis 
through a comprehensive evaluation as to its use 
in legal practice, as shown by currently avail-
able scientific findings. A 2015 study conducted 
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suffered an injury which negatively affects their 
ability to move, walk or run to be diagnosed more 
accurately and efficiently. Once a diagnosis has 
been made, a therapeutic plan for gait-related 
issues can be outlined and specifically targeted 
to the affected limbs, for the ultimate purpose 
of restoring the patent’s highest level of mobili-
ty and functioning in the shortest time possible. 
As for the forensic applications, since the turn of 
the century gait analysis has been acknowledged 
as having at least some degree of scientific val-
ue on various occasions in British Courts and 
elsewhere, based on the already mentioned 2015 
Birch study38. Findings in that study seem to point 
to a significant degree of scientific validity, which 
may pave the way for a more large-scale use of 
gait analysis techniques in order to positively 
identify perpetrators through their peculiar gait 
features. Nonetheless, since most criminal legal 
statutes are based on systems of broad-ranging 
safeguards for defendants on trials, more research 
and progress are needed in order to fine-tune and 
standardize gait analysis techniques, so that the 
highest possible standards of scientific reliabili-
ty can be achieved (i.e., a degree of probability 
close to certainty), as required in criminal trials. 
Most likely, standardized and widely acknowl-
edged guidelines will be issued in the foresee-
able future, so that forensic gait analysis will be 
an even more helpful investigative tool. Attempts 
in that direction have already been made; the 
recent publication of the forensic gait and DNA 
analysis primer for courts constitutes a valuable 
effort towards clarifying the most contentious 
aspects of evidence admissibility when it comes 
to gait analysis. It is also worth mentioning the 
2019 Code of practice for forensic gait analysis, 
written by the Chartered Society of Forensic Sci-
ences’ Forensic Gait Analysis Working Group in 
collaboration with the College of Podiatry44. As a 
result of such documents published in past years, 
focus is therefore gradually being shifted towards 
evidence quality, validity of methodologies and 
their reliability and reproducibility. As a matter 
of fact, irrespective of how well-established and 
acknowledged a forensic science is in the legal 
realm, that status should not be construed as a 
sort of “mark of approval” for evidence produced 
by insufficiently supported methodologies, with 
scarce or no validation33,45. Conversely, neither 
should evidence types which are less common-
ly used in criminal trials be set aside or under-
estimated only on those grounds, but rather es-
timated, judged and applied on their merits and 

reliability46,47. Hence, harmonizing the way gait 
analysis is applied and assessed will likely go a 
long way towards providing law enforcement and 
courts with new, objective and dependable inves-
tigative tools.
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