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INTRODUCTION 

The correlation of the change in vertical angulation of the beam 
in the bisecting technique to the length of the tooth 
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Objectives: To find out the correlation between 
changes in vertical angle beam in periapical 
radiography of bisecting techniques to the length 
dimension of the tooth.  

Materials and Methods: This study was a study 
using laboratory experimental methods. The 
samples used in this study were incisor 1, incisor 2, 
canine, premolar 1, premolar 2, molar 1, and molar 
2 region 1. Based on the results of the minimum 
number of samples at G*power, measures of effect 
size f (0.4512937), α err prob (0.05), power (1-β err 
prob) (0.8), number of groups (5), number of 
measurements (2), corr among rep measurements 
(0.6), nonpersphericity correction € ( (1).  All teeth 
are treated in the form of a change in angle from 
the standard angle recommended by White and 
Pharoah to -10°, -5°, 0°, +5°, +10° , +10° in each 

tooth using the Dental X-ray unit of Veraview V080 
type EX-2 70 kV. 7 mA.  

Results: Based on Saphiro-Wilk, Kruskall-Wallis, and 
Paired t-test tests, it is known that there is a 
significant relationship between the actual length of 
the tooth and the length of the radiograph result in 
the change of angle + foreshortening, and the 
change of angle - the elongation. However, this 
does not apply to molar teeth 1 and 2 at positive 
angle changes However, this does not apply to 
molar teeth 1 and 2. A change in angle -10° is a 
change in angle with a better degree.  

Conclusion: There is a correlation between the 
change in vertical angle beam in the periapical 
radiography of bisecting techniques to the length 
dimension of the tooth.  
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Radiography is one part of the supporting 
examination.1 The purpose of radiography is to 
produce high-quality images that can accurately 
show the anatomical structure of the teeth so that 
no distortion or enlargement occurs so that optimal 
results will be obtained. Radiography can be said to 
have optimal quality if it can provide clear and 
complete information to establish a diagnosis.2 
Intraoral radiography consists of 3 techniques, one 
of which is periapical radiography.3 Periapical 
radiographs can show an overall picture of the 
teeth, surrounding bone tissue, less radiation 
exposure, and simpler techniques.4 One of the 
periapical radiographs is the bisecting technique.1,5 

The bisecting technique is a technique used 
when the ideal receptor cannot be achieved, 
generally in patients who have trauma, or 
anatomical obstructions. When performing the 
bisecting technique, the horizontal and vertical 
angles must be assessed to avoid errors.6,7 There 
are two errors in performing the bisecting 
technique: errors in determining the vertical and 
horizontal angles. If there is an error in setting the 

vertical and horizontal angles, it can cause 
distortion in the form of foreshortening and 
elongation of the teeth which will result in errors in 
measurement, such as during endodontic 
treatment which results in suboptimal treatment 
results.8 

Based on research conducted by Anggara et al. 
in the study of the actual tooth length with the 
tooth length from the radiograph, the vertical angle 
beam was changed at angles of +20°, +30°, +40°, 
+50°, and +60°. According to the results of the 
study, the vertical angle change with an angle other 
than +40° for maxillary premolars will experience 
distortion because the incident direction of the 
beam does not perpendicularly intersect the plane 
of division between the film and the long axis of the 
tooth.9 

The impact of errors made in the bisectris 
technique resulted in continuous image capture. 
Continuous repetition of radiographs does not 
coincide with the ALARA (As Low As Reasonably 
Achievable) principle, which is the use of the 
minimum possible dose to get maximum results.9 
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This research is aimed to determine the 
relationship between changes in vertical angle 
beam in periapical radiography of bisecting 
techniques to the length dimension of the tooth.  

 
 

MATERIALS AND METHODS 
 

This study was a study using laboratory 
experimental methods. The data obtained were 
primary data conducted at the Radiology 
Installation, Educational Dental and Oral Hospital, 
Faculty of Dentistry, Trisakti University which was 
conducted in September - November 2022. 

The population used in this study is all maxillary 
dental elements, region one in the jaw model. The 
samples used in this study used teeth that had been 
implanted in the region 1 phantom, incisor 1, 
incisor 2, canine, premolar 1, premolar 2, molar 1, 
and molar 2. 

The inclusion criteria in this study are having a 
crown that is still intact, if there are defects 
(abrasion, attrition, caries) it does not affect the 
vertical and horizontal dimensions of the tooth, the 
root is still intact and, the apical foramen is still 
good. The exclusion criteria in this study were 
crown fracture, and root fracture. 

The tools used in this study are digital calipers, 
arcs, lecrons, wax knives, water passes, glass plates, 
white cloth mats, spirtus lamps, HP all-in-one 22-
c0xx devices with a resolution of 1920 x 1080, 
dental X-ray unit Veraview V080 type EX-2 70 kV. 
7mA. 2 sec, DBSWIN 5.11.0 software, microsoft 
excel software, dürr dental vistascan mini plus. 

In this study, the teeth of incisor 1, incisor 2, 

canine, premolar 1, premolar 2, molar 1 and molar 
2 of region 1 were measured first using digital 
calipers vertically and horizontally to obtain the 
actual tooth length. After measurement, all teeth 
were planted using baseplate wax on the maxillary 
model by shaping according to the angulation in 
humans so that the position of the teeth in the 
phantom matches the original. Furthermore, 
radiographs were taken using the provisions of the 
standard angle of vertical angulation by White and 
Pharoah, all teeth were treated by changing the 
angle from the standard angle to -10°, -5°, 0°, +5°, 
+10° on each tooth using a Dental X-ray unit 
Veraview V080 type EX-2 70 kV. 7mA. The angle 
was changed to see if the change could cause 
distortion in the form of elongation, and 
foreshortening.  The results of taking radiographs 
were observed and measured vertically and 
horizontally using DBSWIN 5.11.0 software. Data 
processing of this research used the SPSS program. 

 
 

RESULTS 
 
In this study, all subjects were treated by taking 

radiography from the standard angle recommended 
by White and Pharoah to change angles of -10°, -5°, 
0°, +5°, +10° with the results in Table 1. According 
to Table 1, it can be seen that the average length of 
the teeth of the radiograph given a negative angle 
change of -10 and -5 is elongated, and the positive 
angle changes of +10 and +5 are foreshortened. In 
incisor 1 to premolar 2 regions 1 there occurs 
foreshortening or what may be called tooth 
shortening. However, for positive angle changes of 
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Table 1. Research Results and Descriptive Statistics 

Teeth 
Angle Change 

-10° -5° 0° +5° +10° 

Incisor 1 
30,7mm 

(Elongation 6,5%) 
26,8mm 

(Elongation  2,6%) 
23,1mm 

(Foreshortening 1,1%) 
19,4mm              

(Foreshortening 4,8%) 
18,2mm      

(Foreshortening 6%) 

Incisor 2 
29,4mm 

(Elongation  4,7%) 
26,8mm 

(Elongation  2,1%) 
24,9mm 

(Elongation  0,2%) 
23,0mm              

(Foreshortening 1,7%) 
21,3mm     

(Foreshortening 3,4%) 

Canine 
28,0mm 

(Elongation 2,4%) 
26,4mm 

(Elongation  0,8%) 
25,8mm 

(Elongation  0,2%) 
24,9mm              

(Foreshortening 0,7%) 
24,0mm     

(Foreshortening 1,6%) 

Premolar 1 
30,4mm 

(Elongation  7,3%) 
26,7mm 

(Elongation  3,6%) 
23,6mm 

(Elongation  0,5%) 
22,9mm               

(Foreshortening 0,2%) 
21,1mm      

(Foreshortening 2%) 

Premolar 2 
24,5mm 

(Elongation  2,6%) 
23,0mm 

(Elongation  2,1%) 
20,6mm           

(Foreshortening 0,3%) 
18,7mm              

(Foreshortening 2,2%) 
18,2mm    

(Foreshortening 2,7%) 

Molar 1 
28,0mm 

(Elongation  6,1%) 
26,4mm 

(Elongation  4,5%) 
25,6mm 

(Elongation 3,7%) 
25,2mm                         

(Elongation 3,3%) 
25,0mm 

(Elongation  3,1%) 

Molar 2 
24,6mm 

(Elongation  5,4%) 
22,8mm 

(Elongation 3,6%) 
22,4mm 

(Elongation  3,2%) 
21,9mm                          

(Elongation 2,7%) 
21,8mm 

(Elongation  2,6%) 

Average 27,9mm 25,6mm 23,7mm 22,3mm 21,4mm 

Medians 28,0mm 26,4mm 23,6mm 22,9mm 21,3mm 

Standar 
Deviations 

2,5mm 1,8mm 1,9mm 2,5mm 2,6mm 

https://doi.org/10.32793/jrdi.v7i1.951
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Table 2. Result Of Data Normality Test With Saphiro Wilk Method  

  
Shapiro-Wilk 

Description 
Statistic df Sig. 

A Change Of Angle -10° 0.873 7 0.195 Normally Distributed 

A Change Of Angle -5° 0.681 7 0.002 Not Normally Distributed 

A Change Of Angle 0° 0.943 7 0.667 Normally Distributed 

A Change Of Angle +5° 0.918 7 0.456 Normally Distributed 

A Change Of Angle +10° 0.918 7 0.453 Normally Distributed 

Chi-Square df Sig. Description 

17,727 4 0,001 Significant Difference 

Paired Samples Statistics 

Pair Mean N Std. Deviation Std. Error Mean 

-10° 27.9 mm 7 2.5 mm 0.000211 

-5° 25.6 mm 7 1.8 mm 0.001055 

0° 23.7 mm 7 1.9 mm 0.230392 

+5° 22.3 mm 7 2.5 mm 0.6462523 

+10° 21.4 mm 7 2.6 mm 0.289411 

Teeth Results 

Incisor 1 Foreshortening 1,1% 

Incisor 2 Elongation 0,2% 

Canine Elongation 0,2% 

Premolar 1 Elongation 0,5% 

Premolar 2 Foreshortening 0,3% 

Molar 1 Elongation 3,7% 

Molar 2 Elongation 3,2% 

Table 3. Kruskall Wallis Test Data for Dental Length Measurement  

Table 4. Paired t-Test  

Table 5. Results of taking radiographs with a change in 
vertical irradiation angle of 0° 

Teeth Results 

Incisor 1 Elongation 6,5% 

Incisor 2 Elongation 4,7% 

Canine Elongation 2,4% 

Premolar 1 Elongation 7,3% 

Premolar 2 Elongation 2,6% 

Molar 1 Elongation 6,1% 

Molar 2 Elongation 5,4% 

Table 6. Results of taking radiographs with a change in 
vertical irradiation angle of -10°  

https://doi.org/10.32793/jrdi.v7i1.951
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+10 and +5 in molar teeth 1 and molar 2 there is an 
increase in the size of the teeth of the actual length 
of the teeth which is elongation or commonly called 
tooth extension. 

Data analysis is performed using a data 
normality test, which is the Shapiro-Wilk test 
because the number of samples is less than 50 data. 
In Table 2, it was found that not all data groups 
produced p-values greater than 0.05. This means 
that not all data is normally distributed. 

Further comparison is performed using the 
Kruskall-Wallis method, and it can be seen that the 
resulting p-value is 0.001 which is less than the 
error rate of 5% or 0.05. This means that the 

angular changes of -10°, -5°, 0°, +5°, and +10° give 
significant differences in the length of the tooth.  

After a comparison test is performed, a paired t-
test is performed to see the mean difference in 
each variable from the change in vertical angle 
beam to the length of the tooth. According to Table 
4, the mean at the change of angle -10° is greater 
than the mean at the change of angle -5°, 0°, +5°, 
and +10°. Thus, it can be concluded that the change 
of angle -10° is a change of angle with a better 
degree than the change of angles -5°, 0°, +5°, and 
+10°. 
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Teeth Results 

Insisor 1 Foreshortening  6% 

Incisor 2 Foreshortening 3,4% 

Canine Foreshortening 1,6% 

Premolar 1 Foreshortening 2% 

Premolar 2 Foreshortening 2,7% 

Molar 1 Elongation 3,1% 

Molar 2 Elongation 2,6% 

Teeth Results 

Incisor 1 Foreshortening  4,8% 

Incisor 2 Foreshortening 1,7% 

Canine Foreshortening 0,7% 

Premolar 1 Foreshortening 0,2% 

Premolar 2 Foreshortening 2,2% 

Molar 1 Elongation 3,3% 

Molar 2 Elongation 2,7% 

Teeth Results 

Incisor 1 Elongation 2,6 % 

Incisor 2 Elongation 2,1% 

Canine Elongation 0,8% 

Premolar 1 Elongation 3,6% 

Premolar 2 Elongation 2,1% 

Molar 1 Elongation 4,5% 

Molar 2 Elongation 3,6% 

Table 7. Results of taking radiographs with a change in verti-
cal irradiation angle of -5°  

Table 8. Results of taking radiographs with a change in verti-
cal irradiation angle of +10°  

Table 9. Results of taking radiographs with a change in verti-
cal irradiation angle of +5°  
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DISCUSSION 
 
The result of a 0° angle change to the length of 

the tooth is actually a reduction and an increase in 
the size of the tooth in the radiograph image. The 
results of the 0° angle change can be seen in Table 
5. Thus it can be said that with the angle 
recommended by White and Pharoah without 
modification, there is a discrepancy between the 
original tooth and the radiograph image on the 
inclination and angulation of the standard 
arrangement of teeth. 

The results of measurements on all teeth of a 
change in vertical angle beam of -10° result in 
radiographic removal of teeth or elongation. The 
results of the -10° angle change can be seen in 
Table 6.  The results of measurements on all teeth 
of a change in vertical angle beam of -5° result in 
radiographic extraction of the tooth extension or 
what can be called elongation. The results of the -5° 
angle change can be seen in Table 7. The results of 
measurements on all teeth of a change in vertical 
angle beam of +10° result in radiographic 
shortening of the teeth or foreshortening. The 
results of the +10° angle change can be seen in 
Table 8.  The results of measurements on all teeth 
of a change in vertical angle beam +5° result in 
radiographic shortening or foreshortening. The 
results of the +5° angle change can be seen in Table 
9. Based on these results, it can be said that the 
standard angle of vertical angulation by White and 
Pharoah has similarities to that of human 
angulation by Zarc Boucher. 

At positive vertical angle beam changes the 
result of radiography shortens the teeth or 
foreshortening, but only applies to incisors teeth up 
to premolar 2 and does not apply to molar teeth 1 
and molar teeth 2, as the change in vertical angle 
beam + to molar teeth results in the radiographic 
result being elongated. This difference can be said 
that there is a direct relationship, that the larger 
the light was given to the molar tooth, the greater 
the elongation or extension of the tooth. Thus, 
White and Pharoah's theory did not apply to this 
study, namely, the change in the angle of positive 
vertical angle beam in molar teeth 1 and molar 2 
teeth. 

This can be caused by several factors such as, a) 
At the palatal root length of the molar tooth in this 

study, if the direction of the X-ray beam is not 
perpendicular to the long axis of the tooth, the 
appearance of the radiographic results of the tooth 
root will be distorted, the elongation of the root 
length in the palatal part of the upper molar tooth 
so that the inclination of the tooth root affects the 
elongation; b) In this study using a jaw model with 
limited area and width of the jaw model. Another 
possibility can occur if the X-ray is oriented 
perpendicular to the object but not to the image 
receptor; c) In this study using a jaw model with 
limitations on the width and width of the jaw model 
is different from the width and width conditions in 
the human oral cavity so that it affects the results 
of the angle change; d) At the time of the study, no 
specialized tools were used for the radiography of 
the tooth root. A special tool was not used to 
ensure that the position of the X-ray tube was 
upright so that there might be bias in measurement 
and recording by the operator either in placing the 
film position, jaw model position, X-ray tube 
position so that it could result in bias in the final 
measurement value.10 

In research conducted by Anggara et al (2018), 
at changes in vertical angle beam of +20°, +30°, 
+40°, +50° and +60° on maxillary premolars 1, 
changes in vertical angle beam of +30 produce 
tolerable tooth lengths of less than 1 mm.9 In Dita 
Cyntia's research (2021), a change in the vertical 
angle beam of +30° on the maxillary premolar 1 and 
premolar 2 teeth resulted in a tolerable tooth 
length because the tooth length was less than 1 
mm.11  

This study uses digital radiography with 
photostimulable phosphor receptors. These 
receptors have greater sensitivity, quality and 
versatility compared to conventional film.12 In 
digital radiography, the image can be enhanced by 
adjusting the contrast of the image, unlike 
conventional film which cannot be manipulated or 
enhanced.13,14 

Errors when taking radiographs will cause the 
results of taking radiographs to be incorrect and will 
result in errors in diagnosis and treatment plans. If 
there is an error when determining the vertical 
angulation, the radiograph results will be difficult to 
interpretation. Both errors in determining the 
vertical angulation angle, elongation and 
foreshortening, will result in errors when 
performing endodontic measures related to the 

Figure 1. Research process on incisor 1 (a). Measurement of actual tooth length (b). Radiograph of angle change 0° and measurement of radiograph (c). X-ray tube alignment  

https://doi.org/10.32793/jrdi.v7i1.951
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root apex. As a result, any decision to adjust the 
working length may pose a risk of apex perforation 
especially if this is done by an inexperienced 
dentist.15  

 

CONCLUSION 
 
Based on the results of this study, there is a 

correlation between the change in vertical angle 
beam in the periapical radiography of bisecting 
techniques to the length dimension of the tooth. 
For further research, it can be done using 
mandibular teeth so as to get maximum results and 
more varied angle changes are made to get 
accurate results. 
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