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In-Vitro Study to Check the Viability of Fixed 
Partial Dentures with Built-in Passive RFIDs- 
A Forensic Dentistry Tool

INTRODUCTION
Human identification, whether in case of forensic or patient 
identification has always been a cumbersome process due to the 
condition of the remains such as advanced state of putrefaction, 
skeletonization, carbonization, incineration, defacement and so on, 
which leads to alteration of soft tissue, the abolition of fingerprints 
and DNA (Deoxyribonucleic acid) sequences or the lack of other 
essentials that clue to the positive or steadfast identification of the 
victims/personnel [1].

In India, some massive natural and man-made disasters have been 
witnessed in past decades, which lead to massive life loss, like in 
case of Indian heat wave (1998, 2009) there is 146% increase in 
the probability of mortality rate [2,3], Aircraft accident in Haryana 
(1996) lead to 80% death of passengers [4], Bhuj earthquake (2001) 
[5], Indian ocean earthquake and Tsunami caused more than 50% 
of mortality of victims (2004) [6], Kedarnath landslide (2013) [7], 
Kolkata market fire (2013) [8], Chennai flood (2015) [9], Gujarat flood 
(2017) [10], Kerala flood (2018) [11], Gaja cyclone (2018) [12] and 
so on.

During most of the massive life loss disasters, cumbersome forensic 
identification methods were followed and some victims even left 
unidentified as there was neither precise method of rapid human 
identification nor proper preservation or refrigeration facilities [6]. 
Rapid decomposition of victim’s body makes identification almost 
impossible within 24-48 hours of disaster. Most of the dead 
victims were buried without identification or noted as missing. This 
emergency situation despite the already existing distress adds more 

emotional distress to the surviving victims due to inappropriate 
disposal of the dead. The right of survivors to pay a final respect to 
their dead ones is deceived in such cases. This is an eye-opener 
for many forensic experts as such a challenging scenario required 
development of better and rapid human identification method in 
future for rapid recognition of an individual not merely to comply or 
for social responsibility to the deceased individual’s family but also 
to streamline the case from the judicial view point.

For decades forensic odontology has played a vital role in human 
identification. Teeth are well known to be the reliable forensic tool due to 
their ability to withstand extreme conditions and also due to protective 
nature of oral cavity [13]. There are numerous studies pertaining to 
human and dental identification like bite marks, palatal rugae pattern, 
salivary and teeth DNA analysis, denture markers (such as surface 
markers, inclusion method, lenticular card methodic band method, 
laser strip method, T bar method, laser etching, electronic microchips, 
Radio frequency identification microchips, lead foil…etc.,) [14-16].

RFIDs have been used for decades for purposes like shipment 
tracking, animal tracing [17] and also to monitor the diabetic blood 
glucose level in humans by injecting these chips sub dermally 
[18] and also researchers like Thevissen PW et al., [19,20] and 
Moreno F et al., [1] have earlier attempted to incorporate RFID 
microchips in human molars. Although these are in usage, there 
are studies pertaining to carcinogenic potential of these devices 
being in direct contact to the human or animal tissues [21]. 
Rather than invasively incorporating it into human tooth structure 
attempt was made to incorporate the microchips into FPDs 
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ABSTRACT
Introduction: Lack of quick and easy techniques to handle 
human identification devices during mass disasters like Indian 
Ocean earthquake and Tsunami (2004), Kedarnath landslide 
(2013), Kolkata market fire (2013), Chennai flood (2015), and 
Kerala flood (2018), emphasised on the necessity to develop 
this tool.

Aim: To develop a simple, yet reliable tool that can serve the 
purpose as a potential forensic record as well as patient data 
retrieval system.

Materials and Methods: In-vitro experiment was carried out 
by incorporation of passive radio frequency identification 
microchips into a cavity on lingual surface of 3 unit metal 
ceramic fixed partial denture models and sealing the cavity 
using ceramic repair kit. These thirty six fixed partial denture 
samples were divided into 12 samples of each three groups as 
group 1 -100°C, group 2 -200°C and group 3 -300°C. Viability of 
microchips before and after heat treatment using RenfertMagma 
Pre heating furnace of each group with a temperature holding 
time of 15 minutes was assessed using radio frequency 
identification device reader and values were computed. 

Statistics was computed using Pearson chi-square analysis. 
Scanning Electron Microscopic (SEM) analysis at a resolution of 
500 µm was carried to study surface characteristics before and 
after heat treatment.

Results: In group 1 (100°C) and group 2 (200°C) microchips 
were found to be 100% viable before and after heat treatment. 
In case of group 3 (300°C), 100% of samples failed to read out 
after heat treatment. Since the values obtained in all the three 
groups before firing was constant; no statistical difference was 
computed. Likewise cross tabulation of values between before 
and after firing were constant; so no statistical differences 
were computed. Pearson chi-square analysis of after firing 
group values computed p-value <0.001 which is statistically 
significant. SEM analysis revealed disrupted composite-ceramic 
interface, disintegrated microchips with carbonization in group 
3 samples.

Conclusion: Within constraints, successful development 
of limited heat resistant (up to 200°C) Radio Frequency 
Identification Device (RFID) incorporated fixed partial dentures 
was established. Further prospective studies are needed to 
improvise the heat resistance of this device.
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thereby preserving natural tooth structure and also preventing 
unwanted pathological reactions.

On thorough looking into the history it is evident that studies pertaining 
to markers are predominantly limited only to removable prosthesis. 
However, in case of Fixed Partial Dentures (FPDs), there are not 
many documented studies apart from surface markers and micro 
etching. The smaller size of FPD and various heat processes such 
as casting during fabrication of FPD, have prevented incorporation 
of forensic tools in FPD by researchers over the years [22].

Materials used for removable prosthesis are mostly not heat stable 
under extreme temperatures. Removable prosthesis is readily 
dislodged from the oral structures during a natural calamity. Rather 
Fixed partial dentures are more stable and resistant to dislodgement 
forces and are comparatively heat resistant.

FPDs would also afford greater protection against extreme 
temperatures, acidic, damp and brackish salty environments. This 
would be useful in case of inhumation of cadavers or dismemberment 
of several individuals, done deliberately by crime committers to 
hinder the identification of victims. RFIDs implanted inside FPDs 
would stay in place even after dormant cadaveric phenomena and 
would decrease the likelihood of misperception among several 
RFIDs and their loss in the scene.

Based on the literatures available, it is also evident that in the 
recent years fixed treatment modalities are preferred over other 
treatment modalities and are more commonly practiced in majority 
of populace [23].

Hence the aim of the study was to develop a viable rapid human 
identification tool for forensic purpose as well as to serve as a patient 
data retrieval tool.

Objectives of the study were to fabricate a Human identification 
tool by incorporating passive RFID into 3-unit metal ceramic FPD. 
To check the viability and heat resistance of these devices under 
various temperatures before and after heat treatment and also to 
analyse the surface characteristics of these samples using SEM.

MATERIALS AND METHODS

Sample Preparation
This in vitro study was carried out at the Department of Prosthodontics 
at SRM Dental College, Ramapuram, Chennai, Tamil Nadu, India 
during the period of December 2017-December 2018. Study was 
conducted after Institutional Review Board approval (IRB NO: 
SRMDC/IRB/2017/MDS/NO.201).

Pilot study was initially carried out to determine the sample size. 
Since this is a qualitative in vitro study, thirty six samples were found 
to be adequate with 2% margin of error, 99% confidence interval, 
and 50% sample size proportion. Randomization was done by 
random assignment of samples to the three groups.

Thirty six samples of three unit Metal ceramic FPD’s samples in 
relation to tooth regions 35, 36 and 37 keeping 36 as pontic was 
prepared for incorporation of microchips of dimension 1.25*7 mm. 
The microchips were incorporated inside a class V type cavity of 
dimension 1.5 mm depth 9 mm wide 1.5 mm length in lingual side 
of pontic in relation to 36 region.

Standardisation of samples was done by digital Computer Aided 
Designing (CAD) system. Teeth preparation was done on a 
typodont model (D18FE200-M-QF, Nissin, Kyoto, Japan) in relation 
to mandibular 35, 36 and 37 region keeping 36 as pontic. This 
was scanned using extra oral digital scanner (D2000, 3Shape, 
Copenhagen, Denmark).

Designing was done using Fixed Partial Design Module (3Shape, 
Copenhagen, Denmark) [Table/Fig-1a]. This design was 3D printed 
using Sol Flex 350 with Sol Flex light curing premium cast resin 
[Table/Fig-1b].

Printed resin pattern was conventionally casted. Sprue wax (Blue 
GEO Wax wire medium-hard, 2.0 mm, article no: 6783020) (Renfert, 
Germany) was attached to the 3D printed resin pattern. Phosphate 
bonded investment material (Bellavest® SH LOT: 0208547 (BEGO, 
Germany)) was used for investing the pattern.

After cooling of the invested pattern preheating was done in Renfert 
Magma (Pre heating furnace Ref: 230005000) starting at room 
temperature till it reaches the maximum temperature and then 
casted in Centrifugal Induction Melting Casting Machine (Fornax® 
T MPN: 26300).

Casted metal FPD’s were finished and polished followed by 
conventional ceramic overlaying done with IPS d.SIGN- (Ivoclar 
North America, Inc.) Dentin (Ref # 558216 Lot – v45262), Deep 
Dentin (Ref # 560512 Lot – W29689), Occlusal (Ref # 556587 Lot – 
U48501) Effect (Ref # 556594 Lot – w31675) Glaze (Lot: U23401). 
IvoclarVivadent furnace was used for ceramic firing. Finishing was 
done according to manufacturer instructions.

Cavity was sealed with commercially available Ceramic Repair Kit 
{(Ivoclar North America, Inc.)- Ceramic Repair N System Kit reference 
# 649118 AN Lot W31727 Exp 2019-03-01} after incorporation of 
microchips {CMRFID Microchip ISO 11784 / 11785, China} inside 
it [Table/Fig-2a-c].

[Table/Fig-1]: (a) Computer-Assisted Designing (CAD) of FPD. (b) 3D printed castable 
resin pattern of FPD.

[Table/Fig-2]: (a) Casted and finished FPD metal substructure. (b) RFID placed inside 
Metal ceramic FPD. (c) RFID incorporated inside FPD and sealed with ceramic repair.

Methodology
Total of thirty six FPD samples were fabricated and included in the 
study. Heat treatment was carried out in RenfertMagma Pre heating 
furnace Ref: 230005000.

Impedance of all these samples was calculated before subjecting to 
heat treatment and also surface analysis was done using Scanning 
electron microscopy. The samples were divided into 3 groups as 
such Group 1- subjected to 100ºC [Table/Fig-3], Group 2- subjected 
to 200ºC [Table/Fig-4]. Group 3- subjected to 300ºC [Table/Fig-5]. All 
these 3 groups were checked for sensitivity using radio frequency 
identification device reader at a distance of 4 inches [Table/Fig-6a,b,7a,b] 
and examined using SEM at a resolution of 500 µm after heat treatment 
with a holding time of 15 minutes.

Sample numbers Encrypted numbers Before firing After firing

1-12 900111880947361-72 Read out Read out

[Table/Fig-3]: Group 1: Readability at 100°C.

Sample numbers Encrypted numbers Before firing After firing

13-24 900111880947373-84 Read out Read out

[Table/Fig-4]: Group 2: Readability at 200°C.

Sample numbers Encrypted numbers Before firing After firing

25-36 900111880947385-96 Read out Failed to read out

[Table/Fig-5]: Group 3: Readability at 300°C.
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STATISTICAL ANALySIS
Statistics was computed using Pearson chi-square analysis separately 
for before firing [Table/Fig-8] and after firing [Table/Fig-9a,b] groups 
values. Values obtained for before firing was constant, so no statistical 
difference was computed. Pearson chi-square analysis of after firing 
group values computed p-value ≤0.001 [Table/Fig-9b] which was 
statistically significant. This signifies the successful development of 
device within constraints. Software used for statistical analysis was 
SPSS for windows (version 17.0).

deterioration of composite and microchip after firing. Likewise 
disrupted composite and ceramic interface, exposure of the inner 
components of the microchip with carbonization of samples was 
also evident [Table/Fig-10a-d,11a-d]. This signifies the reason for 
deactivation of the microchip at 300ºC.

[Table/Fig-6]: (a) Checked for viabilty before heat treatment. (b) FPD sample before 
firing.

[Table/Fig-7]: (a) Checked for viability after heat treatment. (b) FPD sample after firing 
at 300°C.

Group

TotalGroup 1: 
At 100°c

Group 2: 
At 200°c

Group 3: 
At 300°c

Before firing read out count
% Within group

12
100.0%

12
100.0%

12
100.0%

36
100.0%

Total count
% Within group

12
100.0%

12
100.0%

12
100.0%

36
100.0%

[Table/Fig-8]: Consolidated outcome of all three groups before firing.

Group

TotalGroup 1: 
At 100°c

Group 2: 
At 200°c

Group 3: 
At 300°c

After firing read out count
% Within group

12
100.0%

12
100.0%

0
.0%

24
66.7%

Failed to read out count
% Within group

0
.0%

0
.0%

12
100.0%

12
33.3%

Total count
% Within group

12
100.0%

12
100.0%

12
100.0%

36
100.0%

[Table/Fig-9a]: Consolidated outcome of all three groups after firing.

Value Df Asymp. Sig (2-sided)

Pearson Chi-square 36.000 2 <0.001

Likelihood ratio 45.829 2 <0.001

Linear-by-Linear association 26.250 1 <0.001

N of valid cases 36

[Table/Fig-9b]: After firing groups Pearson Chi-Square test value.

RESULTS
Qualitative analysis to check viability of microchips before and 
after heat treatment using (RenfertMagma Pre heating furnace 
Ref: 230005000) was carried out. In group 1 (100°C) [Table/Fig-3] 
and group 2 (200°C) [Table/Fig-4] microchips were found to 
be 100% viable before and after heat treatment. In case of group 3 
(300°C) [Table/Fig-5] 100% of samples failed to read out after 
heat treatment.

SEM at a resolution of 500 µm was carried out to analyse 
the surface characteristics of samples before and after heat 
treatment. Comparing the surface characteristics of samples 
before and after firing at 300°C, there is significant surface 

[Table/Fig-10]: (a) Before firing composite surface 0°C. (b) Before firing microchip 
surface 0°C. (c) Before firing composite ceramic interface 0°C. (d) Before firing metal 
surface 0°C.

[Table/Fig-11]: (a) After firing composite surface 300°C. (b) After firing microchip 
surface 300°C. (c) After firing composite ceramic interface 300°C. (d) After firing metal 
surface 300°C.

DISCUSSION
This study aimed to develop a viable rapid human identification 
tool for forensic as well as patient data retrieval applications. This 
tool was developed by incorporating passive RFID into 3-unit metal 
ceramic Fixed Partial Dentures. Viability and heat resistance of 
these devices under various temperatures before and after heat 
treatment were evaluated and also the surface characteristics of 
these samples were analysed by SEM.

In order to fabricate this RFID incorporated fixed partial denture 
tool, passive RFID are preferred rather than active to avoid 
potential pathological complication and radiation hazard due to 
constant active state. If active RFIDs are used there are chances 
of leaching out of ions due to active state whereas passive RFIDs 
will get activated only when its antenna comes in contact with 
specific electromagnetic field with low power and modulated 
amplitude with a resonance electronic artifact made up of a 
receptor, a capacitor and an antenna for transmission. Once 
activated with a frequency range of 134.2 KHZ the code stored in 
microchip is amplified to be converted to a decrypted digital format 
which is shown on liquid crystal screen display of scanner [24,25]. 
This passive nature of RFID until activated eliminates the risk of 
unnecessary radiation hazards. The RFIDs are incorporated within 
the metal ceramic FPD pontic in class V type cavity and filled with 
composite resin. Fracture of metal ceramic FPD or debonding of 
composite resin in such region (class V cavity of pontic) under 
occlusal load is an extremely unlikely event. However, accidental 
swallowing of RFID chip due to breakdown of composite resin 
bond will not lead to leach of harmful compounds in stomach as 
this RFID is encapsulated in acid-insulation and hence will not 
get disintegrated by gastric juices. Further research is required in 
future to investigate the bio-inertness of these chips under various 
in vivo scenarios.

RFID capsule has laser engraved 15 digit code for Identification 
(ID) stored on the microchip prior to its assembly. It can also 
be customised with numbers like national identification number 
and patient registration number during manufacturing. RFID 
antenna is made of ferrite core wrapped by copper wire coil 
which receives and transmits signals to and fro the reader. RFID 
capacitor receives the necessary voltage from the scanner to 
allow the microchip to actuate and transmit the ID code [26,27]. 
Burnout furnace was preferred to test the heat resistance 
of microchip incorporated FPD since they are standardised 
instruments with standard specifications and also they maintain 
uniform temperature cycle.
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Temperatures withstand ability of various dental restoration 
according to literature for composites, metal and metal ceramic 
restorations range from room temperature to 1100°C [28].

The RFID microchip manufactures proposed operation temperature 
in range of -45°C to +85°C [29]. However, results of the study revealed 
much higher heat resistance of the microchips and its readability. 
Until 200°C the microchip was viable without any compromise 
in readability and also there was no drastic visible change in the 
appearance of surface of composite and ceramic overlaying the 
microchip. However, after the end of 300°C firing cycle, there was 
visible surface deterioration along with detachment of composite 
from the ceramic surface exposing the microchip directly to the 
heat thereby visible alteration in the surface characteristics of 
microchips was observed and they failed to read out at the end 
of 300°C. SEM analysis comparing before and after samples 
showed failure of bonding of ceramic and composite after firing. 
Exposure of the inner carbonised components of the microchips 
was also evident after heat treatment. Deterioration of the surface 
of composite and microchip was observed with intact metal and 
ceramic surfaces. Failure of the chip was inferred to be mainly due 
to exposure of microchip to direct heat after breakage of ceramic 
composite interface.

Statistical analysis was not so significant for before firing group 
since the values obtained were constant. However Pearson chi-
square analysis after heat treatment inferred significant p-value less 
than 0.001.

LIMITATION
Heat resistance of microchips achieved is only up to 200°C. Failure 
of readability of microchip seems to be predominantly due to 
disintegration of bonding between composite and metal interface 
which lead to dispersion of heat onto the implanted microchip and 
dislodgement. Further prospective studies like coating the chip with 
biocompatible fire insulators, incorporation of insulated microchip 
within wax pattern before casting are needed to improvise the 
device. Continued research is needed to develop a more heat 
resistant RFID Human Identification Tool. 

FUTURE RECOMMENDATION
This is an in vitro study. Further in vivo studies are needed to 
further validate this tool before its use in humans. The current in 
vitro study results are encouraging in the aspects of readability 
and data retrieval. Also, the use of the device in massive fire 
situations is still questionable. Materials used for fixed partial 
denture fabrication are scientifically proven to be resistant to 
solubility, compressive, tensile and flexural forces [30,31]. Hence, 
this device can effectively be used in all kinds of natural and 
man-made disasters. Fire disaster scenarios involving extensive/
complete destruction of human remains require much more heat 
resistant chip. And hence this device needs improvisation in 
terms of thermal insulation. Following the validation through in 
vivo studies for bio-inertness of the tool, this device can be used 
as a forensic tool for humans in future.

CONCLUSION
Successful development of potential Human identification tool 
was done by incorporating RFID in 3 unit metal ceramic fixed 
partial denture. Under laboratory conditions within limitations, 
heat testing of samples revealed temperature resistance of up to 
200°C with better readability which is comparatively higher than 
the manufacturer specified operation temperature range of -45°C 
to +85°C.

Heat treatment at 300°C resulted in failure of the readability of 
the chips. SEM analysis revealed definitive surface alteration 

at 300°C with deterioration of composite and microchips with 
increased carbonization when compared to lesser heat treatment 
images.

Within limitations these RFID incorporated fixed partial dentures can 
serve as a potential forensic human identification as well as effective 
patient data retrieval tool.
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