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ABSTRACT

Introduction
|dentification of dental implant types can be a com-
plex process for inexperienced health care professionals.
Dental implants can have subtle differences in their mor-
phology, which make it difficult to distinguish them from
one another.

The unique appearance of dental anatomy and the
placement of custom restorations ensure accurate iden-
tification of bodies or human remains when radiographic
techniques are correctly applied.

Aims and objectives:

To develop a radiographic dental implant guide for ten
common dental implant types currently used in the Wes-
tern Cape, South Africa; using their morphological char-
acteristics observed on pantomographs.

Design

The methodology considered for this research study was
a positivist approach through a quantitative, exploratory,
non-experimental research design.
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Methods

Ten commonly used dental implants were radiograph-
ed at straight tube (ST), off-centre (OC) and severe off-
centre (SOC) angles to create a reference instrument.

Two reviewers used the morphologies of the different
dental implant types, namely the apex, thread and neck,
observed on ante-mortem pantomographs, and compar-
ed it to the appearance of the dental implants in the
reference instrument to make a positive identification
match. The straight tube image of all ten dental implant
types in the reference instrument was used as the ini-
tial point of reference to positively identify the morpho-
logical characteristics of each dental implant type on
the pantomographs.

Results

A total of 380 dental implants could be identified on 105
pantomographs reviewed. Of the 380 dental implants,
350 dental implants (91%) were identified as dental im-
plant types listed in the reference instrument while 30
dental implants were identified as another type of den-
tal implant type not listed in the reference instrument.

A total of 208 dental implants (54.2%) could be positive-
ly identified on the ante-mortem pantomographs using
the straight tube images in the reference instrument.
The morphological characteristics of the dental implant
types were described using x-ray imaging of dental im-
plants. The ten commonly used dental implants types
could be positively identified by two independent review-
ers and based on this a radiographic dental implant
guide was developed.

Conclusion

Each dental implant type had unique morphological cha-
racteristics as well as similarities which enabled dis-
tinction between the different dental implant types.

The dental implant guide developed could be used by
dentistry and radiography students. The dental implant
guide may be useful in the field of forensic dentistry
and forensic radiology.
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INTRODUCTION

Implantology has become more popular, accessible and
of great value globally, therefore more health care pro-
fessionals need to appreciate its application to identify
different types of dental implants clinically and in foren-
sic dentistry. Clinical and radiographic records of dental
implant procedures are becoming widely and increas-
ingly available and used during forensic identification of
human remains.’

Forensic dentistry plays a key role in identifying human
remains that cannot be identified visually or by other
means; these remains include the victims of violent
crime, fires (charred bodies), motor vehicle accidents
and accidents on duty. Studies have shown that in
cases of single or multiple deaths, scientific identifi-
cation of human remains utilising forensic dentistry, is
often the most successful source of identification.?3
Dental identification of human remains consists of a very
complex procedure that makes it necessary during the
investigation process to use and compare unique den-
tal identifiers.!

The different types of dental implants vary in morpho-
logy and in conjunction with the unique appearance of
dental anatomy, and the placement of custom restora-
tions such as dental implants, has been found to ac-
curately assist in the identification of human remains.’
Dental implants have unique and overlapping morpho-
logical characteristics which for the untrained eye, are
difficult to distinguish. The purpose of this study was to
develop a dental implant guide using the unique mor-
phological characteristics of the ten most common
dental implant types used in the Western Cape, South
Africa.

METHODS

The methodology applied during this research study was
a positivist approach through a quantitative, exploratory,
non-experimental research design. Ten dental implant
types (Table 1) were radiographically imaged under non-
clinical conditions.
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Table 1. List of dental implants radiographically imaged.

Bicon Example dental implant

Biomet Full Osseotite 3.25mm x 11.5mm
Champion Example dental implant
Megagen AnyRidge 4mm x 10mm

MIS MIS7 internal hex 6 mm x 10mm
Neodent Example dental implant

Nobel Biocare NobelActive®

lplﬁly‘.wl.—.

Southern IB 3.75mm x 12mm
Straumann Example dental implants (3)
Zimmer SwissPlus (2)

Prior to the individual imaging of the ten dental implant
types, the name of each dental implant type was regis-
tered on Carestream (software) on an Asus Pro Windows:
laptop with i7 processor that was connected to a digital
detector with dimensions: 27.6mm x 37.7mm; resolution:
241p/mm.

Before the dental implant was placed on the digital de-
tector, the name of the dental implant type (Table 1)
was selected on the laptop computer. This ensured that
the dental implant being radiographed corresponded
with the dental implant type selected on the computer
program in order to correctly label the dental implant
on the computer system.

The exposure was set at 70kV (dental x-ray units usu-
ally operate between 50kV and 90kV), 8 mA and 0.4s
(8.2mAs). Dental implants were removed from the plas-
tic enclosure and were individually placed flat on the
clean digital detector to be radiographed in 3 positions:
straight tube (ST) which was positioned perpendicular
to the dental implant, off centre (OC), a 5-degree cen-
tral ray angulation, and severe off centre (SOC), a 30-
degree central ray angulation in the opposite direction
(Figure 1A-C).

This method of exposing the dental implants 3 times was
to create images of the dental implants that will corre-
spond with the dental implants on the pantomographs.
Dental implants on pantomographs may appear in an

Figure 1A-C. Dental implant imaging representation: A - Straight tube (ST), B - Off centre (OC) 5-degree angulation, C - Severe off centre (SOC)
30-degree angulation in opposite direction.
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off centre (or oblique) position due to the position of
the dental implant in the occlusion, or due to technique
errors during actual radiographic acquisition of the pan-
tomographs.

A total number of 36 images were taken and saved.
Afterwards all the images were stored on a personal
computer [Mecer Xpression, Model: W251HP, HDMI
(High-Definition Multimedia Interface)], and saved in a
folder named “Dental implant data”.

All 36 images were backed up on a personal external
hard drive, saved with the corresponding folder name
“Dental implant data”. Subsequently, a reference instru-
ment was compiled by using the radiographs of the
ten dental implants imaged at ST, OC and SOC angles.

Ethical approval to conduct this research study was
obtained from the Research Ethics Committee of the
Faculty of Health and Wellness Sciences, Cape Penin-
sula University of Technology as well as the Dean of
the Faculty of Dentistry, University of the Western Cape.
The ethical principles of the Declaration of Helsinki*
were upheld during this research study.

A total of 223 pantomographs, presenting with dental
implants, were retrieved from the computer monitor of
the Panorex x-ray unit at the research site. Of the
223 pantomographs, 105 were regarded as suitable
for analysis.

Two reviewers (the researcher as radiographer and con-
sultant periodontist) reviewed the dental implants pre-
sent on the pantomographs; the review process was
done independently. Each dental implant on the panto-
mographs was reviewed using morphological character-
istics, namely the shape of the neck, appearance of the
thread, and shape of the apex as seen on the reference
instrument. Each of the dental implants was also inde-
pendently compared with the OC image (5-degree cen-
tral ray angulation) and SOC image (30-degree central
ray angulation in opposite direction).

The researcher correlated with a specialist in the field
in the few cases where the type of dental implants
could not be positively identified. This verification was
done after both reviewers had independently reviewed

the dental implants on the pantomographs, using the
reference instrument.

RESULTS

A total of 384 dental implants were in-situ on the 105
pantomographs analysed. Only nine of the ten different
dental implant types radiographed, to create the refe-
rence instrument (listed in Table 1), were observed on
the pantomographs.

An additional 5 dental implant types were identified on
the pantomographs that were not included as part of
the reference instrument, while 4 dental implants seen
on the pantomographs could not be identified. In the
sample of 384 dental implants, 380 dental implants in
total were positively identified on the pantomographs as
a specific dental implant type.

Frequency analysis was used to analyse the data for
this research study. The Cohen’s Kappa test was per-
formed in Microsoft Excel to determine inter-observer
reliability and to measure the agreement between the
two reviewers. The researcher and the consultant peri-
odontist both identified the dental implant types in-
dependently to ensure a non-bias and valid outcome
of the test. The inter-observer agreement was 86.4%
(Table 2).

Table 2. Results of Cohen’s Kappa test for inter-observer reliability.

Number of dental implants viewed 384
Number of dental implants identified: 380
- Observer 1 (radiographer) 332
- Observer 2 (consultant periodontist) 380

Cohen’s Kappa test % 332/384=86.4%

Of the 380 dental implants, 350 dental implants were
identified as a dental implant type used for the refe-
rence instrument. A total of 208 dental implants (54.2%)
from nine dental implant types were identified using cor-
responding morphological characteristics (i.e. apex and/
or thread and/or neck) from the ST image (0-degree
central ray angulation) used in the reference instrument.
Each of the 208 dental implants was individually com-
pared with the OC image (5-degree central ray angu-
lation) and SOC image (30-degree central ray angulation
in opposite direction) as well.

Table 3. Number of dental implants identified from the reference instrument using corresponding morphological characteristics.

Bicon 13
Bomett 12
Champion 7
Megagen® 0
Mis 5
MNeodent 15
NobelActive 56

13 13
12 2
7 7
0 0
5 5
11 0
56 56

*No Megagen dental implants were observed on any of the pantomographs viewed during this research study.
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Of the 208 positively identified dental implants using the
ST image (used as the point of reference image) in the
reference instrument, 204 could be identified from the
OC image, and 172 from the SOC image.

The OC and SOC images assisted the reviewers in con-
firming a positive identification of dental implant types.
Unfortunately, four and 36 dental implants could not be

Number of dental implants
identified as a dental implant type

= Ankilos MIS

= Bicon = Neodent

® Biomet = NobelActive
= Calciteck = Screwvent

= Champion Southern

= Frailit = Straumann

= Megagen ® Zimmer

= Microvent CNII

Figure 2. The number of dental implants identified from each dental
implant type.
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identified from the OC and SOC images respectively.
This indicates that the possibility of not identifying a
dental implant type (owing to the unavailability of an
ST image) may occur.

A total of 142 dental implants were identified as a den-
tal implant type listed in the reference instrument using
different variations of three morphological characteristics
(apex, thread and neck), and in some cases the abut-
ment was used for identification. These variations were
observed by the researcher during the viewing of the
pantomographs, and were confirmed by the consultant
periodontist as additional information, to aid in the pro-
cess of positively identifying dental implant types.

A total of 30 dental implants were identified as dental
implant types not listed in the reference instrument.
After a variation of morphological characteristics was
used to analyse the unidentified dental implants, an
additional 37% of dental implants were identified by
the consultant periodontist as a dental implant type
found in the reference instrument.

DISCUSSION

Dental implants are widely used to identify human re-
mains by radiographic image recognition and geograph-
ic evaluation. If a human body is found and no dental
records are available, it can be identified by the radio-
graphic images of the dental implants.

The radiographs of dental implants are used to identify
the manufacturers and different types of dental implants.
Radiographs of dental implants are therefore useful for
the odontologist to identify the victims.®
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Figure 3. An excerpt from the radiographic dental implant guide presenting the Bicon dental implant.
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The identification of dental implant types remains chal-
lenging for inexperienced health care professionals and
students. It can be argued that more learning mate
rial needs to be made available that can assist with
the identification of dental implant types on radiographs.
The use of the morphology of different types of dental
implants to identify various dental implant systems
and human remains is still an unexplored field in South
African forensic dentistry.

One of the main objectives of this research study was to
describe the radiographic appearance of dental implants
based on the morphological characteristics, including the
apex, thread and neck of each dental implant type ob-
served. This description was based on the morphology
of dental implants and whether they could be positively
identified on pantomographs and allowed the researcher
to develop a radiographic dental implant guide for the ten
dental implant types (Figure 3).

Three publications™®” described the use of dental implants
during the identification of human remains. The literature
indicated that in all three cases dental implants within the
occlusion were successfully used to make a positive iden-
tification of human remains.

The type of dental implant used in the occlusion can be
identified through morphological characteristics such as
the connection, length, and diameter of the implant. Ra-
diographic imaging is part of this process when compar-
isons need to be made between post-mortem and ante
mortem images.®°® Morphological features of dental im-
plants depicted on radiographs may be used to develop
a dental profile of the individual, and this can narrow the
search to a smaller number of individuals, or eliminate cer-
tain candidates by taking into account the dental system
employed.™

Dental implants, considering their morphological char-
acteristics that differentiate between different types, give
a supplementary layer of evidence during odontological
identification, increasing the chances for a positive proof
of identity."" However, it is important that care should be
exercised when using dental treatment radiographs for
direct comparison against post-mortem radiographs as
there are distortion and angulation factors that need to be
considered.

This is a slight disadvantage, because if these factors
are not considered, a positive identification might not be
made.® In comparison with a study done by Australian re-
searchers' where 51.3% of dental implants were identi-
fied, 54.2% of dental implants were identified during this
research study by using the three morphological charac-
teristics: i.e. apex, thread, and neck.

Previous research studies?81°1314 have indicated that den-
tal implant types can be identified by their unique mor-
phological characteristics. The ST image was used as
the point of reference to identify dental implant types, with
each positively identified dental implant type compared to
the OC and SOC images thereafter.

In cases where there is distortion of dental implants, or
where angulation of dental implants may occur owing to

placement in the patient’s dentition, it might be necessary
to use the OC and/or SOC image to assist in making a
positive identification of such dental implant types.

It was possible to develop a radiographic dental implant
guide using dental implant types commonly used in the
Western Cape, South Africa. During this research study,
the reference instrument was compiled by acquiring ra-
diographs of the referenced dental implants at ST, OC
and SOC angles. The morphological characteristics of
the shape, size and structure of the apex, thread and
neck of each dental implant type were identified and used
to differentiate between dental implant types; the imag-
es of the reference instrument were used and the radio-
graphic dental implant guide was created.

A digital version of the dental implant guide was created
(available on request from the principal author), and may
be used for the education and training of radiography,
dental and medical students to enhance their learning in
identifying dental implant types on pantomographs. It is
postulated that the dental implant guide may be used as
an academic and clinical reference tool. The digital guide
may also serve as a user friendly and easy to access
guide for identifying different dental implant types in living
persons or in the deceased.

The authors are of the opinion that the morphologies of
dental implants play an important role during the identi-
fication process of unidentified persons. Identification of
dental implant types can be a complex process for inex-
perienced health care professionals.

Dental implants can have subtle differences in their
morphology, which make it difficult to distinguish them
from one another. Dental records play an important role
particularly in the identification of human remains, and
this supplementary dental implant guide may support the
identification process of unidentified human remains in
South Africa.

Limitations

This research study only described the morphological
characteristics of one (or in some cases two) dental im-
plants from ten different dental implant types, which was
a limitation. Future research studies should involve more
dental implant types based on a broader geographical
area, unlike this research study that only used dental
implant types predominantly used in the Western Cape,
South Africa.

The modern and improved technology of dental implant
manufacturing companies has led to an increased va-
riety of dental implant types which necessitates use of
more varieties. This research study was conducted from
a forensic perspective combining the identification of
dental implant types as well as the use of dental records
in human remains identification.

Very few publications were found using the morpholo-
gical characteristics of dental implants for human identi-
fication purposes, which influenced contextualising the
findings. It is recommended that more studies on this
topic be conducted.
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CONCLUSION

Human remains can be successfully identified if dental
implants are present. During any type of investigation
where human remains are unidentifiable, forensic den-
tistry can be a very useful adjunct. Dental implants are
still relatively new in the field of dentistry, and as it will
become more commonly used, it will necessitate the
use of morphological characteristics to identify differ-
ent types of dental implants, as well as the possibility to
identify human remains.

Each dental implant type has unique morphological
characteristics as well as similarities which enable differ-
entiation between the different dental implant types. It
is important to examine all three characteristics namely
the apex, thread, and neck in order to make a posi-
tive identification of the dental implant type.
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