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ABSTRACT
 
Background: Forensic odontology is an expanding field within the domain of forensic sciences, where dental 
knowledge is applied in identification of individual(s) through analysis of the dental related records. In this 
study we aimed to assess the knowledge, awareness and practices of dentists in the field of forensic 
odontology. 

Methods: This cross-sectional study was conducted over 248 dentists practicing in teaching hospitals as well 
as private practice in Karachi, Pakistan. Multiple close-ended questions were answered by the respondents, 
in which their knowledge and awareness about forensic odontology was evaluated. They were also asked 
about their practices of maintaining dental records of the patients. 

Results: Majority of the dentists had knowledge about importance of forensics in dentistry (86.2%) and mostly 
(88.7%) were aware that they could be of help to forensics experts if they maintain proper records. But when 
asked about their practices in maintaining dental records, only 64.5% responded positively. 

Conclusion: The results of this study show that the dentists have sufficient knowledge and positive attitude in 
the field of forensic odontology. Lack of practice in dental record management was demonstrated 
amongst majority of the dental practitioners.
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INTRODUCTION

Forensic dentistry is an interesting sub-speciality of 
forensic sciences, that applies dental knowledge to 
compare ante- and post-mortem records of an 
individual1.According to the World Dental Federa-
tion, forensic odontology is defined as a “branch of 
dentistry that deals with the proper handling of 
dental evidence in the interest of justice and with 
the proper evaluation and presentation of dental 
findings”2. Identifying deceased individual(s) on the 
basis of dental record analysis, can be traced back 
to 66 AD; since then its use has played a vital role in 
forensics3. In the year 1849, first case was accepted 
by law in which forensic odontology was applied1. 

Forensic odontology is just not limited to identifying 
deceased individual but also in identifying suspects 
or criminals. The various materials used in identifica-
tion of human remains are the personal belongings 
like pieces of clothing, jewelry, fingerprints, blood 
grouping and dentition. Human dentition is consid-
ered as hard tissue analog to the fingerprints which 
is almost unique to every individual3. Although glob-
ally forensic odontology has taken giant steps in the 
technical advancements, in Pakistan the field of 
forensic odontology is still miles behind in this regard.
There is an increased need for dental surgeons to 
have good knowledge about forensic odontology, 
as it is useful in identification of an individual and to 
detect abuse among all ages4. Dentists are the 

health-care professionals who routinely assess the 
head and neck of the patients and have a great 
chance in identifying the signs of abuse and 
neglect5.With the increase in road traffic accidents, 
criminal & violence cases, pandemic diseases and 
mass disasters, private dental practitioners may 
likewise bear an essential role in solving these types 
of cases. However, dentists working in their private 
clinics often maintain a low quality of dental record 
keeping which eventually may cause difficulty in 
identification of those patients on the basis of 
dental records6. Multiple factors such as lack of 
specialized staff and training centers, insufficient 
knowledge provided regarding the subject during 
undergraduate courses; are the significant obsta-
cles in utilizing forensic odontology to advantage 
our society7.

Forensic dentistry is one of the emerging fields of 
dentistry all over the world, however, in Pakistan, it is 
included merely as a small topic in oral and maxillo-
facial surgery with five didactic lectures as devised 
in the course outlined by the Pakistan Medical and 
Dental Council (PM&DC)8. Hence, the goal of this 
study was to assess the knowledge, attitude and 
practices of forensic odontology among dentist in 
Karachi, Pakistan through series of structured ques-
tions.

METHOD

This cross-sectional study was conducted between 
October & November 2017, through an organized 
questionnaire having 20 close-ended questions. 
Closed-ended questions were used due to the easy 
preceding of the responses. Dentists working in a 
private practice and/or in institutional job from all 
over Karachi were all included in this survey. Individ-
uals who were currently practicing dentistry were 
selected for the survey. 300 forms were distributed 
among the dentists of whom 248 responded back 
with response rate being 82.6%. The participants 
were evaluated on the following components:

1. Knowledge and awareness: Importance of foren-
sics odontology, management of patient’s dental 
records, age estimation via dental analysis, tech-
niques for an individual’s identification and dentist 
as a potential court witness. The source of knowl-
edge regarding forensic odontology and patient’s 
data management was also assessed.

2. Practices: proper recording and management of 
patient’s data by the dental practitioner; Statistical 
Package for Social Sciences (SPSS) version 20.0 
(SPSS Inc., Chicago, IL, USA) was used to analyze the 
data using descriptive statistics and the results of the 
questionnaire were presented in form of frequen-
cies and percentages.

RESULTS

The mean age of the 248 dentists included in this 
analysis was 29.05 years (range 20-50). Out of which 
66.9% of the respondents were females and 33.1% 
were males. Majority of the respondents were 
postgraduate trainees (37%) followed by house 
officers and lecturers respectively (23.3% and 
22.5%). Only a handful of the senior faculty consent-
ed to fill out the questionnaire (17.2%). More than a 
half of the respondents had less than 5 years of 
experience, whereas only (13%) of the respondents 
had an experience of more than 10 years.

Knowledge:
Greater than 80% respondents had adequate 
knowledge regarding importance of forensic 
odontology, its use in identifying victims in mass 
disasters and importance of bite patterns as an 
accessory for analyzing crime scenes. About 49.2% 
of the respondents knew that lip prints could be 
used for identification of an individual. About 34% 
respondents identified fingerprinting as the first step 
as a means of identification of the unclaimed 
bodies, followed by serological and genetic DNA 
comparison (22.6%) and visual examination (21%) 
respectively. When asked, how the respondents 
would react if they identified signs and symptoms of 
child abuse, almost half of the respondents said that 
they would inform the parents (44%), closely 
followed by informing the police (43%).

Awareness:
54% of dental practitioners were aware of the fact 
that they were legally qualified to present forensic 
dental evidence in court. 78.3% of the dentists were 
aware that enamel and dentine could be used as 
an aid for the identification of an individual and 
that the teeth serves as a source of DNA. When the 
respondents were inquired regarding the aware-
ness of presence of any forensic odontologist in 
Pakistan, 92% were unaware of it. 96% dentists 
weren’t aware of any formal training centers in 
Pakistan for Forensic Odontology. When the dentists 
were asked if they were aware that they could be 
of help to forensic odontologists, by maintaining 
records, 89% of the respondents replied in affirma-
tive. The results are shown in Table 1.

Source of knowledge:
Only 47.6% of participants had knowledge of dental 
record management which was taught to them at 
the institutional level as part of the curriculum. When 
inquired about the source of information relating to 
their knowledge of forensic odontology, 34% chose 
electronic media closely followed by reading litera-
ture and journals (30%). The results are shown in 
Table 1.

DISCUSSION

Analysis of ante and post-mortem dental records 
can serve as a vital tool for a person’s identifica-
tion.6 Although forensic odontologists being special-
ized in the field can identify an individual by dental 
means, but role of all the dentists is important in 
managing patient’s dental records which if 
required can be used in identification of the individ-
uals by comparing ante- and post-mortem dental 
records9. These patient records may include hand 
written or digitized notes, dental radiographs, 
models and intra- & extra-oral photographs. This 
being said, there are severe challenges to forensic 
odontologists as they have to deal with deficient or 
inaccurate dental records, which may interfere in 
the process of a person’s identification10. To 
overcome this growing challenge in the field of 
medicine, dental practitioners need to have 
sufficient knowledge and awareness of forensic 
odontology. With increasing requirement in mostly 
the developed countries across the world, applica-
tion of forensic odontology has gained an ample 
value11.

Applications of forensic odontology are extensive 
which includes identification of suspects in criminal 
investigations, suspected child or adult abuse, bite 
marks or other physical injuries, determination of 
age and gender of the living or a deceased person, 
presenting forensic dental evidence as an expert 
witness in the court of law and identification of 
humans via the decomposed and mutilated 
remains from the mass disasters12,13. Regarding the 
importance of forensic odontology, and it being an 
efficient means to identify victims of mass disasters, 

more than 80% of the respondents showed 
adequate knowledge in this study(14). This is consis-
tent with the results of the Rahman et al2. More than 
80% of the respondents in the present study, agreed 
that human bite mark patterns are an important 
adjunct for assessing crime scenes. These results are 
consistent with results shown by Preethi et al 15 and 
Rahman et al2.

Le Moyne Snyder was the pioneer for suggesting 
use of lip prints for identification of an individual in 
the year 195016. However, it was during the period 
between 2000 & 2012 that various studies were 
carried out by several researchers from other coun-
tries1,17 relating to lip prints and their use in forensic 
odontology. Different aspects of lip prints like stabili-
ty, morphological patterns and sex determination 
were studied among different groups of population 
and the researchers suggested that cheiloscopy 
could be used as an adjuvant technique in identifi-
cation 1, 18, 19. When inquired if human lip prints could 
be used for identification of a population, the results 
of this study showed that half of the respondents 
agreed with it. These results are in contrast with the 
studies carried out by Nagarajappa al1 and 
Rahman et al 2 where about 70% of the respondents 
answered this question in affirmative.

In the present study, 34% of the respondents recog-
nized fingerprinting as the first step as a means of 
identification for unclaimed bodies. Another study 
carried out in Karachi – Pakistan, is consistent with 
our results (29.3%) 8. However, the results of this study 
are in contrast to the study carried out by Preethi et 
al 15. Child abuse poses a serious social problem in 
most parts of the worlds, regardless of the socioeco-
nomic status, ethnicity or race. Sadly, cases of child 

abuse are being reported at an alarming rate that 
needs intervention as early as possible by being 
reported immediately to childcare authorities after 
detection. A research suggests that parents may 
physically abuse children and nearly 1 in 10 children 
witnesses such violence and over 80% of the cases 
the culprits were parents 20. However, the result of 
the present survey showed that 45% of the practi-
tioners suggested that it is important to first inform 
the parents rather than the police or the NGOs as 
they were unaware of the fact that in most cases 
parents are actually the main culprits. These results 
are in accordance with the results of other studies 5.

Dentists who play a part in identification of the 
deceased individual(s) and/or in a criminal investi-
gation, are then required to present their findings in 
the court of law as an ‘expert witness’21, 22. More 
than half of the dental practitioners were aware of 
the fact that they could testify as an expert witness 
in the court of law to present forensic dental 
evidence. The results are consistent with those of 
Rahman et al 2 (60%) however in contrast to those 
found in a study by Sharma et al 6.  The dental hard 
tissues have the capacity to withstand environmen-
tal assaults, hence being able to retain some of its 
original structure. Due to the ability of withstanding 
decomposition, teeth are an excellent and accu-
rate source of an individual’s DNA15. Most of the 
techniques involve nuclear DNA but mitochondrial 
(mt) DNA can also be used that is more abundantly 
found in tissues and can be used when nuclear DNA 
is insufficient. Dental tissues, such as dentin and 
cementum, are rich in mtDNA. Even in a small 
amount of source material, DNA can be amplified 
using polymerase chain reaction (PCR) technique, 
and this amplified DNA is then compared with ante 
mortem samples, such as blood, hair, clothes, cervi-
cal smear, and biopsy 23. When the respondents 
were inquired regarding the awareness of presence 
of any forensic odontologist in Pakistan, surprisingly, 
92% were unaware of it. In contrast, a study 
conducted by Rubel M et al 24, 55% of the respon-
dents knew forensic odontologists in India. 89% of 
the dentists agreed that maintaining records would 
be helpful for the forensic experts for identification. 
This is consistent with the results of numerous studies1, 

15, 25. However, these results are in contrast to a study 
carried out by Rubel  et al  in India in 2017 24.

CONCLUSION

248 dental practitioners from Karachi, Pakistan took 
part in this survey based study. Questions were 
asked from them regarding their knowledge, 
awareness and practices of forensic odontology, of 
which the results revealed that they had adequate 
levels of knowledge and awareness, however the 
knowledge and awareness is not being implement-
ed in the clinical practice. There is a major lack of 
trained forensic odontologists and training institutes 

in Pakistan. This study may represent the current 
status of dental practitioners in the field of forensic 
odontology.
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INTRODUCTION

Pulmonary alveolar microlithiasis is a rare autosomal 
recessive disease characterized by the precipita-
tion of calcium phosphate microliths throughout the 
respiratory tree. Despite having a relatively 
unknown etiology, research leans towards muta-
tions in the SLC34A2 gene, which codes for a 
sodium-phosphate cotransporter found in Type II 
pneumocytes18 Less than 600 cases have been 
reported worldwide7,8,11 mainly from Japan, Turkey, 
Italy, and USA2-7. In this particular case the patient 
was incidentally diagnosed with pulmonary alveo-
lar microlithiasis on the basis of a recently approved 
modality; Technetium 99m diphosphonate scintig-
raphy. 

CASE REPORT

A 38-year-old female, with an unremarkable family 
history, presented with a four-year history of progres-
sive dyspnea (mMRC class III) in the Pulmonology 
Department of JPMC. She also complained of 
orthopnea. She was a non-smoker. There was no 
evidence of any other known pulmonary disease. 
She had been diagnosed with hypothyroidism four 
years back. General physical examination noted a 
young, overweight female with a blood pressure of 
140/90 mmHg; pulse 110/ min, respiratory rate 
30/min. Grade IV clubbing and cyanosis were 
present. Auscultation of the chest revealed coarse 
crackles. The rest of the systemic examination was 
unremarkable.

Lab reports were as follows: 

Figure 1: Chest radiograph revealed diffuse bilateral 
areas of micronodular calcification with black 
pleura and HRCT showed a mosaic-like pattern 
present in the interlobular area

Figure 2: 99m technetium diphosphonate scanning 
detected extensive pulmonary uptake

Chest radiograph revealed diffuse bilateral areas of 
micronodular calcification with black pleura and 
HRCT showed a mosaic-like pattern present in the 
interlobular area (Figure 1). Bronchoalveolar lavage 
did not show acid-fast bacilli, fungi or any atypical 
cell. Transbronchial lung biopsy could not be 
performed due to hypoxia. However, 99m techne-
tium diphosphonate scanning detected extensive 
pulmonary uptake as shown in the image above 
(Figure 2). These findings confirmed the diagnosis of 
pulmonary alveolar microlithiasis.

DISCUSSION

Pulmonary alveolar microlithiasis is a rare chronic 
disease of unknown etiology, consisting of numer-
ous small alveolar calculi (composed of calcium 
and phosphorous) in the absence of a known calci-
um metabolism disorder. There have been fewer 
than 160 reported cases in previous literature19. It 
can be familial or sporadic9.

The previous literature identifies a mutation of the 
SLC34A2 gene, encoding a type IIb sodium-depen-
dent phosphate cotransporter (NaPi-IIb) in Type II 
alveolar cells. This transporter is involved in phospho-
rus metabolism in vivo.18 Type II pneumocytes not 
only produce surfactant (composed of phospholip-
ids and Ca-dependent binding proteins SP-A and 
SP-D) but are also responsible for its recycling and 
degradation20. A mutation of SLC34A2 decreases 
the cellular uptake of phosphorus leading to its 
accumulation in the alveoli and subsequent chela-
tion with calcium in the extracellular fluid. As a 

result, microliths are formed. It is now believed that 
this mutation of SCL34A2 gene is responsible for the 
parenchymal changes seen in the lungs of patients 
with PAM18.

The patient is initially asymptomatic, with restrictive 
type lung impairment appearing in the third or the 
fourth decade. The usual course of PAM is progres-
sive deterioration of lung function with the develop-
ment of corpulmonale, and respiratory failure which 
leads to death in midlife10-12. Following this trend, our 
patient was 38 years old with complaints of 
dyspnea developing over the past four years.  A 
familial occurrence in one-third of known cases has 
been reported, with an autosomal recessive inheri-
tance pattern and no apparent gender predisposi-
tion8. However, the family history of our patient for 
the disease was negative. 

The chest radiograph of our patient mimicked a 
typical PAM chest radiograph, which shows: bilater-
al infiltrates of fine, sand-like calcified micronodules 
(< 1 mm) mostly in the middle and lower zones of 
the lung. Obliteration of heart border and 
diaphragm is also seen11, 13.

The most common HRCT findings in patients of PAM 
are ground-glass opacities, calcified micronodules, 
interlobular septal thickening, pleural and subpleu-
ral calcification and pulmonary cysts. Calcifications 
along bronchovascular bundles and tree have also 
been noted. Our patient’s radiograph displayed a 
mosaic pattern, which is pathognomonic for PAM 
on HRCT10. Possible differential diagnoses with similar 
nodular calcifications are tuberculosis, metastatic 
osteosarcoma, and amyloidosis. Dense consolida-
tions are also noted in metastatic pulmonary calcifi-
cation, talcosis and amiodarone lung toxicity. 
Therefore, to rule-out probable conditions, clinical 
features and CT findings should be carefully 
correlated with those typical of PAM. 

The bronchoalveolar lavage did not show acid-fast 
bacilli, fungi or any atypical cells. Due to hypoxia, 
transbronchial lung biopsy a routine procedure for 
PAM was unadvised. Technetium 99m diphospho-
nate scan was used for final confirmation and 
depicted bilateral pulmonary uptake of the radio-
isotope 99mTc. Technetium 99m diphosphonate 
compounds bind to calcified soft tissue, this is vital in 
detecting early-stage PAM21. In cases where CT 
scan findings are nonspecific, the bone scintigra-
phy is very useful in the detection of early pulmo-
nary calcifications, which are missed in the CT scan 
because of their small size14. When the bone scan 
was done in our patient, it showed extensive uptake 
as described in the literature, thus confirming our 
diagnosis. 

PAM does not have an effective medical therapy. 
Alendronate sodium has been tried in some 
patients which provided symptomatic relief but no 

reversal. Corticosteroid therapy has not shown 
much benefit either. Lung transplantation is the only 
choice12.

CONCLUSION

Specific diagnosis of PAM is usually confirmed by 
histopathological evaluation of the lung tissue via 
transbronchial/tracheal or open lung biopsy. This 
case shows that this diagnosis can also be made 
through correlation of clinical and radiological 
findings and confirmed by performing tech 99 bone 
scan in suspected cases thus eliminating the need 
of subjecting patients to invasive procedures. 
Tech99 is especially useful for diagnosing this rare 
disease in those patients who are not fit for invasive 
procedures, as seen in our case.
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INTRODUCTION

Forensic dentistry is an interesting sub-speciality of 
forensic sciences, that applies dental knowledge to 
compare ante- and post-mortem records of an 
individual1.According to the World Dental Federa-
tion, forensic odontology is defined as a “branch of 
dentistry that deals with the proper handling of 
dental evidence in the interest of justice and with 
the proper evaluation and presentation of dental 
findings”2. Identifying deceased individual(s) on the 
basis of dental record analysis, can be traced back 
to 66 AD; since then its use has played a vital role in 
forensics3. In the year 1849, first case was accepted 
by law in which forensic odontology was applied1. 

Forensic odontology is just not limited to identifying 
deceased individual but also in identifying suspects 
or criminals. The various materials used in identifica-
tion of human remains are the personal belongings 
like pieces of clothing, jewelry, fingerprints, blood 
grouping and dentition. Human dentition is consid-
ered as hard tissue analog to the fingerprints which 
is almost unique to every individual3. Although glob-
ally forensic odontology has taken giant steps in the 
technical advancements, in Pakistan the field of 
forensic odontology is still miles behind in this regard.
There is an increased need for dental surgeons to 
have good knowledge about forensic odontology, 
as it is useful in identification of an individual and to 
detect abuse among all ages4. Dentists are the 

health-care professionals who routinely assess the 
head and neck of the patients and have a great 
chance in identifying the signs of abuse and 
neglect5.With the increase in road traffic accidents, 
criminal & violence cases, pandemic diseases and 
mass disasters, private dental practitioners may 
likewise bear an essential role in solving these types 
of cases. However, dentists working in their private 
clinics often maintain a low quality of dental record 
keeping which eventually may cause difficulty in 
identification of those patients on the basis of 
dental records6. Multiple factors such as lack of 
specialized staff and training centers, insufficient 
knowledge provided regarding the subject during 
undergraduate courses; are the significant obsta-
cles in utilizing forensic odontology to advantage 
our society7.

Forensic dentistry is one of the emerging fields of 
dentistry all over the world, however, in Pakistan, it is 
included merely as a small topic in oral and maxillo-
facial surgery with five didactic lectures as devised 
in the course outlined by the Pakistan Medical and 
Dental Council (PM&DC)8. Hence, the goal of this 
study was to assess the knowledge, attitude and 
practices of forensic odontology among dentist in 
Karachi, Pakistan through series of structured ques-
tions.

METHOD

This cross-sectional study was conducted between 
October & November 2017, through an organized 
questionnaire having 20 close-ended questions. 
Closed-ended questions were used due to the easy 
preceding of the responses. Dentists working in a 
private practice and/or in institutional job from all 
over Karachi were all included in this survey. Individ-
uals who were currently practicing dentistry were 
selected for the survey. 300 forms were distributed 
among the dentists of whom 248 responded back 
with response rate being 82.6%. The participants 
were evaluated on the following components:

1. Knowledge and awareness: Importance of foren-
sics odontology, management of patient’s dental 
records, age estimation via dental analysis, tech-
niques for an individual’s identification and dentist 
as a potential court witness. The source of knowl-
edge regarding forensic odontology and patient’s 
data management was also assessed.

2. Practices: proper recording and management of 
patient’s data by the dental practitioner; Statistical 
Package for Social Sciences (SPSS) version 20.0 
(SPSS Inc., Chicago, IL, USA) was used to analyze the 
data using descriptive statistics and the results of the 
questionnaire were presented in form of frequen-
cies and percentages.

RESULTS

The mean age of the 248 dentists included in this 
analysis was 29.05 years (range 20-50). Out of which 
66.9% of the respondents were females and 33.1% 
were males. Majority of the respondents were 
postgraduate trainees (37%) followed by house 
officers and lecturers respectively (23.3% and 
22.5%). Only a handful of the senior faculty consent-
ed to fill out the questionnaire (17.2%). More than a 
half of the respondents had less than 5 years of 
experience, whereas only (13%) of the respondents 
had an experience of more than 10 years.

Knowledge:
Greater than 80% respondents had adequate 
knowledge regarding importance of forensic 
odontology, its use in identifying victims in mass 
disasters and importance of bite patterns as an 
accessory for analyzing crime scenes. About 49.2% 
of the respondents knew that lip prints could be 
used for identification of an individual. About 34% 
respondents identified fingerprinting as the first step 
as a means of identification of the unclaimed 
bodies, followed by serological and genetic DNA 
comparison (22.6%) and visual examination (21%) 
respectively. When asked, how the respondents 
would react if they identified signs and symptoms of 
child abuse, almost half of the respondents said that 
they would inform the parents (44%), closely 
followed by informing the police (43%).

Awareness:
54% of dental practitioners were aware of the fact 
that they were legally qualified to present forensic 
dental evidence in court. 78.3% of the dentists were 
aware that enamel and dentine could be used as 
an aid for the identification of an individual and 
that the teeth serves as a source of DNA. When the 
respondents were inquired regarding the aware-
ness of presence of any forensic odontologist in 
Pakistan, 92% were unaware of it. 96% dentists 
weren’t aware of any formal training centers in 
Pakistan for Forensic Odontology. When the dentists 
were asked if they were aware that they could be 
of help to forensic odontologists, by maintaining 
records, 89% of the respondents replied in affirma-
tive. The results are shown in Table 1.

Source of knowledge:
Only 47.6% of participants had knowledge of dental 
record management which was taught to them at 
the institutional level as part of the curriculum. When 
inquired about the source of information relating to 
their knowledge of forensic odontology, 34% chose 
electronic media closely followed by reading litera-
ture and journals (30%). The results are shown in 
Table 1.

DISCUSSION

Analysis of ante and post-mortem dental records 
can serve as a vital tool for a person’s identifica-
tion.6 Although forensic odontologists being special-
ized in the field can identify an individual by dental 
means, but role of all the dentists is important in 
managing patient’s dental records which if 
required can be used in identification of the individ-
uals by comparing ante- and post-mortem dental 
records9. These patient records may include hand 
written or digitized notes, dental radiographs, 
models and intra- & extra-oral photographs. This 
being said, there are severe challenges to forensic 
odontologists as they have to deal with deficient or 
inaccurate dental records, which may interfere in 
the process of a person’s identification10. To 
overcome this growing challenge in the field of 
medicine, dental practitioners need to have 
sufficient knowledge and awareness of forensic 
odontology. With increasing requirement in mostly 
the developed countries across the world, applica-
tion of forensic odontology has gained an ample 
value11.

Applications of forensic odontology are extensive 
which includes identification of suspects in criminal 
investigations, suspected child or adult abuse, bite 
marks or other physical injuries, determination of 
age and gender of the living or a deceased person, 
presenting forensic dental evidence as an expert 
witness in the court of law and identification of 
humans via the decomposed and mutilated 
remains from the mass disasters12,13. Regarding the 
importance of forensic odontology, and it being an 
efficient means to identify victims of mass disasters, 

more than 80% of the respondents showed 
adequate knowledge in this study(14). This is consis-
tent with the results of the Rahman et al2. More than 
80% of the respondents in the present study, agreed 
that human bite mark patterns are an important 
adjunct for assessing crime scenes. These results are 
consistent with results shown by Preethi et al 15 and 
Rahman et al2.

Le Moyne Snyder was the pioneer for suggesting 
use of lip prints for identification of an individual in 
the year 195016. However, it was during the period 
between 2000 & 2012 that various studies were 
carried out by several researchers from other coun-
tries1,17 relating to lip prints and their use in forensic 
odontology. Different aspects of lip prints like stabili-
ty, morphological patterns and sex determination 
were studied among different groups of population 
and the researchers suggested that cheiloscopy 
could be used as an adjuvant technique in identifi-
cation 1, 18, 19. When inquired if human lip prints could 
be used for identification of a population, the results 
of this study showed that half of the respondents 
agreed with it. These results are in contrast with the 
studies carried out by Nagarajappa al1 and 
Rahman et al 2 where about 70% of the respondents 
answered this question in affirmative.

In the present study, 34% of the respondents recog-
nized fingerprinting as the first step as a means of 
identification for unclaimed bodies. Another study 
carried out in Karachi – Pakistan, is consistent with 
our results (29.3%) 8. However, the results of this study 
are in contrast to the study carried out by Preethi et 
al 15. Child abuse poses a serious social problem in 
most parts of the worlds, regardless of the socioeco-
nomic status, ethnicity or race. Sadly, cases of child 

abuse are being reported at an alarming rate that 
needs intervention as early as possible by being 
reported immediately to childcare authorities after 
detection. A research suggests that parents may 
physically abuse children and nearly 1 in 10 children 
witnesses such violence and over 80% of the cases 
the culprits were parents 20. However, the result of 
the present survey showed that 45% of the practi-
tioners suggested that it is important to first inform 
the parents rather than the police or the NGOs as 
they were unaware of the fact that in most cases 
parents are actually the main culprits. These results 
are in accordance with the results of other studies 5.

Dentists who play a part in identification of the 
deceased individual(s) and/or in a criminal investi-
gation, are then required to present their findings in 
the court of law as an ‘expert witness’21, 22. More 
than half of the dental practitioners were aware of 
the fact that they could testify as an expert witness 
in the court of law to present forensic dental 
evidence. The results are consistent with those of 
Rahman et al 2 (60%) however in contrast to those 
found in a study by Sharma et al 6.  The dental hard 
tissues have the capacity to withstand environmen-
tal assaults, hence being able to retain some of its 
original structure. Due to the ability of withstanding 
decomposition, teeth are an excellent and accu-
rate source of an individual’s DNA15. Most of the 
techniques involve nuclear DNA but mitochondrial 
(mt) DNA can also be used that is more abundantly 
found in tissues and can be used when nuclear DNA 
is insufficient. Dental tissues, such as dentin and 
cementum, are rich in mtDNA. Even in a small 
amount of source material, DNA can be amplified 
using polymerase chain reaction (PCR) technique, 
and this amplified DNA is then compared with ante 
mortem samples, such as blood, hair, clothes, cervi-
cal smear, and biopsy 23. When the respondents 
were inquired regarding the awareness of presence 
of any forensic odontologist in Pakistan, surprisingly, 
92% were unaware of it. In contrast, a study 
conducted by Rubel M et al 24, 55% of the respon-
dents knew forensic odontologists in India. 89% of 
the dentists agreed that maintaining records would 
be helpful for the forensic experts for identification. 
This is consistent with the results of numerous studies1, 

15, 25. However, these results are in contrast to a study 
carried out by Rubel  et al  in India in 2017 24.

CONCLUSION

248 dental practitioners from Karachi, Pakistan took 
part in this survey based study. Questions were 
asked from them regarding their knowledge, 
awareness and practices of forensic odontology, of 
which the results revealed that they had adequate 
levels of knowledge and awareness, however the 
knowledge and awareness is not being implement-
ed in the clinical practice. There is a major lack of 
trained forensic odontologists and training institutes 

in Pakistan. This study may represent the current 
status of dental practitioners in the field of forensic 
odontology.
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KNOWLEDGE, AWARENESS AND PRACTICE OF FORENSIC ODONTOLOGY AMONG DENTAL PRACTITIONERS IN KARACHI, PAKISTAN

INTRODUCTION

Pulmonary alveolar microlithiasis is a rare autosomal 
recessive disease characterized by the precipita-
tion of calcium phosphate microliths throughout the 
respiratory tree. Despite having a relatively 
unknown etiology, research leans towards muta-
tions in the SLC34A2 gene, which codes for a 
sodium-phosphate cotransporter found in Type II 
pneumocytes18 Less than 600 cases have been 
reported worldwide7,8,11 mainly from Japan, Turkey, 
Italy, and USA2-7. In this particular case the patient 
was incidentally diagnosed with pulmonary alveo-
lar microlithiasis on the basis of a recently approved 
modality; Technetium 99m diphosphonate scintig-
raphy. 

CASE REPORT

A 38-year-old female, with an unremarkable family 
history, presented with a four-year history of progres-
sive dyspnea (mMRC class III) in the Pulmonology 
Department of JPMC. She also complained of 
orthopnea. She was a non-smoker. There was no 
evidence of any other known pulmonary disease. 
She had been diagnosed with hypothyroidism four 
years back. General physical examination noted a 
young, overweight female with a blood pressure of 
140/90 mmHg; pulse 110/ min, respiratory rate 
30/min. Grade IV clubbing and cyanosis were 
present. Auscultation of the chest revealed coarse 
crackles. The rest of the systemic examination was 
unremarkable.

Lab reports were as follows: 

Figure 1: Chest radiograph revealed diffuse bilateral 
areas of micronodular calcification with black 
pleura and HRCT showed a mosaic-like pattern 
present in the interlobular area

Figure 2: 99m technetium diphosphonate scanning 
detected extensive pulmonary uptake

Chest radiograph revealed diffuse bilateral areas of 
micronodular calcification with black pleura and 
HRCT showed a mosaic-like pattern present in the 
interlobular area (Figure 1). Bronchoalveolar lavage 
did not show acid-fast bacilli, fungi or any atypical 
cell. Transbronchial lung biopsy could not be 
performed due to hypoxia. However, 99m techne-
tium diphosphonate scanning detected extensive 
pulmonary uptake as shown in the image above 
(Figure 2). These findings confirmed the diagnosis of 
pulmonary alveolar microlithiasis.

DISCUSSION

Pulmonary alveolar microlithiasis is a rare chronic 
disease of unknown etiology, consisting of numer-
ous small alveolar calculi (composed of calcium 
and phosphorous) in the absence of a known calci-
um metabolism disorder. There have been fewer 
than 160 reported cases in previous literature19. It 
can be familial or sporadic9.

The previous literature identifies a mutation of the 
SLC34A2 gene, encoding a type IIb sodium-depen-
dent phosphate cotransporter (NaPi-IIb) in Type II 
alveolar cells. This transporter is involved in phospho-
rus metabolism in vivo.18 Type II pneumocytes not 
only produce surfactant (composed of phospholip-
ids and Ca-dependent binding proteins SP-A and 
SP-D) but are also responsible for its recycling and 
degradation20. A mutation of SLC34A2 decreases 
the cellular uptake of phosphorus leading to its 
accumulation in the alveoli and subsequent chela-
tion with calcium in the extracellular fluid. As a 

result, microliths are formed. It is now believed that 
this mutation of SCL34A2 gene is responsible for the 
parenchymal changes seen in the lungs of patients 
with PAM18.

The patient is initially asymptomatic, with restrictive 
type lung impairment appearing in the third or the 
fourth decade. The usual course of PAM is progres-
sive deterioration of lung function with the develop-
ment of corpulmonale, and respiratory failure which 
leads to death in midlife10-12. Following this trend, our 
patient was 38 years old with complaints of 
dyspnea developing over the past four years.  A 
familial occurrence in one-third of known cases has 
been reported, with an autosomal recessive inheri-
tance pattern and no apparent gender predisposi-
tion8. However, the family history of our patient for 
the disease was negative. 

The chest radiograph of our patient mimicked a 
typical PAM chest radiograph, which shows: bilater-
al infiltrates of fine, sand-like calcified micronodules 
(< 1 mm) mostly in the middle and lower zones of 
the lung. Obliteration of heart border and 
diaphragm is also seen11, 13.

The most common HRCT findings in patients of PAM 
are ground-glass opacities, calcified micronodules, 
interlobular septal thickening, pleural and subpleu-
ral calcification and pulmonary cysts. Calcifications 
along bronchovascular bundles and tree have also 
been noted. Our patient’s radiograph displayed a 
mosaic pattern, which is pathognomonic for PAM 
on HRCT10. Possible differential diagnoses with similar 
nodular calcifications are tuberculosis, metastatic 
osteosarcoma, and amyloidosis. Dense consolida-
tions are also noted in metastatic pulmonary calcifi-
cation, talcosis and amiodarone lung toxicity. 
Therefore, to rule-out probable conditions, clinical 
features and CT findings should be carefully 
correlated with those typical of PAM. 

The bronchoalveolar lavage did not show acid-fast 
bacilli, fungi or any atypical cells. Due to hypoxia, 
transbronchial lung biopsy a routine procedure for 
PAM was unadvised. Technetium 99m diphospho-
nate scan was used for final confirmation and 
depicted bilateral pulmonary uptake of the radio-
isotope 99mTc. Technetium 99m diphosphonate 
compounds bind to calcified soft tissue, this is vital in 
detecting early-stage PAM21. In cases where CT 
scan findings are nonspecific, the bone scintigra-
phy is very useful in the detection of early pulmo-
nary calcifications, which are missed in the CT scan 
because of their small size14. When the bone scan 
was done in our patient, it showed extensive uptake 
as described in the literature, thus confirming our 
diagnosis. 

PAM does not have an effective medical therapy. 
Alendronate sodium has been tried in some 
patients which provided symptomatic relief but no 

reversal. Corticosteroid therapy has not shown 
much benefit either. Lung transplantation is the only 
choice12.

CONCLUSION

Specific diagnosis of PAM is usually confirmed by 
histopathological evaluation of the lung tissue via 
transbronchial/tracheal or open lung biopsy. This 
case shows that this diagnosis can also be made 
through correlation of clinical and radiological 
findings and confirmed by performing tech 99 bone 
scan in suspected cases thus eliminating the need 
of subjecting patients to invasive procedures. 
Tech99 is especially useful for diagnosing this rare 
disease in those patients who are not fit for invasive 
procedures, as seen in our case.
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INTRODUCTION

Forensic dentistry is an interesting sub-speciality of 
forensic sciences, that applies dental knowledge to 
compare ante- and post-mortem records of an 
individual1.According to the World Dental Federa-
tion, forensic odontology is defined as a “branch of 
dentistry that deals with the proper handling of 
dental evidence in the interest of justice and with 
the proper evaluation and presentation of dental 
findings”2. Identifying deceased individual(s) on the 
basis of dental record analysis, can be traced back 
to 66 AD; since then its use has played a vital role in 
forensics3. In the year 1849, first case was accepted 
by law in which forensic odontology was applied1. 

Forensic odontology is just not limited to identifying 
deceased individual but also in identifying suspects 
or criminals. The various materials used in identifica-
tion of human remains are the personal belongings 
like pieces of clothing, jewelry, fingerprints, blood 
grouping and dentition. Human dentition is consid-
ered as hard tissue analog to the fingerprints which 
is almost unique to every individual3. Although glob-
ally forensic odontology has taken giant steps in the 
technical advancements, in Pakistan the field of 
forensic odontology is still miles behind in this regard.
There is an increased need for dental surgeons to 
have good knowledge about forensic odontology, 
as it is useful in identification of an individual and to 
detect abuse among all ages4. Dentists are the 

health-care professionals who routinely assess the 
head and neck of the patients and have a great 
chance in identifying the signs of abuse and 
neglect5.With the increase in road traffic accidents, 
criminal & violence cases, pandemic diseases and 
mass disasters, private dental practitioners may 
likewise bear an essential role in solving these types 
of cases. However, dentists working in their private 
clinics often maintain a low quality of dental record 
keeping which eventually may cause difficulty in 
identification of those patients on the basis of 
dental records6. Multiple factors such as lack of 
specialized staff and training centers, insufficient 
knowledge provided regarding the subject during 
undergraduate courses; are the significant obsta-
cles in utilizing forensic odontology to advantage 
our society7.

Forensic dentistry is one of the emerging fields of 
dentistry all over the world, however, in Pakistan, it is 
included merely as a small topic in oral and maxillo-
facial surgery with five didactic lectures as devised 
in the course outlined by the Pakistan Medical and 
Dental Council (PM&DC)8. Hence, the goal of this 
study was to assess the knowledge, attitude and 
practices of forensic odontology among dentist in 
Karachi, Pakistan through series of structured ques-
tions.

METHOD

This cross-sectional study was conducted between 
October & November 2017, through an organized 
questionnaire having 20 close-ended questions. 
Closed-ended questions were used due to the easy 
preceding of the responses. Dentists working in a 
private practice and/or in institutional job from all 
over Karachi were all included in this survey. Individ-
uals who were currently practicing dentistry were 
selected for the survey. 300 forms were distributed 
among the dentists of whom 248 responded back 
with response rate being 82.6%. The participants 
were evaluated on the following components:

1. Knowledge and awareness: Importance of foren-
sics odontology, management of patient’s dental 
records, age estimation via dental analysis, tech-
niques for an individual’s identification and dentist 
as a potential court witness. The source of knowl-
edge regarding forensic odontology and patient’s 
data management was also assessed.

2. Practices: proper recording and management of 
patient’s data by the dental practitioner; Statistical 
Package for Social Sciences (SPSS) version 20.0 
(SPSS Inc., Chicago, IL, USA) was used to analyze the 
data using descriptive statistics and the results of the 
questionnaire were presented in form of frequen-
cies and percentages.

RESULTS

The mean age of the 248 dentists included in this 
analysis was 29.05 years (range 20-50). Out of which 
66.9% of the respondents were females and 33.1% 
were males. Majority of the respondents were 
postgraduate trainees (37%) followed by house 
officers and lecturers respectively (23.3% and 
22.5%). Only a handful of the senior faculty consent-
ed to fill out the questionnaire (17.2%). More than a 
half of the respondents had less than 5 years of 
experience, whereas only (13%) of the respondents 
had an experience of more than 10 years.

Knowledge:
Greater than 80% respondents had adequate 
knowledge regarding importance of forensic 
odontology, its use in identifying victims in mass 
disasters and importance of bite patterns as an 
accessory for analyzing crime scenes. About 49.2% 
of the respondents knew that lip prints could be 
used for identification of an individual. About 34% 
respondents identified fingerprinting as the first step 
as a means of identification of the unclaimed 
bodies, followed by serological and genetic DNA 
comparison (22.6%) and visual examination (21%) 
respectively. When asked, how the respondents 
would react if they identified signs and symptoms of 
child abuse, almost half of the respondents said that 
they would inform the parents (44%), closely 
followed by informing the police (43%).

Awareness:
54% of dental practitioners were aware of the fact 
that they were legally qualified to present forensic 
dental evidence in court. 78.3% of the dentists were 
aware that enamel and dentine could be used as 
an aid for the identification of an individual and 
that the teeth serves as a source of DNA. When the 
respondents were inquired regarding the aware-
ness of presence of any forensic odontologist in 
Pakistan, 92% were unaware of it. 96% dentists 
weren’t aware of any formal training centers in 
Pakistan for Forensic Odontology. When the dentists 
were asked if they were aware that they could be 
of help to forensic odontologists, by maintaining 
records, 89% of the respondents replied in affirma-
tive. The results are shown in Table 1.

Source of knowledge:
Only 47.6% of participants had knowledge of dental 
record management which was taught to them at 
the institutional level as part of the curriculum. When 
inquired about the source of information relating to 
their knowledge of forensic odontology, 34% chose 
electronic media closely followed by reading litera-
ture and journals (30%). The results are shown in 
Table 1.

DISCUSSION

Analysis of ante and post-mortem dental records 
can serve as a vital tool for a person’s identifica-
tion.6 Although forensic odontologists being special-
ized in the field can identify an individual by dental 
means, but role of all the dentists is important in 
managing patient’s dental records which if 
required can be used in identification of the individ-
uals by comparing ante- and post-mortem dental 
records9. These patient records may include hand 
written or digitized notes, dental radiographs, 
models and intra- & extra-oral photographs. This 
being said, there are severe challenges to forensic 
odontologists as they have to deal with deficient or 
inaccurate dental records, which may interfere in 
the process of a person’s identification10. To 
overcome this growing challenge in the field of 
medicine, dental practitioners need to have 
sufficient knowledge and awareness of forensic 
odontology. With increasing requirement in mostly 
the developed countries across the world, applica-
tion of forensic odontology has gained an ample 
value11.

Applications of forensic odontology are extensive 
which includes identification of suspects in criminal 
investigations, suspected child or adult abuse, bite 
marks or other physical injuries, determination of 
age and gender of the living or a deceased person, 
presenting forensic dental evidence as an expert 
witness in the court of law and identification of 
humans via the decomposed and mutilated 
remains from the mass disasters12,13. Regarding the 
importance of forensic odontology, and it being an 
efficient means to identify victims of mass disasters, 

more than 80% of the respondents showed 
adequate knowledge in this study(14). This is consis-
tent with the results of the Rahman et al2. More than 
80% of the respondents in the present study, agreed 
that human bite mark patterns are an important 
adjunct for assessing crime scenes. These results are 
consistent with results shown by Preethi et al 15 and 
Rahman et al2.

Le Moyne Snyder was the pioneer for suggesting 
use of lip prints for identification of an individual in 
the year 195016. However, it was during the period 
between 2000 & 2012 that various studies were 
carried out by several researchers from other coun-
tries1,17 relating to lip prints and their use in forensic 
odontology. Different aspects of lip prints like stabili-
ty, morphological patterns and sex determination 
were studied among different groups of population 
and the researchers suggested that cheiloscopy 
could be used as an adjuvant technique in identifi-
cation 1, 18, 19. When inquired if human lip prints could 
be used for identification of a population, the results 
of this study showed that half of the respondents 
agreed with it. These results are in contrast with the 
studies carried out by Nagarajappa al1 and 
Rahman et al 2 where about 70% of the respondents 
answered this question in affirmative.

In the present study, 34% of the respondents recog-
nized fingerprinting as the first step as a means of 
identification for unclaimed bodies. Another study 
carried out in Karachi – Pakistan, is consistent with 
our results (29.3%) 8. However, the results of this study 
are in contrast to the study carried out by Preethi et 
al 15. Child abuse poses a serious social problem in 
most parts of the worlds, regardless of the socioeco-
nomic status, ethnicity or race. Sadly, cases of child 

abuse are being reported at an alarming rate that 
needs intervention as early as possible by being 
reported immediately to childcare authorities after 
detection. A research suggests that parents may 
physically abuse children and nearly 1 in 10 children 
witnesses such violence and over 80% of the cases 
the culprits were parents 20. However, the result of 
the present survey showed that 45% of the practi-
tioners suggested that it is important to first inform 
the parents rather than the police or the NGOs as 
they were unaware of the fact that in most cases 
parents are actually the main culprits. These results 
are in accordance with the results of other studies 5.

Dentists who play a part in identification of the 
deceased individual(s) and/or in a criminal investi-
gation, are then required to present their findings in 
the court of law as an ‘expert witness’21, 22. More 
than half of the dental practitioners were aware of 
the fact that they could testify as an expert witness 
in the court of law to present forensic dental 
evidence. The results are consistent with those of 
Rahman et al 2 (60%) however in contrast to those 
found in a study by Sharma et al 6.  The dental hard 
tissues have the capacity to withstand environmen-
tal assaults, hence being able to retain some of its 
original structure. Due to the ability of withstanding 
decomposition, teeth are an excellent and accu-
rate source of an individual’s DNA15. Most of the 
techniques involve nuclear DNA but mitochondrial 
(mt) DNA can also be used that is more abundantly 
found in tissues and can be used when nuclear DNA 
is insufficient. Dental tissues, such as dentin and 
cementum, are rich in mtDNA. Even in a small 
amount of source material, DNA can be amplified 
using polymerase chain reaction (PCR) technique, 
and this amplified DNA is then compared with ante 
mortem samples, such as blood, hair, clothes, cervi-
cal smear, and biopsy 23. When the respondents 
were inquired regarding the awareness of presence 
of any forensic odontologist in Pakistan, surprisingly, 
92% were unaware of it. In contrast, a study 
conducted by Rubel M et al 24, 55% of the respon-
dents knew forensic odontologists in India. 89% of 
the dentists agreed that maintaining records would 
be helpful for the forensic experts for identification. 
This is consistent with the results of numerous studies1, 

15, 25. However, these results are in contrast to a study 
carried out by Rubel  et al  in India in 2017 24.

CONCLUSION

248 dental practitioners from Karachi, Pakistan took 
part in this survey based study. Questions were 
asked from them regarding their knowledge, 
awareness and practices of forensic odontology, of 
which the results revealed that they had adequate 
levels of knowledge and awareness, however the 
knowledge and awareness is not being implement-
ed in the clinical practice. There is a major lack of 
trained forensic odontologists and training institutes 

in Pakistan. This study may represent the current 
status of dental practitioners in the field of forensic 
odontology.
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Table 1: Knowledge and awareness of dentists regarding to forensic odontology

1 Forensic odontology is an important branch of dentistry  
  Agree 214 (86.2%) 
  Disagree 22 (8.9%) 
  Don't Know 12 (4.9%) 
      
2 Forensic odontology is an efficient method to identify victims in a mass disaster.  
  Agree 222 (89.5%) 
  Disagree 4 (1.6%) 
  Don't Know 22 (8.9%) 
      
3 As a dentist, can we help forensic experts by maintaining records?  
  Agree 220 (88.7%) 
  Disagree 8 (3.2%) 
  Don't Know 20 (8.1%)  
      
4 Teeth serve as a source of DNA.     
  Agree 194 (78.3%) 
  Disagree 12 (4.8%) 
  Don't Know 42 (16.9%) 

5 Can enamel/dentin act as an aid for identification of age?  
  Agree 194 (78.3%) 
  Disagree 16 (6.4%) 
  Don't Know 38 (15.3%) 
      

6 
Bite mark pattern of human teeth is an important adjunct for assessing crime 
scene. 

  Agree 206 (83%) 
  Disagree 10 (4%) 
  Don't Know  32 (13%) 
      
7 Lip print patterns of human can be used for identification of a population.  
  Agree 122 (49.2%) 
  Disagree 44 (17.7%) 
  Don't Know 82 (33.1%)  
      
8 What is the first step for the mean of identification for unclaimed bodies?  
  Fingerprinting   84 (33.8%) 
  Serological and genetic DNA comparison 56 (22.6%) 
  Visual examination  52 (20.9%) 
  Physical and anthropological examination 34 (13.8%) 
  Don’t know 22 (8.9%)       
9 What would you do if you identify signs and symptoms of child abuse?  
  Inform parents  110 (44.4%) 
  Inform police 108 (43.5%) 
  Inform NGO’s 24 (9.7%) 
  Take no action 6 (2.4%) 
      

10 
Are you aware that you are eligible to appear in the court to present forensic dental 
evidence? 

  Yes 134 (54%) 
  No  114 (46%) 
      

11 
Did your teaching curriculum included how to maintain dental records, at 
institutional level?  

  Yes  118 (47.6%) 
  No   130 (52.4%) 
      
12 Are you aware of any forensic odontologist in Pakistan? 
  Yes  30 (12%) 
  No  218 (88%) 
      
13 Are you aware of any formal training centers in Pakistan for forensic odontology? 
  Yes  10 (4%) 
  No  238 (96%) 
      
14 If given a choice, would you like to undergo any such training?  
  Yes 218 (88%) 
  No  30 (12%) 
      

15 
What is the source of information relating to your knowledge in forensic 
odontology? 

  Electronic media (TV, cell phones etc.) 134 (34%) 
  Literature and journals 118 (30%) 
  Lectures  70 (18%) 
  Seminars and symposium  64 (16%) 
  Other 8 (2%) 

!

INTRODUCTION

Pulmonary alveolar microlithiasis is a rare autosomal 
recessive disease characterized by the precipita-
tion of calcium phosphate microliths throughout the 
respiratory tree. Despite having a relatively 
unknown etiology, research leans towards muta-
tions in the SLC34A2 gene, which codes for a 
sodium-phosphate cotransporter found in Type II 
pneumocytes18 Less than 600 cases have been 
reported worldwide7,8,11 mainly from Japan, Turkey, 
Italy, and USA2-7. In this particular case the patient 
was incidentally diagnosed with pulmonary alveo-
lar microlithiasis on the basis of a recently approved 
modality; Technetium 99m diphosphonate scintig-
raphy. 

CASE REPORT

A 38-year-old female, with an unremarkable family 
history, presented with a four-year history of progres-
sive dyspnea (mMRC class III) in the Pulmonology 
Department of JPMC. She also complained of 
orthopnea. She was a non-smoker. There was no 
evidence of any other known pulmonary disease. 
She had been diagnosed with hypothyroidism four 
years back. General physical examination noted a 
young, overweight female with a blood pressure of 
140/90 mmHg; pulse 110/ min, respiratory rate 
30/min. Grade IV clubbing and cyanosis were 
present. Auscultation of the chest revealed coarse 
crackles. The rest of the systemic examination was 
unremarkable.

Lab reports were as follows: 

Figure 1: Chest radiograph revealed diffuse bilateral 
areas of micronodular calcification with black 
pleura and HRCT showed a mosaic-like pattern 
present in the interlobular area

Figure 2: 99m technetium diphosphonate scanning 
detected extensive pulmonary uptake

Chest radiograph revealed diffuse bilateral areas of 
micronodular calcification with black pleura and 
HRCT showed a mosaic-like pattern present in the 
interlobular area (Figure 1). Bronchoalveolar lavage 
did not show acid-fast bacilli, fungi or any atypical 
cell. Transbronchial lung biopsy could not be 
performed due to hypoxia. However, 99m techne-
tium diphosphonate scanning detected extensive 
pulmonary uptake as shown in the image above 
(Figure 2). These findings confirmed the diagnosis of 
pulmonary alveolar microlithiasis.

DISCUSSION

Pulmonary alveolar microlithiasis is a rare chronic 
disease of unknown etiology, consisting of numer-
ous small alveolar calculi (composed of calcium 
and phosphorous) in the absence of a known calci-
um metabolism disorder. There have been fewer 
than 160 reported cases in previous literature19. It 
can be familial or sporadic9.

The previous literature identifies a mutation of the 
SLC34A2 gene, encoding a type IIb sodium-depen-
dent phosphate cotransporter (NaPi-IIb) in Type II 
alveolar cells. This transporter is involved in phospho-
rus metabolism in vivo.18 Type II pneumocytes not 
only produce surfactant (composed of phospholip-
ids and Ca-dependent binding proteins SP-A and 
SP-D) but are also responsible for its recycling and 
degradation20. A mutation of SLC34A2 decreases 
the cellular uptake of phosphorus leading to its 
accumulation in the alveoli and subsequent chela-
tion with calcium in the extracellular fluid. As a 

result, microliths are formed. It is now believed that 
this mutation of SCL34A2 gene is responsible for the 
parenchymal changes seen in the lungs of patients 
with PAM18.

The patient is initially asymptomatic, with restrictive 
type lung impairment appearing in the third or the 
fourth decade. The usual course of PAM is progres-
sive deterioration of lung function with the develop-
ment of corpulmonale, and respiratory failure which 
leads to death in midlife10-12. Following this trend, our 
patient was 38 years old with complaints of 
dyspnea developing over the past four years.  A 
familial occurrence in one-third of known cases has 
been reported, with an autosomal recessive inheri-
tance pattern and no apparent gender predisposi-
tion8. However, the family history of our patient for 
the disease was negative. 

The chest radiograph of our patient mimicked a 
typical PAM chest radiograph, which shows: bilater-
al infiltrates of fine, sand-like calcified micronodules 
(< 1 mm) mostly in the middle and lower zones of 
the lung. Obliteration of heart border and 
diaphragm is also seen11, 13.

The most common HRCT findings in patients of PAM 
are ground-glass opacities, calcified micronodules, 
interlobular septal thickening, pleural and subpleu-
ral calcification and pulmonary cysts. Calcifications 
along bronchovascular bundles and tree have also 
been noted. Our patient’s radiograph displayed a 
mosaic pattern, which is pathognomonic for PAM 
on HRCT10. Possible differential diagnoses with similar 
nodular calcifications are tuberculosis, metastatic 
osteosarcoma, and amyloidosis. Dense consolida-
tions are also noted in metastatic pulmonary calcifi-
cation, talcosis and amiodarone lung toxicity. 
Therefore, to rule-out probable conditions, clinical 
features and CT findings should be carefully 
correlated with those typical of PAM. 

The bronchoalveolar lavage did not show acid-fast 
bacilli, fungi or any atypical cells. Due to hypoxia, 
transbronchial lung biopsy a routine procedure for 
PAM was unadvised. Technetium 99m diphospho-
nate scan was used for final confirmation and 
depicted bilateral pulmonary uptake of the radio-
isotope 99mTc. Technetium 99m diphosphonate 
compounds bind to calcified soft tissue, this is vital in 
detecting early-stage PAM21. In cases where CT 
scan findings are nonspecific, the bone scintigra-
phy is very useful in the detection of early pulmo-
nary calcifications, which are missed in the CT scan 
because of their small size14. When the bone scan 
was done in our patient, it showed extensive uptake 
as described in the literature, thus confirming our 
diagnosis. 

PAM does not have an effective medical therapy. 
Alendronate sodium has been tried in some 
patients which provided symptomatic relief but no 

reversal. Corticosteroid therapy has not shown 
much benefit either. Lung transplantation is the only 
choice12.

CONCLUSION

Specific diagnosis of PAM is usually confirmed by 
histopathological evaluation of the lung tissue via 
transbronchial/tracheal or open lung biopsy. This 
case shows that this diagnosis can also be made 
through correlation of clinical and radiological 
findings and confirmed by performing tech 99 bone 
scan in suspected cases thus eliminating the need 
of subjecting patients to invasive procedures. 
Tech99 is especially useful for diagnosing this rare 
disease in those patients who are not fit for invasive 
procedures, as seen in our case.
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INTRODUCTION

Forensic dentistry is an interesting sub-speciality of 
forensic sciences, that applies dental knowledge to 
compare ante- and post-mortem records of an 
individual1.According to the World Dental Federa-
tion, forensic odontology is defined as a “branch of 
dentistry that deals with the proper handling of 
dental evidence in the interest of justice and with 
the proper evaluation and presentation of dental 
findings”2. Identifying deceased individual(s) on the 
basis of dental record analysis, can be traced back 
to 66 AD; since then its use has played a vital role in 
forensics3. In the year 1849, first case was accepted 
by law in which forensic odontology was applied1. 

Forensic odontology is just not limited to identifying 
deceased individual but also in identifying suspects 
or criminals. The various materials used in identifica-
tion of human remains are the personal belongings 
like pieces of clothing, jewelry, fingerprints, blood 
grouping and dentition. Human dentition is consid-
ered as hard tissue analog to the fingerprints which 
is almost unique to every individual3. Although glob-
ally forensic odontology has taken giant steps in the 
technical advancements, in Pakistan the field of 
forensic odontology is still miles behind in this regard.
There is an increased need for dental surgeons to 
have good knowledge about forensic odontology, 
as it is useful in identification of an individual and to 
detect abuse among all ages4. Dentists are the 

health-care professionals who routinely assess the 
head and neck of the patients and have a great 
chance in identifying the signs of abuse and 
neglect5.With the increase in road traffic accidents, 
criminal & violence cases, pandemic diseases and 
mass disasters, private dental practitioners may 
likewise bear an essential role in solving these types 
of cases. However, dentists working in their private 
clinics often maintain a low quality of dental record 
keeping which eventually may cause difficulty in 
identification of those patients on the basis of 
dental records6. Multiple factors such as lack of 
specialized staff and training centers, insufficient 
knowledge provided regarding the subject during 
undergraduate courses; are the significant obsta-
cles in utilizing forensic odontology to advantage 
our society7.

Forensic dentistry is one of the emerging fields of 
dentistry all over the world, however, in Pakistan, it is 
included merely as a small topic in oral and maxillo-
facial surgery with five didactic lectures as devised 
in the course outlined by the Pakistan Medical and 
Dental Council (PM&DC)8. Hence, the goal of this 
study was to assess the knowledge, attitude and 
practices of forensic odontology among dentist in 
Karachi, Pakistan through series of structured ques-
tions.

METHOD

This cross-sectional study was conducted between 
October & November 2017, through an organized 
questionnaire having 20 close-ended questions. 
Closed-ended questions were used due to the easy 
preceding of the responses. Dentists working in a 
private practice and/or in institutional job from all 
over Karachi were all included in this survey. Individ-
uals who were currently practicing dentistry were 
selected for the survey. 300 forms were distributed 
among the dentists of whom 248 responded back 
with response rate being 82.6%. The participants 
were evaluated on the following components:

1. Knowledge and awareness: Importance of foren-
sics odontology, management of patient’s dental 
records, age estimation via dental analysis, tech-
niques for an individual’s identification and dentist 
as a potential court witness. The source of knowl-
edge regarding forensic odontology and patient’s 
data management was also assessed.

2. Practices: proper recording and management of 
patient’s data by the dental practitioner; Statistical 
Package for Social Sciences (SPSS) version 20.0 
(SPSS Inc., Chicago, IL, USA) was used to analyze the 
data using descriptive statistics and the results of the 
questionnaire were presented in form of frequen-
cies and percentages.

RESULTS

The mean age of the 248 dentists included in this 
analysis was 29.05 years (range 20-50). Out of which 
66.9% of the respondents were females and 33.1% 
were males. Majority of the respondents were 
postgraduate trainees (37%) followed by house 
officers and lecturers respectively (23.3% and 
22.5%). Only a handful of the senior faculty consent-
ed to fill out the questionnaire (17.2%). More than a 
half of the respondents had less than 5 years of 
experience, whereas only (13%) of the respondents 
had an experience of more than 10 years.

Knowledge:
Greater than 80% respondents had adequate 
knowledge regarding importance of forensic 
odontology, its use in identifying victims in mass 
disasters and importance of bite patterns as an 
accessory for analyzing crime scenes. About 49.2% 
of the respondents knew that lip prints could be 
used for identification of an individual. About 34% 
respondents identified fingerprinting as the first step 
as a means of identification of the unclaimed 
bodies, followed by serological and genetic DNA 
comparison (22.6%) and visual examination (21%) 
respectively. When asked, how the respondents 
would react if they identified signs and symptoms of 
child abuse, almost half of the respondents said that 
they would inform the parents (44%), closely 
followed by informing the police (43%).

Awareness:
54% of dental practitioners were aware of the fact 
that they were legally qualified to present forensic 
dental evidence in court. 78.3% of the dentists were 
aware that enamel and dentine could be used as 
an aid for the identification of an individual and 
that the teeth serves as a source of DNA. When the 
respondents were inquired regarding the aware-
ness of presence of any forensic odontologist in 
Pakistan, 92% were unaware of it. 96% dentists 
weren’t aware of any formal training centers in 
Pakistan for Forensic Odontology. When the dentists 
were asked if they were aware that they could be 
of help to forensic odontologists, by maintaining 
records, 89% of the respondents replied in affirma-
tive. The results are shown in Table 1.

Source of knowledge:
Only 47.6% of participants had knowledge of dental 
record management which was taught to them at 
the institutional level as part of the curriculum. When 
inquired about the source of information relating to 
their knowledge of forensic odontology, 34% chose 
electronic media closely followed by reading litera-
ture and journals (30%). The results are shown in 
Table 1.

Practices:
The response to questions pertaining towards prac-

tices of the dentists in their clinical practice was 
variable. 

Figure 1: Practices of dentists regarding patient’s data management

DISCUSSION

Analysis of ante and post-mortem dental records 
can serve as a vital tool for a person’s identifica-
tion.6 Although forensic odontologists being special-
ized in the field can identify an individual by dental 
means, but role of all the dentists is important in 
managing patient’s dental records which if 
required can be used in identification of the individ-
uals by comparing ante- and post-mortem dental 
records9. These patient records may include hand 
written or digitized notes, dental radiographs, 
models and intra- & extra-oral photographs. This 
being said, there are severe challenges to forensic 
odontologists as they have to deal with deficient or 
inaccurate dental records, which may interfere in 
the process of a person’s identification10. To 
overcome this growing challenge in the field of 
medicine, dental practitioners need to have 
sufficient knowledge and awareness of forensic 
odontology. With increasing requirement in mostly 
the developed countries across the world, applica-
tion of forensic odontology has gained an ample 
value11.

Applications of forensic odontology are extensive 
which includes identification of suspects in criminal 
investigations, suspected child or adult abuse, bite 
marks or other physical injuries, determination of 
age and gender of the living or a deceased person, 
presenting forensic dental evidence as an expert 
witness in the court of law and identification of 
humans via the decomposed and mutilated 
remains from the mass disasters12,13. Regarding the 
importance of forensic odontology, and it being an 
efficient means to identify victims of mass disasters, 

more than 80% of the respondents showed 
adequate knowledge in this study(14). This is consis-
tent with the results of the Rahman et al2. More than 
80% of the respondents in the present study, agreed 
that human bite mark patterns are an important 
adjunct for assessing crime scenes. These results are 
consistent with results shown by Preethi et al 15 and 
Rahman et al2.

Le Moyne Snyder was the pioneer for suggesting 
use of lip prints for identification of an individual in 
the year 195016. However, it was during the period 
between 2000 & 2012 that various studies were 
carried out by several researchers from other coun-
tries1,17 relating to lip prints and their use in forensic 
odontology. Different aspects of lip prints like stabili-
ty, morphological patterns and sex determination 
were studied among different groups of population 
and the researchers suggested that cheiloscopy 
could be used as an adjuvant technique in identifi-
cation 1, 18, 19. When inquired if human lip prints could 
be used for identification of a population, the results 
of this study showed that half of the respondents 
agreed with it. These results are in contrast with the 
studies carried out by Nagarajappa al1 and 
Rahman et al 2 where about 70% of the respondents 
answered this question in affirmative.

In the present study, 34% of the respondents recog-
nized fingerprinting as the first step as a means of 
identification for unclaimed bodies. Another study 
carried out in Karachi – Pakistan, is consistent with 
our results (29.3%) 8. However, the results of this study 
are in contrast to the study carried out by Preethi et 
al 15. Child abuse poses a serious social problem in 
most parts of the worlds, regardless of the socioeco-
nomic status, ethnicity or race. Sadly, cases of child 

abuse are being reported at an alarming rate that 
needs intervention as early as possible by being 
reported immediately to childcare authorities after 
detection. A research suggests that parents may 
physically abuse children and nearly 1 in 10 children 
witnesses such violence and over 80% of the cases 
the culprits were parents 20. However, the result of 
the present survey showed that 45% of the practi-
tioners suggested that it is important to first inform 
the parents rather than the police or the NGOs as 
they were unaware of the fact that in most cases 
parents are actually the main culprits. These results 
are in accordance with the results of other studies 5.

Dentists who play a part in identification of the 
deceased individual(s) and/or in a criminal investi-
gation, are then required to present their findings in 
the court of law as an ‘expert witness’21, 22. More 
than half of the dental practitioners were aware of 
the fact that they could testify as an expert witness 
in the court of law to present forensic dental 
evidence. The results are consistent with those of 
Rahman et al 2 (60%) however in contrast to those 
found in a study by Sharma et al 6.  The dental hard 
tissues have the capacity to withstand environmen-
tal assaults, hence being able to retain some of its 
original structure. Due to the ability of withstanding 
decomposition, teeth are an excellent and accu-
rate source of an individual’s DNA15. Most of the 
techniques involve nuclear DNA but mitochondrial 
(mt) DNA can also be used that is more abundantly 
found in tissues and can be used when nuclear DNA 
is insufficient. Dental tissues, such as dentin and 
cementum, are rich in mtDNA. Even in a small 
amount of source material, DNA can be amplified 
using polymerase chain reaction (PCR) technique, 
and this amplified DNA is then compared with ante 
mortem samples, such as blood, hair, clothes, cervi-
cal smear, and biopsy 23. When the respondents 
were inquired regarding the awareness of presence 
of any forensic odontologist in Pakistan, surprisingly, 
92% were unaware of it. In contrast, a study 
conducted by Rubel M et al 24, 55% of the respon-
dents knew forensic odontologists in India. 89% of 
the dentists agreed that maintaining records would 
be helpful for the forensic experts for identification. 
This is consistent with the results of numerous studies1, 

15, 25. However, these results are in contrast to a study 
carried out by Rubel  et al  in India in 2017 24.

CONCLUSION

248 dental practitioners from Karachi, Pakistan took 
part in this survey based study. Questions were 
asked from them regarding their knowledge, 
awareness and practices of forensic odontology, of 
which the results revealed that they had adequate 
levels of knowledge and awareness, however the 
knowledge and awareness is not being implement-
ed in the clinical practice. There is a major lack of 
trained forensic odontologists and training institutes 

in Pakistan. This study may represent the current 
status of dental practitioners in the field of forensic 
odontology.
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KNOWLEDGE, AWARENESS AND PRACTICE OF FORENSIC ODONTOLOGY AMONG DENTAL PRACTITIONERS IN KARACHI, PAKISTAN

INTRODUCTION

Pulmonary alveolar microlithiasis is a rare autosomal 
recessive disease characterized by the precipita-
tion of calcium phosphate microliths throughout the 
respiratory tree. Despite having a relatively 
unknown etiology, research leans towards muta-
tions in the SLC34A2 gene, which codes for a 
sodium-phosphate cotransporter found in Type II 
pneumocytes18 Less than 600 cases have been 
reported worldwide7,8,11 mainly from Japan, Turkey, 
Italy, and USA2-7. In this particular case the patient 
was incidentally diagnosed with pulmonary alveo-
lar microlithiasis on the basis of a recently approved 
modality; Technetium 99m diphosphonate scintig-
raphy. 

CASE REPORT

A 38-year-old female, with an unremarkable family 
history, presented with a four-year history of progres-
sive dyspnea (mMRC class III) in the Pulmonology 
Department of JPMC. She also complained of 
orthopnea. She was a non-smoker. There was no 
evidence of any other known pulmonary disease. 
She had been diagnosed with hypothyroidism four 
years back. General physical examination noted a 
young, overweight female with a blood pressure of 
140/90 mmHg; pulse 110/ min, respiratory rate 
30/min. Grade IV clubbing and cyanosis were 
present. Auscultation of the chest revealed coarse 
crackles. The rest of the systemic examination was 
unremarkable.

Lab reports were as follows: 

Figure 1: Chest radiograph revealed diffuse bilateral 
areas of micronodular calcification with black 
pleura and HRCT showed a mosaic-like pattern 
present in the interlobular area

Figure 2: 99m technetium diphosphonate scanning 
detected extensive pulmonary uptake

Chest radiograph revealed diffuse bilateral areas of 
micronodular calcification with black pleura and 
HRCT showed a mosaic-like pattern present in the 
interlobular area (Figure 1). Bronchoalveolar lavage 
did not show acid-fast bacilli, fungi or any atypical 
cell. Transbronchial lung biopsy could not be 
performed due to hypoxia. However, 99m techne-
tium diphosphonate scanning detected extensive 
pulmonary uptake as shown in the image above 
(Figure 2). These findings confirmed the diagnosis of 
pulmonary alveolar microlithiasis.

DISCUSSION

Pulmonary alveolar microlithiasis is a rare chronic 
disease of unknown etiology, consisting of numer-
ous small alveolar calculi (composed of calcium 
and phosphorous) in the absence of a known calci-
um metabolism disorder. There have been fewer 
than 160 reported cases in previous literature19. It 
can be familial or sporadic9.

The previous literature identifies a mutation of the 
SLC34A2 gene, encoding a type IIb sodium-depen-
dent phosphate cotransporter (NaPi-IIb) in Type II 
alveolar cells. This transporter is involved in phospho-
rus metabolism in vivo.18 Type II pneumocytes not 
only produce surfactant (composed of phospholip-
ids and Ca-dependent binding proteins SP-A and 
SP-D) but are also responsible for its recycling and 
degradation20. A mutation of SLC34A2 decreases 
the cellular uptake of phosphorus leading to its 
accumulation in the alveoli and subsequent chela-
tion with calcium in the extracellular fluid. As a 

result, microliths are formed. It is now believed that 
this mutation of SCL34A2 gene is responsible for the 
parenchymal changes seen in the lungs of patients 
with PAM18.

The patient is initially asymptomatic, with restrictive 
type lung impairment appearing in the third or the 
fourth decade. The usual course of PAM is progres-
sive deterioration of lung function with the develop-
ment of corpulmonale, and respiratory failure which 
leads to death in midlife10-12. Following this trend, our 
patient was 38 years old with complaints of 
dyspnea developing over the past four years.  A 
familial occurrence in one-third of known cases has 
been reported, with an autosomal recessive inheri-
tance pattern and no apparent gender predisposi-
tion8. However, the family history of our patient for 
the disease was negative. 

The chest radiograph of our patient mimicked a 
typical PAM chest radiograph, which shows: bilater-
al infiltrates of fine, sand-like calcified micronodules 
(< 1 mm) mostly in the middle and lower zones of 
the lung. Obliteration of heart border and 
diaphragm is also seen11, 13.

The most common HRCT findings in patients of PAM 
are ground-glass opacities, calcified micronodules, 
interlobular septal thickening, pleural and subpleu-
ral calcification and pulmonary cysts. Calcifications 
along bronchovascular bundles and tree have also 
been noted. Our patient’s radiograph displayed a 
mosaic pattern, which is pathognomonic for PAM 
on HRCT10. Possible differential diagnoses with similar 
nodular calcifications are tuberculosis, metastatic 
osteosarcoma, and amyloidosis. Dense consolida-
tions are also noted in metastatic pulmonary calcifi-
cation, talcosis and amiodarone lung toxicity. 
Therefore, to rule-out probable conditions, clinical 
features and CT findings should be carefully 
correlated with those typical of PAM. 

The bronchoalveolar lavage did not show acid-fast 
bacilli, fungi or any atypical cells. Due to hypoxia, 
transbronchial lung biopsy a routine procedure for 
PAM was unadvised. Technetium 99m diphospho-
nate scan was used for final confirmation and 
depicted bilateral pulmonary uptake of the radio-
isotope 99mTc. Technetium 99m diphosphonate 
compounds bind to calcified soft tissue, this is vital in 
detecting early-stage PAM21. In cases where CT 
scan findings are nonspecific, the bone scintigra-
phy is very useful in the detection of early pulmo-
nary calcifications, which are missed in the CT scan 
because of their small size14. When the bone scan 
was done in our patient, it showed extensive uptake 
as described in the literature, thus confirming our 
diagnosis. 

PAM does not have an effective medical therapy. 
Alendronate sodium has been tried in some 
patients which provided symptomatic relief but no 

reversal. Corticosteroid therapy has not shown 
much benefit either. Lung transplantation is the only 
choice12.

CONCLUSION

Specific diagnosis of PAM is usually confirmed by 
histopathological evaluation of the lung tissue via 
transbronchial/tracheal or open lung biopsy. This 
case shows that this diagnosis can also be made 
through correlation of clinical and radiological 
findings and confirmed by performing tech 99 bone 
scan in suspected cases thus eliminating the need 
of subjecting patients to invasive procedures. 
Tech99 is especially useful for diagnosing this rare 
disease in those patients who are not fit for invasive 
procedures, as seen in our case.

REFERENCES

1. Puhr L. Mikrolithiasis alveolaris pulmonum. 
Virchows Archiv 1933;290(1):156-60.
2. Somsan MC. The familial occurrence of pulmo-
nary alveolar microlithiasis. Am J Roentgenol 
1957;77:947-1012.
3. Ucan ES, Keyf AI, Aydilek R, Yalcin Z, Sebit S, Kudu 
M, Ok U. Pulmonary alveolar microlithiasis: review of 
Turkish reports. Thorax 1993;48(2):171-3.
4. Mariotta S, Guidi L, Papale M, Ricci A, Bisetti A. 
Pulmonary alveolar microlithiasis: review of Italian 
reports. Eur J Epidemiol 1997;13(5):587-90.
5. Zheng BY. Pulmonary alveolar microlithiasis: a rare 
familial inheritance with report of three cases in a 
family (author's transl). Chinese journal of tuberculo-
sis and respiratory diseases. 1979;2(2):103-5.
6. Castellana G, Gentile M, Castellana R, Fiorente P, 
Lamorgese V. Pulmonary alveolar microlithiasis: 
clinical features, evolution of the phenotype, and 
review of the literature. Am J Med Genetics 
2002;111(2):220-4.
7. Mariotta S, Ricci A, Papale M, De FC, Sposato B, 
Guidi L, Mannino F. Pulmonary alveolar microlithia-
sis: report on 576 cases published in the literature. 
Sarcoidosis, vasculitis, and diffuse lung diseases. 
WASOG 2004;21(3):173-81.
8. Tachibana T, Hagiwara K, Johkoh T. Pulmonary 
alveolar microlithiasis: review and management. 

Curr Opin Pulm Med 2009;15(5):486-90.
9. Castellana G, Lamorgese V. Pulmonary alveolar 
microlithiasis. Respiration 2003;70(5):549-55.
10. Gasparetto EL, Tazoniero P, Escuissato DL, 
Marchiori E, Frare e Silva RL, Sakamoto D. Pulmonary 
alveolar microlithiasis presenting with crazy-paving 
pattern on high resolution CT. Brit J Radiol 
2004;77(923):974-6.
11. Tachibana T, Hagiwara K,Johkoh T. Pulmonary 
alveolar microlithiasis: review and management. 
Curr Opin Pulm Med 2009;15(5):486-90.
12. Samano MN, Waisberg DR, Canzian M, Campos 
SV, Pêgo-Fernandes PM, Jatene FB. Lung transplan-
tation for pulmonary alveolar microlithiasis: a case 
report. Clinics 2010;65(2):233-6.
13. Marchiori E, Gonçalves CM, Escuissato DL, Teixei-
ra KI, Rodrigues R, Barreto MM, et al. Pulmonary 
alveolar microlithiasis: high-resolution computed 
tomography findings in 10 patients. J Bras Pneumol 
2007;33(5):552-7.
14. Hephzibah, J., Oommen, R., Mugesh, B. and 
Pradhip, J. (2006). Pulmonary Alveolar Microlithiasis 
Scintigraphic Features. The Internet Journal of 
Pulmonary Medicine, [online] Volume 9(Number 1). 
Available at http://ispub.com/IJPM/9/1/12504
15. Strain JP, Hill TC, Parker JA, Donohoe KJ, Kolodny 
GM. Diffuse, intense lung uptake on a bone scan: a 
case report. Clin Nuc Med 2000;25(8):608-10.
16. Takahashi H, Chiba H, Shiratori M, Tachibana T, 
Abe S. Elevated serum surfactant protein A and D in 
pulmonary alveolar microlithiasis. Respirology 
2006;11(3):330-3.
17. Saeed RR, Ali KM. A 55 years old man with 
pulmonary alveolar microlithiasis. Lung India: official 
organ of Indian Chest Society 2014;31(3):293.
18. Ma T, Qu D, Yan B, Zhang Q, Ren J, Hu Y. Effect 
of SLC34A2 gene mutation on extracellular phos-
phorus transport in PAM alveolar epithelial cells. Exp 
Ther Med 2018;15(1):310-4.
19. Galhotra R, Gupta K. Images-pulmonary alveo-
lar microlithiasis (PAM). J Pulmon Resp Med 
2012;2(124):2.
20. Goerke J. Pulmonary surfactant: functions and 
molecular composition. Biochim Biophys Acta 
1998;1408(2-3):79-89.
21. Shah M, Joshi JM. Bone scintigraphy in pulmo-
nary alveolar microlithiasis. Indian J Chest Dis Allied 
Sci 2011;53(4):221-3.

81PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2019, VOL. 8 (01)



INTRODUCTION

Forensic dentistry is an interesting sub-speciality of 
forensic sciences, that applies dental knowledge to 
compare ante- and post-mortem records of an 
individual1.According to the World Dental Federa-
tion, forensic odontology is defined as a “branch of 
dentistry that deals with the proper handling of 
dental evidence in the interest of justice and with 
the proper evaluation and presentation of dental 
findings”2. Identifying deceased individual(s) on the 
basis of dental record analysis, can be traced back 
to 66 AD; since then its use has played a vital role in 
forensics3. In the year 1849, first case was accepted 
by law in which forensic odontology was applied1. 

Forensic odontology is just not limited to identifying 
deceased individual but also in identifying suspects 
or criminals. The various materials used in identifica-
tion of human remains are the personal belongings 
like pieces of clothing, jewelry, fingerprints, blood 
grouping and dentition. Human dentition is consid-
ered as hard tissue analog to the fingerprints which 
is almost unique to every individual3. Although glob-
ally forensic odontology has taken giant steps in the 
technical advancements, in Pakistan the field of 
forensic odontology is still miles behind in this regard.
There is an increased need for dental surgeons to 
have good knowledge about forensic odontology, 
as it is useful in identification of an individual and to 
detect abuse among all ages4. Dentists are the 

health-care professionals who routinely assess the 
head and neck of the patients and have a great 
chance in identifying the signs of abuse and 
neglect5.With the increase in road traffic accidents, 
criminal & violence cases, pandemic diseases and 
mass disasters, private dental practitioners may 
likewise bear an essential role in solving these types 
of cases. However, dentists working in their private 
clinics often maintain a low quality of dental record 
keeping which eventually may cause difficulty in 
identification of those patients on the basis of 
dental records6. Multiple factors such as lack of 
specialized staff and training centers, insufficient 
knowledge provided regarding the subject during 
undergraduate courses; are the significant obsta-
cles in utilizing forensic odontology to advantage 
our society7.

Forensic dentistry is one of the emerging fields of 
dentistry all over the world, however, in Pakistan, it is 
included merely as a small topic in oral and maxillo-
facial surgery with five didactic lectures as devised 
in the course outlined by the Pakistan Medical and 
Dental Council (PM&DC)8. Hence, the goal of this 
study was to assess the knowledge, attitude and 
practices of forensic odontology among dentist in 
Karachi, Pakistan through series of structured ques-
tions.

METHOD

This cross-sectional study was conducted between 
October & November 2017, through an organized 
questionnaire having 20 close-ended questions. 
Closed-ended questions were used due to the easy 
preceding of the responses. Dentists working in a 
private practice and/or in institutional job from all 
over Karachi were all included in this survey. Individ-
uals who were currently practicing dentistry were 
selected for the survey. 300 forms were distributed 
among the dentists of whom 248 responded back 
with response rate being 82.6%. The participants 
were evaluated on the following components:

1. Knowledge and awareness: Importance of foren-
sics odontology, management of patient’s dental 
records, age estimation via dental analysis, tech-
niques for an individual’s identification and dentist 
as a potential court witness. The source of knowl-
edge regarding forensic odontology and patient’s 
data management was also assessed.

2. Practices: proper recording and management of 
patient’s data by the dental practitioner; Statistical 
Package for Social Sciences (SPSS) version 20.0 
(SPSS Inc., Chicago, IL, USA) was used to analyze the 
data using descriptive statistics and the results of the 
questionnaire were presented in form of frequen-
cies and percentages.

RESULTS

The mean age of the 248 dentists included in this 
analysis was 29.05 years (range 20-50). Out of which 
66.9% of the respondents were females and 33.1% 
were males. Majority of the respondents were 
postgraduate trainees (37%) followed by house 
officers and lecturers respectively (23.3% and 
22.5%). Only a handful of the senior faculty consent-
ed to fill out the questionnaire (17.2%). More than a 
half of the respondents had less than 5 years of 
experience, whereas only (13%) of the respondents 
had an experience of more than 10 years.

Knowledge:
Greater than 80% respondents had adequate 
knowledge regarding importance of forensic 
odontology, its use in identifying victims in mass 
disasters and importance of bite patterns as an 
accessory for analyzing crime scenes. About 49.2% 
of the respondents knew that lip prints could be 
used for identification of an individual. About 34% 
respondents identified fingerprinting as the first step 
as a means of identification of the unclaimed 
bodies, followed by serological and genetic DNA 
comparison (22.6%) and visual examination (21%) 
respectively. When asked, how the respondents 
would react if they identified signs and symptoms of 
child abuse, almost half of the respondents said that 
they would inform the parents (44%), closely 
followed by informing the police (43%).

Awareness:
54% of dental practitioners were aware of the fact 
that they were legally qualified to present forensic 
dental evidence in court. 78.3% of the dentists were 
aware that enamel and dentine could be used as 
an aid for the identification of an individual and 
that the teeth serves as a source of DNA. When the 
respondents were inquired regarding the aware-
ness of presence of any forensic odontologist in 
Pakistan, 92% were unaware of it. 96% dentists 
weren’t aware of any formal training centers in 
Pakistan for Forensic Odontology. When the dentists 
were asked if they were aware that they could be 
of help to forensic odontologists, by maintaining 
records, 89% of the respondents replied in affirma-
tive. The results are shown in Table 1.

Source of knowledge:
Only 47.6% of participants had knowledge of dental 
record management which was taught to them at 
the institutional level as part of the curriculum. When 
inquired about the source of information relating to 
their knowledge of forensic odontology, 34% chose 
electronic media closely followed by reading litera-
ture and journals (30%). The results are shown in 
Table 1.

DISCUSSION

Analysis of ante and post-mortem dental records 
can serve as a vital tool for a person’s identifica-
tion.6 Although forensic odontologists being special-
ized in the field can identify an individual by dental 
means, but role of all the dentists is important in 
managing patient’s dental records which if 
required can be used in identification of the individ-
uals by comparing ante- and post-mortem dental 
records9. These patient records may include hand 
written or digitized notes, dental radiographs, 
models and intra- & extra-oral photographs. This 
being said, there are severe challenges to forensic 
odontologists as they have to deal with deficient or 
inaccurate dental records, which may interfere in 
the process of a person’s identification10. To 
overcome this growing challenge in the field of 
medicine, dental practitioners need to have 
sufficient knowledge and awareness of forensic 
odontology. With increasing requirement in mostly 
the developed countries across the world, applica-
tion of forensic odontology has gained an ample 
value11.

Applications of forensic odontology are extensive 
which includes identification of suspects in criminal 
investigations, suspected child or adult abuse, bite 
marks or other physical injuries, determination of 
age and gender of the living or a deceased person, 
presenting forensic dental evidence as an expert 
witness in the court of law and identification of 
humans via the decomposed and mutilated 
remains from the mass disasters12,13. Regarding the 
importance of forensic odontology, and it being an 
efficient means to identify victims of mass disasters, 

more than 80% of the respondents showed 
adequate knowledge in this study(14). This is consis-
tent with the results of the Rahman et al2. More than 
80% of the respondents in the present study, agreed 
that human bite mark patterns are an important 
adjunct for assessing crime scenes. These results are 
consistent with results shown by Preethi et al 15 and 
Rahman et al2.

Le Moyne Snyder was the pioneer for suggesting 
use of lip prints for identification of an individual in 
the year 195016. However, it was during the period 
between 2000 & 2012 that various studies were 
carried out by several researchers from other coun-
tries1,17 relating to lip prints and their use in forensic 
odontology. Different aspects of lip prints like stabili-
ty, morphological patterns and sex determination 
were studied among different groups of population 
and the researchers suggested that cheiloscopy 
could be used as an adjuvant technique in identifi-
cation 1, 18, 19. When inquired if human lip prints could 
be used for identification of a population, the results 
of this study showed that half of the respondents 
agreed with it. These results are in contrast with the 
studies carried out by Nagarajappa al1 and 
Rahman et al 2 where about 70% of the respondents 
answered this question in affirmative.

In the present study, 34% of the respondents recog-
nized fingerprinting as the first step as a means of 
identification for unclaimed bodies. Another study 
carried out in Karachi – Pakistan, is consistent with 
our results (29.3%) 8. However, the results of this study 
are in contrast to the study carried out by Preethi et 
al 15. Child abuse poses a serious social problem in 
most parts of the worlds, regardless of the socioeco-
nomic status, ethnicity or race. Sadly, cases of child 

abuse are being reported at an alarming rate that 
needs intervention as early as possible by being 
reported immediately to childcare authorities after 
detection. A research suggests that parents may 
physically abuse children and nearly 1 in 10 children 
witnesses such violence and over 80% of the cases 
the culprits were parents 20. However, the result of 
the present survey showed that 45% of the practi-
tioners suggested that it is important to first inform 
the parents rather than the police or the NGOs as 
they were unaware of the fact that in most cases 
parents are actually the main culprits. These results 
are in accordance with the results of other studies 5.

Dentists who play a part in identification of the 
deceased individual(s) and/or in a criminal investi-
gation, are then required to present their findings in 
the court of law as an ‘expert witness’21, 22. More 
than half of the dental practitioners were aware of 
the fact that they could testify as an expert witness 
in the court of law to present forensic dental 
evidence. The results are consistent with those of 
Rahman et al 2 (60%) however in contrast to those 
found in a study by Sharma et al 6.  The dental hard 
tissues have the capacity to withstand environmen-
tal assaults, hence being able to retain some of its 
original structure. Due to the ability of withstanding 
decomposition, teeth are an excellent and accu-
rate source of an individual’s DNA15. Most of the 
techniques involve nuclear DNA but mitochondrial 
(mt) DNA can also be used that is more abundantly 
found in tissues and can be used when nuclear DNA 
is insufficient. Dental tissues, such as dentin and 
cementum, are rich in mtDNA. Even in a small 
amount of source material, DNA can be amplified 
using polymerase chain reaction (PCR) technique, 
and this amplified DNA is then compared with ante 
mortem samples, such as blood, hair, clothes, cervi-
cal smear, and biopsy 23. When the respondents 
were inquired regarding the awareness of presence 
of any forensic odontologist in Pakistan, surprisingly, 
92% were unaware of it. In contrast, a study 
conducted by Rubel M et al 24, 55% of the respon-
dents knew forensic odontologists in India. 89% of 
the dentists agreed that maintaining records would 
be helpful for the forensic experts for identification. 
This is consistent with the results of numerous studies1, 

15, 25. However, these results are in contrast to a study 
carried out by Rubel  et al  in India in 2017 24.

CONCLUSION

248 dental practitioners from Karachi, Pakistan took 
part in this survey based study. Questions were 
asked from them regarding their knowledge, 
awareness and practices of forensic odontology, of 
which the results revealed that they had adequate 
levels of knowledge and awareness, however the 
knowledge and awareness is not being implement-
ed in the clinical practice. There is a major lack of 
trained forensic odontologists and training institutes 

in Pakistan. This study may represent the current 
status of dental practitioners in the field of forensic 
odontology.
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INTRODUCTION

Pulmonary alveolar microlithiasis is a rare autosomal 
recessive disease characterized by the precipita-
tion of calcium phosphate microliths throughout the 
respiratory tree. Despite having a relatively 
unknown etiology, research leans towards muta-
tions in the SLC34A2 gene, which codes for a 
sodium-phosphate cotransporter found in Type II 
pneumocytes18 Less than 600 cases have been 
reported worldwide7,8,11 mainly from Japan, Turkey, 
Italy, and USA2-7. In this particular case the patient 
was incidentally diagnosed with pulmonary alveo-
lar microlithiasis on the basis of a recently approved 
modality; Technetium 99m diphosphonate scintig-
raphy. 

CASE REPORT

A 38-year-old female, with an unremarkable family 
history, presented with a four-year history of progres-
sive dyspnea (mMRC class III) in the Pulmonology 
Department of JPMC. She also complained of 
orthopnea. She was a non-smoker. There was no 
evidence of any other known pulmonary disease. 
She had been diagnosed with hypothyroidism four 
years back. General physical examination noted a 
young, overweight female with a blood pressure of 
140/90 mmHg; pulse 110/ min, respiratory rate 
30/min. Grade IV clubbing and cyanosis were 
present. Auscultation of the chest revealed coarse 
crackles. The rest of the systemic examination was 
unremarkable.

Lab reports were as follows: 

Figure 1: Chest radiograph revealed diffuse bilateral 
areas of micronodular calcification with black 
pleura and HRCT showed a mosaic-like pattern 
present in the interlobular area

Figure 2: 99m technetium diphosphonate scanning 
detected extensive pulmonary uptake

Chest radiograph revealed diffuse bilateral areas of 
micronodular calcification with black pleura and 
HRCT showed a mosaic-like pattern present in the 
interlobular area (Figure 1). Bronchoalveolar lavage 
did not show acid-fast bacilli, fungi or any atypical 
cell. Transbronchial lung biopsy could not be 
performed due to hypoxia. However, 99m techne-
tium diphosphonate scanning detected extensive 
pulmonary uptake as shown in the image above 
(Figure 2). These findings confirmed the diagnosis of 
pulmonary alveolar microlithiasis.

DISCUSSION

Pulmonary alveolar microlithiasis is a rare chronic 
disease of unknown etiology, consisting of numer-
ous small alveolar calculi (composed of calcium 
and phosphorous) in the absence of a known calci-
um metabolism disorder. There have been fewer 
than 160 reported cases in previous literature19. It 
can be familial or sporadic9.

The previous literature identifies a mutation of the 
SLC34A2 gene, encoding a type IIb sodium-depen-
dent phosphate cotransporter (NaPi-IIb) in Type II 
alveolar cells. This transporter is involved in phospho-
rus metabolism in vivo.18 Type II pneumocytes not 
only produce surfactant (composed of phospholip-
ids and Ca-dependent binding proteins SP-A and 
SP-D) but are also responsible for its recycling and 
degradation20. A mutation of SLC34A2 decreases 
the cellular uptake of phosphorus leading to its 
accumulation in the alveoli and subsequent chela-
tion with calcium in the extracellular fluid. As a 

result, microliths are formed. It is now believed that 
this mutation of SCL34A2 gene is responsible for the 
parenchymal changes seen in the lungs of patients 
with PAM18.

The patient is initially asymptomatic, with restrictive 
type lung impairment appearing in the third or the 
fourth decade. The usual course of PAM is progres-
sive deterioration of lung function with the develop-
ment of corpulmonale, and respiratory failure which 
leads to death in midlife10-12. Following this trend, our 
patient was 38 years old with complaints of 
dyspnea developing over the past four years.  A 
familial occurrence in one-third of known cases has 
been reported, with an autosomal recessive inheri-
tance pattern and no apparent gender predisposi-
tion8. However, the family history of our patient for 
the disease was negative. 

The chest radiograph of our patient mimicked a 
typical PAM chest radiograph, which shows: bilater-
al infiltrates of fine, sand-like calcified micronodules 
(< 1 mm) mostly in the middle and lower zones of 
the lung. Obliteration of heart border and 
diaphragm is also seen11, 13.

The most common HRCT findings in patients of PAM 
are ground-glass opacities, calcified micronodules, 
interlobular septal thickening, pleural and subpleu-
ral calcification and pulmonary cysts. Calcifications 
along bronchovascular bundles and tree have also 
been noted. Our patient’s radiograph displayed a 
mosaic pattern, which is pathognomonic for PAM 
on HRCT10. Possible differential diagnoses with similar 
nodular calcifications are tuberculosis, metastatic 
osteosarcoma, and amyloidosis. Dense consolida-
tions are also noted in metastatic pulmonary calcifi-
cation, talcosis and amiodarone lung toxicity. 
Therefore, to rule-out probable conditions, clinical 
features and CT findings should be carefully 
correlated with those typical of PAM. 

The bronchoalveolar lavage did not show acid-fast 
bacilli, fungi or any atypical cells. Due to hypoxia, 
transbronchial lung biopsy a routine procedure for 
PAM was unadvised. Technetium 99m diphospho-
nate scan was used for final confirmation and 
depicted bilateral pulmonary uptake of the radio-
isotope 99mTc. Technetium 99m diphosphonate 
compounds bind to calcified soft tissue, this is vital in 
detecting early-stage PAM21. In cases where CT 
scan findings are nonspecific, the bone scintigra-
phy is very useful in the detection of early pulmo-
nary calcifications, which are missed in the CT scan 
because of their small size14. When the bone scan 
was done in our patient, it showed extensive uptake 
as described in the literature, thus confirming our 
diagnosis. 

PAM does not have an effective medical therapy. 
Alendronate sodium has been tried in some 
patients which provided symptomatic relief but no 

reversal. Corticosteroid therapy has not shown 
much benefit either. Lung transplantation is the only 
choice12.

CONCLUSION

Specific diagnosis of PAM is usually confirmed by 
histopathological evaluation of the lung tissue via 
transbronchial/tracheal or open lung biopsy. This 
case shows that this diagnosis can also be made 
through correlation of clinical and radiological 
findings and confirmed by performing tech 99 bone 
scan in suspected cases thus eliminating the need 
of subjecting patients to invasive procedures. 
Tech99 is especially useful for diagnosing this rare 
disease in those patients who are not fit for invasive 
procedures, as seen in our case.
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INTRODUCTION

Forensic dentistry is an interesting sub-speciality of 
forensic sciences, that applies dental knowledge to 
compare ante- and post-mortem records of an 
individual1.According to the World Dental Federa-
tion, forensic odontology is defined as a “branch of 
dentistry that deals with the proper handling of 
dental evidence in the interest of justice and with 
the proper evaluation and presentation of dental 
findings”2. Identifying deceased individual(s) on the 
basis of dental record analysis, can be traced back 
to 66 AD; since then its use has played a vital role in 
forensics3. In the year 1849, first case was accepted 
by law in which forensic odontology was applied1. 

Forensic odontology is just not limited to identifying 
deceased individual but also in identifying suspects 
or criminals. The various materials used in identifica-
tion of human remains are the personal belongings 
like pieces of clothing, jewelry, fingerprints, blood 
grouping and dentition. Human dentition is consid-
ered as hard tissue analog to the fingerprints which 
is almost unique to every individual3. Although glob-
ally forensic odontology has taken giant steps in the 
technical advancements, in Pakistan the field of 
forensic odontology is still miles behind in this regard.
There is an increased need for dental surgeons to 
have good knowledge about forensic odontology, 
as it is useful in identification of an individual and to 
detect abuse among all ages4. Dentists are the 

health-care professionals who routinely assess the 
head and neck of the patients and have a great 
chance in identifying the signs of abuse and 
neglect5.With the increase in road traffic accidents, 
criminal & violence cases, pandemic diseases and 
mass disasters, private dental practitioners may 
likewise bear an essential role in solving these types 
of cases. However, dentists working in their private 
clinics often maintain a low quality of dental record 
keeping which eventually may cause difficulty in 
identification of those patients on the basis of 
dental records6. Multiple factors such as lack of 
specialized staff and training centers, insufficient 
knowledge provided regarding the subject during 
undergraduate courses; are the significant obsta-
cles in utilizing forensic odontology to advantage 
our society7.

Forensic dentistry is one of the emerging fields of 
dentistry all over the world, however, in Pakistan, it is 
included merely as a small topic in oral and maxillo-
facial surgery with five didactic lectures as devised 
in the course outlined by the Pakistan Medical and 
Dental Council (PM&DC)8. Hence, the goal of this 
study was to assess the knowledge, attitude and 
practices of forensic odontology among dentist in 
Karachi, Pakistan through series of structured ques-
tions.

METHOD

This cross-sectional study was conducted between 
October & November 2017, through an organized 
questionnaire having 20 close-ended questions. 
Closed-ended questions were used due to the easy 
preceding of the responses. Dentists working in a 
private practice and/or in institutional job from all 
over Karachi were all included in this survey. Individ-
uals who were currently practicing dentistry were 
selected for the survey. 300 forms were distributed 
among the dentists of whom 248 responded back 
with response rate being 82.6%. The participants 
were evaluated on the following components:

1. Knowledge and awareness: Importance of foren-
sics odontology, management of patient’s dental 
records, age estimation via dental analysis, tech-
niques for an individual’s identification and dentist 
as a potential court witness. The source of knowl-
edge regarding forensic odontology and patient’s 
data management was also assessed.

2. Practices: proper recording and management of 
patient’s data by the dental practitioner; Statistical 
Package for Social Sciences (SPSS) version 20.0 
(SPSS Inc., Chicago, IL, USA) was used to analyze the 
data using descriptive statistics and the results of the 
questionnaire were presented in form of frequen-
cies and percentages.

RESULTS

The mean age of the 248 dentists included in this 
analysis was 29.05 years (range 20-50). Out of which 
66.9% of the respondents were females and 33.1% 
were males. Majority of the respondents were 
postgraduate trainees (37%) followed by house 
officers and lecturers respectively (23.3% and 
22.5%). Only a handful of the senior faculty consent-
ed to fill out the questionnaire (17.2%). More than a 
half of the respondents had less than 5 years of 
experience, whereas only (13%) of the respondents 
had an experience of more than 10 years.

Knowledge:
Greater than 80% respondents had adequate 
knowledge regarding importance of forensic 
odontology, its use in identifying victims in mass 
disasters and importance of bite patterns as an 
accessory for analyzing crime scenes. About 49.2% 
of the respondents knew that lip prints could be 
used for identification of an individual. About 34% 
respondents identified fingerprinting as the first step 
as a means of identification of the unclaimed 
bodies, followed by serological and genetic DNA 
comparison (22.6%) and visual examination (21%) 
respectively. When asked, how the respondents 
would react if they identified signs and symptoms of 
child abuse, almost half of the respondents said that 
they would inform the parents (44%), closely 
followed by informing the police (43%).

Awareness:
54% of dental practitioners were aware of the fact 
that they were legally qualified to present forensic 
dental evidence in court. 78.3% of the dentists were 
aware that enamel and dentine could be used as 
an aid for the identification of an individual and 
that the teeth serves as a source of DNA. When the 
respondents were inquired regarding the aware-
ness of presence of any forensic odontologist in 
Pakistan, 92% were unaware of it. 96% dentists 
weren’t aware of any formal training centers in 
Pakistan for Forensic Odontology. When the dentists 
were asked if they were aware that they could be 
of help to forensic odontologists, by maintaining 
records, 89% of the respondents replied in affirma-
tive. The results are shown in Table 1.

Source of knowledge:
Only 47.6% of participants had knowledge of dental 
record management which was taught to them at 
the institutional level as part of the curriculum. When 
inquired about the source of information relating to 
their knowledge of forensic odontology, 34% chose 
electronic media closely followed by reading litera-
ture and journals (30%). The results are shown in 
Table 1.

DISCUSSION

Analysis of ante and post-mortem dental records 
can serve as a vital tool for a person’s identifica-
tion.6 Although forensic odontologists being special-
ized in the field can identify an individual by dental 
means, but role of all the dentists is important in 
managing patient’s dental records which if 
required can be used in identification of the individ-
uals by comparing ante- and post-mortem dental 
records9. These patient records may include hand 
written or digitized notes, dental radiographs, 
models and intra- & extra-oral photographs. This 
being said, there are severe challenges to forensic 
odontologists as they have to deal with deficient or 
inaccurate dental records, which may interfere in 
the process of a person’s identification10. To 
overcome this growing challenge in the field of 
medicine, dental practitioners need to have 
sufficient knowledge and awareness of forensic 
odontology. With increasing requirement in mostly 
the developed countries across the world, applica-
tion of forensic odontology has gained an ample 
value11.

Applications of forensic odontology are extensive 
which includes identification of suspects in criminal 
investigations, suspected child or adult abuse, bite 
marks or other physical injuries, determination of 
age and gender of the living or a deceased person, 
presenting forensic dental evidence as an expert 
witness in the court of law and identification of 
humans via the decomposed and mutilated 
remains from the mass disasters12,13. Regarding the 
importance of forensic odontology, and it being an 
efficient means to identify victims of mass disasters, 

more than 80% of the respondents showed 
adequate knowledge in this study(14). This is consis-
tent with the results of the Rahman et al2. More than 
80% of the respondents in the present study, agreed 
that human bite mark patterns are an important 
adjunct for assessing crime scenes. These results are 
consistent with results shown by Preethi et al 15 and 
Rahman et al2.

Le Moyne Snyder was the pioneer for suggesting 
use of lip prints for identification of an individual in 
the year 195016. However, it was during the period 
between 2000 & 2012 that various studies were 
carried out by several researchers from other coun-
tries1,17 relating to lip prints and their use in forensic 
odontology. Different aspects of lip prints like stabili-
ty, morphological patterns and sex determination 
were studied among different groups of population 
and the researchers suggested that cheiloscopy 
could be used as an adjuvant technique in identifi-
cation 1, 18, 19. When inquired if human lip prints could 
be used for identification of a population, the results 
of this study showed that half of the respondents 
agreed with it. These results are in contrast with the 
studies carried out by Nagarajappa al1 and 
Rahman et al 2 where about 70% of the respondents 
answered this question in affirmative.

In the present study, 34% of the respondents recog-
nized fingerprinting as the first step as a means of 
identification for unclaimed bodies. Another study 
carried out in Karachi – Pakistan, is consistent with 
our results (29.3%) 8. However, the results of this study 
are in contrast to the study carried out by Preethi et 
al 15. Child abuse poses a serious social problem in 
most parts of the worlds, regardless of the socioeco-
nomic status, ethnicity or race. Sadly, cases of child 

abuse are being reported at an alarming rate that 
needs intervention as early as possible by being 
reported immediately to childcare authorities after 
detection. A research suggests that parents may 
physically abuse children and nearly 1 in 10 children 
witnesses such violence and over 80% of the cases 
the culprits were parents 20. However, the result of 
the present survey showed that 45% of the practi-
tioners suggested that it is important to first inform 
the parents rather than the police or the NGOs as 
they were unaware of the fact that in most cases 
parents are actually the main culprits. These results 
are in accordance with the results of other studies 5.

Dentists who play a part in identification of the 
deceased individual(s) and/or in a criminal investi-
gation, are then required to present their findings in 
the court of law as an ‘expert witness’21, 22. More 
than half of the dental practitioners were aware of 
the fact that they could testify as an expert witness 
in the court of law to present forensic dental 
evidence. The results are consistent with those of 
Rahman et al 2 (60%) however in contrast to those 
found in a study by Sharma et al 6.  The dental hard 
tissues have the capacity to withstand environmen-
tal assaults, hence being able to retain some of its 
original structure. Due to the ability of withstanding 
decomposition, teeth are an excellent and accu-
rate source of an individual’s DNA15. Most of the 
techniques involve nuclear DNA but mitochondrial 
(mt) DNA can also be used that is more abundantly 
found in tissues and can be used when nuclear DNA 
is insufficient. Dental tissues, such as dentin and 
cementum, are rich in mtDNA. Even in a small 
amount of source material, DNA can be amplified 
using polymerase chain reaction (PCR) technique, 
and this amplified DNA is then compared with ante 
mortem samples, such as blood, hair, clothes, cervi-
cal smear, and biopsy 23. When the respondents 
were inquired regarding the awareness of presence 
of any forensic odontologist in Pakistan, surprisingly, 
92% were unaware of it. In contrast, a study 
conducted by Rubel M et al 24, 55% of the respon-
dents knew forensic odontologists in India. 89% of 
the dentists agreed that maintaining records would 
be helpful for the forensic experts for identification. 
This is consistent with the results of numerous studies1, 

15, 25. However, these results are in contrast to a study 
carried out by Rubel  et al  in India in 2017 24.

CONCLUSION

248 dental practitioners from Karachi, Pakistan took 
part in this survey based study. Questions were 
asked from them regarding their knowledge, 
awareness and practices of forensic odontology, of 
which the results revealed that they had adequate 
levels of knowledge and awareness, however the 
knowledge and awareness is not being implement-
ed in the clinical practice. There is a major lack of 
trained forensic odontologists and training institutes 

in Pakistan. This study may represent the current 
status of dental practitioners in the field of forensic 
odontology.
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KNOWLEDGE, AWARENESS AND PRACTICE OF FORENSIC ODONTOLOGY AMONG DENTAL PRACTITIONERS IN KARACHI, PAKISTAN

INTRODUCTION

Pulmonary alveolar microlithiasis is a rare autosomal 
recessive disease characterized by the precipita-
tion of calcium phosphate microliths throughout the 
respiratory tree. Despite having a relatively 
unknown etiology, research leans towards muta-
tions in the SLC34A2 gene, which codes for a 
sodium-phosphate cotransporter found in Type II 
pneumocytes18 Less than 600 cases have been 
reported worldwide7,8,11 mainly from Japan, Turkey, 
Italy, and USA2-7. In this particular case the patient 
was incidentally diagnosed with pulmonary alveo-
lar microlithiasis on the basis of a recently approved 
modality; Technetium 99m diphosphonate scintig-
raphy. 

CASE REPORT

A 38-year-old female, with an unremarkable family 
history, presented with a four-year history of progres-
sive dyspnea (mMRC class III) in the Pulmonology 
Department of JPMC. She also complained of 
orthopnea. She was a non-smoker. There was no 
evidence of any other known pulmonary disease. 
She had been diagnosed with hypothyroidism four 
years back. General physical examination noted a 
young, overweight female with a blood pressure of 
140/90 mmHg; pulse 110/ min, respiratory rate 
30/min. Grade IV clubbing and cyanosis were 
present. Auscultation of the chest revealed coarse 
crackles. The rest of the systemic examination was 
unremarkable.

Lab reports were as follows: 

Figure 1: Chest radiograph revealed diffuse bilateral 
areas of micronodular calcification with black 
pleura and HRCT showed a mosaic-like pattern 
present in the interlobular area

Figure 2: 99m technetium diphosphonate scanning 
detected extensive pulmonary uptake

Chest radiograph revealed diffuse bilateral areas of 
micronodular calcification with black pleura and 
HRCT showed a mosaic-like pattern present in the 
interlobular area (Figure 1). Bronchoalveolar lavage 
did not show acid-fast bacilli, fungi or any atypical 
cell. Transbronchial lung biopsy could not be 
performed due to hypoxia. However, 99m techne-
tium diphosphonate scanning detected extensive 
pulmonary uptake as shown in the image above 
(Figure 2). These findings confirmed the diagnosis of 
pulmonary alveolar microlithiasis.

DISCUSSION

Pulmonary alveolar microlithiasis is a rare chronic 
disease of unknown etiology, consisting of numer-
ous small alveolar calculi (composed of calcium 
and phosphorous) in the absence of a known calci-
um metabolism disorder. There have been fewer 
than 160 reported cases in previous literature19. It 
can be familial or sporadic9.

The previous literature identifies a mutation of the 
SLC34A2 gene, encoding a type IIb sodium-depen-
dent phosphate cotransporter (NaPi-IIb) in Type II 
alveolar cells. This transporter is involved in phospho-
rus metabolism in vivo.18 Type II pneumocytes not 
only produce surfactant (composed of phospholip-
ids and Ca-dependent binding proteins SP-A and 
SP-D) but are also responsible for its recycling and 
degradation20. A mutation of SLC34A2 decreases 
the cellular uptake of phosphorus leading to its 
accumulation in the alveoli and subsequent chela-
tion with calcium in the extracellular fluid. As a 

result, microliths are formed. It is now believed that 
this mutation of SCL34A2 gene is responsible for the 
parenchymal changes seen in the lungs of patients 
with PAM18.

The patient is initially asymptomatic, with restrictive 
type lung impairment appearing in the third or the 
fourth decade. The usual course of PAM is progres-
sive deterioration of lung function with the develop-
ment of corpulmonale, and respiratory failure which 
leads to death in midlife10-12. Following this trend, our 
patient was 38 years old with complaints of 
dyspnea developing over the past four years.  A 
familial occurrence in one-third of known cases has 
been reported, with an autosomal recessive inheri-
tance pattern and no apparent gender predisposi-
tion8. However, the family history of our patient for 
the disease was negative. 

The chest radiograph of our patient mimicked a 
typical PAM chest radiograph, which shows: bilater-
al infiltrates of fine, sand-like calcified micronodules 
(< 1 mm) mostly in the middle and lower zones of 
the lung. Obliteration of heart border and 
diaphragm is also seen11, 13.

The most common HRCT findings in patients of PAM 
are ground-glass opacities, calcified micronodules, 
interlobular septal thickening, pleural and subpleu-
ral calcification and pulmonary cysts. Calcifications 
along bronchovascular bundles and tree have also 
been noted. Our patient’s radiograph displayed a 
mosaic pattern, which is pathognomonic for PAM 
on HRCT10. Possible differential diagnoses with similar 
nodular calcifications are tuberculosis, metastatic 
osteosarcoma, and amyloidosis. Dense consolida-
tions are also noted in metastatic pulmonary calcifi-
cation, talcosis and amiodarone lung toxicity. 
Therefore, to rule-out probable conditions, clinical 
features and CT findings should be carefully 
correlated with those typical of PAM. 

The bronchoalveolar lavage did not show acid-fast 
bacilli, fungi or any atypical cells. Due to hypoxia, 
transbronchial lung biopsy a routine procedure for 
PAM was unadvised. Technetium 99m diphospho-
nate scan was used for final confirmation and 
depicted bilateral pulmonary uptake of the radio-
isotope 99mTc. Technetium 99m diphosphonate 
compounds bind to calcified soft tissue, this is vital in 
detecting early-stage PAM21. In cases where CT 
scan findings are nonspecific, the bone scintigra-
phy is very useful in the detection of early pulmo-
nary calcifications, which are missed in the CT scan 
because of their small size14. When the bone scan 
was done in our patient, it showed extensive uptake 
as described in the literature, thus confirming our 
diagnosis. 

PAM does not have an effective medical therapy. 
Alendronate sodium has been tried in some 
patients which provided symptomatic relief but no 

reversal. Corticosteroid therapy has not shown 
much benefit either. Lung transplantation is the only 
choice12.

CONCLUSION

Specific diagnosis of PAM is usually confirmed by 
histopathological evaluation of the lung tissue via 
transbronchial/tracheal or open lung biopsy. This 
case shows that this diagnosis can also be made 
through correlation of clinical and radiological 
findings and confirmed by performing tech 99 bone 
scan in suspected cases thus eliminating the need 
of subjecting patients to invasive procedures. 
Tech99 is especially useful for diagnosing this rare 
disease in those patients who are not fit for invasive 
procedures, as seen in our case.
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