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Editor-in-Chief: Prof. Rakesh K Gorea

From the Editor’s Desk

Dear Readers
I hope you are enjoying reading the international Journal of Ethics, Trauma & Victimology and finding 

the articles useful to update your knowledge. The diverse ideas propagated by different authors must be 
stimulating you to research further and efficiently record the cases so that these recordings can be useful 
to you in your daily practice as well as further the cause of research in your institutions and your countries.

The high quality of the articles is possible only by the input of the reviewers which is being incorporated 
by the authors through revisions.

I convey my gratitude to the reviewers and the editorial board members for their continuous support 
and hard work.

I also convey my thanks to the Society for Prevention of Injuries & Corporal Punishment [SPIC] & Indo 
Pacific Academy of Forensic Nursing Science [INPAFNUS] for their support in Publishing this International 
Journal of Ethics, Trauma & Victimology [IJETV]

            Dr Rakesh K Gorea
                 Editor-in-Chief
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AbstrAct
Now forensic medicine and toxicology specialty has been a well-established branch since it was introduced in India in 1935. This 
specialty has grown since its inception. It is time to look back and find the hurdles in the growth of this specialty. Simultaneously 
we need to dream for the future and start working on it. It is understood that a tough road is ahead for this specialty to survive. 
We need to look at the journey, find the reasons for its slow growth compared to other medical science disciplines, and find the 
remedial measures. We need to know the challenges to the practice of FMT, teach the subject and research on this subject 
as well as grab the opportunities of the future for this subject. There is a strong need to develop the subspecialties of FMT. 
Without forgetting the fundamentals of this specialty, we need to think of the newer prospects of this discipline, dream big and 
work hard to achieve what we dream of.
Keywords: Challenges, Forensic Medicine, Opportunities, Toxicology. 
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IntroductIon

Challenges

From Pandemic to Endemic Disease

W e should be ready to work in all situations. Initially, 
when all the post-mortem work was stopped or reduced 

all over the world as World Health Organization (WHO) had 
directed that disease can spread by post-mortem examination. 

In one of the studies, post-mortem work was reduced by 
70% due to a shortage of protective equipment and inadequate 
mortuaries lacking negative pressure. There were challenges, 
but more so, the challenges were microbiological.1 

Such pandemics can come in the future, and we should be 
ready to provide forensic services to the community. We should 
have the protocols ready to proceed in such circumstances.

The number of clinical forensic cases decreases because 
they cannot seek help due to lockdowns and the fear of getting 
the disease as clinical forensic centers are in the hospitals where 
such cases are admitted.1

There can be not only microbiological challenges but also 
radiological and chemical challenges in the future. We need 
to prepare protocols for such challenges.

The virtual autopsy can be of immense help in such 
situations.2,3

With lockdowns after the pandemic, education suffered, 
and the education of the medical students was not an 
exception. There was panic and confusion among the medical 
students as well as the faculty to initiate the online teaching.4 
In one study, various issues were reported, out of which 
Communication issues were 59%, student assessment 57.5%, 
use of technology tools 56.5%, stress 48%, time management 

35%, and technophobia 17% were the main issues. Teaching 
and conference had become online as these were the only 
solutions in times of pandemics. 

Lawsuits against medical professionals have also increased 
because of so many deaths in this pandemic.1 Litigation will 
increase in the times to come as the people become more 
educated and come to know about their rights.

Age Estimation
The biggest challenge is to determine the age precisely. Age 
estimation is still a challenge as age is always given in the 
range of months and years, and it may not solve the dispute 
under the question. Age estimation is better in young persons 
as compared to adults. In young persons, age is determined 
by the maturity of the teeth & bones and the external features 
of the body some of which depend upon sexual maturity 
whereas in adults age is determined mostly by the degenerative 
changes in the bones, teeth and other parts of the body and this 
degeneration can depend upon many factors depending upon 
the environment, food and health of the individual.

There are so many methods for the determination of age. 
There is a challenge in the selection of a method because 
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each method has its limitations and may be more useful for a 
particular age group.5

Despite the best efforts, chronological age may differ from 
the maturity, and degenerative changes and a multidisciplinary 
effort will be the best way to solve it.6

It is challenging to find the age of different racial and 
ethnic groups.7

Ethnic and geographical data for the same age group is 
very important and must be taken into consideration,8 and if 
not present, research is required to get it, and then it can be 
applied more confidently.

Deep learning for skeletal age estimation is important.9 
We must develop deep learning for the skeletal  and dental 
age determination for the various ethnicities, age groups and 
genders.

Artificial intelligence is the future in determining age as 
it takes away the bias of the individual examiner and is based 
entirely on scientific facts.

Injury Certification
Writing the description of the injury is not an issue for an 
experienced person, and the same is true for declaring the 
weapon and nature of the injury. When the age of the injury 
is determined morphologically usually a wide range is there 
and there is a need to work on this aspect to narrow these 
ranges. Work has been done to determine this age by histology, 
immune histo-chemistry, and immune fluorescent methods.

There is a need to work on bio-markers and work at 
molecular and cellular levels. There is a need to work on the 
molecular pathology of wound healing to generate the data that 
can help estimate the wound age more precisely. Digital slice 
scanning system and immune-fluorescence multiple staining 
automated  techniques can simultaneously test three to four 
markers and can be useful in the future.10

The Ribonucleic acid (mRNA) levels of cytokines 
and enzymes can be of help in the early period of wound 
production, and real-time polymerase chain reaction (PCR) of 
mRNA can produce sufficient mRNA to be used for estimating 
the age of the wound. Enzyme-linked immunosorbent assays 
can detect protein levels and are more sensitive than immune-
histochemistry.10

If the ageing of the wound is to be done in the dead then those 
biomarkers which get affected by decomposition (cannabinoid 
receptor type-2 mRNA)  (andmatrix metalloproteinase-2 and 
the tissue inhibitors of metalloproteinase-2 mRNA) will be 
less useful as compared to those which remain stable for a long 
time (argininosuccinate lyase mRNA which remains stable 
for 18 hours). Sodium-coupled neutral amino acid transporter 
(SNAT2) mRNA is still better as it remains stable for 48 hours 
after death. Microtubule-associated protein 1A/1B-light chain 
3 (LC3)-II and sequestosome 1 remain stable for 4 days after 
death. The use of a combination of biomarkers will reduce 
the error.

If we will use a combination of morphological and 
molecular techniques comprising genomics, proteomics, and 

metabolomics, we will be able to be more precise as compared 
to the most commonly used morphological changes 

Electric impedance spectroscopy using an isobaric tag can 
help in estimating age if further studies are done on this.11

For the recording of the injuries, 3D scanning can be 
done with three scans, and the injuries can be reconstructed 
whenever needed.12

Shortage of Medicolegal Experts
Though there is no shortage of doctors doing medicolegal 
cases, there is an extreme shortage of forensic medicine 
experts. There is a need to work at the state levels to have more 
posts for forensic experts as has been done in Punjab with 
the efforts of the Punjab Academy of Forensic Medicine and 
Toxicology (PAFMAT). Persistent efforts at the organizational 
level highlighting in the media, and communicating with the 
concerned governmental officials produce results.

Sexual Assault Examinations
Examination of Sexual assault cases is mostly considered a 
burden by the gynecologist, and they rarely get involved by 
choice. Female forensic medicine experts will go a long way 
in helping in the final successful outcome of the prosecution. 
Involvement of forensic nurses, especially sexual assault nurse 
examiners [SANE], as is being done in many other advanced 
countries, can also help in our situations. Still, protocols and 
laws may need to be changed for that.

Developing more one stop centres and using kits to examine 
the victims will produce better results for the victims.

Microbiome analysis can also help in finding out sexual 
contact. This can be helpful when no other evidence is 
forthcoming.13

Post-mortem Examination
Microbiome analysis can help in identification. The personal 
microbiome is usually specific to an individual. Skin micro-
biome markers will be helpful in identification. Corynebac-
terium or Helicobacter pylori can help in the identification. It 
can also help in finding the cause of death is drowning, and A. 
hydrophila and A. salmonicida were found in drowning cases. 
This can also help in finding out the location of the death.13

Actinomycetaceae, Bacteroidaceae, Alcaligenaceae, and 
Bacilli can help determine post-mortem interval by 16S rRNA 
gene sequencing. Different dominance of organisms being 
present at different time intervals.13

In traumatic brain lesions, a virtual autopsy can be of 
special help, especially in cases of micro lesions.14

Disaster Victim Identification
Identification of individuals in mass disasters is an important 
humanitarian aspect and requires a multidisciplinary approach. 
Usually, forensic pathologists are key, yet it requires forensic 
odontologists, forensic nurses, forensic anthropologists, 
forensic radiologists, fingerprint experts, forensic biologists, 
forensic technicians, photographers, forensic psychiatrists, 
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and financial managers and police officials to manage the 
disasters holistically.

Mass disasters can be open (bombing) or closed (shipwreck- 
where the list of passengers is known), or mixed (aircraft crash 
at a crowded place). 

Whenever mass disasters occur, identification of the dead 
and survivors is a big issue in most circumstances. Interpol has 
protocols and guidelines to follow to make it easy and complete. 
All the member countries follow this to make it a uniform 
practice. Coordination at the crime scene, post-mortem 
examination, antemortem data collection, and reconciliation 
of antemortem data and post-mortem data coordination have 
been described, along with identification methods.15  All the 
required forms are also provided in these guidelines.

Anthropologists can help in avoiding comingling of the 
body parts. Imaging and tissue sampling by forensic anthro-
pologists are important tools for identification in disasters. 
They can help in preparing the biological profile of the 
victims.16 Portable X-ray machines and mobile CT Scanners 
further help in this process. Handheld X-ray machines help 
the odontologists too.

Mapping of the bodies at the crime scene is important, 
and this can be done manually, but with the advancements, 
electronic mapping equipment e.g., total stations, drones, or 
handheld GPS devices, better mapping can be done. 

(DVI) database, e.g., DVI System (by PLASS DATA), will 
help quick identification. 

Humanitarian Forensics
Not only the identification of the dead bodies and survivors is 
important, but it is also important to identify the unconscious 
living victims. Taking care of the survivors of mass disasters 
is also a big issue, and their health and rehabilitation should 
never be ignored. They also need to be protected from further 
violence and negligence by care providers. Their psychological 
health is of special importance and should be taken care of.

It is also important to take care of the physical and mental 
health of all the health workers involved in this process and to 
support the survivors and their families.

Educating and training the health workers to perform best 
and cope with challenging situations is important.

Treatment of Poisoning Cases

Detection of Poisons
Alcohol biomarker Phosphatidylethanols (PEth) is better than 
other alcohol biomarkers  (carbohydrate-deficient transferrin, 
gamma-glutamyltransferase, and ethyl glucuronide)  as it has 
prolonged delectability in the red cells after consumption of 
alcohol and has better accuracy and precision.17

Nanotoxicity by nanomaterials can be caused, which 
we will need to understand. Nanotechnology will be 
next-generation technology and replace the conventional 
technology in nanotoxicology in cells, genetic studies, and 
3D organs. Further research is needed to control risks in 
commercial nanomaterials, carbon nanotubes and metal-

oxide nanoparticles, and 42% of all nanomaterials being used 
in health products, e.g., silver, titanium, and silicone.18 They 
may result in damage to DNA through mutations, necrosis, 
and decreasing the viability of the cells19 and are the Asbestos 
of the future.20

Analytical Aspects
In vitro sedimentation diffusion and dosimeter are used to 
detect nanotoxicity.21 In addition to this gene expression 
analysis, genotoxicity detection and in vitro hemolysis is 
also used. Microscopic, spectroscopic, scanning electronic 
microscopy and X-ray spectroscopy (SEM-EDX), transmission 
electron microscopy (TEM), atomic force microscopy 
(AFM), video-enhanced differential interference contrast 
(VEDIC) microscopy, and fluorescence spectroscopy are used 
individually or in combination with each other are also used.22

Micro RNA is an important biomarker as they are very 
stable and specific in anti-doping tests.23

Future oF the dIscIplIne

Artificial Intelligence
Deep learning is a part of machine learning; it can also learn 
from images. This can be used in bone skeletal age estimation.24 
Research on this seems quite promising for the future.

Three-dimensional conventional neural network (3D CNN) 
learns in three-dimensional ways can perform generative 
and descriptive tasks and can be very helpful in forensic 
anthropological tasks. It can be applied in forensic medicine to 
identify age, sex, cephalometric landmark annotations, growth 
vector predictions, and facial reconstruction by determining 
soft tissue thickness from the skulls. Input is usually from 
Cone Beam Computed Tomography scans of the head. It is a 
better system that never gets tired and has no subjective bias.25

In sudden death, it can also be useful by evaluating hard 
tissues and inapparent damage that may be responsible for a 
death.26 

AI applications on cephalometric parameters; angles, 
ratios, and distances can be used for the determination of 
gender and age.27

Forensic Palynology
The use of pollen DNA profiling can be useful in forensic 
palynology in the future. The application of pollens evidence 
can be better utilized  in the future.28

Forensic Entomology
There is a need to know the shortcomings in using forensic 
entomology for the determination of post-mortem intervals.
An expert should do29 sample collections for the study of 
insects, and it should be well preserved. Research work should 
be correlated with the casework, and knowledge in the gaps 
should be filled by research,30 and better done in more regions 
and more environments.31 There is no standard format for the 
reporting, and it varies from country to country. A standard 
format was produced by Kotze et al., 2021.32 Most commonly 
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order Diptera and the family Calliphoridae have been studied 
worldwide.33

Teaching of Forensic Medicine
Usually, lecture, practical, and case showing in mortuaries and 
emergency is the teaching method. Some have used innovative 
Twine software, which provides an interactive learning 
atmosphere around the creation of non-linear stories, positively 
impacting their understanding of students.34

Visit the (CSI) lab and crime scenes; (FSL) increases the 
interest of the students, broadens their perspective, and adds 
value to the academic training.35

Virtual Reality in Teaching
The technology of virtual reality (VR) allows visualization 
of 3D information by immersing oneself in the scene and has 
been used at the crime scene to plot the distances.36 It is very 
good for practical experience but needs experience, and the 
cost is a significant factor,37 especially in India. It helps a lot 
in providing skills to the learners. Most of the students enjoy 
this experience and produce good results in reconstructing the 
crime scene using different software tools.38,39

Augmented Reality Technology in Teaching
Augmented reality teaching is being used in other disciplines of 
medicine and education. It increases perception and interaction 
with the real world. Augmented Reality Software Development 
(ARSD) Kit is used in Teaching Forensic Medicine in some 
parts of the world. Vuforia has been used in Thailand.40 AR 
recognition (brain), AR tracking (Eyes), and AR content 
rendering (imagining virtual objects) are the important 
components of AR Technology.

During the autopsy, it can record injuries on the surface and 
their deeper manifestations by CT by using a tablet, camera, 
and computed tomography (CT) Scan. This available data can 
help during future post-mortem examinations and will make 
things simple and economical too.41

mARble–software is used on mobiles and tablets for 
teaching forensic medicine. This software has already been 
evaluated.42

Virtual Autopsy
Though virtual autopsy cannot replace the routine autopsy, 
it can be useful in many circumstances, especially in the 
COVID-19 scenario.43 In India cost factor is a big issue, and 
the availability of trained forensic radiologists is another issue.

Virtual anatomy labs and virtual forensic medicine labs 
may be combined and will be useful both for teaching and 
casework, especially for identification for determination of age 
and gender, especially in those cases where a routine autopsy is 
not preferred due to religious reasons, or the body is infected, 
the danger of toxic exposure or bio-hazardous due to biological 
or nuclear hazards.3

Cost is the barrier to using virtual autopsies in India. It 
also needs robotic assistance for the needle core biopsies and 

imaging. Picture archiving and communication systems can 
be used.

In small areas where only CT is there, but Magnetic 
resonance imaging (MRI) is not present, and where the budget 
is less, virtual autopsy software can be used, e.g., PACStopsy. 
2D images of CT scans can be converted to 3D images by 
pathologists. Even gross tissue images and pathology slides 
images can be uploaded. This can also be accessed remotely 
by an App.44

The most significant advantage is that virtual autopsy can 
be completed very quickly, i.e., within minutes, and can be 
especially useful in traffic accidents, homicides, suicides, falls 
from heights, and drowning. It also prevents needle pricks, 
cuts, and exposure to pathogens. But it has limitations that 
the tissue samples cannot be taken, and a routine autopsy is 
the only way if needed.44

A virtual autopsy can complement the routine autopsy.

Poison Gardens
Some gardens have plants that can kill a person. One such 
garden is The Alnwick Garden- Poison Garden on the grounds 
of Alnwick Castle in Northumberland, England, where such 
plants can be studied. Many medical colleges have developed 
such gardens though the scale is minuscule. One should follow 
the rules of the garden for a safe visit.

Visits in Open Having Plants
There are botanical gardens that have some poisonous plants. 
Some plants just grow as wild plants.

Visits to Snake Zoos
The visit will greatly facilitate knowing all types of snakes 
and seeing how they look when alive. By this, we will be able 
to identify non-poisonous snakes and not unnecessarily kill 
snakes that are not poisonous and which are friendly for the 
farmers as they eat the reptiles that harm the crops. Such a zoo 
tout will be quite helpful.

Dealing with the Effect of Witnessing the Trauma
Dealing with trauma and death can produce psychological 
stress. It is poorly studied and poorly managed at present. 
The first thing is the recognition of its existence. One of the 
studies identified belief in the just world, coping strategies, 
and resilience are predictors of psychological stress.45 This 
prediction will help in identifying and managing psychological 
stress.

Determining the Cause of Death in Difficult 
Cases
Determining the cause of death is sometimes difficult, 
especially in sudden natural deaths. Biomarkers in these 
circumstances can be quite helpful e.g., Brain Natriuretic 
Peptide (BNP) and N-terminal proBNP (NT-proBNP)  are 
useful biomarkers for heart failure in living persons, and the 
same can be useful even in forensic pathology cases.46



Forensic Medicine and Toxicology: Challenges and Opportunities of the Future in India

Int J Eth Trauma Victimology, Volume 8, Issue 1 (2022) 5

Fixing the cause of death as anaphylaxis is difficult after 
post-mortem examination. Serum tryptase levels (STL)
from the post-mortem samples in a systematic review and 
metanalysis levels of STL in anaphylactic deaths were higher 
as compared to non-anaphylactic deaths. It can be a biomarker 
for anaphylactic deaths if its level is higher than 30.4 μg/L.47

If death is due to poisons and the post-mortem interval is 
being determined, then the effect of the poison on the insects 
must be taken into consideration. Sometimes conventional 
samples for toxicological analysis are degraded, then the 
detection of the poisons can be done from the insects.48

Sudden unexpected death in epilepsy (SUDEP) also poses a 
problem to the forensic pathologist.49 Neuropathology, cardiac 
and genetic findings are important to concluding.

Human organs on chips can help in the research on the 
various aspects of toxicology e.g., effects of Medicines on the 
organs50 and similar effects of the poisons on the organs can be 
studied and the solutions found for the treatment by research.

Biobanking
Biobanks are places where human tissue can be stored for 
many years and are good for genetic studies, and are good 
for trans-disciplinary studies. It needs quality controls and 
documentation.51 It has been frequently observed that reports 
coming from the pathology department are not helping the 
outcome of the case. Autolysis of the samples is frequently 
reported. Proper biobanking can give good results even after 
10 years of sampling.52 Tissues in the biobanks can be a good 
material for research and data and also helps to standardize 
the policies for the conservation of the tissues.53 It can help 
in DNA data banking, but its ethical issues are still under 
debate.54 It will be a good source for a second opinion of the 
tissues if needed.

3D Printing
3D printing provides three-dimensional information compared 
to ordinary photographs, which provide only 2-dimensional 
information. It can be useful in forensic odontology, forensic 
anthropology, and facial reconstruction. It can also be used in 
ballistics, fingerprints, and other situations.

It can also be used as demonstrative evidence during the 
trials in the courts for a better understanding of the information 
by the courts e.g., weapon, injury on the bone. It can document 
human remains when the original cannot be preserved for 
cultural and religious reasons. From virtual autopsy, 3D prints 
can be made and studied to prevent exhumation.55 

Many materials can be used but commonly used is Polylac-
tic Acids which may have poor durability. There can be other 
costly and better options.56

It can help in the identification when 3D printing can be 
done of the dentition, mandible, and skull. Even it can in the 
case of bite marks when the bite marks and teeth of the accused 
can be 3D printed. 

Criminals, too, are using 3D technology by 3D printing guns 
and other weapons, and tracing such weapons is difficult. It 
can also print fingerprints and handprints, and fake retinal 
blood vessel prints.57

Organ Harvesting 
This needs to be respected if the person is willing to donate 
organs. Quality of dying can be taken care of by the nurses 
and patient and family comfort. Such patients need to be 
stabilized, and good assistance in dying is provided till the 
organs are retrieved.58

Definition of death needs to be replaced by conditions 
permitting organ harvesting when a dying person is still 
biologically alive but no longer a person. Organs harvesting 
should be done from persons in the vegetative stage but persons 
with the whole brain death.59

Many people need organs. Can we help in this process 
to take care of the needs of recipients in a legal way? Living 
donors are not sufficient; we should also try to increase the 
number of living donors.60

There are socio-cultural challenges in organ donation from 
the dead, where victims of road traffic accidents can donate their 
organs. But there are beliefs and superstitions which prevent 
this along with a lack of support from the institutions and 
communications with the families of the deceased. Donations 
from the dead body can be an alternative in some conditions, 
but there is a need for quick transport and green corridors to 
transport these organs.61 There are multiple factors for the 
poor retrieval of the organs e.g., conflict of interests, altruistic 
values, and ethical dilemmas in many situations.62 Forensic 
pathologists should have a positive attitude to help in this 
process of taking care of the laws of the land and but no person 
should become a victim of the wrong attitude of the health  
professional.

Cautious

Innocence Project
Many persons are wrongly convicted due to false scientific 
pieces of evidence too. Edwin M Borchard was the first 
person to advocate the cause of wrongful convictions to save 
the innocents.63 Innocence Project of Texas was started. The 
first post-conviction DNA exoneration happened in 1989.64 
No wrong person should be convicted as that will leave the 
criminal doing more crimes.65

The innocence project has been started in various parts 
of the world. This should be started in India, too, so that no 
person suffers due to false shreds of evidence.

In India, Innocence network has been started for the 
wrongfully convicted persons. Society needs to wake up to 
act on wrongful convictions and take remedial measures.66

Separate Subspecialties
There is a need to develop the sub-specialties of forensic 
medicine and toxicology. These will not usurp the specialty 
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but will help to develop it further by being more accurate and 
more useful. Manpower too will increase, and we will be able 
to provide better and more efficient services.

Fellowship in Each Sub-specialty
Doctor of medicine (DM) courses and fellowships should be 
started in the sub-specialties. In this way, research will be 
possible, and our specialists will progress further. As we will 
prove more useful to society, better respect and avenues will 
be available.

Toxicology

Forensic Nursing
Forensic nursing is emerging as a new branch that has 
established itself in many advanced countries. In India, too, 
with the efforts of INPAFNUS, forensic nursing teaching has 
become a part of undergraduate courses in the whole of India. 
This will be a branch of science that will greatly improve the 
collection of the biological pieces of evidence at the crime 
scenes, emergencies, and mortuaries of the health system and 
help in other disciplines of forensic medicine and toxicology.

Clinical Forensic Medicine

Forensic Psychiatry
This is the branch that has to deal with patients who have a 
stigma of being a victim (rape cases) or offender. They provide 
fitness certificates to be prosecuted. They also have to opine 
about the criminal liability of the offenders if there is an issue 
of mental illness. Forensic psychiatry is an important branch 
that can help in the reduction of violence and reduction of 
deaths due to mental disorders.67

Different subspecialties of forensic psychiatry are 
developing worldwide, e.g., forensic psychiatry for those with 
intellectual and developmental disabilities, forensic psychiatry 
for child and adolescent patients, and forensic psychiatry for 
older patients.

Recovery subscales of dangerousness are an important 
tool in the secure recovery of forensic psychiatry patients, 
e.g., coming to terms with the past,  hope, health, intervention, 
sense of self, and connectedness.68

Forensic psychiatrists have played an important role in 
managing prisons and secure hospitals for mentally ill persons 
at the time of COVID-1967 and will be an asset in future 
pandemics too.

Forensic Pathology
Electrochemical biosensors for the detection of pathogens 
(Bacteria and viruses) may be an important tool for the future.69

Micro RNA is an important biomarker as they are very 
stable and specific; wound vitality determines the time of 
death and drowning.23

Mortuaries of the Future

Virtual Autopsy
A virtual autopsy cannot replace the routine autopsy, but it 
can improve the services. Radiological facilities need to be 
enhanced in the mortuaries, and gradually a provision should 
be made for the virtual autopsy too. 

Robotic Post-mortem Examination
Modern facilities in the morgues should be provided. Cold 
storage must be increased to take care of the increased number 
of cases in mass disasters.

Humanitarian forensics is coming in a big way, and forensic 
pathologists need to take the lead and be a good team leader 
and involve other specialists to get the best possible results.

Digitalization in Forensic Medicine
Now people are talking about health, the Internet of Things 
[IoT], and sensors, and we need to know about them so that if 
faced with these things, we should be ready to use, interpret 
and incorporate them into forensic practice. Biosensors are 
now available for fitness, blood glucose, and home-based 
diagnostics. If death is due to hypoglycemia or hyperglycemia, 
then a record of these biosensors may be useful.70

With digitalization, there is a danger of leakage of 
information. Blockchain technology can now be applied to 
the health care system to prevent this. A secure system can be 
developed for peer-to-peer review of the information about the 
patient. Further research can be made to make it more effective 
and more useful. this can be integrated with the artificial 
intelligence and cloud computing-based solutions too by using 
Ethereum platforms or private blockchain platforms.71

Microbiome analysis after death can help in many 
important areas after death. It can help in determining post-
mortem intervals when the decomposition sets in the body 
after death.13 

Micro RNA is a good biomarker as it is very stable and is 
good for degraded samples. It is good for identification from 
body fluids, wound vitality in dead for age determination of 
wound, in the investigation of anti-doping and drowning.23

Preventive Forensic Medicine
How to decrease the violence, how to decrease the deaths, 
both suicidal and homicidal as well as the accidental deaths

Forensic Odontology
In dentistry, we are seeing the introduction of new technolo-
gies which are handheld portable X-ray devices,72 insertion 
of microchips in dental implants,73 artificial intelligence (AI), 
smart toothbrushes, augmented reality (AR), virtual reality 
(VR), teledentistry, computer-assisted designing and 3D 
printing, intraoral camera, regenerative dentistry, Clustered 
regularly interspaced short palindromic repeats (CRISPR),74 
and Cone Beam Computed tomography.75 A new procedure 
introduced is Virtopsy of the Head and Neck which can solve 
many issues in a non-invasive way.76 There is much software 
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that can help in the identification of the teeth and can be useful 
in forensic odontology.77

Medical Ethics
Corruption is a big social problem in India and the medical 
profession is not an exception. Though the extent of corruption 
level may be debatable in forensic medicine, it cannot be 
denied totally, and there are a few black sheep which we need 
to identify and take remedial measures so that there is work 
produced which is scientific and par any doubt.

We must inculcate the right values in the medical students 
so that they become ethical doctors. There is a need to provide 
them with role models, and a forensic physician can be a good 
role model.

With the digitalization of health data, breaches in health 
data are a sensitive issue. It is attractive data for cybercrimi-
nals.78 There is a need to take steps so that this does not happen 
as this impacts the privileges of the patients.

Advance Directives
There is a need to respect the advance directives of the patient 
that at the life of end care how he should be treated.

Use of Social Media
Social media is now being used to update the public about 
disasters, including images, videos, or texts.79 While using 
social media, ethical aspects must be taken care of to avoid 
disclosure of information about a patient to whom it should 
not be disclosed. There is a danger of tarnishing a person's 
online reputation, including forensic professionals if due care 
is not taken care of.

dIscussIon

Everything Under One Roof
It is good if the majority of the forensic facilities are provided 
under one roof when a post-mortem examination is to be 
conducted. In this way, many bottlenecks will be removed. A 
post-mortem examination and Forensic science laboratory divi-
sion (FSL) in one complex will greatly enhance the outcome 
as there will be minimum delay and distortion of the evidence. 
Similarly, one-stop centres for the victims of sexual assault will 
go a long way in managing the survivors of the sexual assaults.

When dealing with the victims, offenders, and their fami-
lies, their cultural and religious values must be respected to 
have the best cooperation from them and ultimately get good 
results. In this process, legal requirements should not be 
compromised.

Digital visual interface (DVI) teams should be ready and 
have protocols for biological, radiological, chemical, and 
nuclear scenarios.

There is a need to update ourselves with the latest technolo-
gies emerging and amalgamate these technologies to the area 
where we are practicing.  

There is a need for constant research to have the data where 
these researches can help especially in the areas where we 
have many challenges.

conclusIon

We need to know our weaknesses and strengths. Only after 
identification of the weaknesses and problems can we find a 
solution. Toxicology is one such area where a lot of progress 
can be made. We need to develop and strengthen other sub-
specialties. We need to dream big and start working on these 
dreams to strengthen our discipline. This is the only way 
to progress, provide efficient services to society and move 
forward. 
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AbstrAct
Aim: To study the incidence of primary open-angle glaucoma (POAG) in a tertiary care hospital. 
Material and methods: The present study was conducted on the patients diagnosed with POAG in the outpatient department 
for one year. A total of 60 patients were diagnosed with POAG during this study period. Detailed history and thorough ocular 
and systemic examinations were made. 
Result: It is evident from this study that POAG is more common in the elderly population, particularly in the fifth decade, with 
the mean age among all patients being 51.02 + 13.63. Males were affected more than females (the ratio is 3.3:1). The incidence 
of POAG during the study period was 0.152 among all OPD attendance. 
Conclusion: To improve the incidence of POAG, population-based screening of POAG is not feasible, but opportunistic 
screening of POAG can be done in outpatients in elderly, diabetic, hypertensive, and myopic populations when presenting with 
complaints of reduced vision.
Keywords: Fundoscopy, POAG, Tonometry, Visual field.
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IntroductIon

Glaucoma is a diverse disease group of eye diseases with 
multifactorial aetiology, characterized by an acquired 

loss of retinal ganglion cells, progressive optic neuropathy 
with morphological abnormalities in optic nerve head (ONH) 
and, visual field defects, in which raised intraocularly (IOP) 
is a significant and only modifiable risk factor.1 The estimated 
prevalence of glaucoma in the world was 60.5 million in 2010 
and is expected to increase to 79.6 million in 2020.2 Studies 
have shown that 12 million Indians have already been affected 
by the disease by 2010 and has been estimated to increase to a 
16million by 2020.2 The diagnosis of POAG may be delayed 
due to the lack of early symptoms. Glaucoma is irreversible, 
slowly progressive and usually remains asymptomatic until 
late. If not treated or inadequately treated, glaucoma often 
results in visual impairment and blindness.3

Glaucoma is a lifelong disease and is a leading cause of 
irreversible but preventable blindness (5.80%) in India, next 
to cataracts (62.50%).4-6

The complainant verdicts are the same in glaucoma and 
eyes as a whole, but the scale of plaintiff compensation is 
higher in glaucoma than in other illnesses of ophthalmology. 
Some of the litigation causes included failure to diagnose 
glaucomatous disease, adverse drug reactions, and 
intervention complications.7 Therefore, sound knowledge 
about open-angle glaucoma is essential to avoid unnecessary 
harassment. So, we aimed to examine the incidence of 
primary open-angle glaucoma (POAG) in a tertiary care 
hospital to keep data to deal with a further course of  
action.

MAterIAls And Methods

The present study was conducted for one year on patients 
diagnosed with primary open-angle glaucoma (POAG) in the 
outpatient department. A total of 60 patients were diagnosed 
with POAG during this study period. Written and informed 
consent was taken from all the patients.

All cases diagnosed and treated as POAG irrespective 
of age and sex were included in the current study. We have 
excluded the primary angle-closure glaucoma, secondary 
glaucoma, congenital glaucoma and the cases with lenticular 
opacity, corneal scarring or opacity.

Detailed ocular history regarding the diminution of vision, 
redness, photophobia, seeing of blind spots or coloured halos, 
and associated symptoms such as nausea and headache were 
enquired. History of frequent changes of presbyopic glasses, 
intermittent pain and redness were asked. General medical 
history of diabetes, hypertension and cardiac diseases, and a 
family history of similar were inquired about.
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A thorough ocular examination was done, including visual 
acuity, refraction, tonometry, slit-lamp biomicroscopy, 
gonioscopy, perimetry, and optical coherence tomography 
(OCT).

Intraocular pressure (IOP) was measured using a Goldman 
applanation tonometer (GAT). IOP was measured three 
times in each eye, and the pressure was taken as the median 
of these three readings. The same observer performed IOP 
measurements. The analysis of retinal nerve fibre was done 
with OCT (Stratus OCTTM model 3000, Carl Zeiss Meditec 
Inc). Visual field analysis was done with Automated Humphrey 
Visual Field Analyser, and the strategy used is SITA (Swedish 
Interactive Threshold Algorithm). Before the conduction of the 
study, ethical approval was obtained from the ethics committee 
of the institute.

results

The incidences of the cases are narrated in Table 1.
The incidence of POAG during the study period is 0.152. 

The gender-wise distribution of the cases is mentioned in 
Table 2.

Our study reveals a higher incidence of primary open-
angle glaucoma in males (76.67%) than in females (23.33%). 
(p=0.0052).

The cases of the primary open-angle glaucoma in the 
present study are mentioned in Table 3.

We get that 49 patients (81.66%) were above 40 years of 
age in this study population. Maximum numbers of patients 
were in the 5th decade. 

This study reveals that POAG is more prevalent in the 
elderly, particularly in the fifth decade. Among the 60 cases, 
the majority (56.67%) of the cases were 41-60 years. The 
youngest patient in the study population was 19 years, while 

the oldest was 82 years old, and the mean age of presentation 
was 51.02 years.

dIscussIon
This cross-sectional study was done year to study the incidence 
of the POAG. Statistically, Chi-Square (x2) and Probability 
values (p) were used, and a p < 0.05 was considered statistically 
significant. The study population was the patients attending the 
hospital's outpatient department during this period and being 
diagnosed as POAG.

Primary angle-closure glaucoma is a significant cause of 
gradual painless loss of vision. This study revealed that direct 
open-angle glaucoma incidence during the study period was 
0.152% Table 1 of the total patients attending the outpatient 
department. The different authors found the incidences similar 
to our study mentioned in Table 5.

Our one-year incidence rate is comparable with a few of 
the handful of available one-year incidence studies, like Visual 
Impairment studies, Mukesh et al.8 Incidence was further 
increased in the Barbados Eye Study Group by Leske et al.9, 
and it was conducted in the black population of age 55 years 
and above.

The low incidence in our present study is attributed to the 
lack of awareness and ignorance among the general population 
regarding glaucoma and the nearly symptomless and insidious 
nature of POAG.

In our study, males were three times more affected than 
females. (M:F ratio= 3.3:1). It has been observed that most 
of the cases occurred among males (76.67%) than females 
(23.3%). In this study p-value = 0. 0052, which is statistically 
significant.
A study known as Aravind Comprehensive Eye Survey done 
in 2003-2009 also found that males have an increased risk 
of developing POAG compared to females (M: F=2.2:1). The 

Table 1: Incidence of the cases

Total number of cases attending the outpatient 
department 39498

Total number of primary open-angle glaucoma 60

Incidence 0.152

Table 2: Sex distribution

Sex Number of cases Percentage

Male 46 76.67

Female 14 23.33

Total 60 100%
X2 =7.82, p=0.0052

Table 3: Age distribution

Age in years 19-40 41-60 >60

Males 6 28 12

Females 5 6 3

Total 11 34 15

Percentage 18.33% 56.67% 25%
X2 =11.715, p=0.006

Table 6: Sex distribution in different studies done by other authors

Authors Male POAG (%) Female POAG (%)

Sun et al.11 45.6 54.4

Narayan et al.12 58 42

Ramakrishnan et al.13 68.75 31.25

Our study 76.67  23.3

Table 4: Statistics of age distribution

Mean age 51.02

Standard deviation 13.63

Standard error of mean (SEM) 1.76

95% Confidence Interval 54.47
47.57

Minimum 19  

Maximum 82

Median (50th percentile) 52

Table 5: Incidence of POAG recorded by different authors

Authors Incidence (%) in the 2-year study

Mukesh et al. (2002)5 0.1

Leske (2001)6 0.2

Our study (2018) 0.152
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Rotterdam Study10 also found that males were three times more 
affected than females. Sex distribution in different studies done 
by other authors like our topic is shown in Table 6.

Few population-based studies like the Blue Mountain eye 
disease study13 found a higher incidence of females than males.

Our study found male preponderance in all age groups. 
Most of the mentioned studies were population-based studies. 
Ours being the hospital-based one, socio-economic and 
cultural constraints play an essential role, leading to neglect 
and under-reporting of females with POAG. Most young 
females came for their refractive error correction and were 
later diagnosed as POAG.

Our study revealed that POAG is more common in the 
elderly, particularly in the fifth decade and above. The mean 
age at presentation was 51 years. The highest numbers of cases 
were in the age group 40-60 years range (58.33%), and among 
these patients, 57% cases were in the 5th decade.

The mean age in our study was comparable with other 
Indian studies, and Narayan et al.14 and TakeP et al.15 had 
fixed the lower age of the patient as 40-45 years, respectively. 
Similarly, the average study population in the Blue Mountain 
Eye Study 14 was 66.

conclusIon

POAG has been rightly labelled as a silent thief of sight due 
to the initial symptomless manner in which it permanently 
affects eyesight.

Unawareness and ignorance of the general population 
must be alleviated regarding the nature of POA G. Its familial 
nature must be understood. To improve POAG incidence, 
population-based screening of POAG is not feasible. Still, 
opportunistic screening of POAG can be done in outpatient 
departments, especially in elderly, diabetic, hypertensive, 
and myopic populations, when presenting with complaints of 
reduced vision.
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AbstrAct
Context: Age estimation is an integral part of investigations in legal and humanitarian scenarios, particularly when the relevant 
proof documents are unavailable or suspicious of being fraudulent. A radiological method for age estimation using open apices 
of teeth was suggested by Cameriere et al. in 2006. The present study aims to test the accuracy and reliability of Cameriere’s 
method in the population of Maharashtra.
Materials and Methods: Orthopantomograms of 108 patients of age ranging from 6 to 15 years were analyzed using Image J 
software. Estimation of age was done by Cameriere’s open apex method using the original European linear regression formula.
Results: There was an overall overestimation of age by a mean of 0.77 years. The mean overestimation in age for males was 
0.88 years, and for females was 0.64 years. The two-tailed P value was found to be 0.2958, which indicated that there was no 
statistically significant difference between the discrepancies noted, respectively, in both the genders.
Conclusion: Cameriere's open apex method can be utilized to efficiently and accurately estimate age in a non-invasive manner. 
The slight discrepancies amongst various populations can be resolved by extensive studies using the method in these regions, 
compiling the data, and developing region-specific variables in the existing formula.
Keywords: Dental age, Forensic odontology, Open apices, Panoramic radiography.
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IntroductIon

AGe estimation is an integral part of investigations in 
legal and humanitarian scenarios, particularly when the 

relevant documents of proof are unavailable or suspicious 
of being fraudulent. It finds applications in various legal 
cases involving children and juveniles for civil aspects like 
adoption, child labor, or other criminal proceedings such as 
rape, kidnapping, and illegal immigration.1 An accurate and 
dependable method that can estimate age with high probability, 
can aid in narrowing down the list of possible victims or even 
play a decisive role in such cases.

The study group on forensic age diagnostics has suggested 
using a combination of physical examination, dental status, 
and radiographic examination to improve the accuracy of 
age estimation.2 The teeth erupt in a definite chronological 
sequence, providing a fair indication of a person's age. Unlike 
other skeletal tissues, once formed, dental tissues do not 
undergo significant remodeling once their mineralization is 
completed and are only slightly affected by aging or hormone 
alteration.3 Therefore, dental tissues are recommended as a 
tool for the assessment of age.

A multitude of methods and formulae have been developed 
over time, each aiming to accurately estimate the age of the 
subjects in question, living or dead, by analyzing the dentition-
related factors. Most of these methods involve examination of 
histomorphological features of teeth such as incremental lines 

of Retzius, cementum annulations, the translucency of dentin, 
racemization of collagen in dentin, or regressive alterations 
in teeth.4 However, these methods warrant extraction of the 
tooth followed by tedious preparatory procedures, which is 
not possible in many legal cases.

A relatively non-invasive radiological method for age 
estimation was suggested by Cameriere et al. in 2006. It 
involved radiological evaluation of proportional measurements 
of formative crowns to the open apices of teeth in children and 
adolescents.5 They utilized a linear regression formula that 
could estimate age significantly accurately.

The formula was tested amongst the populations of 
various regions of India, and naturally, owing to geographic, 
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dietary, and ethnic influences, a certain discrepancy was 
observed from the original European formula.6 However, 
India is a climatically and culturally diversified country and 
shows variations even amongst different states. Consequently, 
modifications such as the addition of a dummy variable were 
proposed in the original formula, specific for populations of 
Central, North, and South Indian populations.6-9 

The present study was conducted to determine the accuracy 
of Cameriere’s open apex method for age determination as well 
as to confirm the applicability of the original formula provided 
by Cameriere et al. in the population of Maharashtra a state in 
the western part of India.

MAterIAls And Methods

The institutional ethical board approved the protocol of the 
present study. The study was conducted for two years (from 
Oct 2019 to Oct 2021), during which orthopantomograms 
(OPGs) were obtained from the institutional department of 
Oral Radiology based on convenience sampling. Only patients 
with mixed dentition advised to obtain an OPG for their routine 
treatment were included in the study; none of the patients was 
exposed to radiation specifically for the sake of the study.

OPGs of patients with mixed dentition between the age 
range of 6-15 years were selected for the study. Patients who 
have systemic conditions that could influence the formative or 
mineralization process of the teeth or those not having all the 
mandibular teeth present at least on one side were excluded. 
Patients undergoing orthodontic treatment were also excluded 
from the study.

The coordinating investigators (S. Su and O.K.) assigned 
a randomly generated code to each OPG and noted down the 
demographic details of the patient. The patient's chronological 
age (CA) was obtained by subtracting the date of obtaining 
the OPG from the patient's birth date. The investigator, tasked 
with estimating the age, was blinded regarding all the aspects 
of the patients, including name, chronological age, gender, 
religion, and socioeconomic status. The image of the coded 
OPG was provided to the investigator and was analyzed using 
“Image J” software. The software has the advantages of being 
easily available and free to use, making the study design quite 
feasible.

Seven left permanent mandibular teeth were considered, 
excluding the third molar. The number of teeth with closed 
apical ends (N) was determined. For teeth with open apices, 
the distance between the inner sides of the open apex was 
measured (Ai, i being the number of the element). For those 
teeth with two roots (i = 6 and 7), the sum of the distances 
between the inner sides of both apices was calculated. To 
avoid distortions by possible differences in magnification or 
angulation, the measure Ai was divided by the tooth length 
(Li) so that xi = Ai ⁄Li. 

The measures obtained were used to estimate age according 
to the original formula provided by Cameriere et al. [5]:

Dental Age = 8.971 + 0.375g + 1.631*x5 + 0.674*N – 1.034*S 
- 0.176S*N0

where g is a variable-1 for boys, and 0 for girls; x5 = A5 ⁄ L5; 
N = number of teeth with closed apical end; and S = sum of 
normalized open apices (S = x1 + x2 + x3 + x4 + x5 + x6 + x7).

Two independent observers (SS and YA) analyzed 
the radiographs to minimize bias in image analysis and 
interpretation. 

results

A total of 108 samples were included in the study, comprising 
OPGs from 56 males and 52 females. The CA of the entire study 
population ranged from 7 to 14 years, with a mean of 10.314 
years (S.D. = + 1.768). The mean DA of the study population 
was found to be 11.080 years (S.D. = + 1.272). 

The mean overestimation in age for males was 0.88 
years, and for females was 0.64 years. The two-tailed p value 
was found to be 0.2958, which indicated that there was no 
statistically significant difference between the discrepancies 
noted, respectively, in both the genders.

A co-efficient value of 0.92 was obtained using intra-class 
co-efficient analysis, which implied a good agreement between 
the two observers.

dIscussIon

Teeth are highly resistant to adverse conditions such as heat, 
trauma, and pressure generated during natural disasters such 
as fires, floods, and earthquakes.10 Consequently, they are 

Figure 1: An example of analysis of the seven mandibular left teeth. 
'A' represents the width of the open apex; 'L' represents the vertical 

length of the tooth. The number of teeth with closed apices is noted.

Table 1: Gender-specific characteristics of chronological age of 
the study population and its dental age calculated by Cameriere’s 

method.

Males (n=56) Females (n=52)
Chronological 
age

Dental 
age

Chronological 
age

Dental 
age

Mean 10.07143 10.95857 10.57692 11.21192
Max 14 14.3 13 12.34
Min 7 7.34 8 8.8
S.D. 1.943354 1.413948 1.432756 0.908744
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preserved over long periods while other parts of the body 
deteriorate. Therefore, utilizing teeth is highly recommended 
for forensic and paleontological investigations. 

Continuous deposition of dentin occurs, which results in 
the narrowing of apices during the process of root formation.11 
It occurs systematically, at different chronological ages for 
different teeth. Cameriere's age estimation method effectively 
employs this phenomenon for age estimation.

The major advantage of Cameriere’s method for age 
estimation is that it is relatively non-invasive and does 
not require the extraction of teeth, as compared to other 
histomorphological analytical methods. Since a vertical to 
horizontal ratio is obtained in the method, discrepancy due to 
radiographic image distortion is also minimized. Although 
distortion may vary along the horizontal and vertical axes, it 
is generally not significant under normal conditions and would 
affect the ratio only in extreme values.12 These qualities of 
Cameriere's method make it a preferable choice for efficient 
and accurate age estimation. 

The applicability of Cameriere’s open apex method of age 
estimation is not only limited to forensic odontology but can 
extend to other branches of dentistry as well. Two individuals 
of the same age may show variation in the chronological 
development of teeth, owing to the differences in their 
upbringing, nutritional status, and ethnic differences.13 This 
may constitute a drawback of age estimation using this method 
when legal aspects are considered but can be beneficial in 
another way. Most of the treatment procedures in interceptive 
orthodontics and pedodontics are based on the developmental 
stages of teeth. Using these developmental stages to calculate 
the dental age would be more apt for treatment planning than 
using the chronological age, which may or may not accurately 
depict the developmental status of the patient.

Similar studies in other parts of India have found varied 
and contrasting results.6,7,9 The results of our study indicated 
that there was an overestimation of age with a mean difference 
of 0.88 years in males and 0.64 years in females. A similar 
overestimation of age by 0.70 years in boys and 0.60 years in 
girls was found by Rai et al. in the population of Haryana (North 
India).6 Vadala et al. found a relatively lower overestimation of 
0.02 years in males and 0.22 years in females in the Khammam 
population (South India).7 On the contrary, Ganepalli et al. 
found an underestimation with a mean difference of 1.50 years 
in males and 1.54 years in females (South India).9

The discrepancies amongst various studies may be a 
result of a combination of various factors: (i) There would 
be an obvious difference in the chronological closure of root 
apices amongst different populations,14 (ii) The near-closed 
apices of roots in patients of older age group make analysis 
difficult and subject it to errors,15 and (iii) radiographic causes 
wherein distortion along one axis significantly exceeds the 
other.12 While a part of these discrepancies may be solved by 
introducing dummy variables for specific populations, those 
attributable to errors in methods or samples are relatively more 
difficult to deal with.

These errors may create a barrier in stating the probability of 
estimated age in the court of law. Wrongful conviction due to 
erroneous methodology in age estimation would be the worst 
possible outcome. Therefore, population-specific data from 
different regions of various countries concerning the validity 
and reliability of methods used for age estimation must be 
generated regularly and on a large scale.

The findings from our pilot study need to be reinforced 
by conducting further studies with a larger sample size 
on the population of Maharashtra. A calculated sample 
size concerning the population of Maharashtra would 
provide statistically more reliable and valid information 
concerning the applicability of Cameriere’s method for age  
estimation. 

Any population-specific modifications required in the 
formula could also be incorporated. Furthermore, such studies 
would also reveal the impact, if any, of radiographic distortion 
in age estimation using Cameriere’s open apex method. 
Nevertheless, the method enabled an efficient and fairly 
accurate estimation of age except for slight overestimation. 
Our findings highlight the potential reliability of Cameriere’s 
open apex method for age estimation after sufficient scientific 
validation is carried out.

conclusIon

Cameriere’s open apex method can be satisfactorily utilized 
to efficiently and accurately estimate age in a non-invasive 
manner. The slight discrepancies existing amongst various 
populations can be resolved by extensive studies using the 
method in these regions, compiling the data, and developing 
region-specific variables in the existing formula. Therefore, 
more such studies are recommended to generate data that 
would help improve the accuracy and reliability of the 
estimated age produced by this method, which our study could 
save as a pretext.
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AbstrAct
The present study was conducted to determine any change in the pattern of fatal firearm cases in Varanasi district, India, 
which could be linked to the Covid-19 pandemic. The impact of Covid-19 on psychological and sociological aspects has been 
explored by many studies done across the world; however, the impact of the pandemic on homicides and crime rates still 
requires further research worldwide as well as in our region. A total of 128 cases from a span of four and a half years have 
been taken into consideration. These cases were brought to the mortuary of the Department of forensic medicine, Institute of 
Medical Sciences, Banaras Hindu University. When the data for the last three years, i.e., from the year 2017 to the year 2019, 
was compared with the trend of data from the years 2020 and 2021, a rise in cases of suicides was observed in 2020 with no 
substantial rise in homicides through the firearm. Further studies and deeper insights are required in such studies as it will help 
the law enforcement agencies get a clearer picture of the rise in homicides through firearms and highlight the issue of using 
unlicensed firearms in our region. This will communicate the urgent need to inculcate new and stricter laws and implement the 
amended ones to tackle the problem efficiently.
Keywords: Ballistics, Covid-19, Firearms, Forensic Science, Homicides. 
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IntroductIon

From the day, i.e., 30th January 2020 when the first case 
of confirmed Covid-19 came to light in Kerala1 in the 

country to the ongoing second wave of the pandemic in India, 
the pandemic has had a profound effect on everything around 
humans. Covid-19 has claimed more than 4,743016 lives to 
date.2 multiple studies show the profound effect of Covid-19 on 
psychological and sociological aspects. The studies highlight that 
the Covid-19 pandemic, quarantine, and social distancing are 
associated with stress, anxiety, insomnia, panic, domestic abuse, 
and enhanced existing psychiatric disorders.3 It is no surprise 
that the distress of the pandemic has caused increased suicides 
worldwide.4,5 although the effect of Covid-19 on homicides has 
still not been studied in detail. India is known to have one of the 
strictest laws on firearms, but that does not deter their purchase 
as 85%t of firearms owned by civilians are illegal.6 According 
to the Institute for health metrics and evaluation report, in 
2016, 26,500 deaths were attributed to firearms.7 According 
to National crime record bureau, a total of 448,323 cases were 
registered for violation of the arms act under special and local 
laws in the year 2019, and shockingly out of these, 44,513 cases 
involved illegal and unlicensed firearms. Uttar Pradesh has the 
highest number of firearm-related crimes with 33013 cases, 
followed by Madhya Pradesh (15,336) and Rajasthan (7,074).8 
Our study aims to outline the pattern of firearm-related deaths 
in the Varanasi region and compare the pre-Covid-19 data with 
the data collected during the pandemic.

MAterIAl And Method

An observational study was carried out on firearm fatalities 
brought to the mortuary of the Department of Forensic 

Medicine, Institute of Medical Sciences, Banaras Hindu 
University, from January 2017 to June 2021. The cases brought 
to the departmental mortuary were recorded. The relevant 
questionnaire was prepared to collect data about firearm 
fatalities. The cases were studied to obtain a history of the 
deceased. The various data-related sources are as follows.
• Analysing the inquest report and accompanying documents.
• Interviewing the Investigating officer assigned to the case.
• Interviewing the deceased's family members, relatives, 

and the known. 
• Autopsy Report.

observAtIon And result

During the study, a total of 128 fatal firearm injury cases were 
brought to the department's mortuary. Out of this, one case of 
mistaken identity and three cases of encounters have not been 
taken into account in this study. These two categories have been 
excluded as they do not have a criminal motive behind them. 
The intention was not to kill the intended person for personal 
gain. Therefore only 124 cases have been included in the study 
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Table 1 shows the total number of firearm-related deaths from 
2017 to mid-2020. As per the data for four and a half years, the 
maximum number of cases were observed in 2018. In the year 
2020, when the first wave of corona struck the world, despite the 
complete lockdown imposed in our country from 25th March 
till 8th June 2020 and phasic reopening of lockdown from 9th 
June to 1st July 2020, the number of cases has not fluctuated 
much a total of 25 cases were brought to the mortuary in 2020 
which is equal to the number of post-mortems conducted on 
firearm victims in 2017.

Table 2 indicates the total number of firearm-related 
death during the lockdown period. As per the data, out of 128 
cases studied, only 8 were suicides. The maximum number of 
suicides through firearms have been observed in the year 2020 
during the Covid-19 outbreak.

Table 3 specifies the total number of firearm-related 
deaths that occurred when Covid-19 was at its peak, and the 
government had imposed strict stay-at-home orders.

Table 4 enumerates the total number of deaths by the use 
of shotguns, considering that the use of shotguns for suicide 
and homicides is very uncommon in this part of our country.

dIscussIon

A firearm is perhaps the most lethal device possessed by a 
man in day-to-day life. Gun violence is considered one of the 
greatest public health crises of our time, and the incidents of 
firearm injuries are on the rise worldwide.9,10 It was revealed 
by the Institute for health metrics and evaluation in 2016 that 
India ranked third worldwide in deaths due to firearms.7 In our 
study, we found out that despite the fear of Covid-19 and the 
stay-at-home order of the government, no drop in the deaths 
per year due to a firearm was observed. In 2021 itself, 16 cases 
have already been reported in 6 months, i.e., from 1st January 
2021 to 1st July 2021. The second wave of the pandemic, which 
started in mid-March 2021, crushed India and its healthcare 
system; with no beds available in hospitals, the oxygen crisis 
still could not impact the firearm deaths in the region under 
our study, as depicted in Table 2, the rate of a firearm involving 
deaths decreased during the complete lockdown period, but the 

statistics regained its normal value once the complete lockdown 
was lifted. This dip was due to very strict enforcement of stay-
at-home orders by the government. However, the maximum 
number of cases were reported in the year 2018.

According to a study conducted in the USA by Hatem O 
Abdullah et al., there was a rise in intentional violent injury, 

Fig 1: Total Number of firearm related deaths from 2017-mid 2021

Fig 2: Total number of firearm related deaths during lockdown

Fig 3: Total no. of firearm related homicides and suicides in given 
period of study

Fig 4: Total no. of homicides and suicides through shotguns
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particularly firearm violence, during the Covid-19 period, 
specifically in the young black population.11 The USA also 
saw a record-breaking sale of a firearm during the Covid-19 
crisis. The main reason being cited was self-protection and 
protection of family.12 Jose Roberto Balmori de la Miyar et 
al., in their study conducted in Mexico, concluded that though 
there was a decrease in vehicle theft, burglary, and domestic 
violence, there was no effect on homicides and kidnapping.13 
Contrarily a study conducted in Greece, there was a drop in 
cases of homicides and suicides observed in the year 2020.14 

Furthermore, when crime trends in Wales and England were 
studied, a drop in violent crimes was observed.15 

In our region, suicide through firearms is rare, as depicted 
in Table 3. In 2020, a marked increase in suicide through 
firearms was observed. The motives behind the suicide were 
financial debt in two cases, depression and strain in family 
relations in one, and loss of job followed by deceit in love in 
the other two cases. This pattern indicates how Covid-19 took a 
toll on mental health of people. With no jobs and an increasing 
financial burden. Covid-19 not only became a health crisis 
but also weakened society's already fragile socio-economic 
sections. They had to suffer from a lack of resources as well 
as support from the stronger section of society.16,17

A study assessing the causative factors that promote 
suicide inferred that the maximum number of suicides were 
due to terror of contracting Covid-19, and then the second 
highest suicides were due to financial crisis.18 Though none 
of the suicides in our study was due to the fear of disease. The 
financial crisis was the prime factor observed in our study. Our 
study found that the victims were all young to middle-aged 
men. The shotguns used in both the suicides through shotgun 
were licensed. This points toward the fact that the financial 
load bourn by the bread bearer of the family was so immense 
during the pandemic that it led to suicides. 

The use of shotguns for homicide or suicide is extremely 
rare in our region. Shotguns are primarily used in celebratory 
fires in this part of India and usually account for accidental 
deaths at celebratory gatherings. Many homes in this region 
possess double-barrel or single barrel 12 bore shotguns. These 
guys have been in the families for decades (for protection of 
crops and protection against dacoit) or have been bought as 
mere show off at family weddings and celebratory occasions. 
During the stay-at-home orders, people committing suicide 
opted for these guns to take their lives. 

It would be wrong to say that the government of India is 
paying a blind eye to the situation. The arms (Amendment) bill 
was introduced in Lok Sabha in November 2019. This bill was 
proposed to amend section 25 (1AA) of the Arms Act,1959. 
The punishment for manufacturing, repairing, possessing, 
and selling the "prohibited" arms was increased from the 
term of fourteen years to "life imprisonment". The minimum 
punishment allotted for this crime is fourteen years. This was 
done because more than 80% of firearms possessed by civilians 
of India are illegal. The arms (amendment) Bill, 2019 also 
ensures that firearms use for negligent acts like celebratory 
firing is punished with imprisonment of two years or fine or 

both. The fine imposed may be up to Indian Rupees (INR), 
100000. The bill has also reduced the maximum number of 
firearms a person could possess from three to two.19

conclusIon 
This era of Covid-19 has created fear, anxiety, and terror 
of uncertainty in people, but it did not stop criminals from 
committing the crimes. Apart from fighting the health crisis, 
shortage of medical facilities, uncountable deaths, and struggle 
to keep the nation together, the government also needs to pay 
attention to the violent crimes that occur so frequently. As the 
nation is already overwhelmed by the number of lives lost at 
the hands of Covid-19, the nation cannot afford to lose more 
people who would have helped in building the nation. The 
government had amended the arms act and reduced the number 
of arms per license but is that enough? These amendments 
do not stop illegal firearms from being manufactured or 
purchased. Though the punishments have been made stricter 
by increasing the number of years in prison and fines imposed, 
no improvement in deaths due to firearms in our region has 
been observed so far. Even the pandemic could not slow down 
its pace. Though this pandemic has had a colossal impact on 
the world but has failed to generate any significant impact on 
lowering the rate of crime. The government needs not only to 
form new and stricter laws but also make sure that they are 
implemented with full force to reduce crimes through firearms.
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AbstrAct
An autopsy is an integral part of the criminal investigation of the death of a human being, and a Virtual autopsy, Digital autopsy 
or Virtopsy as is called, is a new addition to it, particularly in India. India's first Virtual autopsy center was established at All India 
Institute of Medical Sciences (AIIMS), New Delhi, and was inaugurated in March 2021. In less than one year time, the second 
Virtual autopsy center has become functional at North Eastern indira Gandhi Regional Institute of Health and Medical Sciences 
(NEIGRIHMS), Shillong, with a computed tomography (CT) scan machine and related console panel and work stations; the 
system also includes one virtual dissection table, which is the first of its kind in the field of Forensic Medicine in India. There are 
many advantages of Virtual autopsy over conventional autopsy, and at the same time, there are limitations too. However, unlike 
the conventional autopsy, which is subjective and always observer depended, Virtopsy is objective and observer-independent. 
Moreover, it is computed tomography and magnetic resonance imaging (CT/MRI) based, so the data generated can be stored 
even after the disposal of the body. Till now it is, therefore, considered as a supplement to the conventional autopsy for medico-
legal purposes; however, in some cases like death due to road traffic incidents, etc., Virtopsy may be considered instead of 
the conventional autopsy.
Keywords: Digital autopsy, Post-mortem angiography (PM), Post-mortem computed tomography (PM CT), Virtual dissection, 
Virtopsy in NEIGRIHMS.
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IntroductIon

An autopsy is the scientific examination of the body after 
death;1,2 for a medico-legal autopsy, the main objective 

is to the determination of the cause of death, manner of death, 
mode of death, time since death etc. etc. It is performed in 
cases of sudden suspicious or unnatural deaths and many a 
time it becomes the very important piece of evidence in the 
court of law for settling different issues related to the death 
of an individual.1-3 

While performing the autopsy, the autopsy surgeon 
explores all the body cavities and examines all the organs apart 
from noting the injury or any other findings in the deceased's 
body. While doing so, the autopsy surgeons have to dissect the 
body and organs for the collection of evidence; often this may 
be a trauma for the family members.

Virtual autopsy, virtopsy, or digital autopsy, on the other 
hand, is a process of examination of the body using advanced 
techniques like Multi-slice computed tomography (MSCT), 
Magnetic resonance imaging (MRI), Surface scanner, Post-
mortem angiography, and Magnetic resonance spectroscope 
with the 3D reconstruction software. The whole body is 
scanned, and a three-dimensional image of the body is made 
using the reconstruction software, which then can be processed 
to examine the body externally and the internal organs without 
any incision on the body.4-6

As mentioned above, Virtopsy is a non-inessive procedure, 
where the body is examined without any incision in the body, 

and so, the acceptability of the relative of the deceased towards 
it is more in comparison to the conventional autopsy.

However, in all cases of medico-legal autopsy, it is of utmost 
essential to examine the whole body with an examination of 
all the organs for any injury or abnormality, which is well 
achieved in most cases in a conventional autopsy. Though, in 
some cases, the body is to be subjected to X-ray examination 
or CT scan for detection of any foreign object like a bullet, etc. 
The main objective of the medico-legal autopsy is to find out 
the cause, manner, mode of death as well as time since death, 
apart from recording the injuries and collecting data related 
to identification in un-identified cases as well as a collection 
of samples or pieces of evidence in the body.1,2

To achieve the above, there are a few universal steps to be 
followed in conventional autopsy –
• External examination 
• Internal examination - 

o Exploration of all the body cavities
o Examination of all the organs

• Collection of samples
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Tools used in virtual autopsy: 
• CT scan 
• MRI scan
• Surface scanner
• MR spectroscope
• PM angiography
• 3D reconstruction software
Apart from the above, there can be micro CT, MR microscopy, 
CT image-guided biopsy, as well as a body bag for putting the 
body in the body bag to avoid contamination or soiling the CT 
couch. The body bag should preferably be transparent, leak-
proof, and artifact-free.4-7

The role of the CT scan and MRI is to image the body along 
with the internal structures, and when it is combined with the 
surface scanner, there can be a 3D image of the whole body.4,5,7 

MR spectroscopy is used for estimating time since death; 
using the 1H-MRI, a non-invasive technique, identification 
and quantification of the brain metabolites is possible, which 
in turn can help estimate time since death.5,8-11

Post-mortem angiography is another tool for examination 
of the vasculature in the body, including the coronary 
circulation and vessels in the brain.5,7,12

The 3D reconstruction software is the backbone of the 
whole procedure, which enables the autopsy surgeon to 
examine the body and the different organs without dissection.4-7

Though there is a need for the MRI and the surface scanner 
for the reconstruction of the 3D image of the body, it is now 
possible to get the 3D image of the body with the help of 
appropriate software from the data of the CT scan only. In a 
study conducted at two centers in UK way back in 2006-2008, 
where the whole-body CT scan and MRI were used followed 
by conventional autopsy to validate the post-mortem imaging 
as an alternative to conventional autopsy in adult death, it was 
concluded that CT was more accurate for determination of the 
cause of death in comparison to the MRI.13

Why Virtopsy – NEIGRIHMS Experience
In a study conducted at NEIGRIHMS, Shillong, to evaluate the 
perception of the relatives towards autopsy, it was found that 
in 49.16% of the cases autopsy was exempted by competent 
authority; relatives were not willing for autopsy in 63.1% of the 
cases, the non-willingness for autopsy on the religious ground 
in 97.35% of the cases and fear for disfigurement of the body 
in 92.04% of the cases.14 Likewise, in many other parts of the 
world, an autopsy is not regularly done even though there is an 
indication for a medico-legal autopsy. So, it becomes difficult 
for the autopsy surgeon to act in such a situation.

Therefore, to address the issues related to the exemptions, 
NEIGRIHMS, Shillong has procured its virtual autopsy 
setup with a 32-slice CT scan machine, related console panel 
and work stations and a virtual dissection table, enabling the 
Department of forensic medicine NEIGRIHMS, Shillong to 
perform virtual autopsy. The center is the second of its kind 
in India after the AIIMS, Delhi.15,16

Set up at NEIGRIHMS

The virtual autopsy center of NEIGRIHMS is situated along 
with the main autopsy complex where all the cases of the 
autopsy are being done. All the cases coming for autopsy are 
first subjected to the CT scan, and the Digital imaging and 
communications in medicine (DICOM) images generated are 
then transferred to the Workstations and the virtual dissection 
table, where the images are analyzed. The whole process is in 
its very early phase, as the installation and commissioning of 
the setup were completed only in late February 2022. There 
is one study being undertaken to compare the findings of 
the Virtual autopsy with that of the conventional autopsy, 
which is a blinded study conducted in the Department of 
forensic medicine along with the Department of radiology 
NEIGRIHMS.

The requirement for such a center is similar to any CT scan 
center with a room for a CT scan machine and space for the 
console panel and the virtual dissection table. The CT room 
must have all the radiation safety measures and is to be certified 
by AERB (Atomic Energy Regulatory Board).

At NEIGRIHMS, Shillong, there is a room for the CT scan 
machine, one room for the console and the work station, and 
another room for the virtual dissection table. NEIGRIHMS is 
having its mortuary with almost all the facilities like ceiling 

Figure 1: Lay diagram of CT room

Figure 2: Mortuary with Ceiling mounted OT light with camera and 
Laminar Flow system
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mounted OT light having a camera facility which is connected 
to the monitor as well as a computer for inhouse monitoring and 
viewing of the autopsy from the department or the classroom. 
It has its laminar flow system with High-Efficiency particulate 
air (HEPA) filters for air purification apart from the other 
facilities like a portable X-ray machine, DICOM printer, 
suction machines, etc. (Figure 1-5)

All the bodies coming for the autopsy are first subjected 
to external examination to note down the findings, especially 
in regards to the rigor-mortis, wearing garments, any stains, 
or other related findings which are required as per the 
conventional autopsy. A photograph is taken to document the 
actual position of the body before going for the autopsy. The 
rigor mortis is then broken down if required to position the 
body properly in the CT machine as many a time. The position 

of the limbs or sometimes the state of the body itself poses a 
problem for putting the body in the CT scan machine. The body 
is then put in a transparent water-tight body bag and then put 
on the CT couch for a CT scan of the whole body. After the 
CT scanning, the body then goes for the conventional autopsy.
The DICOM images generated from the CT scan machine 
are processed and reviewed in the workstations and then are 
again sent to the virtual dissection table for virtual dissection.

Comparison of Virtual Autopsy and Conventional 
Autopsy 
The whole concept of a virtual autopsy is a new development 
in India. The first virtual autopsy center was set up as a 
Circulation assimilation relaxation and elimination (CARE) 
project under the Indian council of medical research (ICMR) 
at All india institute of medical sciences (AIIMS), Delhi, 
which was inaugurated by the DG, ICMR in March 2021.15,16 
The virtual autopsy center at NEIGRIHMS is a very new one. 
The installation process was completed in the latter part of 
February 2022.

Since then, all the cases are subjected to the CT scan and 
then the conventional autopsy as mentioned above.

Based on the experience during this short period, it is Figure 3: CT room Figure 4: Console 
room

Figure 5: Virtual 
dissection table

Figure 11: CT brain showing EDH with fracture of 
parietal bone and scalp hematoma

Figure 10: 3D reconstruction with 
calcified Rt carotid & stent in LAD in virtual 

dissection table

Figure 9: CT thorax with calcified LAD

Figure 8: 3D reconstruction in virtual 
dissection table with calcified pancreas

Figure 7: 3D reconstruction with calcified 
pancreas in virtual dissection table

Figure 6: CT abdomen: calcified pancreas

Some of the images in the CT and Virtual dissection table:
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Figure 16: CT thorax showing the post-mortem fluid (red arrow) and 
gas (blue arrow)

Figure 14: 3D CT Thorax showing the pulmonary embolism

Figure 12: 3D reconstruction with fracture both bones rt leg

Fig. 15: CT brain showing the decomposed gas in cranial cavity (red 
arrow) & scalp (blue arrow)

Fig. 13: 3D reconstruction with fracture femur with dislocation



Establishing a Virtual Autopsy Center

Int J Eth Trauma Victimology, Volume 8, Issue 1 (2022)26

quite evident that there are advantages and disadvantages 
in both the conventional autopsy as well as virtual autopsy; 
many of the findings in the CT are not found or observed in 
the conventional autopsy. Similarly, there are some findings 
that are not appreciated in the CT/Virtual autopsy.

It is a fact that the virtual autopsy is far less time-
consuming; the body can be released even within 15 minutes 
from receiving, as the CT will take hardly five minutes; 
moreover, the data is stored and can be processed and loaded 
to the virtual dissection table for further processing. In the 
virtual dissection table, the 3D image of the body can be 
generated, which can be subjected to different filters and tools 
to visualize the organs or the systems as per need, along with 
virtual dissection into the cavities. So, with the CT and the 
virtual dissection table, one can have almost the same kind 
of experience as the conventional autopsy in most cases and 
with more detailed findings. If along with the CT, one can get 
Post-mortem angio, then it will help one assess vessels more 
precisely.

Apart from being the easy and fast release of the body, 
it is also almost non-hazardous for the autopsy room staff in 
comparison to the conventional autopsy. So it becomes very 
much convenient for the autopsy surgeon as well as other 
supporting staff to go for it, especially in cases of hazardous 
autopsies.

As the data generated are in the form of DICOM images 
from the CT scan machine, the same can be stored with 
minimal effort and also can be shared and retrieved for further 
opinion and processing. Similarly, the 3D images generated 
after the reconstruction or processing can be documented 
and understood even by non-medical persons also, so, very 
informative for the court procedure, which is not possible in 
the case of the conventional autopsy.

Similarly, the 3D images generated are more precise and 
informative in regards to some of the injuries, particularly stab 
wounds or firearm injuries. The accumulation of air or fluid in 
the cavities as well in the tissue spaces or injury to some vessel 
and formation of hematoma also can be better demonstrated 

Figure 17: CT thorax showing the pulmonary fibrosis with adhesions

in virtopsy in comparison to conventional autopsy as many 
a time during dissection of the body; these findings may be 
masked or distorted. 

However, as mentioned above, there are disadvantages in 
the procedure as the color and temperature are not recorded 
in the CT machine, so it is impossible to find the antemortem 
or post-mortem nature of the wounds or the time since the 
death based on the CT based technique. The issue can be 
addressed by external examination of the body as practiced at 
NEIGRIHMS before conventional autopsy to note down the 
findings, and then the body can be put for a CT scan.

Image-guided FNAC or endoscopes can well achieve 
the issue of collection of samples. For the collection of 
toxicological samples, the blood sample which can be collected 
from the great vessels may be sufficient; for stomach content, 
one can do it by aspiration from the stomach.

However, the real challenge arises when commenting on 
a vessel's antemortem clot or post-mortem clot. Similarly, the 
color changes in the organ or tissue due to time passed since 
injury or inflammation cannot be appreciated.

conclusIons

There is always resistance from most towards accepting any 
new development, particularly in the scientific field. It always 
had to pass through trial by fire when it concerns something 
related to the law and justice. Virtopsy is also no exception. 
For many, it cannot be an independent method for a death 
investigation. 

Like any other scientific tool, Virtopsy also has its merits 
and demerits, but one should not be judgmental about it. 
Virtopsy can be a supplement to the conventional autopsy, and 
many a time, it can even be adopted as a single tool for death 
investigation in place of the conventional autopsy.

There are a few, even amongst the medical professionals 
who are sceptical about the legal acceptability of virtual 
autopsy; however, it is very clear from the Section 65A and 
65B, Indian Evidence Act 1872, that information contained in 
an electronic record is printed on paper, stored, recorded, or 
copied in optical or magnetic media produced by a computer 
shall also be deemed to be a document and shall be admissible 
in any proceedings and as such, the findings generated in the 
virtual autopsy is admissible in the court; the only requirement 
is reporting by a forensic medicine person trained in forensic 
radiology/CT scan. 

At NEIGRIHMS, Shillong, a study is going on to determine 
the cases where it will be proper to go for virtual autopsy alone, 
and after completion of the study, hopefully, we will come out 
with a protocol for virtual autopsy.

So in the near future, India will be one of the countries 
where the autopsy will be done with a minimally invasive 
procedure and also will be less hazardous for the autopsy 
room staff. 
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IntroductIon

Child sexual abuse may be defined as a form of child 
abuse where an adult or older adolescent uses a child for 

his sexual stimulation and gratification. The World Health 
Organization (WHO) defines child sexual abuse as “the 
involvement of a child in sexual activity that he or she does 
not fully comprehend, is unable to give informed consent to, 
or for which the child is not developmentally prepared and 
cannot give consent, or that violates the laws or social taboos 
of society”. It may be of two types touching and non-touching. 
Touching sexual abuse includes fondling of genitalia, putting 
an object or a body part into genitalia, making a child touch 
someone’s genitalia, playing sexual games, etc. Non-touching 
includes showing pornographic materials to a child, exposing 
genitalia to a child, photographing a child in sexual poses, 
etc.1 In India, it is governed under the POCSO Act, 2012,2 and 
a child means any human being, male or female, whose age 
is less than 18 yrs of age. However, this definition is a purely 
biological one and doesn't take into account people who live 
with intellectual and psycho-social disabilities.

In India, the law presumes all sexual acts with children 
under 18 years are sexual offenses. Therefore, this law will 
also punish two adolescents who engage in consensual sexual 
activity. This is especially a concern when an adolescent is in 
a relationship with someone from a different caste, or religion. 
Parents have filed cases under this act to 'punish' relationships 
they do not approve of.

IncIdence rAte And Problem 
mAgnItude
Child abuse is a global problem prevalent in all strata of society 
and culture. It is estimated that every second child is exposed 
to sexual abuse and violence in India.3 In 2018 approximately 
109 children were sexually exploited every day, according to 
the data by the National Crime Record Bureau (NCRB), which 
showed a 22% jump in such cases from the previous year. Out 
of 21,605 child rape cases recorded in 2018, there were 21,401 
rapes on girls and 204 on boys. In 2018 the highest numbers 

of child rapes were recorded in Maharashtra at 2,832, followed 
by Uttar Pradesh in 2023 and Tamil Nadu at 1457. Overall, 
crimes against children have increased steeply over six times 
in the decade from 2008–2018, from 22,500 cases recorded 
in 2008 to 1, 41,764 cases in 2018, according to the NCRB 
data from 2008–2018. However, this figure is regarded as an 
underestimate as many cases are not reported due to many 
social and cultural factors.4-6 

WhAt constItutes chIld sexuAl 
Abuse

According to the POCSO Act, 2012 followings are included:-
• Penetrative sexual assault such as insertion of penis/bject/

another body part in child's vagina/urethra/anus/mouth, or 
asking the child to do so with them or some other person.

• Sexual assault in the form of touching the child or making 
the child touch them or someone else.

• Sexual harassment in the form of passing sexually colored 
remarks, sexual gestures/noise, repeatedly following, 
flashing (exposing genitalia to someone), etc.

• Child pornography
• Aggravated penetrative sexual assault/aggravated sexual 

assault
The act is gender-neutral for both children and the accused. 

Concerning pornography, the act criminalizes even watching 
or collecting pornographic content involving children.
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VulnerAbIlIt y And rIsk FActors
• Age: No age is safe, but vulnerability increases with the 

onset of puberty.
• Sex: Incidence is high in girls, especially after the onset 

of menarche.
• Physical Disability: Physical debilities like deafness, 

blindness, and mental retardation are associated with an 
increased risk of being sexually abused.

• Family and Social Background: Children belonging to the 
lower socio-economic status are at higher risk. The absence 
of one or both biological parents, marital conflicts of 
parents, etc., is well-known risk factors. Lack of education 
and overpopulation also increases the incidence. 

• Drug or Substance Abuse: Parental substance abuse 
increases vulnerability. Children under the influence of 
alcohol/drugs are more susceptible.

• Social and Cultural Practice: Customs such as child 
marriages and the devadasi system (the religious practice 
whereby parents marry a daughter to a deity or a temple) 
make some children more prone to be victims of child 
sexual abuse. Lesbian, gay, bisexual, and transgender are 
more prone to child sexual abuse.

WArnIng sIgnAls oF chIld sexuAl 
Abuse 7-9 

Behavioral Signs 
• Inappropriate sexual behavior for the child’s age.
• Bedwetting or soiling the bed.
• Hesitant to be left with certain people.
• Avoid removing clothing to change or bathe.
• Wearing many layers of clothing regardless of the weather.
• Exaggerated irritability or temper tantrums.

Emotional Signs
• Excessive talk about or knowledge of sexual topics.
• Resuming behaviors that they had grown out of, such as 

thumb sucking.
• Nightmares or fear of being alone at night.
• Excessive worry or fearfulness.
• Loss of self-esteem and confidence.
• Feelings of guilt

Physical Signs
• Signs of trauma to the genital area, such as unexplained 

bleeding, bruising, or blood on the sheets.
• Difficulty in sitting and walking.
• Pregnancy.
• The appearance of signs and symptoms of sexually 

transmitted diseases. 

PArent’s resPonse IF chIld 
dIscloses Abuse

• Parents must develop a good rapport with the child. They 
must be encouraged by showing some supportive gestures. 

Tell the child you believe him/her. Show some supporting 
gestures by saying words like – “I am glad you told me, 
thank you for trusting me. You are very brave and did the 
right thing.”

• Do not interrogate the child directly. It may hurt the child 
to repeat his/her story. Leave the questioning to the legal 
and police personnel.

• Parents must reassure the child that the abuse is not their 
fault. The child's greatest fear is that they are responsible 
for the abuse. Be sure to make it clear that what happened 
is not a result of anything he/she did or did not do. 

• Don’t be emotionally overwhelmed; remain calmed and 
composed while talking to the child.

ProtectIon And PreVentIon oF 
chIld Abuse 2,10-13

Be Involved in the Child’s Life
• Show interest in their day-to-day lives. Ask them what 

they did during the day and who they did it with. Who did 
they sit with at lunchtime? What games did they play after 
school? Did they enjoy themselves? 

• Try to know the people in your child’s life, who your 
child is spending time with, including other children and 
adults, etc. 

• Choose caregivers carefully. Parents must be careful while 
choosing a new babysitter, a new school, etc.

• Talk about the media. Incidents of sexual abuse or violence 
may be covered by new channels or in other television 
shows. Parents must ask their children about such coverage 
to start the conversation. 

Encourage Children to Speak Up
Parents must educate their children that no one has the right to 
touch them or make them feel uncomfortable. The child must 
know that their body is their own. What is ‘good touch’ and 
what ‘bad touch’ must be explained. Parents can tell that “good 
touch” is a way for people to show they care for each other 
and help each other i.e., hugging, holding hands, changing a 
baby’s diaper, etc. On the contrary, “bad touch” is the kind you 
don’t like and want to stop right away, such as hitting, kicking, 
touching private parts, etc. Tell your child that most touches 
are okay or acceptable, but that he or she must say “NO” and 
immediately tell you about any touches that are confusing or 
that scare him or her. This teaching must be from an early 
age, and children must be familiar with their body part names. 

Control Media Exposure
Parental controls are available through many internet, cable, 
and satellite providers. Be aware that children may witness 
adult sexual behaviors in person, or they may come across 
it on screens and may not tell you that this has occurred. 
Pornography may be shown to a child by peers/elder children 
in schools or during playdates. Your child should know that 
he or she must report this to you.
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Parents, society, and government policies by and large play a 
vital role in preventing child abuse. Parents must educate their 
children about threats or sexual advances, and bad and good 
touch. There must be continuous communication with children, 
free and frank. Parents can seek help in the following ways:-
• Direct report to nearest police.
• Online report to National Commission for Protection of 

Child Rights.
• Reporting to Childline India – 1098.
• Reporting to local clubs or NGOs, etc. 

legAl ProVIsIons 2,14,15

It is prescribed under the provision of the POCSO Act, 2012. 
It is mandatory to report to an appropriate authority about the 
incidence of child sexual abuse cases. Failure to do this would 
result in imprisonment of up to six months, with or without a 
fine. The following points may be noted:-
• There is a provision for the establishment of special courts 

for the trial of such offenses.
• The Investigating Police Officer must wear a civil dress 

while taking a statement from the child.
• Such recording of the statement must be at the child's 

residence or the place of his choice.
• Preferably statement must be recorded by a woman police 

officer, not below the rank of sub-inspector.
• The child's statement is to be recorded as spoken by the 

child. The assistance of an interpreter or translator or an 
expert as per the need of the child must be arranged.

• The medical examination is also to be conducted in the 
presence of the parent or any other person in whom the 
child has trust or confidence. 

• If the victim is a girl child, the medical examination shall 
be done by a woman doctor only. 

• As far as possible, repeated testimony must be avoided.
• There must not be any aggressive questioning or character 

assassination of the child in-camera trial cases.
• Strictly confidentially should be maintained. 

PunIshment under Pocso Act 
20122,14

• For the penetrative type of sexual abuse, punishment should 
not be less than 7 years which may extend to imprisonment 
for life and a fine.

• For aggravated penetrative sexual abuse, punishment must 
not be less than 10 years which may extend to imprisonment 
for life and a fine.

• For non-penetrating sexual abuse, punishment must be not 
less than 3years, which may extend to five years, and a fine.

• For aggravated sexual abuse by a person in authority, 
punishment must not be less than 5years, which may extend 
to seven years, and a fine.

• For sexual harassment of the child, punishment must be 
not less than 3 years and a fine.

• For the use of a child for pornographic purposes, punish-
ment may be for 5 years and a fine, and in the event of 
subsequent conviction, 7 years and a fine. 

conclusIon 
It affects the child both physically and mentally, which may 
persist throughout the child's life. Though the magnitude is 
t is a preventable public health problem. Parents and family 
members need to be patient instead of frightening and stressed, 
and children must be encouraged to report any such experience 
immediately. It is the responsibility of adults and society to 
provide a better and safer environment for children.   
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AbstrAct
Dental age assessment is one of the most reliable methods of age estimation used for criminal, forensic, and clinical purposes. 
Visual, radiographic, chemical, and histological techniques can be used for dental age estimation. The visual method is based 
on the teeth' eruption sequence, morphological changes caused by attrition, and changes in color with age. Radiographs of 
the dentition can be used to determine the stage of dental development of the teeth, from initial mineralization of a tooth and 
crown formation to root apex completion. Histological methods require the preparation of the tissues for detailed microscopic 
examination. The histological and chemical methods are invasive methods requiring extraction/sectioning of the tooth. In this 
paper, the different techniques considered studies were overviewed in conjunction with their advantages and disadvantages. 
Keywords: Age estimation, Chronological age, Dental age, Dental age estimation of children, Dental maturation, Juvenile 
dental age estimation. 
Int J Eth Trauma Victimology (2022). DOI: 10.18099/ijetv.v8i01.07

A Review on Clinical and Forensic perspective of Dental Age 
Estimation in Children
Atasi Chakraborty1, Arjun Kundu2*, Subir Sarkar3, Dharmesh Silajiya4

1 Trainee,Department of Paediatric & Preventive Dentistry Dr. R. Ahmed Dental College, Road, Kolkata, West Bengal, India, 700014
2*School of Doctoral Studies and Research, National Forensic Sciences University, Gandhinagar, Gujarat, India,382007.
3Department of Paediatric &Preventive Dentistry, Dr. R. Ahmed Dental College and Hospital, Kolkata, West Bengal, India, 700014
4School of Forensic Science, National Forensic Sciences University, Gandhinagar, Gujarat, India, 382007.

REVIEW ARTICLE

Corresponding Author: Arjun Kundu, PhD Scholar, School of 
Doctoral Studies and Research, National Forensic Sciences 
University, Gandhinagar, Gujarat 382007, e-mail: arjun.kundu77@
gmail.com
How to cite this article: Chakraborty, A., Kundu, A., Sarkar, 
S., Silajiya, D. A Review on Clinical and Forensic perspective of 
Dental Age Estimation in Children. Int J Eth Trauma Victimology. 
2022;8(1):31-35.
Source of support: Nil
Conflict of interest: None
Received: 02/05/2022;  Received in revised form: 08/05/2022
Accepted: 14/05/2022;  Published: 10/07/2022 

©IJETV. All rights reserved

IntroductIon

Teeth play an important role in age estimation. Teeth are 
durable as they are constructed of enamel and dentin, 

resisting destruction or decay in adverse conditions.1 With 
minimal remodeling, permanent and deciduous teeth' maturity 
continues over a long period and is less affected by dietary 
changes, environmental change, and endocrine disorders.2 
Human dentition follows a developmental sequence, beginning 
about four months in utero to the complete formation of 
permanent teeth at approximately 25 years of age, and this 
growth is reliable and predictable.3 Dental age assessment 
techniques have long been established as the most accurate 
indicators of chronologic age in children, and age assessment 
techniques utilized within this age interval rely upon evaluation 
of the maturation and development of the primary and 
permanent dentitions.4-6 Age estimation is commonly carried 
out in medico-legal and child labor cases, forensic investigation, 
disaster victim identification, identification of dead bodies and 
skeletal remains, and civil and criminal litigation.3,7-10 From 
a clinical point of view, the correlations between dental, 
skeletal, and chronological age are relevant for preventive 
measures in dental treatment when there is an abnormal 
eruption sequence and also for orthodontic treatment planning, 
which may lead to shorter treatment duration and more stable  
results.11,12 

Clinical Considerations in Dental Age Estimation
Dental age is of great interest, particularly in diagnosing and 
managing different malocclusions concerning maxillofacial 
growth. Dental age can be measured at different stages of tooth 

development. Every stage shows observable changes that have 
its clinical consideration:

Appearances of tooth germs
Diseases that present with anodontia, hypodontia as in 
ectodermal dysplasia, pose problems in estimating the dental 
age of an individual.

Mineralization of tooth
Diseases like amelogenesis imperfecta and dentinogenesis 
imperfecta might interfere with accurate dental age estimation.13

Degree of completion of unerupted tooth
Often, in endodontic treatment of young children, open apices 
need different treatment modalities like apexification and 
apexogenesis. Accurate age estimation helps the dentist to 
treat the child accordingly.
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Eruption and shedding sequence of teeth
All primary teeth are present in a child's mouth for 3 years. 
Untimely eruption and shedding of teeth pose challenges for 
correctly identifying teeth. Correlating the chronology of 
eruption of a tooth gives a clue to correctly identify the tooth 
and also accurate age of the child.

Dental age estimation techniques in children can 
be classified into visual method, Radiographic method, 
Biochemical method, Histological method.

Visual Method
Tooth eruption follows a specific chronological pattern. With 
age, there are changes in tooth structure due to wear/attrition 
& erosion, changes in periodontal status, and changes in tooth 
color due to stains.14 These factors aid in information on an 
individual’s dental maturation and age. This method does not 
need invasive procedures such as tooth extraction or tissue 
preparation. Considering the limitations of this method, few 
local factors like premature extraction of primary teeth affect 
the dental eruption pattern. Dental maturation is also affected 
by hereditary, functional, environmental, nutritional, and 
metabolic factors.15 Tooth wear is also influenced by various 
factors, including functional (eating and chewing habits) or 
parafunctional habits, mandibular movement patterns, bite 
force, saliva, diet, medication, diseases, geographical location, 
occupational and habitual environment, and gender.14,16

Radiographic Method
Dental age estimation techniques in children can be done 
through an illustrative representation of the developing tooth 
structures with their eruption pattern, called the atlas method. 
On the contrary, some methods require incremental staging 
or scoring of the developing teeth. All the techniques in both 
categories are dependent on radiographs to retrieve dental age 
based on dental development and maturation. This pattern of 
tooth development, called dental maturity, is considered to 
be more reliable with high heritability and doesn’t affect by 
environmental and nutritional factors as well as endocrine 
status.10,11,17 The radiographic method of age estimation is 
a simple, non-invasive and reproducible method that can be 
used for children-adolescents whether living or dead, where 
the dentition is in a developmental phase, so assessment is 
done from initial mineralization in a tooth bud, formation of 
crown and root, an eruption of the tooth into the oral cavity 
and closure of root apex.15,18 

Atlas Method
According to a study by Kraus and Jordan on the early 
mineralization of deciduous teeth and permanent first molar 
in intrauterine life, they describe the growth of teeth in ten 
stages designated from I to X (in roman); 3 stages in the IXth 

and 5 stages in the Xth.19 Schour and Masseler19-21 described 
21 chronological stages ranging from 4 months up to 21 
years. There are a few drawbacks as these charts do not have 
gender differentiation, and the mean age range of 2–5 years 
is put at 6 months which is too narrow and later modified by 

Ublekar. This chart is based on studies of Logan & Kronfeld, 
who made histological sections of the jaws of a relatively very 
small sample size of institutionalized, chronically ill, and 
malnourished children.22-24 Moorees et al. evaluated the dental 
development/mineralization in the 14 stages, demonstrating 
‘cusp formation’ up to ‘root apex closure’ in permanent 
teeth. He used the study's intraoral, lateral, or oblique jaw 
radiographs, and gender differences were considered. The 
study estimates an age from 6 months up to third mandibular 
molar development.25 Anderson et al.26 later modified the 
methods and expanded the age range and comprehensive 
tables from the study of Moorees et al.25 The Ubelaker chart 
describes the dental age assessment from 5 months in utero 
up to age 15 with statistical age interval.27,28 The London 
Atlas published by Al-Qahtani takes consideration of both 
tooth development and alveolar eruption from 30 weeks in 
utero up to 23.5 years, comprising of a total of 31 diagrams 
depicting the median dental development, among which 
eight portray third molar development starting at 16.5 years. 
The study data were obtained from 176 individual skeletal 
remains from the collections at the Natural History Museum, 
London, United Kingdom, and the Royal College of Surgeons 
of England; and dental radiographs of 528 living individuals 
of Bangladeshi and British origin with almost equal gender 
distribution.29 Though this atlas has a high level of accuracy 
and repeatability, a statistical age interval is not provided 
for individual demonstration. The WITS Atlas by Esan and 
Schepartz is a population-specific atlas of the permanent tooth 
of Black Southern Africans. The study data was obtained by 
collecting panoramic radiographs of 642 Southern African 
Black school children aged from 5 years up to 20 years. It 
comprises 13 illustrations showing dental development from 
5.5 years to 17.5 years.30

Scoring Method
Nolla assessed the development of teeth from radiographs 
of boys and girls obtained from the files of the University of 
Michigan child development laboratories.31 The radiographs of 
maxillary and mandibular teeth were studied, and each tooth's 
development was graded on a scale from 0 to 10. Moorrees et al. 
provided a chronological age assessment of the mandibular 
deciduous dentition,32 permanent mandibular posterior teeth, 
and the later developmental stages of the permanent maxillary 
and mandibular incisors.33 Separate development stages are 
present for single rooted teeth illustrating 13 stages as well 
as for the molars having 14 stages of development. Demirjian 
et al. introduced a method that estimated chronological age 
based on dental maturity of seven teeth from the left side 
of the mandible (central incisors to second molar) based on 
eight tooth mineralization stages, defining morphological 
tooth development from first radiographic appearance of 
mineralization of crown structure up to complete closure of 
the root apex on a panoramic radiograph. The teeth are staged 
according to their development and assigned a self-weighted 
score. The addition of the seven self-weighted scores gives 
a maturity score which is cross-referenced in a table to the 
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corresponding age.34 Willems modified Demirjian’s method 
using data on the Belgian Caucasian population considering 
gender variation. He calculated chronological age based on the 
cumulative score of first premolar, second premolar, first molar, 
and second molar with more accurate results.35,36 Haavikko’s 
method assesses four permanent teeth into twelve radiographic 
stages, among which six stages relate to the crown formation, 
and the remaining six demonstrate root formation. He used 
cross-sectional data from radiographs of 1162 Finnish children 
between the ages of 2 years up to 21 years.37 This method is 
for cases of congenital absence of permanent teeth. Cameriere 
et al. measured open apices of the seven left permanent 
mandibular teeth of 455 Italian white children (213 boys and 
242 girls) aging between 5 years up to 15 years. They developed 
a regression formula to get a linear relationship between open 
apices and age. For teeth with one root, the distance between 
the inner sides of the open apex is measured, and for two 
roots, the sum of the distances between the inner sides of the 
two open apices is evaluated.38 Mincer et al. used third molar 
radiographs to estimate age in juveniles and adults, providing 
age standards for American whites. He studied 823 cases with 
age ranging from 14 years up to 24 years.39

Biochemical Methods

Amino Acid Racemization 
Stereoisomers or chirals or enantiomersare two asymmetrical 
geometric mirror-image forms of the same molecule designated 
as the L or D forms based upon their optical characteristic. 
The racemization is the unconstrained cycle wherein one 
enantiomer of a compound changes to the other. Aspartic 
acid has the fastest racemization rate among the amino acids, 
and it is ideal for age determination40. The biochemical 
methods determine alterations in calcium/phosphorus ratio 
in peritubular dentine with age. The rate of racemization of D 
and L enantiomers of aspartic acid residues in the collagen of 
dentin is also age-dependent.41 A study by Ohtani42 indicated 
that the measured D/L ratio for the dentin of deciduous teeth 
was highly correlated with real age. However, there are 
disadvantages to these methods. These methods are invasive, 
so they are not suitable for living individuals. The methods 
often require expensive instruments. 

Radioactive 14C (Carbon Dating)
The carbon dating technique depends on the cycle of 14C, 
which is naturally formed by the interaction of neutrons with 
nitrogen 14 in the atmosphere. The neutrons required for this 
reaction are produced by cosmic rays interacting with the 
atmosphere. 14C present in molecules of atmospheric carbon 
dioxide enters the biological carbon cycle. It is absorbed from 
the atmosphere by plants and then passed on through the food 
chain.23,43 Analyzing the remaining amount of 14C in the 
sample and comparing it with the half-life, determines the 
sample's age. According to Spaulding et al., dental age can be 

estimated on tooth enamel using carbon dating with a standard 
deviation of 1.6 years.44

Gravimetric Method
In the prenatal stage till 6 months, dentin and enamel are 
radiolucent; therefore, radiologically dental age can't be 
determined. Stack’s method,45 therefore, seems to be the 
most suitable method for the determination of dental age. It 
correlates the dry weight of mineral content of tooth cusp to 
the approximate age of the child. A linear relation of the square 
root of weight mineralized tissue in the deciduous anterior teeth 
during the last trimester and fetal age has been demonstrated. 
Studies by Deutsch et al. implied that both the weight and 
crown height of the anterior tooth relate to fetal age.46 

Histological Method
Prenatal dental development can be studied by alizarin staining 
of fetal tooth germs. Initiation of mineralization occurs in the 
first permanent molars between 28 to 32 fetal weeks, with the 
mandibular germs being slightly in advance than those of the 
maxilla.47 The enamel of the deciduous teeth matures partially 
before and after birth. An Incremental line of Retzius marks 
the demarcation between the two portions of enamel in the 
deciduous teeth called the neonatal line. This phenomenon 
can be used for assessing the amount of pre-and postnatal 
enamel formation and can be used in the investigation of 
forensic cases. Enamel is formed in deciduous teeth at the rate 
of 2.5–4.5 μ/day.48 Cross striations are seen across enamel 
rods representing the daily incremental deposition of enamel, 
and this can be used to find the exact age of the baby in days 
by counting the cross striations from the neonatal line.49,50 
Cementum annulations occur with the advancement of age. So, 
the incremental lines in the tooth cementum can be used as a 
reliable marker. Countability of annulations reveals the age of 
the child. However, it is not always easy to count.51

conclusIon

Developing teeth are used to assess age not only for forensic 
purposes but also has a vital role in clinical aspects. Such age 
estimation methods aid in investigating cases with fetal deaths, 
child labor and violence, and other medico-legal cases. These 
modalities are also helpful in proper diagnosis and planning in 
the case of clinical dentistry. The methods might be subjective; 
hence inter and intra-observer studies should be taken into 
consideration. Rather than restricting to one age estimation 
technique, other available techniques should be taken into 
consideration for accurate age estimation. Further studies for 
age estimation based on age and ethnicity are required, and 
validity, reliability, and applicability of various methods in 
different populations are to be standardized.
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AbstrAct
The field of sports dentistry mainly deals with the prevention and management of sports-related maxillofacial trauma. There are 
many potential challenges to the oral health of athletes, including exercise-induced trauma, dental decay due to specialized 
diet, lack of awareness, oral dehydration, and lack of prioritization for dental care. However, there is good evidence that some 
oral diseases are preventable by simple interventions with good efficacy. Hence, dentists today must respond to these patients' 
specialized needs, providing them with the quality of care they deserve. 
In this review article, we discuss the various preventive aspects of sports-related injuries and the impeccable role of the dentist 
in preventing and managing sport-related oro-facial injuries.
Keywords: Mouth-guards, Prevention of oro-facial trauma, Sports dentistry.
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IntroductIon

India is rapidly assuming a more health-conscious posture. 
As the interest and participation in exercise and sports are 

increasing, competitions like Olympic and professional sports 
have turned from mere dreams into goals.1 With this increased 
participation, more emphasis must be placed on dental and 
orofacial injuries accompanying the particular sport. Injuries 
impact not only the athlete's contest and career but also the 
individual’s life outside of sport as well. Fortunately, the use 
of proper equipment prevents many of these injuries.2 

Orofacial injuries are the most common type of injury 
sustained during participation in a variety of sports. Hence, the 
dentist can be crucial in informing athletes, coaches, patients, 
and their parents about the importance of prevention, treatment, 
and diagnosis of orofacial injuries in sports.3

The term ‘Sports dentistry’ has been around for many 
years. It has been described as the prevention and treatment 
of orofacial athletic injuries and related oral disease, as 
well as the collection and dissemination of information on 
dental athletic injuries and the encouragement of research 
in the prevention of such injuries by the Academy for Sports 
Dentistry in the USA.4 

This present review deals with the arena of prevention in 
sports dentistry and also suggests future areas for collaborative 
research.

need for A dentIst In sports stAff

Incidence of dental injuries is very high among sports players. 
Azami-Aghdash S et al. reported that the average prevalence of 
dental injuries is 17.5% in children and adolescents worldwide 
and two times higher in boys than in girls through a recent 
meta-analysis.5 Sports activities result in approximately 40% 
of all dental injuries.6

Vidhatri Tiwari et al. conducted a study on 320 athletes 
from the central Indian population. They found a prevalence 
of oro-facial injuries of 39.1% in contact sports (sports that 
require physical contact or tackling between players, e.g., 
boxing, football). Compared to studies conducted in Brazil, 
Israel, and Birmingham, England, where the prevalence of 
orofacial injuries in contact sports was 28.8%, 27%, and 
12%, respectively, this study reported a relatively higher 
prevalence.7 The author stated that this could be attributed to 
a lack of awareness and limited use of mouth-guards and other 
protective gear in India.

Also, given the esthetic value of the face, facial trauma 
often leads to heightened emotional distress, and as this is a 
region of interest for dental professionals, the trauma to the 
oro-facial region can be prevented and treated appropriately 
with the help of a dentist. (Figure 1)

Due to the complex anatomy of the oro-facial region and the 
proximity to vital structures, including the brain, preventing 
this region from any trauma is of paramount importance. The 
recent and tragic death of international cricketer Phillip Hughes 
is a classic example of the same.8 
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preventIon of sports-relAted oro-
fAcIAl trAumAtIc InjurIes

Using basic protective devices such as properly-fitting helmets, 
facemasks, and/or mouth guards is the most important aspect 
in preventing sports-related oro-facial injuries. The likelihood 
and severity of sports-related traumatic injuries to an athlete's 
head, face, and mouth tend to reduce with the proper use of 
helmets, facemasks, and mouth guards.9 This article discusses 
the significance of these protective devices.

Helmets
Helmets are designed in a way to protect the skin of the scalp 
and ears from abrasions, contusions, and lacerations. Also, the 
bones of the skull are protected from fractures and the brain 
and central nervous system from direct trauma, which might 
lead to concussions, unconsciousness, cerebral hemorrhage, 
brain damage, paralysis, and death.10

The first designed and used was a sturdy leather helmet 
during the decades between the 1920s through the early 1950s. 
The advent of synthetic resins brought forth plastic helmets 
with protective rubber pads to protect the forehead and scalp. 
Suspension helmets and air helmets were recently introduced in 
the 21st century. Suspension helmets were covered internally by 
foam that absorbed traumatic forces, and air helmets consisted 
of an inflatable bladder and possessed the capacity to spring 
back to their original shape and enhance protection.11 

Faceguards 
Facial injuries to the mouth, nose, eyes, nasal pyramid, and 
zygomatic arches can be prevented by the use of face guards. 
Different styles of faceguards are used depending on the 

anatomic location. They can be manufactured from plastic, 
rubber tubing, welded steel, or aluminum of different diameters 
and are generally covered with a coating of vinyl plastisol.11

However, when a facemask is pulled or twisted by an 
opponent during a play, serious physical consequences such 
as muscle, neck, or spinal column damage can result, which 
is one of its major disadvantages.12 A through research and 
development into restructuring this equipment would be 
required.

Mouth Guards
Woolf Krause 1890 was the first to develop mouth guards or 
“gum shields” to protect boxers from lip lacerations. It was 
made from gutta-percha and was held in place by clenching 
the teeth.13 Injuries to the teeth, lips, gingiva, tongue, and 
mucosa can be prevented by the use of mouth guards. They 
also prevent jaw fractures, dislocations, and trauma to the 
temporomandibular joint by cushioning. By maintaining a 
separation between the head of the mandibular condyle and 
the base of the skull, the mouth guards also aid in reducing the 
likelihood of concussion. They should generally be worn when 
there is a possibility of body-to-body or body-to-equipment 
contact.9
Three basic types of mouth guards are available14:
• Stock mouth guard- Generic or readymade mouth guards 

are called stock mouth guards and are generally purchased 
over the counter. It is available in different sizes but does 
not contour to an individual’s mouth as it is not form-
fitted. Biting down keeps it in place. They can be worn 
immediately and are the least expensive but are no longer 
sold.2

• Mouth-formed mouth guard- Also known as the “boil-
and-bite” mouth guard. It is more popular among athletes 
and quite economical. It is made of thermoplastic resin. 
Immersion in hot water softens the resin, which then is 
adapted in the mouth using tongue, finger, and biting 
pressure. Biting down molds an imprint.15,16

Figure 1: Dento-alveolar fracture to anterior maxillary teeth due to 
trauma from boxing punch raising esthetic concern (upper right). 

Inter-maxillary fixation and splinting with arch bar (upper left). 
Figure 2: Custom made Mouth guard.

Courtesy-Google
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However, both stock mouth guards and “boil-and-bite” 
mouth guards are bulky and loose, and hence, they require 
occlusal pressure for adequate retention.17 

• Custom-made mouth guard (Figure 2) - The custom-fitted 
mouth guard is fabricated by vacuum forming techniques, 
pressure lamination techniques, and combined vacuum-
pressure techniques. It is customized for an individual’s 
dentition by adapting a single layer of thermoplastic mouth 
guard material over the athlete’s cast. These provide better 
retention and comfort and less interference with speech and 
breathing and are more adaptable to orthotic appliances 
but are expensive.15

A reduction in dental injuries has been reported when 
mouth guards are worn.2  After the introduction of facemasks 
and mouth guards, the incidence of football orofacial injuries 
decreased from 50% to less than 0.5%.18 A study found that 
football athletes who wore mouth guards had a decreased 
prevalence of orofacial injuries (0.07%) as compared to 
basketball players who did not wear mouth guards routinely 
(34%).19 In a meta-analysis reported an increase in the overall 
risk of an orofacial injury by 1.6 to 1.9 times when a mouth 
guard was not worn.20 Therefore, athletes are encouraged to 
wear mouth guards to prevent orofacial injuries.

Liew et al. conducted a cross-sectional study on rugby 
players' preference to use a mouth-guard, factors contributing 
to the use, and discontinuation of a mouth-guard. The overall 
use of mouth-guard is as low as 31.1%. The least was for the 
custom-fitted mouth-guard (1.8%), followed by the stock 
mouth-guard (7.7%). The most commonly used was the Boil-
and-bite type (21.1%). Only 28% of previous users continued 
the use of mouth guards. The discontinuation rate for Stock 
was 57.1%, boil-and-bite at 80.2%, and custom-made at 37.5%. 
Age was a significant factor in mouth-guard use. Significant 
factors for discontinuation were due to breathing disturbance 
and general discomfort. Discontinuation leads to an increased 
incidence of injury.21

Thus from the above description, it can be said that even 
with the availability of protective gears, their usefulness 
could not be explored to the fullest. This stresses the need for 
continuous efforts from the dental fraternity to improvise on 
these gears that athletes can use effectively.

future scope

Professional sports carry a risk of significant orofacial injuries. 
Hence, dental professionals can play a significant role in their 
prevention. Along with this, in recent years, people have 
adopted a healthy outlook on life, and the younger, as well 
as the older generations, are more engaged in exercise and 
other physical activities. Thus, that is one more aspect of 
sports dentistry that could look into. Also, with significant 
advancements in dental materials and imaging modalities, the 
field of sports dentistry is better equipped. A dentist should 
be considered to be a part of the sports team as they play a 
significant role in the prevention of dental injuries. Sports 
dentistry is an ever-expanding field and should not be limited 

only to professional players, but its services should also reach 
local players and school students to reduce the morbidity and 
permanent damage to dentition, supporting periodontium, and 
oro-facial structures.

conclusIon

Dental and oral injuries range from mild to severe and might 
lead to permanent complications among athletes. With the 
increased incidence of orofacial injuries and dentist expertise 
in the same, they must also be available on-site along with 
physicians to stabilize the athlete. Proper education and 
prevention, including the use of mouth guards, can significantly 
decrease the risk of dental and oro-facial problems.
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AbstrAct
Lignocaine hydrochloride is commonly used as an antidysrhythmic and local anesthetic agent. Death due to lignocaine 
hydrochloride toxicity due to its absorption from the vaginal mucosa is rare. Here, we report a case of a 19-year-old female with 
an alleged history of death post-sexual intercourse. There was a history of the application of lignocaine hydrochloride gel IP 2% 
in the vagina of the deceased before as well as after the sexual act. She was not feeling well post sexual activity and was taken 
to a nearby government hospital, where she was declared brought dead. Autopsy findings demonstrated hymenal laceration at 
the 6 o'clock position with frank bleeding. The mucosa of the anus was eroded at the 4 o'clock position. Generalized congestion 
was found in the visceral organs. The toxicological analysis detected lignocaine hydrochloride in the deceased's blood, urine, 
and vaginal and anal swabs. The present case highlights that the toxicity of lignocaine hydrochloride can be life-threatening 
and, as it is easily available as an over-the-counter drug, its use should be monitored.
Keywords: Absorption, Toxicity, Hymenal tear, Lignocaine Hydrochloride, Vaginal mucosa.
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IntroductIon

Lignocaine hydrochloride is commonly used as an anti-
dysrhythmic and local anesthetic agent. It is currently the 

most widely used local anesthetic.1 Lignocaine is absorbed 
extensively following mucosal, intramuscular, rectal, trans-
dermal, and inhalation pathways.2 When the site of adminis-
tration is well vascularized, absorption can be rapid. 3 Local 
application of Lignocaine can have severe toxic effects on the 
cardiovascular and neurological systems. Most of these have 
been seen in young children who were given doses higher 
than recommended for local use.4 Systemic toxicity from 
local anesthetics is rarely seen but can be potentially lethal by 
causing seizures, arrhythmias, and cardiovascular collapse.5 

Death due to lignocaine hydrochloride toxicity from mucosa 
absorption is rare. Although there are some reported cases of 
an accidental and intentional poisoning with Lignocaine, these 
cases are rare and found mostly in healthcare establishments 
where Lignocaine is used.

Here, we report a rare case of death due to lignocaine 
hydrochloride toxicity. 

A literature search showed few cases of death due to 
lignocaine hydrochloride toxicity from mucosal absorption; 
however, death due to absorption from the vaginal mucosa has 
not been reported to the best of the author's knowledge. These 
cases emphasize the need to raise awareness of lignocaine 
hydrochloride toxicity due to its widespread use and easy 
over-the-counter availability.

cAsE rEPort

History
The deceased was a 19-year-old woman with no previous 
medical history. She had come with her male friend who was 
working in a private nursing home. There was a history of 
sexual intercourse and bleeding after sexual intercourse. As per 
the deceased's friend, he had applied lignocaine hydrochloride 
to the vagina of the deceased before as well as after the 
sexual act. The deceased started having vomiting episodes, 
complained of difficulty in breathing, and did not feel well 
after the sexual act. She was taken to a nearby government 
hospital, where she was declared brought dead.

Site Inspection
On visiting the hotel room, police found a condom packet, an 
empty wrapper of a condom, and an empty tube of lignocaine 
hydrochloride gel IP 2%.
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Autopsy Findings
External examination showed an anatomically normal female 
with an average build, moderately nourished. The lips were 
bluish-discoloured. Fresh blood was coming out of the vagina. 
Hymenal Laceration/tear was appreciable at the 6 o'clock 
position. The Hymen was torn and the surrounding area, i.e., 
vestibule up to the posterior commissure, was inflamed. The 
mucosa of the anus was eroded at the 4 o'clock position without 
any fresh bleeding.

An internal examination showed congestion of the organs. 
A 3x2 cm hemorrhage was present on the lower pole of the 
anterior surface of the left kidney. The heart was soft and flabby 
in consistency. The uterus was small in size and a creamish 
mucus-like substance was found in the cervix.

No other significant changes were observed that were 
relevant to the case.

Toxicological Findings
The toxicological analysis detected lignocaine hydrochloride 
in the deceased's blood, urine, and vaginal and anal swabs. The 
biological analysis report detected blood in the vaginal and 
anal swabs and slides. No alcohol or other drugs were detected.

Histopathological Findings
In the lungs, alveolar hemorrhages and edema were found. 
The kidneys showed tubular necrosis and congestion of the 
glomeruli and interstitium.

Further Analysis
There was no fatal bodily injury. The findings were consistent 
with a history of recent vaginal penetration. Lignocaine 
hydrochloride toxicity occurred due to its absorption from the 
vaginal, anal mucosa, and hymenal tears.

DISCUSSION
Lignocaine hydrochloride is a classic local anesthetic and is 
widely used in everyday practice. In 2011, Nath et al.6 described 
the case of a 26-year-old male who developed neurotoxicity 
due to the absorption of Lignocaine from nasal sponges 
after anterior nasal packing. In 2005, Chang et al.7 reported 
a case of an 87-year-old-man who had a cardiac arrest after 
intraurethral administration of Lignocaine as topical anesthesia 
for cystourethroscopy. In this case, intraurethral mucosal 
lesions from previous attempts at Foley catheter insertion led 
to a rapid elevation in the blood concentration of Lignocaine. 
In 2018, Rahimi et al.8 studied the characteristics of acute 
lignocaine toxicity. They concluded that most cases of topical 
lidocaine toxicity were among < 40-year-old patients, with a 
male to female ratio of 1:2, suicidal attempts in 90%, the need 
for intensive care in 36.6%, and a mortality rate of 10%. 

 In 1983, Mofenson HC et al.9 reported a case of an infant 
who experienced seizures while being treated with a topical 
lidocaine 2% solution for teething. In 1998, Day et al.10 reported 
a case of a healthy 19-year-old college student volunteering in 
a clinical research program undergoing a bronchoscopy who 
died as a result of acute lignocaine toxicity. 

The U.S. Food and Drug Administration (FDA) issued 
a warning on 6 February, 2009.11-12 alerting consumers that 
skin creams with topical anesthetics can cause life-threatening 
side effects, including seizures, irregular heartbeats, and even 
death. The consumer alert came after the FDA reported the 
deaths of two women, aged 22 and 25 years, who died due to 
lignocaine overdose. They applied a numbing gel to their legs 
and then covered them with a plastic wrap following laser hair 
removal treatments. They had seizures, went into comas, and 
later died from the toxic effects of Lignocaine.

In our case, the deceased had no past medical history of 
any disease, allergies, hospitalization, or substance abuse. The 
deceased's friend had applied Lignocaine to the vagina both 
before and after the sexual act. As the whole tube was found 
empty, lignocaine overuse led to its rapid absorption from 
the hymenal tear and vaginal and anal mucosa. Moreover, no 
douching or washing off of the skin was done, which further 
led to the absorption.

Following the absorption of Lignocaine, the deceased 
developed headache, dizziness, nausea, vomiting, difficulty 
breathing, and was disoriented. She died due to lignocaine 
toxicity. Lignocaine is rapidly absorbed from the site, which 
is well vascularized.13 After application, lignocaine cream 
should be washed off the hands completely. It should never 
be applied to broken skin.14 Lignocaine should never be left 
on the skin for extended periods. Excessive dosage or short 
intervals between doses can result in high plasma levels and 
serious adverse effects.15

CONCLUSION
Lignocaine is commonly used as a topical anesthetic for 
numbing the skin during various medical and cosmetic 
procedures, both before and after the procedures. Death due 
to the absorption of lignocaine hydrochloride from the vaginal 
mucosa is a very rare occurrence. Our skin normally acts as a 
cover and protects us from countless insults. However, some 
medications can penetrate the skin and enter the bloodstream. 
From this case, we would like to highlight that the toxicity of 
Lignocaine can be life-threatening. One should be cautious 
when using products with Lignocaine. Topical Lignocaine 
is generally safe when used in fewer doses and as directed. 
However, if not used as directed or in greater quantities, it can 
lead to several adverse effects and even death. The chances of 
these adverse effects increase if Lignocaine is used in large 
amounts, if it is allowed to remain on the skin for long periods, 
or if it is applied over areas where the skin is not intact. Its 
easy over-the-counter availability has led to its widespread 
use, which should be monitored.
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Respected Sir,

Even though the world is not recovering completely from this devastating COVID-19 pandemic, another fear of newly identified 
SARS-CoV-2 lineage B.1.1.529 named “Omicron” emerges. The term “Omicron” was designated on 26th November, 2021 
by the World Health Organization, which is more dreadful with a whopping 32 mutations in the spike protein alone, the first 
case being reported to the World Health Organization from South Africa on 25th November this year.1 Dr. Tedros Adhanom 
Ghebreyesus, the Director-General of WHO, has reported that about 77 countries are affected by Omicron cases, though the 
reality is that Omicron is probably in most countries, even if it has not been detected yet.2 The first confirmed Omicron death 
was reported from the UK. India reported its first cases of the Omicron variant in Karnataka’s Bengaluru city, where two 
people, including a South African national of Indian origin and a doctor, tested positive for it, and the total tally stands at 49.3

Researchers worldwide, especially in South Africa, are conducting various studies to know more about this new variant 
regarding its transmissibility, severity of disease, prior infection, the effectiveness of vaccines, etc. The WHO is also coordinating 
various countries about the researches on its signs & symptoms, the effectiveness of testing and treatment. Though it is still not 
clear whether it is more transmissible and more serious than other variants, we can extrapolate from what is known about the 
mutations of omicron to provide preliminary indications on transmissibility, severity, and immune escape to a certain extent.4

In most cases, symptoms are mild, mostly expressed as fever, cough, tiredness, loss of taste or smell, etc. Less common 
symptoms include sore throat, headache, aches, pains, diarrhea, a rash on the skin, discoloration of fingers or toes, etc. Very 
serious clinical features may be in the form of breathlessness, confusion, loss of speech, chest pain, etc. In any situation, 
prevention is the best option, and one must strictly follow the COVID-19 norms and COVID-19 appropriate behavior. However, 
one must not be panic. If suspected, one must do the COVID Test and follow the SOPs available on its official website @who.int.

Dr. O. Gambhir Singh
Professor & Head
Forensic Medicine Department
SRM Medical college, Potheri
Tamilnadu, India
e-mail: drgambhirsingh@gmail.com
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