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Objectives Root fracture detection may be a challenging process due to difficulties in clinical and radiographic assessments. This 

study compared the diagnostic efficacy of Photostimulable Phosphor (PSP) intraoral digital receptor software alternatives for 

detection of vertical fractures in mandibular posterior teeth. 

Methods In this diagnostic research, 60 human mandibular posterior teeth were chosen. Vertical fracture was induced on half of 

teeth using a hammer through a random method. Thereafter, the broken pieces were glued together using a superglue, and placed 

inside a sheep mandible. Next, utilizing a digital intraoral technique and a PSP sensor, radiographic images of every tooth were 

taken. All radiographies  were then subjected to computer adjustments such as sharpening, reverse-contrast, and enhancement. 

Three radiologists investigated the images of teeth after application of computer adjustments regarding existence of fracture. SPSS 

22 was used for data analysis. 

Results Among processed images, sharpness had the highest accuracy (89.3%) followed by enhancement (89%), and reverse-

contrast (87%). Statistically, no significant difference was observed in diagnosis of vertical fractures of mandibular posterior teeth 

regarding sensitivity, specificity, accuracy, as well as positive and negative predictive value among main images (no effect) and 

the images on which sharpness, reverse-contrast, and enhancement by software were applied (P-value>0.05). For intra-observer 

agreement, Kappa value > 0.70 and for inter-observer agreement, kappa value=0.50-0.7 were found. 

Conclusion Usage of sharpness, reverse-contrast, and enhancement software had no significant impact in diagnosing vertical root 

fracture of multi-rooted teeth (P-value>0.05).  
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Introduction 

Radiographic diagnosis of root fracture has always been a 

difficult task for clinicians. Vertical/horizontal fractures of 

tooth root (VRF/HRF) are always considered a challenge in 

diagnosis; this is in terms of difficulty of their detection, 

and recognition on intraoral radiographs, except for cases 

where there are very specific clinical findings. Due to the 

diagnostic difficulties, tooth extractions, reduced long-term 

tooth prognosis, and significant bone loss would result. In 

general, root fractures account for 0.5–7% of all permanent 

tooth damages. 1, 2 Conventional analogue or digital plain 

intraoral radiographies are the most common type of 

radiography in detecting root fractures. These fractures can 

be evaluated via routine dental examinations. 1, 3 

In the science of radiology, root fractures were detected 

from the time when two-dimensional radiography was used 

in 1896 in dentistry. Today, for the detection of root 

fracture, Photostimulable Phosphor (PSP) is used for digital 

intraoral radiography. 4 By enabling a broad variety of 

manual adjustments such as brightness, contrast, and other 

software choices to digital radiographs captured by PSP 

sensors, interpretation enhancement occurs. 5, 6 A second 

radiography due to exposure-induced mistakes might be 

avoided by manually altering the contrast and density of 

digital images. 7 So far, most studies were done on software 

improvement of images in the diagnosis of single periapical 

lesions and proximal caries 8, 9, while there is a gap of 

information regarding dental root fracture. 

This research was performed to compare the accuracy of 

digital intraoral radiography (two-dimensional) with PSP 

sensor against software options of sharpness, reverse-

contrast, and enhancement to detect presence or absence of 

vertical root fracture in the radiology department of 

dentistry unit of Islamic Azad University, Tehran, Iran. 

Methods and Materials 

This cross sectional in-vitro study was performed after the 

approval of research proposal in the research committee of 

faculty of dentistry of Islamic Azad University on 4 July 

2013. 60 human mandibular posterior teeth, which were 

extracted due to orthodontic reasons, and had no crack, 

fracture, or canal filling, were collected. 

The teeth were randomly numbered. The site of teeth were 

scratched with a bur for positioning and fixation of teeth in 

the sheep mandible. Using a random procedure and a 

mallet on the root of the teeth, fifty percent of the teeth 

were fractured. The teeth were then reintegrated to the 

initial form using a superglue and placed inside the socket 

consecutively (Figure 1). 

Then, 24 images were prepared via PSP sensor (through 

parallel method using a film holder and by using a 

DIGORA OPTIM device (SORDEX Co., Finland) at t=0.1 

s, kvp=70, mA=8, and resolution 3.14 lp/mm), and saved in 

the device storage. The results of this stage were recorded 

as the control group and further assessed by three 

radiologists (three oral radiology senior students) 
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separately and without knowing the distribution of 

fractures. Following a week of observation of the original 

radiographs, manual adjustments such as sharpening(once), 

reverse-contrast, and enhancement were made to each 

image. After applying the software changes, 96 

radiography images were prepared (Figure 2), and the 

results obtained from investigation of images were 

recorded in the relevant information forms. After two 

weeks, each radiologist reinvestigated the results via the 

same method (intraobserver, interobserver). The obtained 

results were compared with each other for reliability. The 

results were analyzed using statistical indices, including 

specifically, sensitivity, accuracy, positive predictive value, 

and negative predictive value, as well as kappa coefficient. 

For data analysis, SPSS 22 was used. 

 

 

 
Figure 1: Creating a fracture with a hammer on the roots of 

the teeth (A) and placing them in the sheep's mandible with 

drop glue (B). 

                       
 

 

Figure 2: Applying software changes (Reverse contrast, Enhancement and Sharpness) on the original images. 

 

Results 

A total of 96 radiographic images (original images with no 

effect, sharpened images, reverse-contrast images and 

enhanced imaged) were assessed and results are reported in 

in Tables 1 and 2. 

Sharpness had the highest accuracy among the processed 

photos (89.3%), followed by enhancement (89%) and 

reverse-contrast (87%). Statistically, no significant 

difference was observed in the diagnosis of vertical fracture 

of mandibular posterior teeth in terms of specificity, 

sensitivity, accuracy, positive predictive value, and 

negative predictive value among original images (effect 

free) and the images to which sharpness, reverse-contrast, 

and enhancement were applied by software (P-value>0.05). 

For intraobserver agreement, kappa value>0.7 and for inter 

observer agreement, kappa value=0.5-0.7 were found.  

 

 

Table 1- Diagnostic results according to the 4 studied methods 

Person Method Time Sensitivity Specificity PPV NPV Accuracy P value 

1 No effect first 93.3% 86.7% 87.5% 92.9% 90% 0001 . 

 No effect second 93.3% 86.7% 87.5% 92.9% 90% 

 Mean 93.3% 86.7% 87.5% 92.9% 90% 

 Enhancement first 93.3% 86.7% 87.5% 92.9% 90% 0001 . 

 Enhancement second 93.3% 83.3% 84.8% 92.6% 88% 

 Mean 93.3% 85% 86.1% 92.7% 89% 

 Reverse contrast first 93.3% 83.3% 84.8% 92.6% 88% 0001 . 

 Reverse contrast second 93.3% 80% 82.4% 92.3 % 86% 

 Mean 93.3% 81.6% 83.6% 92.4% 87% 

Original radiograph 
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 (Table-1 Continued) 

 Sharpness first 93.3% 86.7% 87.5% 92.9 % 90% 0001 . 

  Sharpness second 93.3% 86.7% 87.5% 92.9% 90% 

 Mean 93.3% 86.7% 87.5% 92.9% 90% 

2 No effect first 76.7% 70% 71.9% 75% 90% 0001 . 

No effect second 80% 73.3% 75% 78.6% 90% 

Mean 78.3% 71.6% 73.4% 76.8% 90% 

Enhancement first 76.7% 70% 71.9% 75% 90% 0001 . 

Enhancement second 80% 73.3% 75% 78.6% 88% 

Mean 78.3% 71.6% 73.4% 76.8% 89% 

Reverse contrast first 73.3% 70% 71% 72.4% 88% 0001 . 

Reverse contrast second 76.7% 70% 71% 75% 86% 

Mean 75% 70% 71% 73.7% 87% 

Sharpness first 76.7% 70% 71% 75% 88% 0001 . 

Sharpness second 80% 73.3% 75% 78% 88% 

Mean 73.8% 71.6% 73% 76.5% 88% 

3 No effect first 76.7% 80% 79.3% 77.4% 90% 0001 . 

No effect second 76.7% 86.7% 85.2% 78.8% 90% 

Mean 76.7% 83.3% 82.2 % 78.1% 90% 

Enhancement first 76.7% 80% 79.3% 77.4% 90% 0001 . 

Enhancement second 73.3% 86.7% 85.2% 78.8% 88% 

Mean 76.7% 83.3% 82.2% 78.1% 89% 

Reverse contrast first 73.7 % 76.7% 75.9% 74.2% 88% 0001 . 

Reverse contrast second 73.3% 80% 78.6% 75% 86% 

Mean 73.5% 78.3% 77.2% 74.6% 87% 

Sharpness first 73.3% 76.7% 75.9% 74% 90% 0001 . 

Sharpness second 73.3% 80% 78.6% 75% 90% 

Mean 73.3% 78.3% 77.2% 74.5% 90% 

 

Table 2- The results of observer agreement in 4 methods 

Kappa Value Method observer Type 

0.993 No effect first Intra observer 

 0.966 Enhancement 

0.966 Reverse-Contrast 

0.933 Sharpness 

0.866 No effect second 

0.866 Enhancement 

0.900 Reverse-Contrast 

0.866 Sharpness 

0.866 No effect third 

0.866 Enhancement 

0.900 Reverse-contrast 

0.900 Sharpness 

0.598 No effect First and second Inter observer 

 0.614 Enhancement 

0.564 Reverse-contrast 

0.608 Sharpness 

0.535 No effect First and third 

0.535 Enhancement 

0.536 Reverse-contrast 

0.535 Sharpness 

0.668 No effect Second and third 

0.668 Enhancement 

0.701 Reverse-contrast 

0.651 Sharpness 

 

Discussion 

Vertical root fractures (VRF) have always been a challenge 

in dentistry because of their difficult diagnosis and 

detection in intraoral radiographies. This difficulty in 

detection would result in unnecessary dental extraction, 
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diminished long-term prognosis of the teeth, and extensive 

bone loss. Researchers have long sought for more thorough 

imaging techniques in light of the limitations of traditional 

radiography, and digital radiography now stands as an 

alternative to this. 10 It seems that the ability of digital 

images, and conventional films in detecting root fracture in 

single-rooted teeth is the same, but the difficulty increases 

considerably in multi-rooted teeth. 11 

Dr Sabaghian et al. reported that ultimately the highest 

sensitivity, specificity, and overall accuracy in detectiong 

root fracture are related to average-contrast images, 

followed by low-contrast ones, while minimum sensitivity, 

specificity, and overall accuracy belong to high-contrast 

images. Thus, average contrast can be accepted as a 

processing filter to detect vertical root fractures. 12 

Dr Ghazizadeh et al. reported that reverse-contrast and 

color-enhancing filters cannot be used as vital methods in 

vertical and horizontal root under in vitro conditions. 13 

According to Dr. Choi et al., various diagnostic concerns 

led to differing interpretations of how the contrast of 

images changed. It was stated that the only reliable 

diagnostic technique for dental caries was average contrast. 

Average and relatively high contrast outperformed the 

original images for periapical lesions. For evaluating 

periodontal disease, none of the methods showed 

superiority over another. 7 

Dr Belem et al. reported that there was no significant 

difference in the diagnosis of fine demineralizations of 

proximal enamel surfaces between PSP digital radiography 

and CBCT images and while CBCT showed a partially 

greater accuracy compared toother methods. Therefore, 

these methods can be used as complement to each other, 

which is in line with the present study findings. 14 

Although Dr Tofangchiha et al. reported that there is no 

significant difference between original and processed 

images, the original images were better than those on 

which software effects was applied. According to their 

comments, using reverse-contrast and colorized digital 

images to identify root fractures should be seen as an 

additional diagnostic tool to be used in conjunction with 

other diagnostic techniques rather than as a primary 

diagnostic tool. 15 In the report by Bechara et al., it was 

found that when comparing CBCT and PSP systems, small 

Field of View (FOV )images had a significantly greater 

accuracy and sensitivity to detect dental fractures compared 

to large FOV and enhanced PSP images. The specificity of 

PSP-enhanced images was slightly greater than that of 

small FOV, and considerably higher than that of large FOV 

images. Therefore, it was determined that small FOV 

images were appropriate for identifying farctures in teeth 

that had undergone endodontic treatment. Digital 

radiography of the PSP type was shown to be a low-risk 

technique since the images it produced had the lowest false 

positive rate. 16 Dr Kamburoglu et al. reported that 

pseudo3D, zooming, sharpness, and revere contrast 

software had no effect on the outcome of VRF diagnosis in 

vitro, which concurs with the present study. 17 

Dr Kositbowornchai et al. reported that there was no 

significant difference in the sensitivity, specificity, as well 

as positive and negative predictive value of digital images 

when their magnifications were 2:1, 1:2 and 1:1. Thus, 

these three magnifications did not affect diagnosis of root 

fracture. 18 

In agreement with the current research, Dr. Sakhdari et al. 

found that preparing pictures with a 0° vertical angle rather 

than a 15° angle was more appropriate and that this 

improved the capacity to detect horizontal root fracture in 

digital reverse-contrast images. 19 It seems that in spite of 

studying different lesions and applying different software 

adjustments in the above papers compared to present 

research, the diagnostic ability of software has been the 

same, and they overlap with each other in this respect. In 

cases where there are clear clinical symptoms for the 

diagnosis of root fracture, they can be used for improving 

the efficiency and assisting diagnosis, which would 

undoubtedly be influenced by the observer experience. In 

case of presence of differential diagnoses alongside root 

fracture, considering the slightly better accuracy of CBCT 

technique, it can be used alongside other above-mentioned 

methods as a complement. 

Regarding features provided by digital systems in this 

study, we employed enhancement, reverse-contrast, and 

sharpness software with the minimum value. This was 

because so far no study was done comparing the diagnostic 

accuracy of vertical fracture by these software applications 

against the original image especially in multirooted teeth. 

The results showed that among processed images, 

sharpness had the highest accuracy (89.3%), followed by 

enhancement (89%) and reverse-contrast (89%). 

Statistically, there was no significant difference in the 

diagnosis of vertical fractures of mandibular posterior teeth 

regarding sensitivity, specificity, accuracy, and positive 

predictive value between the original images (effect-free) 

and the images on which sharpness, reverse-contrast, and 

enhancement software had been applied (P-value>0.05).  

The limitations of the present study were as follows: 

1. Collecting extracted molar teeth without fracture and 

canal filling. 

2. Difficulty of creating a suitable vertical fracture in teeth 

that have not had endodontic treatment. Since force could 

not be applied in a controlled manner, several teeth were 

subjected to horizontal or oblique fracture, which 

eliminated them from the experiment.  

Conclusion 

There were no significant differences between usage of 

sharpness, reverse-contrast, and enhancement software in 
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detection of vertical root fractures of multirooted teeth (P-

value>0.05). 
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