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INTRODUCTION
The field of medical and dental 
radiography has witnessed re-
markable developments since it 
was discovered in 1895 up to this 
date, such as shorter acquisition 
and exposure time (1, 2) and the 
use of filters collimation as well 
as lead covers for better protec-
tion of patients and clinicians 
(3, 4). Also, the X-ray tubes and 
machines underwent significant 
improvement (2). In addition, 
dental x-ray films changed from 
the glass photographic plates, 
to hand-wrapped dental X-ray 
packets, to the prewrapped in-
traoral films, to high-speed films, 

• The contrast, magnification (Zoom-in) and the ruler 
(Linear measurement) were the most common 
used tools to interprete radiographic images taken 
during RCTs.

• GDs were not using frequently other images-en-
hancement tools.

• The greater the number of weekly performed RCTs 
cases, the greater the trend among participants 
(GDs and endodontists) to use images-enhance-
ment tools.

• GDs and endodontists reported overall different 
preferences on using specific tools.

• GDs and endodontists reported different reasons 
for not using specific images-enhancement tools.

HIGHLIGHTS

Objective: This study aimed at exploring the usage of radiographic image-enhancement tools in Saudi den-
tal practice when interpreting radiographs taken for root-canal-treatments’ (RCTs) procedures and the influ-
encing factors.
Methods: An online survey including questions related mainly to the usage of images enhancement tools 
and the reasons for no or low frequently usage was constructed. The survey was sent to 550 general dentists 
(GDs), randomly selected from the Saudi Dental Register, and all endodontists (185) in Saudi Arabia using the 
Google-Drive tool. A reminder email was sent two months later to encourage none-respondents to complete 
the survey. Data were analyzed using the Chi-square and Linear-by-Linear Association tests at p=0.05.
Results: While the highest percentage of GDs (48.3%) never used the colour-coded tool, the highest per-
centage of endodontists (46.1%) used it sometimes (P<0.001). The majority (84.2%) used the contrast tool 
either generally (67.8%) or sometimes (16.4%) (P<0.001); with more endodontists (77.55%) than GDs (63.1%) 
(P=0.011). As participants experience decreased and the weekly performed cases increased, the trend of 
using this tool increased (P<0.05). While most GDs (67.6%) either never (46%) or few-times (21.6%) used the 
highlight tool, most endodontists (56.9%) either used it generally (34.4%) or sometimes (22.5%) (P<0.001). 
The majority (82.3%) were using the magnification tool either generally (55.1%) or sometimes (27.2%). The 
highest percentage (36.1%) was generally using the negative-view tool (P=0.045); with more endodontists 
(63.7%) than GDs (20.8%) (P<0.001). While ''I don’t know how to use it'' was the dominant reason reported 
by GDs for not using most of the tools, lack of time was the dominant reason reported by endodontists 
(P≤0.001).
Conclusion: The contrast and magnification were the most common used image-enhancement tools in 
Saudi dental practice. Endodontists reported greater preferences on using all images-enhancement tools 
than GDs. Unawareness and lack of time were the dominant reasons for not using the tools reported by GDs 
and endodontists, respectively. Further studies are required to determine the exact application for each tool 
and to investigate the impact of all image-enhancement tools on their diagnostic accuracy.
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MATERIALS AND METHODS
Ethical Aspects: The ethical approval was obtained from the 
Research Ethics Committee (REC) at Taibah Univesity College 
of Dentistry (No: TUCD- REC.15.12.2016). The study was exe-
cuted, between June and December 2018. It was accompol-
ished according to the World Medical Association’s Helsinki 
Declaration, because, it was an online questionnaire, in which 
participants’ identities were not requested. 

Pilot Study, Survey’s Construction and Execution: A pilot sur-
vey was distributed electronically to a group of staff members 
at Taibah University College of Dentistry and 50 dentists, work-
ing in private clinics, to ensure that the questions were rele-
vant and easily answered. The final online survey constituted 
questions related to the following four main aspects:

a. Participants’ demographic information: category of partic-
ipants (GDs, endodontists, others), their experience, types 
of practice (government and private), number of weekly 
performed RCTs. 

b. Types of radiographic systems used during RCTs; whether 
participants were using film-based radiography (FBR), 
semi-digital radiography (SDR) or fully digital radiography 
(FDR) during RCTs.

c. Using of images-enhancement tools: whether participants 
were using/not using some images-enhancement tools 
and the reasons for not using or the low frequently usage.

The questionnaire was accompanied with an original radio-
graphic image (Fig. 1a) and its copies after enhancement to 
illustrate the function of each specific enhancement tool (Fig. 
1b, c, d, and e), (Fig. 2a and b) and (Fig. 3a-c). The sample size 
of the study was determined taking into consideration the 
number of GDs in Saudi Arabia and the minimum accepted 
response rate of 50%. A sample size of 375 GDs would have 
given a 99.9% confidence level. However, to enable more 
reliable statistical comparison among subgroups, by reduc-
ing the number of expected cells that count less than five 
in crosstabs tables, it was determined to send the ques-

and eventually to digital sensors; which were introduced in 
1980s (2, 5, 6). Digital radiography offers many advantages 
over conventional radiography, such as: low-radiation-dose, 
elimination of hazardous chemicals associated with process-
ing of conventional films and better archiving and documen-
tations, hence facilitating usage of all-electronic patients’ re-
cords (7, 8). Moreover, many of the disadvantages of earlier 
digital radiography equipment were solved, including better 
image resolution, advanced computer technology and the 
decreased sizes of the bulky images’ receptors (1). These ad-
vantages may explain the increased popularity of digital ra-
diology in dental practice in the last two decades (9-13).

Nevertheless, one of the main advantages of digital radiolo-
gy is images enhancement by software (14). The primary aim 
of radiographic images enhancement is to adjust them to fit 
to a specific task, hence more accurate interpretation may be 
obtained by a specific observer. Like most dental fields, radio-
graphic imaging is an essential tool in endodontics. They are 
mainly used for: 1) diagnosis of pulpal and periapical diseas-
es and estimation of case difficulty by identification root-ca-
nals systems’ morphologies; 2) therapeutic procedures (like 
determination of radiographic root canals lengths); and 3) 
evaluation the outcome of endodontic treatment (15, 16). Ap-
parently, the quality of radiographic images is fundamental in 
endodontics, as it allows more accurate interpretation of the 
radiographic images. Consequently, many studies investigat-
ed the impact of images enhancement on observers’ ability 
to more accurately interpret radiographic images in different 
endodontic scenarios (17-28).

However, to this date, there is no report on the extent to 
which image enhancement tools are being used. Therefore, 
the aim of this study was to investigate usage of the differ-
ent image enhancement tools by general dentists (GDs) and 
endodontists in Saudi dental practice when interpreting ra-
diographs taken for root canal treatments’ (RCTs) procedures. 
In addition, it aimed to explore factors affecting their prefer-
ences on using each tool.

Figure 1. (a) Original digital radiographic image, (b) and (c) image A after application of the colour-coded and contrast image-enhancement tools, 
respectively. (d and e) are after application of the ruler (linear measurement) tool

a b d ec
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RESULTS

Response rates and participants’ gender & classification
Four hundred and one out of the 735 recipients responded to 
the survey. Respondents were: 99 endodontists (24.7%), 276 
GDs (68.8%), 6 students or residents in endodontic postgrad-
uate programmes (1.5%), and 20 other specialists (5%). The 
overall final response rate was 54.6% (401/735) (non-endo-
dontists response: 302/550=54.9% and endodontists response 
rate: 99/185=53.5%). Overall, significantly most participants 
(64.9%) were using FDR for RCTs followed by 24.2% using FBR, 
and 11.2% who were using SDR (P<0.001) (Table 1). There was 
no significant difference between early respondents who were 
using FDR (63.1%) and late respondents (66.9%) (P=0.493).

Usage of the colour-coded tool
While the highest percentages of participants (44.9 and 24.8%) 
never and sometimes used the colour-coded tool (Fig. 1a and 
1b), respectively, the lowest percentage (8.8%) did so gener-
ally (P<0.001) (Table 2). Moreover, the percentage who nev-
er or few-times used it (66.3%) was significantly greater than 
those who used it sometimes or generally (33.7%) (P<0.001). 
While the highest percentage of GDs (48.3%) never used the 
colour-coded tool, the highest percentage of endodontists 
(46.1%) used it sometimes (P<0.001).

The trend of using this tool significantly increased as the num-
ber of weekly performed RCTs increased (P=0.014); with the 
highest percentage of those who sometimes or generally 
used it, was within those who performed more than 12 RCTs 
per week (50.7%). There were no significant correlations of this 
tool usage neither with participants’ experience after gradua-
tion nor with the place they were working for (private clinics, 
private academic, governmental academic or governmental 
clinics) (P≥0.05).

tionnaire to 550 GDs. These were selected, from the Saudi 
Dental Register, randomly using the systematic sampling 
method. The final survey was emailed to the 550 selected GDs 
and all endodontists (185) working in Saudi Arabia using the 
Google-Drive tool (https://www.google.com). The email list-
ed the studies aims and assured that participants’ responses 
would remain anonymous. A reminder email was sent two 
months after the first sent-out to encourage none-respon-
dents to complete the survey.

Statistical analysis
Following converting the responses excel sheet into SPSS data 
sheet using the SPSS 20 for Windows software (SPSS Inc, Chi-
cago, USA), data were analyzed using the Chi-square and Lin-
ear-by-Linear Association tests at P=0.05.

Figure 2. (a) Original radiographic digital image and (b) the image A 
after application of the highlight tool

a b

Figure 3. (a) Original radiographic digital image, (b) and (c) the image A after application of the magnification (zoom-in) and the negative image-
enhancement tools, respectively

a b c
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GDs (63.1%) (P=0.011). As the participants’ experience after 
graduation decreased and the number of weekly performed 
cases increased, the trend of using this tool significantly in-
creased (P=0.024 and 0.026, respectively); with the highest 
percentage of users was within those who had up to 3 years’ 

Usage of the contrast tool
Significantly, the vast majority (84.2%) were using the contrast 
tool (Fig. 1a and 1c) either generally (67.8%) or sometimes 
(16.4%) (P<0.001) (Table 3). The percentage of endodontists 
who generally used this tool (77.5%) was greater than that of 

TABLE 1. Types of radiographic systems used according to participants’ gender and classifications

Early & late responses                                              Type of radiographic system used: No (%)

 FBR SDR FDR Total

Early responses (69.8) 70 (25.5) 31 (11.3) 173 (63.1) 274 (100)
Late response (30.2) 26 (22) 13 (11) 79 (66.9) 118 (100)
Total (100) 96 (24.5) 44 (11.2) 252 (64.3) 392 (100)

Respondents’ classification                                              Type of radiographic system used: No (%)

 FBR SDR FDR Total

GDs 90 (33.3) 39 (14.4) 141 (52.2) 270 (100)
Endodontists 0 (0) 0 (0) 98 (100) 98 (100)
Endo postgrads 2 (33.3) 0 (0) 4 (66.7) 6 (100)
Others 4 (22.2) 5 (27.8) 9 (50) 18 (100)
Total 96 (24.5) 44 (11.2) 252 (64.3) 392 (100)

FBR: Film-based radiography, SDR: Semi-digital radiography, GDs: General dentists

TABLE 2. Patterns of using the colour-coded tool and associated factors

Respondents’ classification   Patterns of colour-coded tool’s usage: No (%)

 Never Few-times Sometimes Generally Total

GDs 86 (48.3) 52 (29.2) 24 (13.5) 16 (9) 178 (100)
                                             138 (77.5)                                                40 (22.5)
Endodontists 39 (38.2) 8 (7.8) 47 (46.1) 8 (7.8) 102 (100)
                                             47 (46.1)                                                55 (53.9)
Others 7 (50) 3 (21.4) 2 (14.3) 2 (14.3) 14 (100)
Total 132 (44.9) 63 (21.4) 73 (24.8) 26 (8.8) 294 (100)
                                             195 (66.3)                                                99 (33.7)

Weekly performed RCTs  Patterns of colour-coded tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

1-3 cases 37 (71.2) 15 (28.6) 52 (100)
4-6 cases 50 (71.4) 20 (28.6) 70 (100)
7-12 cases 73 (72.3) 28 (27.7) 101 (100)
More than 12 RCTs 35 (49.3) 36 (50.7) 71 (100)
Total 195 (66.3) 99 (33.7) 294 (100)

Respondents’ experience  Patterns of colour-coded tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Up to 7 years 66 (72.5) 25 (27.5) 91 (100)
More than 7 years 127 (63.2) 74 (36.8) 201 (100)
Total 195 (66.3) 99 (33.7) 294 (100)

Sector (place) of work  Patterns of colour-coded tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Private practice 157 (68.9) 71 (31.1) 228 (100)
Private academic 6 (66.7) 3 (33.3) 9 (100)
Governmental academic 14 (48.3) 15 (51.7) 29 (100)
Governmental practice 14 (60.9) 9 (39.1) 23 (100)
Total 195 (66.3) 99 (33.7) 294 (100)

RCTs: Root-canal-treatments, GDs: General dentists
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times or generally was within those who had only up to 3 years’ 
experience (60.5%). There were no significant correlations be-
tween using the highlight tool neither with weekly performed 
RCTs nor with the place of work (P≥0.05).

Usage of the magnification (Zoom-in) tool
The majority of participants (82.3%) were using the magnifica-
tion (zoom-in) tool (Fig. 3a and 3b) either generally (55.1%) or 
sometimes (27.2%) (P<0.001); with the vast majority of endo-
dontists (92.2%) were doing so which was significantly greater 
than that of GDs (77%) (P<0.001) (Table 5). There were trends 
towards using the magnification tool more by academics, as the 
number of weekly performed RCTs increased and the partici-
pants’ experience after graduation decreased. However, these 
trends were not statistically significant (P>0.05).

Usage of the negative-view tool
The highest percentage (36.1%) was generally using the neg-
ative-view tool (Fig. 3a and 3c) (P=0.045); with more endo-
dontists (63.7%) than GDs (20.8%) (P<0.001) (Table 6). Overall, 
most of those who were working in the governmental sectors 
(Academic or Practices) (72.4 or 73.9%, respectively) used the 
negative-view tool generally or sometimes, which were sig-
nificantly greater than those who adopted the same usages 

experience (94.7%) and performed more than 12 weekly RCTs 
(92.8%). There was no correlation between using this tool and 
the work sector (P=0.358).

Usage of the ruler (linear measurement) tool
Significantly, most participants (65%) were using the ruler 
(Linear Measurement) tool (Fig. 1a, 1d and 1e) either generally 
(41.8%) or sometimes (23.1%) (P<0.001); with no significant 
differences between GDs and endodontists (P=0.809) (Table 
4). Although there was a trend towards using this tool among 
those who had up to 7 years’ experience after graduation, this 
trend was not statistically significant (P=0.63). There were no 
significant correlations of using this tool neither with weekly 
performed RCTs nor with the place of work (P≥0.05).

Usage of the highlight tool
Most participants (58.9%) either never used the highlight tool 
(Fig. 2a and 2b) (34.9%) or used it few-times (24%) (P=0.001). 
While the highest percentage of GDs (46%) never used this 
tool, the highest percentage of endodontists (34.3%) were us-
ing it generally (P<0.001) (Table 5).

The trend of using this tool significantly increased as the par-
ticipants’ experience after graduation decreased (P=0.016); 
with the highest percentage of those who were using it some-

TABLE 3. Patterns of using the contrast tool and associated factors

Respondents’ classification   Patterns of contrast tool’s usage: No (%)

 Never Few-times Sometimes Generally Total

GDs 15 (8.5) 16 (9.1) 34 (19.3) 111 (63.1) 176 (100)
Endodontists 0 (0) 11 (10.9) 12 (11.8) 79 (77.5) 102 (100)
Others 3 (21.4) 1 (7.1) 2 (14.3) 8 (57.1) 14 (100)
Total 18 (6.2) 28 (9.6) 48 (16.4) 198 (67.8) 292 (100)
                                            46 (15.8)                                                246 (84.2)

Respondents’ experience  Patterns of contrast tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Up to 3 years 2 (5.3) 36 (94.7) 38 100)
3.1-7 years 6 (11.3) 47 (88.7) 53 (100)
7.1-15 years 14 (14.3) 84 (85.7) 98 (100)
More than 15 years 24 (23.8) 77 (76.2) 101 (100)
Total 46 (15.8) 246 (84.2) 292 (100)

Weekly performed RCTs  Patterns of contrast tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

1-3 cases 10 (19.2) 42 (80.8) 52 (100)
4-6 cases 16 (22.9) 54 (77.1) 70 (100)
7-12 cases 15 (14.9) 86 (85.1) 101 (100)
More than 12 RCTs 5 (7.2) 64 (92.8) 69 (100)
Total 46 (15.8) 246 (84.2) 292 (100)

Sector (place) of work  Patterns of contrast tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Private practice 35 (15.5) 191 (84.5) 226 (100)
Private academic 4 (44.4) 5 (55.6) 9 (100)
Governmental academic 1 (4) 24 (96) 25 (100)
Governmental practice 6 (31.6) 13 (68.4) 19 (100)
Total 46 (15.8) 246 (84.2) 292 (100)

RCTs: Root-canal-treatments, GDs: General dentists
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patterns (frequencies) and were working in the private sectors 
(academic or practices) (55.6 or 41.2%, respectively) (P<0.001). 
As the number of weekly RCTs cases increased, the trend of 
using this tool significantly increased (P<0.001).

Reasons for not using images-enahncement’s tools
Overall, there were significant differences between GDs and 
endodontists in reporting reasons for not using the images-en-
hancement tools (P≤0.001) (Table 7). ''I don’t know how to use 
it'' was the dominant reason reported by GDs for not using the 
colour-coded, highlight, ruler (Linear measurement) and con-
trast tools (45.8, 51.6, 50, and 50%, respectively). By contrast, 
lack of time was the dominant reason reported by endodon-
tists for not using all tools except the colour-coded tool as the 
highest percentage of them (38.3%) reported ''I don’t know if it 
is available'' as the main reason for not using this tool.

DISCUSSION
This study investigated the usage of the different radiographic 
image-enhancement tools by GDs and endodontists in Saudi 
dental practice when interpreting radiographs taken for RCTs 
procedures. Survey studies can be an important research tool as 

long as they are well designed and accomplished. The response 
obtained in this study (54.6%) can be one limitation as it was 
not as high as desired in survey studies (29). However, it can still 
be accepted and reliable for many reasons. Forty three percent 
response rate was reported to be reliable and prevents non-re-
sponse bias (30). In addition results obtained from surveys with 
low response rates but with systematic samplings are better 
than those obtained from studies with high response rates, but 
without randomized sampling methods (31). In addition, for-
mulating well-structured questionnaires that prevent multi-in-
terpretation, hence eliminate or reduce response bias, is anoth-
er important aspect (31). A pilot survey, in the current study, 
was distributed electronically to a group of academics and 50 
dentists to ensure that the questions were easily understood. 
Nevertheless, the crucial measures that validates questionnaire 
studies’ results is to compare the response between the early 
and late respondents (29). No significant differences were found 
between the percentage of early respondents who were using 
FDR (63.1%) and that recorded by late respondents.

The highest percentage of participants (64.9%) were using the 
FDR for RCTs procedures, which was quite better than those 

TABLE 4. Patterns of using the ruler (linear measurement) tool and associated factors

Respondents’ classification  Patterns of ruler (linear measurement) tool’s usage: No (%)

 Never Few-times Sometimes Generally Total

GDs 39 (21.9) 27 (15.2) 33 (18.5) 79 (44.4) 178 (100)
                                            66 (37.1)                                                 112 (62.9)
Endodontists 14 (13.7) 17 (16.7) 32 (31.4) 39 (38.2) 102 (100)
                                            31 (30.4)                                                 71 (69.6)
Others 3 (21.4) 3 (21.4) 3 (21.4) 5 (35.7) 14 (100)
Total 56 (19) 47 (16) 68 (23.1) 123 (41.8) 294 (100)
                                            103 (35)                                                 191 (65)

Respondents’ experience  Patterns of ruler (linear measurement) tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Up to 3 years 9 (23.7) 29 (76.3) 38 (100)
3.1-7 years 15 (28.3) 38 (71.7) 53 (100)
7.1-15 years 32 (32.3) 67 (67.7) 99(100)
More than 15 years 45 (44.1) 57 (55.9) 102(100)
Total 103 (35) 191 (65) 294 (100)

Weekly performed RCTs  Patterns of ruler (linear measurement) tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

1-3 cases 18 (34.6) 34 (65.4) 52 (100)
4-6 cases 23 (32.9) 47 (67.1) 70 (100)
7-12 cases 35 (34.7) 66 (65.3) 101 (100)
More than 12 RCTs 27 (38) 44 (62) 71 (100)
Total 103 (35) 191 (65) 294 (100)

Sector (place) of work  Patterns of ruler (linear measurement) tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Private practice 83 (36.4) 145 (63.6) 228 (100)
Private academic 7 (77.8) 2 (22.2) 9 (100)
Governmental academic 7 (28) 18 (72) 25 (100)
Governmental practice 4 (21.1) 15 (78.9) 19 (100)
Total 103 (35) 191 (65) 294 (100)

RCTs: Root-canal-treatments, GDs: General dentists
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reported in previous studies (10-13). Authors discussed and 
explained the reasons for these findings thoroughly previous-
ly (manuscript has been accepted). The increased awareness 
of dental practitioners nowadays as well as implementation 
of FDR in undergraduate curricula are most likely reasons for 
such findings. This paper, however, will discuss aspects related 
to the implementation of radiographic-image enhancement 
tools and the influencing factors.

The colour-coded, as one of the images-enhancement tools 
(Fig. 1a and 1b), relies on what is usually believed that human 
visual system is more sensitive to coloured differences than 
those in grey or in black-and-white scales (32). This tool has 
been investigated quit well in the periodontics and operative 
dentistry fields; with conflicting results (32-34). Like most of 
image-enhancement tools, the colour-coded one can be used 
for the detection of recently developed or small periapical le-
sions, extensions of large lesions, measurement of root-canals 
working length, and detection of root vertical fractures. How-
ever, there is lack of research work investigating this tool in 
endodontics. Scarfe et al found that this tool has limited value 
in the estimation of periapical lesions dimensions (35). Similar-

ly, Pati et al found that it did not improve the accuracy of dig-
ital radiography (25). These findings may be reflected on the 
low usage of this tool among participants in the current study, 
as most of them (66.3%) either never used it (44.9%) or used it 
few-times (21.4%). However, radiographic imaging is used for 
many endodontic tasks, not only for detecting and measuring 
the size of periapical lesions. Hence the colour-coded tool may 
be useful for other tasks, which in turn explains why endodon-
tists showed better adoption of this tool. Also, endodontists 
are usually more careful to provide high quality RCTs. This is es-
pecially true as endodontists usually perform more RCTs than 
GDs do. Interestingly, the current study showed that the trend 
of using the colour-coded tool significantly increased as the 
number of weekly performed RCTs increased; with the highest 
percentage of those who sometimes or generally used it, was 
within those who performed more than 12 RCTs (50.7%). This 
was the dominant factor related to the decision on using this 
tool, because there were no correlations with other factors, 
such as place of work and participants experience after grad-
uation. However, none-users GDs and endodontists reported 
different reasons for not using this tool. While GDs did not 

TABLE 5. Patterns of using the highlight tool and associated factors

Respondents’ classification   Patterns of highlight tool’s usage: No (%)

 Never Few-times Sometimes Generally Total

GDs 81 (46) 38 (21.6) 35 (19.9) 22 (12.5) 176 (100)
                                            119 (67.6)                                             57 (32.4)
Endodontists 13 (12.7) 31 (30.4) 23 (22.5) 35 (34.3) 102 (100)
                                            44 (43.1)                                             58 (56.9)
Others 8 (57.1) 1 (7.1) 5 (35.7) 0 (0) 14 (100)
Total 102 (34.9) 70 (24) 63 (21.6) 57 (19.5) 292 (100)
                                           172 (58.9)                                            120 (41.1)

Respondents’ experience  Patterns of highlight tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Up to 3 years 15 (39.5) 23 (60.5) 38 (100)
3.1-7 years 24 (45.3) 29 (54.7) 53 (100)
7.1-15 years 68 (70.1) 29 (29.9) 97 (100)
More than 15 years 63 (61.8) 39 (38.2) 102 (100)
Total 172 (58.9) 120 (41.1) 292 (100)

Weekly performed RCTs  Patterns of highlight tool’s usage: No (%)

 Never or few-times Sometimes or Generally Total

1-3 cases 22 (42.3) 30 (57.7) 52 (100)
4-6 cases 41 (58.6) 29 (41.4) 70 (100)
7-12 cases 69 (69.7) 30 (30.3) 99 (100)
More than 12 RCTs 40 (56.3) 31 (43.7) 71 (100)
Total 172 (58.9) 120 (41.1) 292 (100)

Sector (place) of work  Patterns of highlight tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Private practice 143 (63.3) 83 (36.7) 226 (100)
Private academic 6 (66.7) 3 (33.3) 9 (100)
Governmental academic 7 (28) 18 (72) 25 (100)
Governmental practice 14 (73.7) 5 (26.3) 19 (100)
Total 172 (58.9) 120 (41.1) 292 (100)

RCTs: Root-canal-treatments, GDs: General dentists
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know how to use it, endodontists did not know if this tool was 
available. These reasons may reflect their intention to better 
implement this tool in their daily endodontic work. Neverthe-
less, lack of research studies on this tool, as mentioned earlier, 
may be reflected on the low usage by dental practitioners.

On the other hand, the contrast tool (Fig. 1a and 1c), some-
times is named as sharpener, revealer, or filter (according to 
the different software), has received considerable research 
attention (18, 20-21, 24, 26-28, 36-38). This may explain the 
good popularity of this tool as revealed in the current study. 
The majority (84.2%) were using the contrast tool either gen-
erally (67.8%) or sometimes (16.4%). This is especially true 
for endodontists who used this tool more than GDs; the per-
centage of endodontists who generally used this tool (76.5%) 
was significantly greater than that of GDs (63.1%). Usually 
endodontists are more exposed to the literature during their 
postgraduate training programme. Human beings’ eyes are 
usually more sensitive to slight brightness changes located 
within dark regions of an image (39). This could be another rea-
son for using the contrast tool by the majority of the current 
study participants, since RCTs procedures are dependent on 

exploring and negotiating all root-canals and accurate mea-
surements of their lengths in order to preserve the periapical 
tissues from potential injuries. This study revealed the demand 
for such a tool when the clinicians’ time in practice is more 
devoted towards performing RCTs. The greater the number 
of weekly performed RCTs, the greater the usage of this tool, 
with the highest percentage of users was within those who 
performed more than 12 weekly RCTs (92.8%). The study also 
showed that the trend of using this tool increased significantly 
within less experienced practitioners. One possible reason is 
that the concept of radiographic image-enhancement was in-
troduced in the last two decades, in the first instance, and this 
tool received research attention only in the last 10 years. Nev-
ertheless, studies have shown conflicting results regarding the 
impact of this tool on the diagnostic accuracy of digital images 
in endodontics. Barayan et al, showed no significant impact on 
the diagnosis of vertical root fractures (28). Also, Ferreira et al 
showed that using the filter (termed contrast in this study) tool 
in enhancing CBCT images did not influence the diagnosis of 
vertical root fractures in teeth with metal posts (27). Farahadi 
et al concluded that the contrast tool decreases the accuracy 

TABLE 6. Patterns of using the magnification (zoom-in) tools and associated factors

Respondents’ classification   Patterns of magnification (zoom-in) tool’s usage: No (%)

 Never Few-times Sometimes Generally Total

GDs 15 (8.4) 26 (14.6) 40 (22.5) 97 (54.5) 178 (100)
                                            41 (23)                                             137 (77)
Endodontists 2 (2) 6 (5.9) 35 (34.3) 59 (58.2) 102 (100)
                                            8 (7.8)                                             94 (92.2)
Others 0 (0) 3 (21.4) 5 (35.7) 6 (42.9) 14 (100)
Total 17 (5.8) 35 (11.9) 80 (27.2) 162 (55.1) 294 (100)
                                            52 (17.7)                                             242 (82.3)

Weekly performed RCTs  Patterns of magnification (zoom-in) tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

1-3 cases 8 (15.4) 44 (65.4) 52 (100)
4-6 cases 13 (18.6) 57 (81.4) 70 (100)
7-12 cases 25 (24.8) 76 (75.2) 101 (100)
More than 12 RCTs 6 (8.5) 65 (691.5) 71 (100)
Total 52 (17.7) 242 (82.3) 294 (100)

Sector (place) of work  Patterns of magnification (zoom-in) tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Private practice 46 (20.2) 182 (79.8) 228 (100)
Private academic 0 (0) 9 (100) 9 (100)
Governmental academic 0 (0) 25 (100) 25 (100)
Governmental practice 3 (15.8) 16 (84.2) 19 (100)
Total 52 (17.7) 242 (82.3) 294 (100)

Respondents’ experience  Patterns of magnification (zoom-in) tool’s usage: No (%)

 Never or few-times Sometimes or generally Total

Up to 3 years 7 (18.4) 31 (81.6) 38 (100)
3.1-7 years 4 (7.5) 49 (92.5) 53 (100)
7.1-15 years 11 (11.1) 88 (88.9) 99 (100)
More than 15 years 28 (27.5) 74 (72.5) 102 (100)
Total 52 (17.7) 242 (82.3) 294 (100)

RCTs: Root-canal-treatments, GDs: General dentists
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of the small endodontic files length’ measurement and did not 
recommend using it for such a step (26). On the other hand, 
two other studies showed that the contrast tool significantly 
improved the image accuracy (21, 36). One possible reason for 
such conflicting findings is different research methodologies, 
including using different software.

The magnification (zoom-in) (Fig. 3a and 3b) was the second 
most common tool used by the current study’s participants 
as 82.3% were using it either generally (55.1%) or sometimes 
(27.2%). This may reflect the valuable advantage of using such 
a tool when interpreting radiographs taken during RCTs pro-
cedures. This is especially true as the vast majority of endo-

TABLE 7. Patterns of using the negative-view tool and correlation with influencing factors

Respondents’ classification   Patterns of negative-view tool’s usage: No (%)

 Never Few-times Sometimes Generally Total

GDs 47 (26.4) 65 (36.5) 29 (16.3) 37 (20.8) 178 (100)
Endodontists 29 (28.4) 8 (7.8) 0 (0) 65 (63.7) 102 (100)
Others 5 (35.7) 2 (25.5) 3 (21.4) 4 (28.6) 14 (100)
Total 81 (27.6) 75 (25.5) 32 (10.9) 106 (36.1) 294 (100)

Weekly performed RCTs  Patterns of negative view’s tool usage: No (%)

 Never or few-times Sometimes or generally Total

1-3 cases 29 (55.8) 23 (44.2) 52 (100)
4-6 cases 39 (55.7) 31 (44.3) 70 (100)
7-12 cases 65 (64.4) 36 (35.6) 101 (100)
More than 12 RCTs 23 (32.4) 48 (67.7)  71 (100)
Total 156 (53.1) 138 (46.9) 294 (100)

Sector (place) of work  Patterns of negative-view’s tool usage: No (%)

 Never or few-times Sometimes or generally Total

Private practice 134 (58.8) 94 (41.2) 228 (100)
Private academic 4 (44.4) 5 (55.6) 9 (100)
Governmental academic 8 (27.6) 21 (72.4) 29 (100)
Governmental practice 6 (26.1) 17 (73.9) 23 (100)
Total 156 (53.1) 138 (46.9) 294 (100)

Respondents’ experience  Patterns of negative-view’s tool usage: No (%)

 Never or few-times Sometimes or generally Total

Up to 3 years 28 (73.7) 10 (26.3) 38 (100)
3.1-7 years 24 (45.3) 29 (54.7) 53 (100)
7.1-15 years 41 (41.4) 58 (58.6) 99 (100)
More than 15 years 61 (59.8) 41 (40.2) 102 (100)
Total 156 (53.1) 138 (46.9) 294 (100)

RCTs: Root-canal-treatments, GDs: General dentists

TABLE 8. Reasons for not using images-enhancement’s tools

         Reasons for not using images enhancement’s tool: No (%)

DR tools Respondents’ Don’t know Not needed I don’t know Lack of time Total
 classification how to use it in Endo if it’s available

Colour-coded GDs 66 (45.8) 23 (16) 30 (20.8) 25 (17.4) 144 (100)
 Endodontists 10 (21.3) 5 (10.6) 18 (38.3) 14 (29.8) 47 (100)
Highlight GDs 66 (51.6) 14 (10.9) 36 (28.1) 12 (9.4) 128 (100)
 Endodontists 0 (0) 7 (18.9) 12 (32.4) 18 (48.6) 37 (100)
Ruler GDs 36 (50) 2 (2,8) 17 (23.6) 17 (23.6)  72 (100)
 Endodontists 0 (0) 2 (6.5) 6 (19.4) 23 (74.2) 31 (100)
Contrast GDs 18 (50) 0 (0) 7 (19.4) 11 (30.6) 36 (100)
 Endodontists 0 (0) 0 (0) 0 (0) 6 (100) 6 (100)
Magnification GDs 11 (26.2) 6 (14.3) 4 (9.5) 21 (50) 42 (100)
 Endodontists 0 (0) 2 (25) 0(0) 6 (75) 8 (100)
Negative View GDs 25 (21) 27 (22.7) 21 (17.6) 46 (38.7) 119 (100)
 Endodontists 6 (16.2) 6 (16.2) 6 (16.2) 19 (51.4) 37 (100)

GDs: General dentists
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dontists (92.1%) were using it, which was significantly greater 
than GDs (77%). As endodontists usually perform more RCTs 
per week than GDs do, unsurprisingly as the number of week-
ly performed RCTs increased, the trend of using this tool in-
creased. Moreover, there was a trend towards using the mag-
nification tool more often by academics. This may be reflected 
on the increased preference of using it by young dentists (up 
to 7 years’ experience). Nevertheless, these trends were not 
statistically significant. Endodontists usually use such a tool to 
identify minute details, such as extension of the file used for 
measuring the working length, portal of canals' exit, especially 
lateral ones, proximity of caries to pulp chambers, or to follow 
the path of narrow canals (personal communication). Further 
research work to confirm such preferred applications of this 
tool and its impact on correct diagnostic usage is needed.

The ruler (linear measurement) (Fig. 1a, 1d and 1e) was the third 
most common tool used by participants; as most of participants 
(almost 70%) using it either generally or sometimes (41.8 and 
23.1%, respectively). Such a tool is usually used for working 
length measurement’s modalities or estimating the dimensions 
of periapical lesions. Measuring the size of periapical lesion may 
not have impact on the RCTs procedures. By contrast, a correct 
measurement of the working length is a crucial step towards 
correct and sufficient cleaning and shaping then tight-seal ob-
turation of the root-canal systems (40). The apical terminus of 
RCTs procedures can influence the treatment outcomes (41). 
Unfortunately, there has been no study on the impact of this 
tool on accuracy of working length measurements or to what 
extend using such a tool can help in achieving or facilitating this 
crucial step. Nevertheless, this study showed no significant dif-
ference between GDs and endodontists in using the ruler tool. A 
further research work to explore reasons for such preference on 
using this tool, especially for specific procedures is important. 
There was a trend, but not significant, towards using the ruler 
tool among young practitioners. Such a group of clinicians may 
have not gained enough experience in reading radiographs and 
estimating dimensions of anatomical structures.

The highlight tool enables the clinicians to read specific area 
of the radiograph (Fig. 2a and 2b). The current study revealed 
quit low usage of this tool, especially by GDs, as most of them 
(59%) either never used it or used it few-times (24%). However, 
endodontists showed significant better preferences, as most 
of them (56.9%) used it either generally (34.3%) or sometimes 
(22.5%). When asked for the reasons for not using it, most of 
none-users GDs reported that they don’t know how to use it. 
Another possible reason is that they may obtain the informa-
tion they need by using other tools, such as the contrast, mag-
nification, or ruler. On the other hand, most endodontists were 
using it and the higher percentage of none-users reported lack 
of time as the main reason for not using it. It can be speculated 
that endodontists benefit of such tool for better accuracy in 
interpreting radiographs. Whether this tool is used solely or as 
supplementary method to confirm the findings obtained by 
other tools, is an interesting aspect for further investigation. 
Nevertheless, the results showed increased usage of this tool 
among those who had less experience years after graduation. 
This again may be due to the fact that image-enhancement 
tools have been improved in the last decade.

Similarly, the results showed conflicting preferences between 
endodontists and GDs in using the negative-view tool (Fig. 3a 
and 3c). While the highest percentage of GDs (36.5%) were us-
ing it few-times, most of endodontists (63.7%) were generally 
using it. Current observations of cases shown on social media 
reveals an increased trend towards using this tool, especially 
the cone fit and root-canal fillings’ radiographs. The negative-
view, also known as inverted or reverse-contrast, shows the 
radiopaque objects (white) as complete radiolucent (black) 
ones. A previous study showed no significant improvement 
in observers’ diagnostic ability (42). Similarly, Tofangchiha et 
al found that the reverse-contrast and colour-coded tools did 
not significantly enhance the accuracy of original images in 
diagnosis of vertical root fractures (43). They concluded that 
such images-enhancement tools should be regarded as an ad-
junct to other diagnostic modalities, not as a main diagnostic 
aid. However, the limited number of studies investigating the 
impact of the negative-view tool on the diagnostic accuracy 
suggests the need for further research. In addition, more in-
vestigations are needed to identify reasons that trigger most 
endodontists to use such a tool. This is especially true as results 
related to the correlation of using this tool with other factors, 
in the current study, were perplexing. For example, unlike the 
private sector, results showed the increased trend of using this 
tool in governmental sectors (Academic or Practices). One may 
explain this due to the enough time available for clinicians in 
these sectors (governmental) to use this tool. However, the re-
sults also showed that, as the number of weekly RCTs cases 
increased, the trend of using this tool significantly increased.

Overall, there were significant differences between GDs and 
endodontists in reporting reasons for not using the images-
enhancement tools provided in the DR software. While I don’t 
know how to use it was the dominant reason reported by GDs, 
lack of time was the dominant one reported by endodontists. 
It can be speculated that GDs had the intention to use them. 
More importantly, these results reflect the importance of ap-
propriate educational measures on two main levels. First, by 
better implementation of DR in undergraduate training cour-
ses, hence students are more exposed to different modalities 
of radiographic images-enhancement. Second, by involving 
GDs to the postgraduate continuous education activities such 
as lectures and hands-on courses. Previous studies indicated 
the importance of better educational measures in increasing 
employment of dental-dam and endodontic rotary systems 
in daily endodontic practice (44-46). A recent study (In press) 
showed that educational factors were the second most impor-
tant measure that contribute to better adoption of DR in Saudi 
dental practice.

CONCLUSION
Within the limitations of the current study, it can be concluded 
that the contrast, magnification (Zoom-in) and ruler (linear 
measurement) were the most common image-enhancement 
tools used in Saudi dental practice. Endodontists reported 
greater preferences on using all images-enhancement tools 
than GDs. Unawareness and lack of time were the dominant 
reasons, reported by GDs and endodontists, respevtively, for 
not using image-enhancement tools. Further studies are re-
quired to determine the exact application(s) of each tool and 
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to investigate the impact of image-enhancement tools on di-
agnostic accuracy of radiographic images.
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