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ABSTRACT

Objectives: This research is aimed to find out the
advantages of alternative tools as a guide for
measuring the vertical dimensions of teeth on
periapical radiographs and comparing the lengths of
vertical dimensions of teeth on periapical
radiographs with the actual lengths.

Materials and Methods: This research is using
analytical observational study with a cross-sectional
study design. The research data were primary data
from 30 periapical radiographs of two maxillary
central incisors, which were photographed using a
periapical projection with bisecting technique and a
periapical film that had been attached with wire on

the outer layer of the film wrap. The data were
analyzed by a paired T-Test using SPSS software.

Results: The p-value of ALT (Actual Length of the
Tooth) for tooth 11 was 0.53 and for tooth 21 was
0.140. These results show a p-value > 0.05.

Conclusion: There is no statistically significant
difference between the calculation of tooth length
on periapical radiographs using alternative tools
and the calculation of actual tooth length so that
alternative tools can be used as a guide for
measuring the vertical dimensions of teeth on
periapical radiographs.
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INTRODUCTION

Radiography has become one of the main
diagnostic tools in dentistry. Its use is to get a real
image of the image produced when X-rays pass
through various levels of the thickness of an object.
Radiographic examination has an important role in
helping determine the diagnosis, prognosis,
treatment plan, and knowing the results of the
treatment that has been completed.®”” There are
two dental radiography techniques based on where
the film is placed; extraoral and intraoral
techniques. In the intraoral radiography technique,
a film is placed in the patient's oral cavity to obtain
a more detailed view of the teeth and surrounding
tissues. Intraoral radiographs include periapical,
occlusal, and bitewing radiographs.’

Examination of the radiographic results also has
limitations. One of the limitations is distortions.
Distortion on radiographs generally occurs in a
vertical or horizontal direction in the form of
elongation, shortening, and changes in size, so that
the size of the teeth on the film will be different
from the actual size. Size lengthening in the image
can occur if the vertical angulation angle is too
small, while size shortening in the image can occur
if the vertical angle is too large.®*°

Periapical radiographs are radiographs that
show the roots and crowns of one tooth or several

teeth, including the periapical tissues. Periapical
radiographs are most often used in endodontic
treatment and help to detect periapical
pathology.”*® Periapical projection with parallel
technique and bisecting technique are the
radiographic examination techniques of choice that
are often used in case management. A research
study by Ibrahim et al showed that the proportion
of radiographic retrieval due to errors was higher in
the bisecting technique (24.16%), compared to the
parallel technique (10.83%). This shows that the
parallel technique produces less distortion than the
bisecting technique.'’ However, the technique of
bisecting is required on patients with specific
sensitivities.

Periapical radiographs are often used in
endodontic treatments that include dental pulp
treatment.’ Periapical radiographs also play a role
in planning implant treatment and evaluating the
edentulous ridge. They can assist dentists in
estimating the vertical dimension for implant
length.”® The vertical dimension on a periapical
radiograph is the object viewed from the vertical
plane. The teeth used are the maxillary central
incisors because they have a single root so that it
can make it easier to measure the vertical
dimensions. The periapical radiographic technique
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used is the bisecting technique, which is a
technique that is often used in dental practice
because it has better flexibility in patients.® Film
positioning is relatively simple and fast, can be
adjusted to the dental arch, and if all angulation
angles are correct, the tooth length is almost the
same as the natural tooth.'® In addition, the
bisecting technique is more at risk of distortion, so
that the results of this study can be used as a
benchmark for other techniques.

Diagnostic radiographs are often used in
conservative dentistry to perform endodontic
treatments by measuring the working length of root
canal treatment (RCT) to estimate the working
length of the tooth by measuring from the occlusal
to the root apex.* Measurement of working length
in RCT can be done using Grossman's method.>**

This study aims to examine and discuss further
the benefits of alternative tools as a guide for
measuring the vertical dimensions of teeth on
periapical radiographs. At the time of sampling in
this study, two maxillary central incisors that
implanted in the phantom were photographed
using a periapical projection with the bisecting
technique at Dental Hospital, Universitas Airlangga.
The maxillary central incisors were usually
photographed using the bisecting technique
without using a film holder.

MATERIALS AND METHODS

This type of research is analytic observational
with a cross-sectional study design. The study
population consisted of 30 periapical radiographs of
two maxillary central incisors which were extracted
teeth and were placed on a dental x-ray phantom. A
sampling of two maxillary central incisors was
photographed using a periapical projection with
bisecting technique and exposed 30 times to
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produce 30 periapical radiographs. The criteria that
were selected were the results of periapical
radiographs that met the quality evaluation, which
showed that the maxillary central incisors were
included in the periapical radiograph, there was no
overlapping, minimal distortion, a clear picture, and
good contrast, detail, and sharpness according to
the purpose of manufacture radiograph. The
research times will be July 24, 2021 and August 3,
2021, at the Dental Radiology Polyclinic, Dental
Hospital, Universitas Airlangga Surabaya. Data
analysis was carried out using the paired T-test. The
tools and materials for this research include: 1)
dental X-ray unit, 2) dental X-ray phantom, 3)
caliper, 4) stationery, 5) two maxillary central
incisors with normal crowns and no dental caries,
no fillings or restorations, straight root anatomy
with normal root canals and no anomalies, 6)
Hanshin dental film brand periapical film, 7)
Alternative tools, specifically wire with a diameter
of 0.8 mm and a length of 10 mm, 8) Developer and
fixer solution (monobath).

The way this research works is as follows: the
researcher selected two maxillary central incisors
(11 and 21) according to the sample criteria; the
length of the incisors was measured using a caliper
and the measurement results were recorded; the
incisors were placed on a dental x-ray phantom. For
an X-ray phantom, the wire is cut to a length of 10
mm and then affixed to the outer layer of the
periapical film wrap in a vertical position at the top
right of the film near the radiographic identifier
(film dot or film number). Radiographic photos are
performed using a periapical bisecting radiography
technique by exposure to the film. Following
exposure, the film is developed and fixed with
developer and fixer solutions (monobath washing
process or self-processing). Film processing does
not require a dark room because it uses Hanshin
dental film. Vertical dimension measurements are

RLT 11

Figure 1. An illustration of measuring the vertical dimension of a tooth on a periapical radiograph
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Table 1. Data Characteristics

taken using caliper from the teeth and alternative
tools on radiographs of the length of the tooth
measured from the tooth axis at the incisal crown
to the apex and the length of the wire (Fig. 1). The
results of measuring the vertical dimensions of the
teeth and wires on the radiograph are compared
with the results of measuring the actual length of
the teeth and wires using the Grossman's method
calculation with the formula below and then the
results of measurements and calculations obtained
are entered into the table.

RESULTS

The results of the research that has been carried
out, obtained the results of measuring the vertical
dimensions of the teeth on periapical radiographs
with an average ALl value of 10.18 mm, the ALT of
tooth 11, at 24.09 mm, and the ALT of tooth 21, at
24.30 mm. Then, after the results of measuring the
vertical dimensions of the teeth on the periapical
radiograph were entered into the Grossman's
method calculation, the average tooth length on

Grossman’s Formula:

ALT

_ ALIxXRLT

RLI

ALT = Actual Length of the Tooth
RLT = Radiographic Length of Tooth
ALl = Actual Length of Instrument
RLI = Radiographic Length of Instrument

PERIAPICAL ACTUAL THE DIFFERENCE BETWEEN THE
ToorH  NUMBEROF  RADIOGRAPHSSHOW  STANDARD ' ~ TOOTHLENGTHONTHEPERIAPICAL  MINIMUM  MAXIMUM
SAMPLE(N)  ANAVERAGETOOTH  DEVIATION RADIOGRAPH AND THE ACTUAL VALUE VALUE
LENGTH LENGTH TOOTH LENGTH
11 30 23.64 mm 0.28 23.7 mm 0.06 mm 22.76 24.35
21 30 23.85 mm 0.32 23.9 mm 0.05 mm 23.14 24.60

Figure 2. Measuring the vertical dimension of a tooth on a periapical radiograph
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Table 2. Paired T-test results of the measurement of the vertical dimensions of the tooth length on the periapical

radiograph with the calculation of the actual tooth length.

Tooth 11

Tooth 21

p-value 0.53

0.140

the periapical radiograph of tooth 11 was 23.64
mm, with a minimum value of 22.76 mm and a
maximum value of 24.35 mm. The average tooth
length on the periapical radiograph of tooth 21 was
23.85 mm, with a minimum value of 23.14 mm and
a maximum value of 24.60 mm. Meanwhile, the
result of measuring the actual length of the teeth
with the caliper on tooth 11 is 23.7 mm, and on
tooth 21 is 23.9 mm. Thus, the difference in tooth
length on periapical radiographs with the actual
tooth length on tooth 11 was 0.06 mm and on tooth
21 it was 0.05 mm.

The data from the calculation of tooth length on
periapical radiographs was tested for normality and
homogeneity. After the data had been normally
distributed and homogeneous, a paired T-test was
used to test the relationship between the actual
tooth length data using a caliper and Grossman's
method calculation. with the help of alternative
tools. Based on the paired T-test, the p-value of the
11 was 0.53 and the 21 was 0.140. These results
indicate a p-value > 0.05 (Table 2) and indicate that
there is no significant difference between the actual
tooth length data using the calculation of tooth
length on periapical radiographs and the actual
tooth length calculation using a caliper.

DISCUSSION

The difference between the length of the tooth
on the periapical radiograph and the actual length
of the tooth as measured using a caliper in this
study could be caused by several factors, one of
which is distortion, which causes the determination
of the measuring point to be different. The most
common distortion in periapical radiograph are
elongation and foreshortening of the image.
Distortion that found in the sample of this study is
the elongation or lengthening of size in the image.?
When there is elongation or foreshortening, it is
possible that the measuring point will be longer or
shorter so that the measurement can be slightly
shifted to the right or to the left. In addition,
sometimes in the periapical radiograph there is a
shadow that makes the measuring point at the
incisal and apical teeth more difficult to determine.
The difference can still be tolerated, as seen from
the results of statistical analysis that shows there is
no significant difference. The difference in the
length of the teeth on the periapical radiograph
with the actual tooth length with a caliper between
tooth 11 and tooth 21 of 0.01 can also be caused by
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differences in the determination of measuring
points on tooth 11 and tooth 21 even though they
are on the same periapical radiograph.
Radiographic results cannot be exact or consistent
each time the periapical radiograph is taken. There
is no significant difference, which indicates this
alternative tool can be used. The determination of
measuring points that can vary between observers
is also due to the fact that the radiographic results
have superimposition, the effect of sharpness and
image resolution on periapical radiographs, as well
as vertical distortion due to the film position and X-
ray direction, which can change so that the vertical
angulation angle is different.

Distortion  involves  foreshortening  and
elongation, which is something that is difficult to
avoid, but in this research, there was a small
difference between the length of the tooth on the
periapical radiograph and the actual tooth length
because it used Grossman's method. Grossman's
method is used to obtain tooth length on periapical
radiographs using the mathematical comparison
principle that known and unknown lengths can be
compared with the same ratio of angulation.>**

The use of periapical radiographs before,
during, and after treatment is essential so that
anatomical details, canal length, obturation quality,
and dental and bone pathology can be identified
and monitored. The application of digital periapical
radiographs in endodontics is advantageous
because it provides real-time image display,
minimal radiation exposure, and is easy to store.’
This research uses periapical radiographs, which are
often used in endodontic treatment, especially in
root canal treatment. Root canal treatment is a
dental procedure that requires measuring the
vertical dimension of the actual tooth length and
the vertical dimension of the tooth length on the
radiograph.’ Accurate determination of working
length is one of the most important steps during
endodontic treatment to make sure that the
instrument or k-file does not pass through the
apical foramen and induce injury to the periapical
tissues. Inaccuracy in determining the vertical
dimension of tooth length can lead to various
complications such as ledge formation, apical
perforation, and overextension of irrigation through
apical narrowing which causes periradicular
inflammation, pain, and ultimately lowers overall
treatment outcome.” In endodontic treatment, to
measure the vertical dimension between the length
of the tooth and the required k-file, the k-file is
inserted into the root canal before the radiograph is
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taken so that intervention with the tooth has
occurred.” An alternative tool in the form of wire
can be used in calculating the vertical dimension of
tooth length on the periapical radiographs because,
in this study, the results of statistical analysis
showed that there was no significant difference
between the vertical dimensions of the calculated
tooth length on periapical radiographs and the
actual tooth length. These results indicate that an
alternative tool can be used to determine the
length of an object from the vertical direction in
periapical radiographs. An alternative tool in the
form of a wire can be used to help measure the
vertical dimension of the length of the tooth
without invasion. This can be done by making a
periapical radiograph before the intervention of the
k-file with the tooth so that the vertical dimensions
of the length of the tooth and the length of the k-
file to be used can be predicted first. Before
inserting the k-file into the root canal and can
anticipate the occurrence of perforation in the root
canal. In addition, making a radiograph at the
beginning can also be used to determine root
anatomy and see if there is a foreign body or a
broken k-file in the root canal. It can predict the
distance of the foreign body from the orifice in a
vertical direction.

Periapical radiographs also play a role in
planning implant treatment and evaluating the
edentulous ridge, so they can assist dentists in
estimating the vertical dimension for the choice of
implant length used.'” Radiographic analysis is the
best non-invasive method for bone level
determination, and among various radiographic
techniques, the periapical technique has evident to
be the most appropriate method for linear
measurement of the vertical dimension of alveolar
bone height.”® Alternative tools in periapical
radiography can be used to facilitate measurements
that require vertical dimension length. For example,
in measuring the vertical dimension of the alveolar
bone height in implant treatment, the length of the
implant can be predicted in advance without
invasion.

Based on the results of this research, an
alternative tool from wire that is used as a guide for
measuring the vertical dimensions of teeth on
periapical radiographs can be applied in several
areas of health care. One such area is dental
conservation, which can estimate the working
length of root canals in advance and can help in the
study of periodontics, prosthodontics, and oral
surgery in determining the length of dental
implants to be installed.

CONCLUSION

Based on research results, an alternative tool
with a wire can be used as a guide for measuring
the vertical dimensions of the teeth on periapical
radiographs. Alternative tools can help the dental
radiology in measuring the vertical dimension of
teeth on periapical radiographs, can help the
endodontic to estimate the working length of the
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root canal in advance, and can help the
prosthodontics and oral surgery in planning implant
treatment to estimate the length of the implant.
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